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1-2 J (Sem-1 & 2)

Semiconductor Diode

| PART-1 |
Bemiconductor Diode : Depletion Layer, V-I Characteristics,
Ideal and Practical Diodes, Diode Equivalent Circuits.

ctor Diode

uUNIT Semjcondu

quﬂllll | Explain semiconductor diode and also draw its
equivalent circuit.

" Part-1 i Semiconductor Diode Depletion

Layer, V-I Charscteristics, 1. Adiodeis anelectrical device allowing current to flow only in ome direction
Tdeal and Practical Dicdes, (forward bias) with far greater ease than in the other direction
Diode Equivalent Circuits o (reverse bias).
: SIAOWE 1ovorerseesessessismeriss IWWW ! 2. The most common type of diode in modern circuit desizn is the
Part-2 : Zener Dmdj-;;r; and Bw.ajll,'sncim) : it semiconductor diode (p-n junction).
Mechanism . _8J to 1~ 3. Adiodeis atwo-lay_gt semiconductor consisting of p-type semiconductor
Part-3 : Diode Application : M;\,ﬁ .................. 1-8J material and n-type semiconductor material the equivalest cireuit of

Configuration, Half and

diode is shownin Fig. 1L
Wave Rectification dn T

| Switch
Part-4 : Clippers, CIAMPETS .o { t -
) : v ‘l‘f 8
Pari-§ : %‘:?;;e m;ﬂ;;“ﬁfrhgmﬂawr’ o 1432 : : _ Equivalent circuit
|| Part-6 : Special Purpose Two Terminal .......... 40 t 4. In.ahniq‘i‘.lﬂlhr'mm, pnj 'thé-ﬁ"ee electrons from the n-type region
|' Devices : Light Emitting Diodes, = - will diffuse across the junction to the p-type side where they will
Photodiodes recombine with some of the ‘higles in the p-type material. Similarly,
L e ek i : holes will diffuse across the junction in the opposite direction and
Part-7 : Varactor Diodes, Tunnel Diodes......... 1-43J to i recombine.
% ; _ ;

5. The recombination of free electrons and holes in the vicinity of the
junction leaves a narrow region on either side of the junction that
contains no mobile charge. This narrow region which has been depleted
of mobile charge is called the depletion layer.

6. Diffusion of electrons into the p-region will leave positively charged ions
(donors) in the n-region.

7. Similarly, diffusion of holes near the p-n interface in the n-type region
leaves fixed ions (acceptors) with negative charge.

1-1J (Sem-1 & 2) |



1-3J (Sem-1 & g)

. 'n
ctronics Engineerl g

Fundamentals 1]3 A ces lose their neutrality and becomg

s v -n interfaces - epletion layer.
8. The regions nfi»;;t;b]'l e e charge region or deP
charged, form n-type
p-type

(a}

Migrated
holes
:i{;cg;::j from p-type
from n-type

Potential barrier / Contact

ial
Space charge p"t{?;ua
region or depletion )
layer

Fig. 1.1.2. p-n junction semiconductor.
i an electric field to extend across the

arges causes t therefore exist across the

9. This separation of ch e | difforence mus

depletion layer. A poten
depletion layer.
Que 1.2 I Explain the V-I ch
Draw well labelled characteristic.

[AKTU 2016-17, (Sem-I) Marks 05 |
Answer ]

i. Forward bias: ‘ »

: For the forward bias of a p-n junction, p-type is connected to the positive

" terminal while the n-type to negative terminal of battery. woings

ied wi ial divi forward vo
potential can be varied with potential divider. A\t.snr_ne W

& ;[g]; V for Ge ?:::I 0.7 V for Si) the potential barrier is eliminated and
current starts flowing. This voltage is known as threshold or knee
voltage (V). .

3. As the forward voltage applied increases beyomli thl_‘eahold voltage, the
forward current rises exponentially as shown in Fig. 1.2.1.

4. Beyond a certain safe value, it produces an ex}‘.ramely large current
which may destroy the junction due to overheating.

ii. Reverse bias: )

1. The p-type is connected to the negative terminal while n-type is
connected to the positive terminal of a battery.

2. In this case, the junction resistance becomes very high and practically
no current flows through the circuit,

aracteristic of p-n junction diode,

14J(Sem-1& 2)

a e Semiconductor Diode
.

4. Iq practical, a small current of the order of A flows in the circuit dye to

minority carriers, This is known as reverse current. The rev, rTen

is shown in Fig. 1.2.1. e current

IfmA)
30
25 Forward bias region
201 e |si
154
10
51
/ 103 407
Vi(Gel v (S =VpV)
5pA é
10 pA
Reverse bias region
1pA

Fig. 1.2.1. Volt-ampere characteristics of P-n junction.

4. Asthe reverse bias is increased from zero, the reverse current quickly
rises to its maximum or saturation value. The slight increase is due to
impurities on the surface, which behaves as a resistor and hence obeys
ohm’s law. This gives rise to a current called surface leakage current.

5. Ifthereverse voltage is further increased, the kinetic energy of electrons
becomes so high that they knock out from the semiconductor atoms. At
this stage, breakdown of junction occurs and there is a sudden rise of
reverse current. Now the junction is destroyed completely.

6.  Thus, p-n junction diode is one-way device which offers alow resistance
when forward biased and behaves like an insulator when reverse biased.
Thus, it can be used as arectifier i.e., for converting alternating current
into direct current.

Que 1.3. | Sketch and explain ideal and practical V.I
characteristics of a p-n junction diode.

Avinbe .

A Ideal V-I characteristic :
1. Anideal diode is perfect conductor in forward bias and a perfect resistor

in reverse bias.

2. The current-voltage characteristic of the ideal diode is shown in

Fig. 1.3.1.
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Ip

¥
vR

In > diode- .
5 o ide ) nitis
Fig. 1.3.1. V- characteristics ofh piased- Whes

i ‘twhen'itis is dissipated
3. A diode acts as a short circul circuit: wer is d.l:BSlp _
reverse biased, it acts asan 0peR |y, Nopower S e
ideal diode acts asunla®®r  g;nce in direction, the
4. Therefore, anideal o sither d.ll‘ect’om the reverse
in an ideal diode g:}s’z‘iﬁud& is zero 20 1 Fig. 131
thevoltag:oacr]:thediodeiswmas " .
current ug et voltage (V) in forwar

B. Practical: i+ troduced asmall® rmined by the type of
1. Inpractical, ﬂ:; bat‘::?h]:iﬂ‘set voltaguetlisnib:t be measured directly,
ue

biased. The v junction

semiconductor used in ap-"

he seesi i diode is
2. The resistor approximates the senng;mductor resistance when
ON/ OFF or forward bias / reverse bias. .
3. Areverse biased diode conducts a very small amount of curren called

leakage current.

1-6 J (Sem-1 & 2)
s

4. The ability of diode to withstand reverse-biag voltage is limited. If the
applied reverse-bias voltage becomes too large diode wil] experience a
heavy conduction known as breakdown, which is usually destructive,

5. The current versus voltage curve for a real diode looks like ag shown in

Fig.1.3.2.
PART-2

Zener Diodes Breakdown Mechanism (Zener and Avalanche),

Semiconductor Diode

| Explain the V- characteristic of p-n junction diode. How

itis differ from zener diode? [AKTU 2016-17, (Sem-1I) Marks 07|
OR
Explain input and output characteristics of zener diode,

[AKTU 2015-16, (Sem-I) Marks 05|

A V-1 characteristic of p-n junction diode : Refer Q. 1.2, Page 1-3J,
Unit-1,

B. Zenerdiode:
1. Zenerdiodeisa reverse-hiased heavily doped p-n-junction diode which

is operated in the breakdown region. Fig, 1.4.1 shows the symbol of
zener diode, I LR

Anood —9 Cathode
e

2. When a zener diode is forward biased, its characteristics are just same
as the ordinary diode and it is shown in Fig. 1.4.2,

3. When zener diode is reverse biased then it gives constant current up to

a certain voltage. When the reverse bias voltage is increased beyond
that voltage, the current increased rapidly as shown in Fig. 1.4.2.
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2.

-1
g _—
g0 (827
170
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T(mA) /
+Vp
V,
R
T(ed) sode:
R jatic of zene’ d de reverse current
ctert i

Fig. 1.4.2. V-I chara

on

4,  The cut-off value of voltage bey }

increases rapidly is called zener vol ‘;nds ‘

5. The breakdown or zener voltage feP aggllP
6. A zener diode can be used as a volta8®

voltage to a load.
C. Difference:

dio tage.
g which 2% own VOItaE! ]
ge Vzor b amount of doping.
e
n:hto or ovide a constant
to

chei’-di"de :
ows in both the

The electricity flows in oné
direction.
The reverse _
permanently damages

depletion region.

pias makes the
Eﬂow in both the

The width wi ofdep]etion region is
th of dep etion The idth
reglon s.l 8 ow because the p an
‘1 arg hecausi ﬂllep nar_r : " . dn
Igian is Iighﬂj' dl;lped. regionl :
and n re n .B heavily doped
5 fi r rectification. This 18 used for voltage
This is used fo ;2

regulation.

Que 1.5 ’Expla.m reverse breakdown of diode.

Re breakdown can occur by two mechanisms that are zener
verse
breakdown and avalanche breakdown.

r breakdown : )
the t:.:es place in very thin j;,ﬂ;ioi:& (z'.)e., deplétion layer is narrow due to
heavily doped junctions on sides). .

When a small reverse bias voltage is applied, avery str?ng electric field
(approximately 107 V/m) is set up across the thin deplehort layer. P
This field is enough to break the covalent bonds. This brgalnng Of‘w:e ihe
bonds produces large number of electrons and holes which constitu
reverse saturation current (i.e., zener current).

1-8.J (Sem-1 & 2) Semiconductor Digde
4. Zener current is independent of the applied voltage, 14, depends only on

5.

Avalanche breakdown

(=

the external resistance.
This breakdown is called as zener hreakdown as shown in Fig. 1.5.1.
This breakdown oceurs at low voltage.

Zener breakdown I

VA\ Vz i 2

N
I 5]

he LV chdracteristics comparison
nzener and avalanche breakdown.

Avalanche breakdown ;

Avalanche breakdown takes place in slightly thick junction than the
zener breakdown casé. It means both sides of junction are lightly doped.

In this case, the electric ﬁaid across the depletion region (layer) is not so
strong to produce zener breakdown for the same applied voltage of
zener breakdown case,

Here, the minority carriers accelerated by the field collide with the
semiconductor atoms in the depletion region.

During collision the kineti¢ energy of electrons is transferred to other
covalent bonds, thus the energy transferred to covalent bonds increases
the band energy, hence covalent bonds are broken and electron-hole
pairs are generated. i

The newly generated carriers transfer their energy to other covalent
bonds and break more bonds and thus extremely large numbers of carriers
are generated due to cumulative process of avalanche multiplication.
This breakdown is called avalanche breakdown as st own in Fig. 1.5.1,
This breakdown occurs at higher voltages.

Configuration, Half and Full

Rectification.
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tion:
Que 1.6. | Explain the series diode config™™

Answer

i in Fi
1. The series circuit of diode is shown in by repla®
2. The state of the diode is first dete,-mm*!‘;. 1}‘}1e resl E> Vg, the diode

the diode With a

61
g 1 Sirection of Is

lacing

e a .
resistive element as shown in Fig- 1622 5 since
a match with the arrow in the diode sy Ny 6.2(b) with the
ini state. in Fig: ~ | diode.
3. 'l;hl: tr::et;gl:; isathen redrawn as s:;i::ﬂ;ﬂ piased silicon diode
appropriate equivalent model for the

Si +
RZ Vg

1=+
It

configuration. .
1 are the following:

Fig. 1.6.1. Series diode
4, The resulting voltage and current leve

Vp=Vg
VR-=E-VK
v,

Loz T
Iy=lz=

——

T | +

;_:;. R Vg
(a)

iode i i iode with a resistor
5. In Fig. 1.6.3 the diode is reversed. Replacing the di ' .
deigntasahowninﬁg.l.ﬁA(u)wiﬂmvea.lﬂmtthemulmmﬂ
dimcﬁondmmtmakhthemwint!:ed?odesymb?]. R
6. The diode is in the “OFF" state, resulting in the equivalent circuit
Fig. 16.4(b).

Semiconductor Diode

Fig. 1.6.3. Reversing the diode,
7. Dueto open circuit, the diode current is 0 A and the volt. acros
Tesistor R is the following : = the
VR=IRR=IDR= (OAR=0V

Rig Laa
Que 1.7. ' Sketch V,, for given circuit configuration (Fig. 1.7.1).
4V
Vi Vo
2.2k
[ Si
Fig. 1.7.1.
[AKTU 2017-18 (Sem-11), Marks 35]
1 Assu_me_ input waveform,
\
5V
t
-5V

2. For positive half cycle. Diode is in ON state.
Vo=0.7V

3. For negative half cycle. Diode is in OFF state.
Vo=—4+Vi=—4—-5=~9V
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m-1& 2) .
i:lj-—{ Efi___—— I_ i{"j?e_ni'l_&: 2_) e Semiconductor Diode
. . oorin Apply KCLatnodeA,! =F-I= I,WSmA-—O.IJE'? y -
Fundamentals of Electronics Engine® 1.7.3: I, ='0.96 mA A
4. Output waveform as shown in‘f:g' Que 1.9, , Explain the working of half waye and full wavye bridge
- VF:tT' t rectifier,
’ OR
-9 ;’u 1738, sormine j 4 I, 1, Explain the bridge rectifier with clear diagram.
o pig 1809 ARTU 2017-18(Sem 1), Marks 35
1.8. | For the circuit show? m OR
Que 1.8 ' : Draw the circuit and discuss the working of full wave bridge rectifier

with suitable input-output waveform.
AKTU 2016-17(Sem-1), Marks 05
OR

With help of neat circuit diagrams, explain the working of a full
wave bridge rectifier. AKTU 2020.21 (Sem-I), Marks 05

= R
- o ) A Half avemetiﬁer:ltissﬁow};mﬁg;1.9.1.Asthena.mesigm’ﬁesonly
& i 17(Sem-1), Marks 05 halfportion ofinput is rectified (either positive halfor negative half), Only
AKTU 2016- single diode and a step down transformer are required for this circuit,
e

AC
input

50 Hz

Fig. 1.9.1, Half wave fecﬁﬁez_- circuit,

n aWay

. ' e i' Il |I | !
7= 27V _01167mA s ; | I\ ;
2 6kQ voltage o ! ! I ll :
Vo= 0.7V ) L Vo) | : ; : | |
Voltage across 8 k@, applying KVL inloop Ly, Vm : : : : :
_V4+IOV—U.7V~0.7V=0 th’ o
e - ’ T 2n 3 dr ot
Fig. 1.9.2. (a) Input voltage (5) Output voltage.

V S.SV e 75mA
We have, L= 'ﬁ':_g 3
]‘=]]=].075XDA



L : g
halfcycle (ie., 0t0 7 S
2. The ;-:ode D, will be ON for ;;?::::;lre- )
" dinde D, willbe OFF doring 505 L o g 194,
Th inpf:t and output waveforms
3. e
(a)
(b)
Fig. 1.94. (a) Input waveform (b) Output waveform.
in Fi iodes D, and D are
ii. Bridge rectifier:As s.hownmP‘lg.ll.Q._S(b)onlydl e a:‘e e
" ive during positive half cycle while diodes D, and Dy e
ik e ) and Fig. 1.9.5(d) sho

. ineering
Fundamentals of Electronics Engin e i ;J; s opes

.y gives
Full wave rectifier : This m“gg;}. Ther®
both positive and negative half
used for it :

i. Center-tap rectifier:

Input
AC voltage
220V
50 Hz

1l wave rectifier:

will be ON for positive
during this cycle.
to 2n) while the

Fig. 1.93. 14 D,
st diede Uy
gifier circ™™ 1 o OFF
] wave et . will
In center-tap ful ) and the diode S;wlf cycle (ie, T

tive half cycle as shown in Fig. 1.9.5(c 9
:ﬁ:‘a o::put with the active diodes for a particular cycle.

1-14J (Sem-
(Sem-1& 2) Semiconductor Diode

2n 3n dr  — gt

Fig. 1.9.5. (a) Basic bridge rectifier circuit
(6) Output of bridge rectifier for positive half cycle,
(¢) Output of bridge rectifier for negative half cycle.
(@) Output for full cycle.

Que 1.10. l Explain the following terms in context with half wave

rectifier and full wave rectifier :
i DC voltage and DC current
ii. RMS value of current
OR
For a half wave rectifier, derive an expression for ripple factor.
[AETU 2015-16(Sem-ID), Marks 7.5]
OR




iv. RMS value of current :

1

Fundamentals of Electronics Engineering __—

2 e DT _g T e c‘iﬁerﬂ"‘ Oﬂuﬂ
Explain the operation of full wave brid#% " put T:,, efficien Y
circuit diagram. Also sketch the input #7° _;fica*
its PIV. Also derive its ripple factor 87

AKTU

-d rectifier
wave b';vg:f bridge

OR om.dl P
Draw the circuit and discuss thew"';f:g,. what 2 1, Marks 07
with suitable input-output wave MIS_;?(S"’”'
AKTU ey ripple factor
u

rectifier ?

ORt js the ve! r?
Define the term ripple factor. whnane rectifi® 5, Marks 05
for a half wave rectifier and a full 507021 (Bem

Answer |

A. Half wave rectifier :
Operation : Refer Q.19

ii. PIV: '
1. Aswe know during negative half eycl | '
there will be no output voltage- oos diode il .be il
he negative half cycle the voltage Iauﬂ 5 O i maximum o
whan o o t;:;]m ?m:}.lrz?:g‘;ie pea?t inverse voltage (PIV).
cycle1s €

ven by

page 1-120, UBit T
se biased and

e, diode will be rever

when input reach

during negative half et

3. PIV for half wave rectifier is g1
PIV=V,

DC voltage and II;C :;urrent :
in loa
Suppose current . sin ot

=IM

Osafsn ..(1.10.1)
nsof S2n

=0 ’
] = Peak value of current iy
m

Here, ;
1= }-Z?
DC voltage for half wave rectifier, Vpo = Ipe ® R,

(1102

(1103

(o a8
mm--dmofmrnmntﬂoﬁngthmmhtheludmﬁm

N Semic(mn‘uctor Diade

1-18J (Sem.1 & 2)

2. Replacing the value of i; from eq. (1.10.1)
= |17 ot o o]
rmn = {5 | Jo In - #in* ot d(mmf_ Ud.’fcot)_]

o ff_j(l:m;zmtj R
- / —p o)

J? SR
m m_smztol
2nx2 2

I
e = 3 A1104)

Eq. ( 1_..10.4) gives total current (AC and DC).
Thus instantaneous value of AC in output is,
Lye= iy =1, be

_ 1 e,
Ly s = 1"I£L (i, - 1,7 dlwt)

1 r2e,, .
= /%L 2+ 1% - 2i,1,.) d(wt)
= i+ 21,
U4 = 2 -1y

Ripple factor : It is define as the ratio of r.m.s value of AC component
to the DC component in the rectifier output.

The ripple factor is given as
12 ¥
Ipe e Lpe

Since, I,,=1/2d0d1,,=1 /nSo, r=121
+i. Rectification efficiency : The efficiency is given as

_ Output DCpower _Fpe _ _Ipc R,
"= JnputACpower Pp  IZ, (B, +7,)

1]

o

..(1.10.5)

V.

where, R, — load resistance, r, — diode resistance
U, /n'.R,
T /28 (r,+R)
n = 0.406
n=406%
B. Full wave rectifiers :

( ry<<R;)



Fundamentals of Electronics Engineering Ldge rectifier:
Eibes b

3 ve

i Operation and waveforms of full "

Refer Q. 1.9, Page 1-12J, Unit-1. ]
ii. RMS value of current : 3 ot dl@t)

Elgzee
L= [L[i2d@) = V=™ =
ms = (T Jo °E 7 gin 20t
_,_'I!-alI'—"_-_Z—'_n
cos208) yat) =

Iz 1(__________,_._.-
=l

I
Luic B
iii. PIV (Peak Inverse Voltage) : “: BAIE
the value of PIV is different for ce

In centre-tap full wave rectifiers, PIV= V
In bridge type full wave rectifiers, PIV=
iv. DC voltage and DC current:

palf wave rectifier, but

themu wave rectifier.
tap type

‘ __1_ "I E‘ma)td(ﬂ)ﬂ
Ipc= %L i, d(ot) = nL m

74
s
SR
Vo= Ipe®
i i
Vm=_.m.><RL- P
v. Ripplefactor:
) (1
-t
oo
r=0482

. Rectification efficiency :

P (21, /n)* Ry
P. U, /N2¥(r, +R,)
12% (-_-rd<<RL}

x 100 %

n= —

mmehﬁdgameﬁﬁercimuiuhemdmwhm

V.-loolinﬂ!mdloudmsishnceislkﬂ.(}aleuhwz
i. DC current

ii. RMS value of current

iii. Efficiency

iv. Ripple factor.

| AKTU 2021

1-18J (Sem-1 & 2)

o]

—_— ) Semiconductor Digge

Given : Vg = 100 sin 50 ¢
R, = 1ka
Vet
VDC = _2l", =63.66
m
v,
Vams = —2=70.71
RMS 'JE V]
i DC current, Ipe= Vﬁz_ﬁf}ﬁﬁ =0.0636 A
i R, 10
ii. RMS value of current,
Iy = Vo _ 0.0707 A
R,
. Effcency, e Voexly _ 69660063
Vi * fm 70.71x0.0707 ~ 80220 80%
iv. Ripple factor 70 71 _
V J 63 66 =0
Que 1.12.

Differentiate bntwaenhs]fwam and full wave rectifiers,

[AKTU 2015-16(Sem-D), Maris 05|

L Full wave rectlﬁer is an | AHalf'wave rectifier is an electronic

electronic circuit which | ‘circuit which converts only one-half
converts entire cycle of AC | ofthe AC cycle into pulsating DC.
into pulsating DC. 3

Full wave rectifier, is bi- | The Half wave rectifier is
directional, it conducts for unidirectional; it means it will allow
positive half as well as the conduction in one direction only.
negative half of the cycle.

Peak inverse voltage (PIV) | Peak inverse voltage (PIV) is the
is twice of the maximum | maximum value of supplied input.
value of supplied input.

Ripple factor is low. Ripple factor is high.
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Que 1.13. Determine the output W& ‘putDC I

ou
as shown in Fig. 1.13.1. Determine the
PIV for each diode.

Answer '

fV;:
itive half-cycle of ¥;
For positive ON diode

2 kQ

Fig. 1,182
Using voltage divider rule,

gk_%.x_ﬂ,:% (10V)=5V

Vomax = 2k0+2kQ

For negative half-cycle of V;:
ON diode

Using voltage divider rule,

Que 1.14, l Draw a simple clip

S

1-20 (Sem.1 g 5

——— Semicondugto, Diode
Vous= 2KQW, 5 o

e || LA 1
e kn-pzll?ﬁ"?z' V.-,,,,.,(=—2‘f101=5v
Vie = 0.636 Vomex=0.636(5v) o 5 14 v
Vo
A i T
B8 [ ofommmmmaduialL L N e
t

Peak inverse voltage of eaéh diode =

V.=10Vv

PART-4

CI_q'z}pers, Clampers,

Ansﬁkgrés;. .

A Clipping cireuit ;

ping circuit with suitable waveform b
and explain types of clippers,
A wave shaping circuit which controls the g
by

hape of output waveform
removing (clipping) a portion of the applied wave is known as clipping
circuit. For a clipping circuit at least one resistance and one diode are
required. ’
Types of clippers : There are mainly two types of clippersi.e., positive
and negative clippers. They are further divided into two categories :
Series clippers (for ideal diode) :

Simple series clippers :



1-22 J (Sem—l & 2)

Semiconductor Diode
2, Pm-n]lel clipper

Ppers (for :dea] dlodeu}
a, Sirnp]e paralle] clippers

Pmitwe

{b)
: Fig. 1.14.3.
Fig. 1.14.L b. Biased parallel clippers :
R Positive v
b. Biased series clippers: Positive E
v,
L 3
|
g
(&)
Negative Vo
el
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1-23 J (Sem
- eering P 1-24.J (Sem-
Fundamentals of Electronics E?E_"f_____ i - z - o, 1_&- 2) ] Somt
S itive nndN'eg‘ﬂHW i - — __r_lt‘fnduct_or Diode
¢. Combination clipper (P?% o ¥ v. o : =i
T + N D N Ve,
0 t [ = \
Vi —v 9 kv, J: = v \ o
== 4 i ¥ MR t
V,, . A . Ny,
) h) ' i
Fig. 1162, (a) Positive clamper with positiv b sed
v - (b} Positive clamper with negative hiased ased,
-V, == 2. Negative clamper : It shi - . =
direction, per: 1t shifta the original signal in vertical downward
! 1.15. l
SW 1 e i its 7 '_L +
different types of OR - guitable circuit =
d Negative Olampel‘_..“?ing'- %R‘LV-:
fox e :
Explain P”’nvfl;:utpnt waveform. . —
Negative clamper with bias :

diagram and inp

Answer
r circuit : . * g signal different DC
A Clampe. it is a device that clamps’ & St Soa d it
A clamping circuit 18 have adiode, & resistance and a capacitor,
must to introduce an additional

level. A clamping circuit mus de. o8
a?]v?udependenl‘. DC supply is also required
Pis There are twa types of clamper cireuits.

ignal in vertical upward

. Types f clamper circuit : e twa.l
s Posiﬁvue Clamper : It shifts the original s

direction.

Negative clamper with positive bias,
ive clamper with negative bias.

1

VO
o5
2v
.0 ¢ Sketeh V), for each network of Fig. 1.16.1, for the input
shown.
_ L0310 AV
Outputvoltage V=V, +V, =V, +V, =2V, 120 V+
Positive clamper with bias :
; — t
iy
dei Fig. 1161,
[ARTU 2015-16(Sem-I), Marks 05|
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I.-
. 1 cel’iﬂg )
OR . . wi
s 35
Sketch the output for given c:lmper B;DI T,IS(SQm-ID- Marks
& 3

ig. 1.16.1.
Fig. 1.16. to peak value of
8

Answer l @+ 4F _). The output

1. For positive ha
V=
120 V- 20 V- 0.7 ative
Vp=20V+07V= 2:"":“,0 v,-99.3V withneg
cyc
wehéf,__zmﬁv

Vo

” harge
acitor € it
If cycle ““’, with polarity

peak value of

2. For next negat:
vo=_1zov 99.3

207V

Ful 1 1“
Determine output voltage for the given
per

Que 1.17. | Define clam

network. B .
o mo WP
£ 10kQ
IOV

p:,. LI71.

AR

[AKTU 2021-22 (Sem-ID), Marks 10 |

A Clamper : Refer Q. 1.15, Page 1-23J, Unit-1.

B. Numerical : ] )
Output voltage for the given network : Let diode be ideal.
Forward bias :

1-26J (Sem-1& 2)
_‘___-_‘—-—-—._

Fig. 1.17.2.
Diode is short circuited therefore voltage across resistor will be same as
across the battery Ve=10V
The voltage that charga up the capacitor
—20V+V,~-10V=0p
Ve=30V
Reverse bias ;

10V Z10kQ V,

11730
Diode is open circuit therefure current start to flow in resistor.

Apply KVL

Determine the cutput waveform of the following circuit,

by prese‘nﬂ.ng all the nercssary calculations which have been done
to determine this output.
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v, g,
10V 3
L 5V B
0
-0V ml.l& o {Sem.l), —
7 2020-21
AKTU 20

m eOfVI'

acts as an OPen
V0=5V .

i 1. For positive puls circuit:

Diode OFF and it

Vi ;
9. For negative pulse of &

t as & short circ
Diode ON and it acv £+ Kot 5},{,? 2

v+07v+\,5v—-—-43V

Capacitor charge to — 10

1-279 (Sem'l&_g) ’

. TR

1-2811 "
(Eam 1& 2)_ —ncmm Semlconductor Diode
Que 1,19, l Determine V, for the circujt shown in Fig, 1.19.1.
Vl ¢
10 + o +
+ 01ufF T/ 5 l
v | RZsexq v,
" =V T
-10 “\*u\(,ﬂ °
f=1kHz
AKTU 2017-18 (Sem-J), Marks 3.5
] =RC= (56 kQ) (0.1 uF) = 5.6 me
5': =28 ms
i, 51.__231,]5»%:!‘-?—0511:3,
5t 28 _ 56

T2 05 5. 1
ii. Positive pulse of Vi

Diode ON'and ¥~ _9v407v=_;3y

Capacitor charge to 10 +2V-07V=113V
Negative pulséﬁfV
Diode ‘OF.B"_a.naN -—10 V-113V=_9213Vv

Fig. 1102,

Determine the output waveform of the following circuit,
Vi + +

20V R
0 V. v

-20V




—— 1-29J (Sem-1 & 2)

:neering
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Fundamentals OfElectwmcs

Topwer 1) deof Vi | winputiltage
i. For positive half cyb L output i
1
Diode will be revers; o
o ¢ biased
ii. For negati;e.:h:li ;y;l = il rev;rs :
1. When-33V<Vi<0 et
So output will follow input vol aflebe fgrward o g
fiaa ® 3V, t,hend:odewl v
2. WhenV,<-3 = 4}“33202
So 1
3. The output wavefurm is shown in
20V
t
0
-33V
-20V
Fig. 1.20.2,

form f
1.21. | Define clipper circuit. Sketch the output waveform for
Que 1.21.

the circuit shown below given input.

10kQ o4
+0—YY\V

, S
— S, i

: Yi Vo

~10V +— =: 3v
53V _-_I,— - 7
[AKTU 2017-18(Sem-ID), Marks 07]

Clipper: Refer Q. 1.14, Page 1-20J, Unit.1.
Numerical :
buﬂn;pn-itiwhalfcydeofv and
When0<V <6V, thenbothMD and D, will be reverse biased

mwﬂmmw

~-rwp

1-304 (Sem-1 & 2)
e —————

— Semiconducml- Diode
ie., V.= v, I

2, P
When Vi>s V then D, will he forward biaged and D, will
S0, be reverse bmaed 2

. Vo=07+53= 6V (constant,)
X The current i, will ﬂow only when either of the

forward biased. two diodes will be

VI
+10V

Fig. 1.21.2.

4. For V,=10V

L= Ya=07-53_10-6
10kQ 10kO
ii. During negative half cycle of V,
1. When-7V< V.< 0, both chodes m]l be reverse biased so output will
follow input voltage ie,V,=

2. WhenV,<-8V, then D, will be reverse biased and D, will be forward
biased '

=0.4 mA (Peak).

So, Vo==(0.7:46:3) = - 8 V (constant)
For V,=-10V
V,+07+73 -10+8
= —& = =-02
o= ~Toka 10kQ mA.

3. The waveforms for V, and I, are shown in Fig. 1.21.2,

Que 122, ] What do mean by clipper ? Draw the output waveform of
the given circuit.



1-81J (Sem-1& 2)

A Clipper : Refer Q.
B. Numerical: e
Forpm:'tivebalfcyﬁleﬂfv} :Di
will follow input voltage,
Vg = Vj

i le of V;: . ‘
e n‘-‘gﬂﬁ“:] l;ﬂ:f:y: 0, diodiz will be reverse biased. So output will
When - Vp + 0. i 1}'=V.
follow input voltage 1., ¥o = Vi ‘
2. When V,<- VB+U.7<V. then diode W1
b VO = (0,7 - Vg]

1 be reverse biased and output

1 i
11 be forward biased.

So G -
4. The output waveform is shown in Fig. 1.22
10
1/ K
0.7-Vg '.
-10V
Fig. 1929,
g!z , Determine and draw output voltage for given network.
* 2.2kQ .
o—H— c
Si
Vo
4V
T

[AKTU 2031.22 (Sem-I), Marks 10]

1-32J (Sem-1 & 2) Semiconductor Diode
— e
Answer |
Diode “on” for V, = 4,7V
forV,>4.7v, Vo=4V407V=47V
for V; < 4.7V, diode “off” and therefore
V=Y,
Vo
9
L 4.7V
0 —=
-9 \j

Zener Diode as Shunt Regulator, Voltage-Multiplier Circuits.

Que 1.24, ' How zener diode is used as shunt regulator ? Explain it.

1.  Thecircuit diagram for zener voltage/shunt regulator circuit is shown in
Fig. 1.24.1.

2. The zener diode is selected with V, equal to the voltage desired across

the load.

3. Under reverse biased condition, voltage across zener diode practically
remains constant, even if the current through it changes by a large
extent.

4. Under normal conditions, the input current I, =1, +1, flows through
resistor R. The input voltage V, can be written as

Vl.=I,.R+Vz=(IL+IZ)R+Vz

5. When the input voltage V, increases, as the voltage across zener diode

remains constant, the drop across R will increase with a corresponding
increaseinl; +1,.
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Que 1.25. | For the
maximum and

1-33J (Sem-1& 2)

-

Electronic®

En 'neel'ing
Ii = Is +1p,

,ggulami'-

. fener voltaseload will also remains constant

; sthe
AsV. is a constant, thevaltatg; acros
andﬁence,ILwillbeac.:m;S” —
: o ner
fore, an increase i,
:‘:mer the voltage across oad
regulator.

To operate zen
to zener diode never
applied input voltage ™%

the zener diode.

anincrease inl, whlch will
diode is used as a voltage

the'r_eversevultage applied
or diode as voltage resth'-‘i*‘g’;é ¢ and at the same time, the

exwedsblz gf:{:ter than the preakdown voltage of
st

determine the value of

F it shown below,
current.

mminimum zener diode

80-120 V -

[AETU 2020-21 (Sem-D), Marks 10 |

Given: Ry =5k0, V=50V, B, = 10KQ, V,,., =80V, V,,,, = 120V
To Find : Maximum and minimum zener diode current.
KCL at node 4,
Aoply =141 (1.25.0)
We have, I = l’a= 50V =5
R, 10kQ

1-34J (Sem-1 & 2)

—— Semiconductor Diode
R I A I
80-120 V élRL =10k
|
3. Fromthe circuit, i
lmii‘.'lRS:'v's'mjn_Vz
' Vien =V, _80-50 30
= oz ZP7090 2
= Ry 5 5 6 mrh
Sim.ﬂarly' Imnx:' V: _‘rg_=120—-50:1q =14mA
Ry 5 5

4. Fromeq. (1.25.1),

Tt = Lpiuiny #7,
IZ(minl= mm—IL=5—5:1mA

Similarly, Iy =Ly ~1; =14-5=9mA

"
i Findtherangeof R, and I, that will maj tain b
_ of10V(Fig.126.1. R Amnvtn) output
@i, Alsodetermine the maximum wattage rating of the zener diode
for given circuit.
F R

ST
Yyvy

©Givenil,, =®mA Vo100V
- ToFind : Range of I, and R, , maximum wattage.

1. Fromthecircuit, I=I+I;

where, = Ei=-5ﬂ =40 mA

R 1kQ
2. When /; is minimum, J, is maximum and vice versa.
Therefore, I=1 ..+ IL,min =it
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l _I-BBJ (Sem. & 2)
Fu.ndmnmsc'fg 0,3_32* 10-34-!;,_-‘\“' o, S e _%______?eﬂcfwoﬁ
% 10077 1
0 =™ 0 _y25k0 Que 18, | Draw the V-1 characteristics of 2ener diode. Determ;
B/ TR the Network of figyre given below ; : o
B T will maingaiy VL&f-BVa.ndnot s g e the range of V. that
3. Hence, fl I ax the zener digge. “xceed the maximum POWer rating of
=1, A
ad f.minssm*5m=35
* Tuh:refore Iy s * v, 10 _9285.720Q
: 10
= “35mA hile range of R, i
Ry min ; Ib:"" eanAan635mAw y 0.2kq
ange of I 15
5. Hence, ther 25 kQ-
285

£ v, for the Fig. 1.27.1, that wiy
of V;

. the range
137, | Determine the state.
Qa::tmn' the zener diodein il
m.

Rs _I’ _11;_. +

~ Given:R -5 a

_ V.=8V.P__ iomw 2 =020,V —gy.
S PoFld Rageoty, T 1 :
1. Wehave T
Bi- Y. =36.36
3 R, 022kq ~>6mA
2.9.8, & Vi = Bs* BV, 82k0:029kq) gy
' 0mA, R, = 12kQ.V, = V, =20 N PAE, 022kQ
: e i = L= TR \: 2 £, : p S
ﬁmixfm'ﬂ'ﬂzmv'f”?”?o\%- ¢ 1 ’ﬁ B
Find : Range of V.. g 220 ’
= ‘ 20 8 We know, Pﬂl\llzfzm';'vz
Vi ot =16.67 mA e ;
1  We have I = R—i‘]__lel)’ W0mW=7_ gy 8
400 mW
_ (B +R)V, =[22°+12°°) x20 S lnw= 05— =50ma
2 So, Viain = R 1200
. ‘;. 4. Now, current throughRs
Vumn_R : I=Im:+IL
3. Now, current through Ry - -
I=1 +1 =60 + 16.67 = 76.67T mA EﬂmA+36.36mA_86.36mA
= “rmax 7 4L 5. So Viax = IR+ V =86.36mAx82+8V
v _.1667 10-3:&2204‘20 ! imax ] z
4 S, Vima =IRs+V;=7667x =T.08V+8V=1508V
V..m=36.8‘7v

Hence, the range of V, lies between 23.67 V and 36.87V
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Que 1.29. i Deseribe ™
OR

voltage tripler-
suita ble ¢

Explain with OR ..
multiplier age tripler cirew! o7 (Sem-D, Marks (5
Draw and discuss vol AKTU

ot and explain the WOl‘king

w
u ber.D’!‘ﬂ ci.rcl-“t'
Itage MultiP pler -D,M
%&’2 mgeT!'l'l’ler and Quadr® {KTU 2021-22 (Sem-D, Marks 19

{ iplier .., this circuit can pe
Answer - O[general multiplt
1 shows a cITc d quadrﬂpler-

ts as a \mltag-,e
diode a¢
ow

ircuit thot

Fig. 1.29.1. General circuit diagram of multiplier.

|

ig. 1.29. ;
" ulzgd as a doubler, tripler an
9 Circuit-1is a Doubler @v, >
Circuit-2is a Tripler (3Vm);! % |
—— ol 4 D. is ON and it charges capacitor C,
3. During positive half cycle, the diode Iy
WV, e half cycle, the diode D, is ON and it charges C, to
4. Inthefirst ‘Efgi*‘{?’ = 21?'). In this cycle the charge on capacitor C,
2Vm (VQE':; m ‘ 1 T 1
S I e V) -] |
| ; Fl ; 11,
1 l l I
1 l' C; | A |
! | !
! Input j| i " I )
| ; PaZb e ol 4
[ gl | Dy
| mains ! . : : C{
1) ! ) _
: O : + I| f_ ! : +]'
10
| ![ (Circuit 1 2V, ! r
I |
A
/ = =
I : :‘-‘"-""""-—-——_: Cu—cm‘z:
| e TS ;
I
e Quedrupler (V) ----=222

1-38J -
iﬂ_enli df 2,’! R Semiconductor Dipde
5. In the second positive half cycle the diode D), ang D, are ON, the cap;;;

C, will be charged tq V.. and the capacitor C, will be charged to

Vea=V, 4 (- Ve +v,, = V=V, +2V_
_ Vs = 2V, (Voltage acrogs C,) ’
During second negative half-cycle, the diode D, and diode D, are ON. The
voltage across capacitor is given as '
::g:: Z'.‘;:VCEJ + Vo, + Ver= V.- 2Vm +2V_ 4+ V..
Now
Voltage across Ci=» V=V,
Voltage across Cy— Vg = v,
Voltage across C,— V= v
Voltage across C,— Vea= v,
Voltage doubler ; Taking output across C,.
Vo= Vm = 2Vm
Voltage tripler : Taking output across C;andC,.
Vi= VCI +VCB=Vm+ 2Vm=3Vm

10. Voltage quadrupler :Taki.ug output across Cyand C,

Vo=Vt Vo, =2V, + 2V, = 4v_

Que 1.30. | What is voltage multiplier using p-n junction diode ?

Explain the operation of voltage doublers,
¢ OR
Explain full wave voltage doubler with clear diagram.

[ARTU 2017-18(SemT), Marks 35|
OR

With help of aneat diagram, explain the working of a voltage doubler

circuit.

[AKTU 2020-21 (Sem-1), Marks 05

The circuit which produces a greater DC output voltage than AC input
voltage using a rectifier cireuit is called as voltage multiplier.

The output of voltage doubler is twice the peak input voltage,
There are two types of voltage doubler circuits :

Half wave voltage duubler 3

The circuit diagram is shown in Fig. 1.30.1.

During positive half-cycle of the input voltage, diode D, is forward biased
apacitor C, charges to the

(ON) and diode D, isreverse biased (OFF). C,
peak value of secondary voltage V_ with polarity,



doubler.

Fig. 1801

de Dg 5 27 o
o voltage e ®

ii. Full wave voltage doubler :
1. The circuit diagram is shown in Fig. 1.80.4.

1-39J (Sem-1& o) '

Half wave vol"‘"‘;N while diode D, is Opp
e sum of peak-supp),

2 During positive half cycle, D, is ON and D, is OFF. Capacitor C, will be

chargedtoapeakvaluevn.
Vm‘-V-
3.~ During negative half cycle, D, is OFF and D, is ON.
wﬂhmkvahmv-.nmoutputvdtagewithno
Vo= Ve Vg

it -C!iﬁ |

1-40J (Sem-1 & 2)

——

Seimiconduetor Diode

Fig. 1.30.4. Full wave voltage doubler.

et
rpose Two Terminal Devices : Light Emitting Diodes,
e Photodiodes.

3L, | What isLED ? Give its principle of warking, construction

and applications.

: LED : LED is a special type of semiconductor p-n junction that under
forward bias emits external radiations in ultraviolet, visible and infrared
regions of electromagnetic spectrum.

Construction of LED : A

LED is just not an ordinary p-» junction diode where silicon is used.
Here we use compound having elements like gallium, arsenic and
phosphorus which are semitransparent unlike silicon which is opaque.
In all semiconductor p-n junctions, some of its energy vill be given off as
heat and some in the form of photons.

In the materials, such as gallium arsenide phosphide (GaAsP) or gallium
phosphide (GaP), the number of photons of light energy emitted is
sufficient to create a visible light source.



' 1‘41J(8em-1&2)

peiis —
sneeTinE
105 EngineeT = —
Fund tals nfEleC“‘mEff"Pf
ndamen —
i e Light o 4

Recombination

Principle of LED:
involves
The process InVo -
Generation of electron-hole pair
bination of & & i
E tr::tion of photons from the‘ semi: o)
T: characteristic for LED is given
e

) by excitation of semiconductgy,

5“"5’.?'—""5—!0

e
= e

Radiated light (mW)
=1 L - L+ -]

Tp(mA)
0 20 40 60 80 100

Fig. 1.81.2. Characteristics,

. Working : ¥ - -
1[,’ When LED is in forward bias condition, the electrons from n-type

cross the p-n junction and recombines with hole? m the l;;tty;:::z:;
When recombination takes place, the recombining e

energy in the form of heat and light. o

3. The emission depends upon the type of material, i.e.,

GaAs — infrared radiation (invisible)

GaP - red or green light (visible)

GaAsP — red or yellow light (visible).

E&llﬂ-em-l_f 22 B Semiconductor Diode

Que 1.32, I What is photodiode 7 What are its different types ?
Describe the construction of a photodiode with its operation.
Answer

A, Photodiodes ;

1. Two terminal devices designed to respond to photon absorption are
called photodiodes,

2.  Photodiodeisa semiconductor p-n junction device whose operation is
limited to reverse bias region.

The types of photodiode are :
p-n diode

p-i-n diode

Avalanche diode

The output current of a reverse bias p-n junction changes when device
is exposed to illumination,

The variation in.the output current is linear with respect to luminous
flux. The construction and symbol is shown in Fig. 1.32.1.

I
ERTHE

PR R

o

6. This diode is designed in such.a manner that the rays are allowed to fall
only on one surface across the junction, The remaining sides are restricted
for the light to penetrate. 3

As the temperature due to illumination increases, more and more

electron-hole pairs are generated and results in increasing the reverse
saturation current.

8. When light rays fall on depletion width ‘W, it creates electron-hole pair
and electrons are swept into n-region and holes into p-region very rapidly.
This gives rise to a photo current. This is the basic principle of operation
of photodiode.

B. Photodiode characteristics :

E. Applications: 1 Thleig. 1.32.2 ::hnws the Vif ch}aracteristics of p-n junction photodiode
i ; i ith di t illumination level,

1. Display LEDs like calculator, digital clocks etc. with differen

2. Light source in optical fibre communication. Ko detecto™

3. Light source in a source detector package like smoke

tachometers, proximity detectors ete.
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v 1
Vg
Increasing light
intensity

Fig 1.23:;9:ie has a small reverse current .
e dio P

it Al s
no light ray is incidest ists only with no applieg
2. When as dark current. rent which exists 0 VO
knw: X current is that cur . thé reverse curreng
. The dar] 3 inerease ;
8 illumination. e voltage does ﬂ__‘!t ﬁfﬁéﬂ have already bemg
4. Theincrease in 1-e‘lreri]] available charge o A
?wg:i:t across the'*uncmnbe use
5. The phntod:iode can also . T bntiﬂv'andv |
light intensity. quadrants, i.¢., in third quadrant, bothJ

; ice from -e‘x’Eéan 4.
6. Photodiode @e?te:vl:r is being delivered to the devic e l
are negative and po :

urth‘ uadrant, V'is positi i is delivered
o is positive and I is negative and power : 4
Ve . : { !
Inmnf|J et t'utgse external circuit. In applications, usually thirq |
the junction !
guad.rant operation is preferred.

Varactor Diodes, Tunnel Diodes.

L

; actor
Que 1.33. | Explain input and output characteristics of vs_r o %
Eods, [AKTU 2015-16(Sem-1D), @ 3.

OR 4,
Write a short note on varactor diode,

| AKTU'2020-21 (Sem-1), M2

bl 8.
d as a variable resistor controlled py |

Semicnnductur Diode

This is algq [

alled ag varicap, Ve fvoltage variable ¢,
tuning diode,

is conatructeq

apacitance), or
from Bemiconducter materials, It i
dependent variable capacitor,

simply 3 voltage

Fig.1.33.1 showsthe
of varactor diodes,
Ir

insul ting
M€ 1 and pregion of the diode, just Jike a dielectric
which separateg the two plate
Let area of Plates=4
If dls@cebetw’%hw capacitor plates =

Varicap eharaeteristiesf-:m
Fig. 1.33.3 shows the characteristics of a typical Commercially avajlable
Vvaricap diode,

is the initja) sharp decline jn Cr with increase in
The normal range of V,, for varactor diodes is limited to about 20V,
In terms of the applied

Teverse bias, the transition capacitance is given
approximately by



. 1-45J (Sem-1 & 9)

5 ing
s Engine®’”
Fundamentals of Elect” onics B

: miconductox' material ang
Cr= (V,-+VRJ il py the 5€
tant deter?. . ue
Where g .:ac'nSt"“':mrl technd . tential
tential . reverse bias potent
v, = Knee p0 he applied e 4 G
Vr‘ Magnitude of t o s for diffused
: 1/2 for alloy junctio®
R =
C,!.{pF )
100
80
60
40
20

V(W)

_8 -10 -12

-6

-4
Fig. 1.38.3.

as condition C(0), the capacitance

5. In terms of the capacitance at the zero-bi

i is given by :
as a function of Vg 1s given yc i

Cp(Vg)= W

Que 1.34 l Explain working and characteristics of Tunnel diode

with the help of neat diagram. [AKTU 2015-16(Sem-D), Marks 05|
Piscuss the c':ns":;;:f::da::p ul:?king of tunnel diode. Also sketch
e [AKTU 2017-18(Sem-II), Marks 07]
Explain principle of operation gfd construction of tunnel diode.
Draw its V-1 characteristic. [AKTU 2016-17(Sem-ID, Marks 539)

OR
Explain the V-I characteristic of tunnel diode. __
[AKTU 2016-17Som-, Marks 03
OR

[AKTU son-mm-l@@

Explain tunnel diode,

1

l

1-46 J (Sem.1 & 2)
——

Semiconductor Diode

Answer

Principle of Operation of tunnel Diode :

In forward biag condition :

A_ small forward hias is applied across the junction,

Since, _the potential of the p-side under thig condition is higher than the
potential of n-side, E, will move below E. . as shown in Fig. 1.34.11y)
and the electrons in the conduction band on the n-side faces er'npty
states in the valence band on the p-side, at same energy level,

Ll el |3

n

i

3.  The thin barrier across the junction would permit tunneling of electrons
from n-side to p-side, with the consequent current flowing from the
p-side to n-side, Thus, I, pi8:positive for this case. As the forward bias js
increased, more such filled states on the n-side would come opposite to
the empty states. i

4. With further increase in the forward bias, a specific condition would be
reached when the maximum number of filled states in the conduction
band on the n-side would face the maximum number of empty states in
the valence band on the p-side. The tunneling current would reach a
peak.

5. If the forward bias is increased further, then the conduction band of
n-side would move away from the valence band of the p-side, and there
would be no empty states on the p-side corresponding to the filled states
on n-side.

6. Hence, tunneling current would go to zero and the normal diffusion
component of current would dominate. This results in normal p-n

junction diode characteristics.



1-47J (Sem-1 & 2) l-
) ing _'_',_.-/""—‘—‘_._._._-___-_“\
jos Enginee”’ - 1-48J (Sem-1 & 2) . )
tals of lectro™™ .t} respect to n-side, thig S — _____M
Fundamen gition: ide w1

othe ps

: ing equal to .1, i . isti -7 juncti
o e g2 b0 S0 Q1. Bt the Vil ettt ot o o o, e
1 Wh:]';“:f:;“:gw above Ern . octly 0pPOSite tothe empty stateg &m% Refer Q. 1.2. .
applied etes oftheP S Cppprier. o nnel through this gy, el Txplain the working of half wave and full wave bridge
2. E}:ﬂi‘amﬁ av;?z:;‘:ide wouldhea‘_’;_‘c al tunneling and appeay on AN Refer Q. 1.9,
. the electrons £ tum e : : s = a z
- E:ru:erbythepmesso ¢ ” n-side, the actual direction of | Q.3. Explain the following terms in context with half wave

; id
the n-side- ] from P-5! ive.

t:.?;fside allﬂ :§ neiit::d! more ]].um-ber 0fﬁ]led Etates
reversebias 18

rectifier and full wave rectifier:
i. DC voltage and DC current

: ii. RMS value of current
ar opposite to the numbe, of
5. Asthe amounto d o;theP'Side “"”"i?tiﬂpn.sme and the reverse currey; - Hele @220,
in the valence ban wndugﬁonband ltage. | Q.4. -Sketch V,, for each network of Fig. 1, for the input shown.
empty states in the asing With TEVerse V0 #E. o rrent in negatiye v C
would koep ORISR0 to hewry SORMRE 1 apptied ol B o—]| —o
teristics : Due - oreased with @ > tage, + | s
B. Ch.a::;e region is suddenly lﬂﬂ;‘; the sudden increase in current (54 120 A Jg
resis’ jon regiol . »
Due to this reduced d;gﬂlzmﬁd acgrrier punching through” effect. ¢ Y ltL R v,
small applied;?:i;'e , | E= 20V
3 ot
T o— —=
6 I Fig. 1.
L - ABE Refer Q. 1.16. -
51 : Negative resistance Q.5. What do mean by clipper ? Draw the output waveform of
] rogien the given circuit.
‘T.h 10 S AWy
I + ¥
R
3+ |1
| w v; i v
I — o
2Tl 4 T = 1 =
1 ! ’_ Superimposed semiconductor =\ S =
Rt i - -~~~ ) e vierimposed tein o -
1 | {’: " diode characteristic - Fig. 2
T e -y : Ang Refer Q. 1.22, i
0 16.2 0.4 1'0_5.0'.8 1.0 X Q.6. Describe withthehdpbfeimitdingrmwmﬁngdvolhge
L} ABE Refer Q. 1.29.
Fig 143 Q.7. What s voltage multiplier using p-n junction diode? Explain
the operation of voltage doublers.
ZNE Refer Q. 1.30.
Q.8. Explain working and characteristics of Tunnel diode with
the help of neat diagram.
ANE Refer Q. 1.34.
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PART-1 |
Bipolar Junction Transistor - Transistor Construction, Operation,
i Amplification Action.
S Sl W i i

e
Questions-Answers |

I.b'ng',é_n:swé'r Type and Medium A r Type th

m Explain BJT.

1. Ajunction transistorisa three-layer semiconductor device, sandwich
of one type of semiconductor material between two layers of the other

type.
There are two types of transistors :

npn transistor and
pnp transistor,

When a layer of p-type material is sandwiched between two layers of
n-type material, the transistor is known as npn as shown in
Fig. 2.1.1(a).

4. Similarly, when a layer of n-type material is sandwiched between two
layers of p-type material, the transistor is known as pnp transistor as
shown in Fig. 2.1.1(b).

5. The transistors are made either from silicon Or germanium crystal.

The symbols for npn and pnp transistors are also shown in Fig. 2.1.1.

Emitter o nn Cl’lactor B i

Base
(a) Structure of npn transistor B

llecto
Emiter—{ p [a[ p R ¢
Base
(b) Structure of pnp transistor B
7. Atransistor has three doped region :

w o op o

@




' 5-9J (Sem-1&2)
2 — 2-4J (Sem-1 & 2) BJT
sl o o and FET
The remaining holes are able to drift across the hase and en;-r-i:t :h_
0 the

ceering -
ics Ens’f_ef-—-""
F\Jndamenf-ﬂls_{f]_fﬁ?f’f_f i >
—————Em o fihe ransistor ority charge c]:rna;'s collector region.
a itter : tion majoriy. = ore heavily 6. They ar E
o - e e ¥ are swept up by negative eoll i i
i Thisis theleft I.]::of this res"i:;’;:; and hence ! the collector current /.. il ot
e = cti to :
i TI:'E main {::01'89‘ et rrss{orls- Riche e Oleng
(either ho son t0 othe T
doped in com as base-
; wn
' . 4or is kno ; ompared to
b. Base: -on of the tranﬂst thi-n( ] €m) as ih l: jected
i  Themiddle sect! is very most of the injecte
This is very lightlY 3% ", ehat it may
il co
s
llector
Collector : istor is known 8597 i
e ;ght hand section of transist collect majority charge carriers
L The ng‘ function of the m]lecwr;l;:ioped- ke
i The m;;:hs hase. This is modera onventional direction of current F e =
i head direction indicates the:; emitter while in case of pnp it - ST
. ;‘he:-fa:; e direc itiswfromt B 7. :&s hl:!]ea reach the collector, electrons are emitted from the negativ
W - > e
isc:&am emitter to base egion is made iarge due to the fact erminal of battery and neutrahze o )
P A sollector regi irp— 8. Now a covalent bond near the emitter electrod
9. Inmosto issipate much grea ; Sbxitadel : - Tianers g T
Inmost o tecs s ST i 18 ed electron enters the positive terminal of b ttery This
a :tter and base may be calle Process is repeated again and agai : o
10, The junction between em! base and collector may be called as i o i e
: Tt P oo 9. :&s tlIJe width of the base region is very small, the ratio of hole curr t
: imeti ; . 0 electron current is s
collector-base j always forward biased while the neglected, rm . {YFTY large so the electron curreat ey be
10. Thus i
hug only the ho current plays the important rolein the operation of

d biased.

i junction is
11. The emitter-base junc
collectar-base junction is reverse usey
The resistance of emitter-base junction is very sm

12- -
collector-base junction. . o

So. forward bias applied to emitter-base Junctm_n is gene;ally very

small and reverse bias on collector-base junction is much higher.

Que 2.2, ] Describe the operation of pnp transistor.

pnp transistor with emitter base junction as forward bias and collector L
2.

all as compared to Pnp transistor.

13.

L ] The biasing of npn transistor i —_——
base junction as reversed biased is shown in Fig. 2.2.1. The emj:;:egr h:i:j:nm:imto? Iﬁ; shown in Fig. 2.3.1,
2 i ction i
The holes of p-region are repelled by positive terminal of battery Vs repelled fom the ngaive terminal of atioeg s 008 2re
EE Junction,
3. The collector base Junction is reversed biased because electrons are

2

towards the base.
3. Thepotential barrier at emitter base junction is reduced as it is forwar® flowing away from the coll, juncti

. . ector juncti iti
fbm and holes cross this junction and penetrate into n-region, constitute battery terminal Vee Junction towards the positive collector
e emitter current |, - 4. Theelectrons in emj i
: emitter region are repelled from ive termin
of the battery towards the emitter junction. et i

#  The width of baseis very thin and only 5 % of holes recombine with th°
free electrons of n-region which constitutes the current - {




10. The collector corren

J (Sem-1& 2)
e .

. eering to forwarq
peerin_—— o due
ctronic® Eng? tion 38 reduc Jectrons cross the
Fundamentals of F1¢ o at the j;?i;hl.ly doped: ©
al bar™’® thin an
is very

: tenti " d are lost
5. Since the po son ion and ar as
bias and base r&17 regio

jon.
i base reg? )
p-type ombin€

.1 the holes 7
wi
e collector voltage Vcc-

ns ¢ s
A few electr0 tive €0, o lon,
6. charge carrier- — u]; b;';;’ace, continuously s gas
: -regl :on t8 e
lectrons in 7 ction, .
T }_Iiot‘;;fs way e ectf::e co erly bias — is carried out by the
i tran

the two junctions

duction 1B e

So the current coP
electrons.

Fig. 2.3.1.

9, Applying Kirehhoff's current law,
3 IE =IC+ Iﬂ' . d minorjty
ts the majority an
t has two cumpa;:)en e

carriers. The minority current com

o)
So Io= I(,'msjuril_\,‘ + !(XJ minority
Que 24, |Describe the biasing of BJT circuit.

13-

Answer. .] . . -
] g 1s necessary to establish the proper region of operation for

Biasi
amplification. _

ia i 1lector 15
The emitter layer is heavily doped, base is lightly doped and co
moderately doped.

au z ases
This low doping level decreases the conductivity and hence incre:
the resistance of the material by limiting the number of “free” carrers

2-6J (Sem-1 & 2)

150 in -
0.001 in,

BJT and FET

150 in:
0.001 inf‘
i 1o

Fig. 241,

A. For pnp transistor &

pnp transistor with emitter base junction as forward bias and collector

base junction as reverse biased, -

il. The potential barrier at emitter-base junction is reduced as it is forward
biased and holes pass through this junction,

iii. By applyinga negative voltage at collector, the holes are easily drifted
across the collector-base junction to constitute a current Io.

B. For npn transistor :

i.  The emitter-base Jjunetion of npn is forward bias and the electron is

repelled by a negative forward junction,

il. The collector-base function is reverse bias because electrons flow
toward positive collector battery terminal Ve to constitute a current

-

_' Explain transistor as an amplifier in detail.

1. The transistor has two Pp-n junctions i.e., it is like two diodes. The
junction between emitter and base may be called emitter-base diode or
simply emitter diode. The Jjunction between base and collector may be
called as collector-base diode or collector diode. The basic circuit of a
transistor amplifier is shown in Fig. 2.5.1.

2. The weak signal to be amplified is applied between emitter-base circuit

and the output is taken across the load resistor R, connected in the
collector-base circuit,

3. Let us assume for instant Vg is disconnected.
4. Now for negative peak of signal, the emitter base junction will be

reversed bias, which is not desirable, because to achieve amplification,
the input circuit should remain forward bias.
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Signal

5. A small change in

‘emitter current b:zt o

6. Due totransistoraction, © "\ L ‘

g dm]?getolg cc:oulmlect-:rﬂows through-the load resistance R

the collec :

& l‘:.tq;?:voltage is develc.pped zu:ru:nlsise :ltm

8. Inthis way,aweakmgnﬂlapp : e

. lified form across the output et " AR "

amp. e AV.C 1 rg : t 1

> é{et,; mﬁiﬂ ::ll:;g;e symbol e that fraction of this current change jg

e define

collected and pass through R .

the input eircuit appears in the

= gé i’eu AIC o aME
LAl )
10. The change in output voltage across load resistor
AV, =By x Ay
. =RpxaxAlp
11. The voltage amplification
' : av,
A= AV,

will be greater than unity and transistor acts as an amplifier.

| Draw the basic structure of CB BJT and explain its
principle of operation with in nest diagram along with its inf _
OR

- a _‘_';_“h-—-—-_.__

) AKTU mlﬂ-‘[nm—‘m'm. ts ""‘."."\Iit

Derive the relat; OR y Marky o5
onship between

common emitter ang CoOmmon hage configuratj
junction transistor, e

Draw and explain common
base N.p. i inpy
and output characteristic graph. Also wlfite an m fr: .
Outpu

current. t

A Common-base (CB) configuration :
1. Inthis configuration, the input signal j i
: lied betw i
oy . 0 18 appl ®en emitter ang
o 2.6'1.15 output :sl collected from collector and base ag shown in

VOG
{Current amplification factor (q).:
53{]: is deﬁned.’as the ratio of thecollector eurrent to the emitter current of
atransistor when no signal is applied and is called DC alpha (e,
C’.DC = IJ.

IE

amplifier.

2. Si'mply {IDCis o
I

Then
I,

3. Higher the value of o better is the transistor in the sense that collector
current approaches the emitter current,
Ip=algand =1, -1,
IB= IB_ IIIE=IE (1-a)
4. Now, when signal is applied, the ratio of change in collector to emitter
current at constant collector base voltage is defined as current
amplification factor.

a=
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Fundamentals of EI@CWM
Fundamentals of Plec™

Al
aye= Al Ap—
o =0.9100.99
. =y e =0T
Practically ape aly + loo

5. Total collector current [o = foct, ity .

current can also be expresse
I=alg +1Ig) +Icgo

I.(1-a)= aly+Icao

=)
o Iono
Ie= [1——';]!“(1—« %

7. The relation between o and p is given by

6. The collector

p "
o= morl—a—lﬂa
I,=p1Iz+ ('1 + B ego
B. Characteristics of CB circuit mm
( s .
Ig (mA) Vep =20V samuic p—— Active reg:orla o
Vg =10V | " -

5
Vep=1V

4mA
3mA
2 mA
1mA

o " VealV)
-0250 1 2 3 4 5 "Cutoff region

(b) Qutput characteristics
Fig. 26.2.

MNM‘-WU’)H‘IW
= ONow oa

L L L1 L i1 .
10204060810 Vg (V)
(a) Input characteristics

a. Input characteristics : y :
i There exists a cut in, offset or threshold voltage Vg below which the
current is very small.

i. Ipincreases rapidly with small increase in Vg i.e., input resistance s
very small.

b. Output characteristics :

i

ii.

Inactive region, the collector current is independent of collector "“lg
and depends upon emitter current but if Vg increases beyond a ce
value, I, increases rapidly due to avalanche breakdown.

In this region, the base emitter function is forward biased where®
collector base function is reversed biased,

) el
In cut off region, g small amount of collector current flows even Wl
Ig=0.ie., leakage current I,

ET]phte:sion for oy ki
coector current 1, is outpyy err. & NPN trang
output current is, fod Put current, Therefore, the exmeam:"?:;

Que 2.7, ' Draw and explain the in

Put and oyt character;
of common emitter configuration, e e

OR

Draw the common emitter circuit and ske i
r tch the t
characteristms. Also explain active region, cu:?; rzngciloo;?:;

saturation region by indicating them on the characteristics curve

output characteristics,

Draw the circuit diagram of BJT in CE confi i
_ guration. Draw output
characteristic curves and indicate the different regions of operation,

AKTU 2016-17(Sem-I), Marks 05
OR

operation.

[AKTU 202021 (S o 1), Marks 10]
OR

Describe the construction and working of a NPN transistor in CE
configuration with respoct to size and doping. Also, draw the input
and output characteristic graph.

[AKTU 2021-22Sem-1), Marks 10
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2-
eromics Bngi2®" T —— BJT and FET
i .
Fundamentals of Elec B. Characteristics of common emitter circui .

a. Input characteristic :

' and emit, . .. ;
Anawer p]jsd petween base er i The_forward bu}aed diode curve jg expected becauge the b f
P stter. section of transistor ig g diode and it ig forward biased a8 emitter

A CE configuration® sis‘ﬂa]::: and emi

: inp . .uits, hence the namy ii. Inthi i . ’
nfiguration, the ollec cuits, e il. this case, I increases les dl :
1 In gfhc:ougt is taken o7 7 1 o ¢put €ir Fig. 2.7.1 base configuration i.e. inp:tr?:;isty e ?”E o ot comunpe
" js common t0 input;ld js shown 18 than common base lﬁrc,uit e emiter iy highor
2. As emitter is fguration '
. config
common emitter Ig(na) Veg=1V
B Ry 60 Veg=10V
90 | Veg=20V 6
?0 B (Saturation 5
0 region)
Signal 60
50 3
40 20u4
Vee - '50 | 2
o mitter npn transistor ARl gg ¥ ' 0w
. on-e ; llector current to 10 v
Fig. 2.7.1. Comm s the ratio of collec 0| 0 ) ceV)
ification factor 18 i v, 5 10" \15 20
S Thdiag : ;‘;”d”;ﬁ:ﬁf led DC beta (Bpc) of a transistor, when 01 0204060810 ~Vee Vegeat et BIfCutaﬂ‘ region)
the base current isti e
20 signal is appli ed. ’ (a) Input. characbanst:.q.:s (b) Output characteristies
L B ﬂ . 292,
Pog =B = 1 AR Y4
B
i0 of change in collector current to the b. Output char: i :
When signal is applied, the Tatio of etu;.:lpliﬁcation factor, . o Rgferishion ¢ .
4 e t is defined as curren i Inactive region, for small values of base current, the effect of collector
change in TrRen Al voltage over co T current is small while for large base current
Bug == A ases. Thus, the current gain of this configuration is
Pa Al greater than unity. 4
I.=ply . When V., has very low value, the transistor is said to be saturated.

nd ranges from 20 to 5m-l:l::::;i$ The change in I, does not produce.a corresponding change in I,
‘when current gain as we fii. Incut-offregion,a small amount ofI; flows evenwhen ;= 0. ., Logo
gain i required. and the transistor is said to be cut-off.

5. Total collector current C. Transistor biasing : Refer Q. 2.4, Page 2-5J, Unit-2,

Io=plg+Iogo D. npn transistor : Refer Q. 2.3, Page 2-4J, Unit-2.

6. We know that Ix= IB+IC
Io=alp+lpo=ally+1p) +Iopo

Io(1-0)=aly+ I,

" 1208
is generally greater than 2
fonﬁgumﬁon is frequently used

Rues8. | Explain the operation of common collector
configuration with suitable characteristics in detail.

a 1 g
le= 5 It 1< Iemo 1. Thecircuit diagram for determining the static characteristics of an npn
transistor in the common collector configuration is shown in

T (hmhingwegetﬁ:l#‘-_md]w___i_l_jm Fig.2.8.1.
-a -a
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. Fig: 2.8.1:
;skept at 2 suitable fixeq

sotics o
Input characterist aracteristic® &

: input ch
o o din equal steps and the
value. Voo i8 increase
The base-collecto? g7 iicnote Plot of Vppversus |
corresponding increase B xed values . b .
This is repeated for diﬂ'erel_ltsho s 2.8.2,
for different values of Vge 18
Ip WA 4
w0 +--=""1
B0 T
60 T
40 T
1 Vg
SENE K e
Fig. 2.8.2, Input characteristics.
haracteristics : "ol
'?‘]::tpo:::pf;t characteristics shown.in Fig. 2.8.3 are the plots of V,,
versus I, for different values of .
4 IgmA)
6
51 Iy = 100 pA
4 IB =80 }lA
LR iB =60 |-|-A
2 Ip=40 pA
1 Ig=20pA
IB = [} pA

4

01234586 & ve
Fig. 2.8.3. Output characteristics.

2147 (Rom4 & )
— -'—_“‘———--..;____________ E‘:ITandFE
= _ T
Que 2.9, | Derive the relation hetween u, § ang -
P oand v,

]

1. We know, qziﬂ‘_andg_ I
I _Ta
IE=IB+IC, IB:IE“’C
3. Now B= __It;__= /1, u
L-1, 1-11,"1-,
B(l—a)=a0rB—Bu=a

B=a(l+p)
o= —_B__
1+p
1
or —_— =
T 1+p
4 Y= %-and.u:—ig
5. Also Iy= f;—-.ﬁ_é _ 2
& & A S
LI 1-0, 1) 1-a ~(291)
7 vl 8
B i _ (292)
8. (2.9.2) in eq. (2.9.1)
" Y
Y d-a 14

An npn transistor with B = 98 is operated in the CB

mnﬁm:rati&n, if the emittel:.cumn't i reverse
: tis2mA i
current is 12 yA. What are the base and coll:;dor cumn??tumuon

[ARTU 2016-17(Sem-1), Marks 0 |




Que 2.11. | For g
a. Determine Rg "':l'ifs :
b. Find Vg, Vg 82 12V

Fig 011
y AKTU 2017-18(Sem-T), Marks 07

‘Answer 5
VV 76VVS 2-,4Vs|3"80 1
B e p
Rg, Vi Yep "8C
To Find : By, Fg Vg ot =76V-24V=52V
1. We have, Veg=VYe~VE
a0
2. NOW ﬂ+1 8 *
S IE_‘YCJG=2mAdeB=IC’80=O.025mA
o!
Ro=Ve 24V _i9k0
S M
3 Now Vw“vcs*‘lcﬁc”rﬁs
' 12=52+2R;+12x2
Rp=22kQ
and Voo = IgRp + VM+IERE
12=0025mA x Ry + 0.7V + 1.2 x 2
Rp=356kQ
Now, Vp=Vp+ Vg =24+07=31V
Vo= V-V,

=31-76=-45V

LIGJ(Sem l& I)

B ) _M'Tm-.dm

i 12.] Define o and p wiey TeAPCCt 10 BIT and depy h
ve the

relationship between them, A transistor hyyip
saturation current Icm' 10 pA is oper.
current is 250 pA. Cal culatel nm:l!

A a: ReferQ 2.6, Page 2-7J, Unit.-2,

B. PB:ReferQ.2.7, Page 2-10J, Unit-2,

C. Derivation: : Refer Q. 2.9, Page 2-14J, Unit.2,
D.

Numerical :
~ Given o =097, Imhmm,!a:zmm
i _.'I‘oEmd gl
o 0975
1. We know, B-‘l—_—u——‘i—_m-39
IC‘
2 p= T
Io=PBx Iy =250 x 39 = 9750 uA = 9.75 mA
IE=IC+I
= 9750 + 250 = 10000 pA = 10 mA
Q : Gwenﬂmtl’w-dmAandV =10V,determineRland
R, forthenetworkoﬂ‘lg.z 13.1.

18V

33
= 10 pF
4 ———' f-—-vu
10 pF
v ._'
1.2k0
Fig. 218.1.
[ AKTU 2016-17(Sem-II), Marks 07




e =AY _gpxl0 Vg
']\;M‘RI’R‘.‘- X0 ,‘13\"5 Hl+18x
1
2!10_35
Ry
Vv,
3 §6-
R a5
. Wil
mi‘oﬂheﬁw“ho
L A% 7V,
Giwnmtﬂnmr VB‘
Bl-.-201{
R2=5K

[ARTU BI617Sem D, Marks 78]

20x5
Rm=RIHRQ= 20+5=4K

20“5-_-4\!

20+ 5

Le Vo~V o 3-07 _go388mA
BU R, +(Q+pR, 4+81

= fdy=80x0.0388 = 3.11 mA

VeV IR =20-(311x2) =138V

Vlh=VB=

Wrirsnec g
—_—

___B-]Tand FRT

Fi&l&gﬁecﬁ. TmWw : Construction an Chtracteristiy
-Mnsfercmmﬁm ; ‘#J?Eh‘
_ e e

33%%;%» Explain the transconductance curve of a JFET,

I AKTU 2015-1 1

A 6(Sem-1I), Marks 05

Draw the circuit and explain the drain characteristic for

N-channel JFET. [ AKTU 2016-17(Sem-), Marks 05 |
OR

Draw and explain the n-channel JFET and draw its transfer

characteristics. [ ARKTU 2016-17(Ser-I), Marks 5.25]
o :

Explain the formation of depletion region in JFET.
LAKTU 201617 (Sem1), Marks 75 |
OR

Explain the construction and working of N-channel JFET
the drain characteristics and translargcnrve. Hae

- [T H e, Marir 35

1. The structure of n-channel field effect transistor is shown in Fig. 2.15.1.




par of n-typq
oW
f its mldtll
T, 8 te B14,-133 o
anne! JF i oPF‘::; diffusion as Eho"‘ll
For the fabrication of "'::;;ef' Nr:;wal'e
or the Ia ial i8 ¥ ' ogio

semlmnducto‘:l;ﬂ::m

paﬂl. two hea or G

in Fig. 2.15.1. o fu’ cbsnﬂe‘ ‘cted and 8 single leag ;

The junctions for™
the 8“ .

The area between ot tion miconductor

the twoP'“"g' das gate.]unc dso fn-type Be 55 b&x'
Am:uall.:;lt o hichis calle two €0 as drain terminal ),
o

:)a:;l:c contacts are made S s:ieﬂ: petweet . tiem:a?r ﬁ)}z,
source n,type mal W

Oneleadis ca]l:ia;s n: t.; thef :;g £ majority carriers Wh!.l:h

When a poten m one e

current flows i

forms a sort of trons ' 3

in this case are elec be understoﬂd with the help of

ol FET::
hanné 2
Operation of 7€ | FET cat
The operation of 7 .

by gate battery 7 cgand
Fig. 2.15.2.

ase::lhsrge region or depletmn Tegiop

P
space ed.

First supposé wﬂnected-sothatn mnetion are form

drain battery is0b liased while Vi is removed,

ither side of 2 T&¥ i battery Vpp
on ef the n-channel resistance (say Ry

Consider two points A and B in n-channel as shown in Fig. 2

2-204 (Sem-l &2)

6.

7.

8.

C.

L
2.

3.

- ———— BiTandFey

Let.V, and V, be potential drop at these e
Ppoints. Certaip} Yy

due bo progressive voltage drop, the e TVe>V,

near drain. P erse biasing effect g stronger

Fig. 215.3. Voltage drop across channel.

This explains why the depletion regions extend farther into the channel
at point A than at point B.

This gate bias increases the depletion regions and thereby decreases
the cross-section of n-channel due to which I, decreases. Since negative
gate voltage controls the drain current, FEI'lscai]ed avoltage controlled
device.

Static Characteristics of FET (V-I) :

Static means I, versus V¢ for different values of Ves

Let us consider the chm‘acteﬂstzcs for Vg =0, the curve is shown in
Fig. 2.154.

When Vo = 0, ﬁhere mm attractmg potential at the drain and hence

drain current ID 0, although the channel between the gates is fully
openas Vioe=(, -

4 AsVpcis mcreﬁﬁ‘%, the electrons flow from source to drain through
*; channel between depletion layers and the drain current I, increases

5.

_hnear!y u *pomtA (]@ee pumt}

Breakdown

v—#vus
; afmbagaeim'rwhenvm_o

With the increase of ID, the ohmic resistance drop in the material of
semiconductor bar. So as the voltage Vg 18 progressively increased,

S T———



ga1d Bem1&2)

law ratg
peeriné e square
ronics Ens‘lﬂe s at fevereapondﬂ'lg VOltB,ge
Fundamentals of Elect .t A, in¢ int The coIT
ol PRy ; ;
" I ,froml’o inch-© ',ed by *P 3.]50 increases in
the drain curﬂ’-ﬂ,‘cbﬂis called Pmis 4en0 : S
i 15 region BC ig
ot mmﬁfﬂﬂv"‘”s"‘ anihe "hanp;ltr: oint C- T
isc P y tu 5
: incre2~  consta®’ "~ ogion.
sV, “.1sfl.l-l’“5ler"“ﬂ mains ¢ jifier T
6. -:u~choa- way, that éﬂ :e o or amp \
5 tura
e () Yos .
I ‘I;ssL VP isshﬂrwdwsom , and
ot when 82 4 source: .
where Ipss Lding to point C (calleq

. spo across th
ase of Vps ©7 ¢ ally breakdown <

6s ;
. even value.
7. With contintel O cottage Vah 7 choots to a bigh
avalanche retak lace
sunction
gate jud

 ties : X ent I, versus voltage
D. Transfer characteﬂsu isaplotof draﬂ; if]{;e of voltage betweey

. g 9.15.5.
between g6 200, Sshown in Fig 2
s

Vgs= O,Ip:IE'S

=0, Vm'-' VP g
ID llows the equation

( Ves)
Iy=Inss [I'V?J

()
1o =Tass {1~ o)
1

1 Ins

and

The transfer characteristic o

Vs
constant

Vos = + + T
= Vp -4V -2y O

Fig. 2.15.5. Transfer characteristics.
" ;ped'
@ Discuss the various FET parameters with
common source configuration. '

[ ———

2-22d (Sem-1& 2)

Answer '

i. DC drain resistance Ry
channel.
It is given by :

e BJT and FET

This is the static or ohmic resistance of the

v,
Rpg= | Yos
e ]

ii. AC dram resistance :

Fys anJ Vi held constant
MD
This is evaluated at Vg = 0 i.e., when FET is operating in the pinch-off

region,

iii. Transconductance : The control that the gate voltage has over drain
current is measured by forward transconductance 8y, and is similar to
mutual conductance g, . It is simply the slope of tramgr characteristics,

&, = {A—A:;D—} Vs held constant
as
The unit of &, is siemens (mho).
iv. Amplification factor: The amplification factor 1 is defined as
_{avg)
g

Qnegﬁgﬁ Explain with the help of necessary diagrams, how FET
can be used as (Voltage Variable Resistor) VVR.

=

I, held constant

1. Inmost of the linear applications, JFETis operated in constant current
partion of itsoutput characteristics i.e.,in saturation region.

FET can‘also be used in the region before pinch-off where Vppis small.

FET when used in region before pinch-off, it works as variable resistance

device i.e., the channel resistance is controlled by the gate bias voltage

(Vgg).

4. Insuch applications, the FET is referred as voltage variable resistor
(VVR) or voltage dependent resistor (VDR).

5. The VVR can be used tovary the voltagegninofamu]tistage amplifier,
This action is referred as automatic gain control (AGC).

6. Ifthesignalislnwthenvoltagegsinofthestagesmbeinn‘easedand
when becomes high, the gain can be reduced automatically. In this way,
the general level of amplification is maintained fairly constant,
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; ing
jos B0’ .
Fundamentals of Electr?”” GC ﬂ-ml-‘l"ﬁer
t arrangemet ;:f?'is g1r.k

g STEEFETE
s amp g "
: i amplified bY #55 roportional to
Tha e fﬁ:;‘ wod iltered 0 P’;ﬁ“;ifﬁ:;;tief?hé% 50 that
It is then re is voltage is 4PP® o5
ignal 1. This VO~ " source chang
outputsignal [eV€ tween drain and 8 ) 5.
the AC W::: o ransistorom FET so that the bias conditions
0. Capacitor ‘C’is0l2%8 ‘2
1 of transistor are not affected. o increases and Rm Chtlf:ges 80
at 1 8, Ygs . .
1L Thust,hwhsi'l t:;?;;:t m}_ decreases. Thus automatically the gain s
that the gait :

1 Asweknow,tlwssturstiondmncu:rent,fmlsgwenby
V H
ho s 1-32

P
where V,, is pinch-off voltage and I is the value of Ipg when

VG;-'D.
2 Differentiating eq. (2.18.1) with respect to Vg, we get

ol )

4 P

.(2.181)

!

2-24J (Sem-1 & 2) BJT and FET
e i i an
SR = S FET
ol )
3. We know thﬂt, B, = W‘:’: y VHS i8 constant
2I V,
= 088 g _
En v, [1 —ifJ ..(2.18.2)
4. Fromeq. (2.18.1), we have
(1-‘—’@] = | dos.
Ve Ipss
5. Substituting this value in eq. (2.18.2), we get
g = =2l [Ty
VP IBSS
=2 [(Upge)Ipg 2
g.==2 ’ﬂ____ = — I T
m Vp Ips_q ]VP [ D88 D8

[ Vp may be positive or negative]

rwthe schematic diagram of self-biasing JFFT amplifier.

Explain the CMOS inverter circuit working operation.
- [AETU 2015-16(Sem-1), Marks 10|
B m . .

Draw the CE n-p-n miéhmcteﬁsﬁcs. Also explain the self bias
configuration in DC bias configuration.

-3

A Ve R i

' CE characteristics : Refor . 2.7, Page 2-10J, Unit.2.

Self bias configuration: -

The self bias configuration eliminates the need of two DC suppliesii.c.,
only drain supply is used and no gate supply is connected.

Fig. 2.19.1 shows the arrangement, a resistor Ry is connected in the
source leg of the configuration. This is known as bias resistor.

The DC component of drain current Ip, flowing through Ry makes a
voltage drop across resistor Rg.

The capacitor Cg bypasses the AC component of drain current.

The addition of R, in cireuit does not upset the DC bias, but avoid the
short-circuiting of the AC input voltage. Otherwise, the leakage current
would build up static ~harge at the gate which could change the bias,
Rg also help to prevent any variation in FET drain current.
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Fundamentals dEl;'ft-—-—F""_
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10.

2-26J (Sem-1&3) |

- eering

dpialt

+Vpp

. (B)

oss resistor Bg and-ﬂﬁ.;fsults in decrease o wl
:;gtﬂfes‘iﬁg:;rmm ‘:“”e"“tt ! m%u}i&;emaced by open circuit and the
S capamm_térs meu.it equivalent. Since I; =0 A The
e i o Fig. 2.19.10).

(a

J -
m_ 2.19.1.
Let there be an increase in the

equivalent circuit is shown in
For the indicated loop, we have
Vg V=0
v Ves=-Vas

Vas=-IRs . " |

The gate is kept at this much negati\fgpotentml with respect to ground
I, =1 - ne 3

ht 0 &J . e L
and Vs = Vop =I5B+ Rp)

Ve=IpRs, Vg=0V
Vp=Vps+ Vg=Vpp—Vip
CMOS Inverter: e it
An inverter is a logic element that “inverts” the applied sxsnz) EEnpﬂ‘
the logic level of operation are 0 V (0-state) and 5 Y(l-sta N

level of 0 V will result in an output level 5 V, and vice veraa- il
In Fig. 2.19.2, both gates are connected to the applied signal

drain to the output V. R
Tbemméfﬂ;ep—cbanMMOSFET(Qa)iseonnededgﬂﬂy @)
applied voltage Voo, whereas the source of the n—(-.lxannt'.l‘;]mOSF5_T P
is connected to ground. For the logic levels defined above, mﬂl’l’h‘”_
of 5V at the input should result in approximately 0 V at the outP

In addition

2-26J (Bem-1 & 2)

4.

10.

BJT and FET

With 5 V at V, (with respect to ground), Vas,

resulting in a relatively Jow resistance between
shown in Fig.2.19.2,

=V.-,8nini50N,
drainandsnu.rceas

Since V, and V are at 5 V. Vs, =0V, whichis less that the requireq
V. for the device, resulting in an OFF state,

Thmsult&:gresistance level betweenwnmﬂsou:ceiaqmte' igh fi
®,, as shown in Fig.2.19.2. et
A simple application of the voltage-divider rule wij] reveal that V, isvery
close to 0V, or the O-state, establishing the desired inversion process,
For an applied voltage V, of 0V (0-state), Vas, =0V, and &, will be OFF

with Vg, =—5V,t1-lm.ingonthep—channelﬁm.

The result is that Q, wﬂlpresentnsmaﬂl‘sﬁstamelevel, €, a high
resistance, and Vo=Vee=5V(the 1-gtate).

Since the drain current that flows for either ease is limited by the OFF
transistor to the leakage value, the Bower dissipated by the device in
either state is very low.

2 Ves=5V
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neerin8 o~
I‘Oﬂics Eﬂgm depledon type FET
Podementt SE apannel P and trana,
L 8

tof W .II), Marks ¢
Que 220, | Draw th° w:::- Als© drngou.lsfse’“ ), erke 07
ABTU

rat
and explain it8 op®

section of depletig,

. 3 OR con
chsmpiarietis on ond D25 Sig17®emD), Marks o5
ibe the t:l:vl‘lﬁ't"“'t"'i AKTU 2
Descri

OR epletion MO :

SFET. O ot dep -

Mo -+ and workins ! 5017-18(Sem-D), Marks 3§
structi AKTU

Explain cont ;

OR N-MOSFET. Explain 4,

letl"“ type
B -22(Sem-I),
e t negative Potentjs)
is maintained 2
m Jetion mode, the si;ﬁun;e potentml-
1. For the deple ined &

M ) =0),as shownin
whﬂethedrainmmmwmd source is zer0 (Vs 0 the

te and iven V', like a FET.
2. When vnltasei::g:aﬁg;mnt flows for a given ¥ pg
Fig 2.20-1-1 5

SS |+

3. Letnegative potential is applied at the gate. In such msep;m;f;‘;‘m““
are induced in n-channel through $i0, as shown in Fig.  reiits I
4. This mechanism depletes the channel from majority
electrons, and hence conductivity decreases.

L. Fig. 2.20.3 shows the dram characteristics and transfe

2-28J (Bem-1 & 2) BJT and FET
i L — — — — n
Bi0, layer n-channel
A e —
o« +
@
"t Recombination
eB’ / present,
+

subtrate

|
|
|
P - materia] !
|
|
|
[

to negative |
potential at gate

Metal
contact

C—p
::EE\ +7 Holes attached

Electrons repelled
by negative potential at gate

free carriers in a channel due 1
potential at the gate terminal,

5. Here it should be remembered th

ed that because of the voltage drop due to
drain current I, the el region near the drain end is more depleted
than the region near the source.

6. Here too much negative gate voltage can pinch-off the channel. Hence

a MOSFET behaves like aFET.
Characteristics curves of MOSFET :
r characteristics

for_n.-channefMOS_FET respectively.

@ A1 (mA)

1 | N T |

. 1
$-5-4-3-2\10[ 1 Vas
Ve me 0.3Vp

Fig. 2.20.3, Drain and transfer characteristics for an
n-channe] depletion-type MOSFET,
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— e 0 .
s, pamely i I;Z;cive te v et Ipie not zero, butit hy,

the drain €

—

2. The two mod tive
correspond to neg® o

=

3. Itisobvious, :Ihsﬁ for-ked
appreciable value. oh ],

chip
4  The gate voltage at "7 0 off vol
Vpsis e
and corresponds to P . =
n

= explal
Que 221, | Draw and MOSFET. Al%°

-channel depletion ¥P® Lo cppT.
::-cha.nnel depletion type MOS

reco nded drain volt,
uces & ‘s is donoted bY Vas (OFF

alled gate sgﬁ—oﬁwlwﬁ Vp
constl'“c

draw the

tjon and working of
characteristicg op

i an
Describe the construetior,
MOSFET, with characteristic 87

controlled device.

A Construction and W
MOSFET : . ‘ -
1. Fig. 2.21.1shows a p-channel depletion type MOS ,
H Whgn zero voltage is applied 0 the gate, 2 p-channel or an inversion
layer of holes exist under the oxide. ) |
3. Since the p-channel interconnects the p*-type source and p -t_.‘[pe drain,
a dmiﬁ-to—source current flows even though the gate voltage is equal to

zero. _
The depletion states that the channel exists even at zero gate voltage.

4, :
5. If a positive gate voltage is applied between gate to source of the
p-channel depletion type MOSFET, the device will be turned OFF.

orking of p-channel depletio;};. type

Vgg=0 Vis
Source (S) Gate (G) r Drain (D) 7 Al
[ , Si0,
[ ri
n-type
substrate p-channel J

|
Fig. 2.21.1. Cross-section of a p-channel depletion MOSFET with Vgs =

2-30J (Bem-1 & 2)

10.

slegative gate <

Depletion
region |

: ) th}-,’m':. 0.
Duetopomtwegatevoltage a o charge region is under

1 3 @m@geregnnmmduced
oxide. Co i < you
_— nsequently, the Ith_m_knees of the p-channel region will be

Since the channel thicknéssia md]mgd. chisin .
reduced and in tmmwmx 1 conductanceis alsg

If positive gate voltage is equal to the
charge rejgion exten threshold voltage, the induced
fpsce region extends completely through the p-ch
- P = p-channel regi
and drain current becomes zero. region

When a nég

gate voltage is applied between gate to .
fag cretes bl accumolaion oy 4 S i

Fig.2.21.3

; V(SQQ vm
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drain currgp,

i gll“l - ch“mw '
jos BRE qype
Fund tals of El“ﬂ'ﬂ_‘f---"' T n the i
__EHE._.—— et y holes 1 wnin Fig. 2.21.4, -
Jation , gho
11. Due to accum¥ mn‘ahc“
increases. for charf® »
and tran® At P

12. The drain
Al (mA! 0 /

y B
= 7
7Y 671

5

\FGR:IO\'

\raq=+1\"

; . Vag=+2V

:1‘ : ; - Vg%u:f ;g

37 21 e 4

’: : Vpo=Vp=+6V Voo
._{—J 113456 Vo (b) Drain characteristics

jstics =
(a) Transfer character’? Fig i&iai

| . because voltage applied at th,

B. Reason: trolled devic® OSFET

. voltage coB ity of the M Mo i

;ii'ﬁ};ﬁ;‘:ieddes the cq?:;ci‘",@ works on the principle of fig]q’
Ansi |

2. It is a special type of tr!

-

i eates voltage 'vﬂ]jch
effect. 1 ot the gate terminal € i
i field applied &t *¥ gource and drain.
3. :hls me;n 4 eu': current flowing betwaeh t current of the MOSFET
ecide t e outp! S @nwﬂml the U“t_Pu : 5 ;
‘o Wﬂ?'ﬁ%‘é’%‘é‘%‘ia called os voltage controlled device.
at s w

Describe the working operation of enhancement mods

Q:adse‘zl:etion node MOSFET. Also derive an expression for g, of
::‘ET pnﬁmﬁm AKTU 2015-16(Sem-II), Marks 7.5]
co ) [AF

OR _
Explain the working of enhancement type MOSFET along with their
[AETU 2021-22(Sem-11), Marks 10

transfer characteristics.
Depletion mode MOSFET : Refer Q. 2.20, Page 2-27J, Unit-2.
Expression for g, : Refer Q. 2.18, Page 2-23J, Unit-2.

Enhancement MOSFET :

Fig. 2.22.1 shows the cross-sectional view of n-channel enhancement
MOSFET.

It consists of a lightly doped p-type substrate into which two hea‘"?r
doped n*-regions are diffused. This n*-regions act as source and
respectively.

oW

L

2-92J (Bem-1 & 2)
' BT and PET

o
I S,

no-thanne)

/ r-doped region

" |

ri (
auhutrate

n-doped region
Fig. 2.22.1. Enhancement MOSFET

Metallic _—

contacty '\.\

Substeate

G 0

ls

3. A thin layer of insulating 8i0, is grown over the entire surface and
holes are cut into the oxide layer through which metal contacts are i he
made for source and drain terminals,

4. OnSi0, layer, a conducting layer of aluminium overlaid, covering entire
channel length from source fo drain, constitute the gate.

Working of Enhancement MOSFET :

1. The channel, the insulating dielectric SiO, and metallayer o[ gate forms
a parallel plate capacitor.

2. When a positive potential is applied at the gate with respect to substrate,
negative charges are induced on semiconductor side.

3. These uegktwe charges, induced on p-type substrate consist of electrons
‘which forms an inversion layer as shown in Fig. 2.22.2.

4, "’I'hg'__inve;éion'layer forms an effective n-type channel.
When the positive potential at the gate is increased, the magnitude of
the induced negative charges in semiconductor increases.

6. Thus, the conductivity of induced n-channel increases and results in
increased drain current.

7. Fora constant drain voltage, the drain current increases as the positive
drain voltage increases i.e., the drain current has been enhanced by the
application of positive gate voltage. Such MOSFET is termed as an
enhancement MOSFET.



2-34J (S8em-14& 2) BJT
—_— e —icn and FET
3.  The threshold voltage is defined as the gate v 3
induced to produce the flow of cvrrenE L, ‘:? m;‘;’?ﬁ Hith
denoted by V. Such type of FETig very usefu] insviritching ki Sl e
since no gate voltage is required to hold it off. Patices,

b ot Explain construction, working and characteristicy of
p-channel enhancement MOSFET.

)

N

7 =
% e
7 ps
0A % i
lo= % A Construction :
¢ % 1. The construction of a p-channel enhancement type MOSFET is exactly
VG;_____ ﬁ : the reverse of that n-channe] enhancement type MOSFET. It is shown
- é inFig. 2.23.1(a).
; 2. There s an n-type substrate and p-doped regions under the drain and
/ source connections,
H ol:;';,;;.;fl::d 3. The terminal remains ag identified, but all the polarities and the current
Insulating 18" o ogitive gate directions are reversed, _
— B. Operation:
: _ + formation in the :
Fig. 2922 GHB:::L?:?;, MOSFET. 2 1 When P”sa < |V,P| ::.-
e i) nhancement Mosm : There is no channel and transistor operates in cut-off mode ie.,ip=0,
. ristics curves of @ and transfer characteristics of n-channe] L When V> |Vl ory [V, :
. F‘.i:l2 923 shows the Fg;}ticdﬂ’m i The continuous channel is created and transistor operates in triode
k- OSFET. s drain current first increases region. . . .
enhancement M ; tive, the. e BT, =
9 FromFig.2.22.3,88 Vm:i:feml:'%e“m“ with increase of V. ii. When Vms f%;-r or Vg, > | Vovl :
" slowly and then at rela i The channel is pinched-off and the transistor operates in saturation

1'1}'“} ' 0 Vos=+8V C regwn A 5 :
ok ok L i istics bear as shown in Fig 2.23.1(b), with
i 8t Vog=+7V ‘f - i uting from increasingly negative values

9

8

7 H. gt

[} L vmlfsv rs

5 7
6

" 5

s 4

' 3

3 1

G+VGS
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Fig. 2.93.1. pchannel enhancement tzipf M i V-
9. The transfer characteristics will be the mirro nmaget o
. -ch OSFET.
of the transfer curve °:hnwn in Fig. 2. 2&,1(6}, with ID increasing with
3. The transfer curve is ShO

£V beyond Vo
easingly negative values o1 ¥gs-
m ¥ e between an enhancement ang
Qmemi Give the basic differenc

cuss “the construction of 4
depletion 7D e MORFET A drawite transfer and drsy
n- e i
characteristics.

A D |ﬁerence between enhancement and dé‘pletm type MOSFET

S.No. E- MOSF%!:

1. | Operates only in %Qggrates in both depletion mode |
enhancement mode. | and enhaneement mode. }

2. | There is no physical channel | The ‘channel is already formed ||
from source to drain. We have | between source and drain.
to enhance it by applying V.

3. | Commonly used bias circuits: | Commonly used bias circuits
Gate bias, Voltage divider bias, | Gate bias, Self bias, voltage-|
Drain-feedback bias. divider bias, Zero bias

4. | Schematic symbol of E- | Schematic symbol of D- |.
MOSFET MOSFET

1

[

~

Unit-2,

%ml Determine 7

Z,V
o Sy
V,=20mV., z

0 Tor the networy of Fig. 2251 ¢

Converting Fig.2.25.1t0 Fig. 2.25.2 as shown be| ow
Ad2ov
2k0

Rg=82Ma|11 M0
Z;=R;=82MQ||11 MQ = %Ei‘l?f =9.698 M0
+11 R

where,

Zo=14 IRy
1 ] 3
For Vs, %g-:%}:&,xsm
I = 3.880 mA

I,=1 1_298;
]
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) ..--‘E]
ssgx109=12%10° 1 7=3 *

_ g..‘-gm{l-a-ﬁj
Ves| ' -
Y 2 B 2
388x10° _ 147 > R e
12x107 g "
V=124 Yﬁ-] (-1.5)
Il 6. = [ -—
e __2__257- 1 v g,=4x10%|1 —-B)J 3ms
A, We know thal m~ Ve 0 k_L_%?i):-Lﬁﬁms 7. Ay =— (R
2x12x1 [1-' (-3) ; Y il
e __ Vh—(smsuwmnzsm)
vy a2 . : . Ay =-(3mS) x (168 k)
7. e V,, ral 1B0) i Ay=~504
Vp=—Em 10° i
8. We know, 100x2x ] -8.92v ' i
e [w For the voltage divider network
o~ -

shown in Fig. 2.27.1.

lOmA,Vp=-35V,detemmaV IDQ, csg Vs Vgand

. ig. 2.26.1, i
—_I eZ, ZoandA'forthenetW‘”"‘“fm it
ne 2 Detennl!l (04 il‘olﬂe“‘e“s'

I =12 mA, V,=-6V,and Yog=40

o

: Vo= Ry _ 220kox16V
R +R, ™ 910kQ+220kQ
[+ AssumeVD=16vl
=3.11v
2

Vas=Vo-IpRs=38.11-121,
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b e e R V'/m)
3. As, I,,= Ipss (1 Vp

mA 0*A
. I :J‘DQ:BS'Z 12,(282“1
4. Onsolving, D v LJau-t
=Ves
5 Vase:_s_nqv 6 282mAx12kQ
6 VD = VDD'-IDRD
' ~ sV, ygx=3384Y

=28 v=-5168
. velote L yreh B 20.95
8 Vo~='# 3.11=-

Q.2

Q3

Q4

t components in npn transistor wig

QL

Explain various CI:lI‘l'en
help of guitable diagram-
Refer Q. 2.3.

Explain the working of 2 common base circuit with i

circuit diagram.

Refer Q. 2.6.

Draw and explain the input and output characteristicst
common emitter configuration.

Refer Q. 2.7.

An npn transistor with p = 98 is operated in the(
mnﬂguuﬁmiftheemittercumntisﬁmAandmw
saturation current is 12 pA. What are the base and collec?
current ?

Refer Q. 2.10.

Explain the transconductance curve of a JFET.
Refer Q 2.15.

“-_—

2__40J (Bem-1 & 2)
i e BJT and
Q.6. Describe the cons i e s =
et truction and hasic connection of d, ‘o
amE  Refer Q. 2.20. -
Q.7. Explain the worki
: ng of
FORet ik e E;]m enhan..t;:;::nt type MOSFET along

Az, Refer Q. 2.22.

©ee
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PART- 1
Operational Amplifier ; Introduction, Op-Amp Basie.

—

Que 3.1. |Define Op-Amp with the help of block diagram. Also draw
its equivalent circuit.

Answer |

1.  Op-Amp is designed to perform various mathematical operations.

2. TheFig. 3.1.1represents the block diagram approach of an operational

amplifier.
Differential Emitter follower with
amplifier * constant current source
atermed Output [Outpat
.. stage stage
on- 1
inverting Differential Complemey_ﬁ_uy Symmetry
y _amplifier push-pull amplifier
B of Op-Amp.
1t consists two differential amplifiers followed by level shifter and an
+output sta st = .
4. The input stagé is a dual fnput differential amplifier which provides
i e to operational am
5. The intermediate stage is also.duat
of first stage and is used to provide
at the output of intermediate

7. The output stage is generally push-pull amplifier, Its function is to
increase large output voltage swing capability and to provide low output
resistance,

€

Fig. 3.1.2 shows the equivalent circuit of operational amplifier.
V.4 isthe difference of two input voltages i.e., (Vy- V). R, is the input

°

3&1J (Sem-1& 2)



3-3J (Se!ll“l & 2) }

!;s. 3.1.2. Equivalent circuit.

which is Thevenin's equivalent.

n equivalent Thevenin's voltage source.
fference between

10. R, isthe output resistance
11. The voltage source AV, isa £
12. The output voltage is directly proportional to the di

the two input voltages.

13. It has open-loop voltage
and output impedance of 75 £2.

14. Fig. 3.1.3shows popular package style and the pin diagram.

gain of 1,00,000, input i:r_lpedam:e of 2 MQ,

Offset null 1 8 NC
Inverting input 2 7 v
Non-inverting input 3 6 Output
\'a 4 5 Offset null

Fig, 8.1.8. Dual in line package.

Que 8.2, | Define Op-Amp with the help of block diagram. Also

describe the equivalent circuit along with its ideal and practical
characteristics.
OR
Define Op-Amp with the help of block diagram. Also draw its
equivalent circuit. List the ideal characteristics of Op-Amp.

[AKTU 2017-18(Som 10, Marks 07

OR

Draw the block disgram and equivalent circuit of an Op-Amp. Explain
ideal characteristies of an Op-Amp.

OR
Whmhuopu‘umumpuﬁuymwi&m ; .
the characteristics of an ideal operational mmc.hmn. Write

3-4J (Sem-1& 2)

e _aﬁ(rna} Amplifiers

Answer | T

A. Op-Amp:Refer Q. 3.1, Page 3-21, Unit.s,
B. Characteristics of Op-Amp in ideal

and practical cases 1
1 CMRR ] 108 or 120 dB \
2, Slew rate o BOV/ paee
3. Input resistance o 1080 |
4, Output resistance 0 1000
5. Voltage gain 4, w | 108
6. Bandwidth | 10°Hz
7. Offset voltage 0 Negligible
8. Offset current 0 l Negligible

Practical Op-Amp Circuits (Inverting Amplifier Non-inverting
Amplifier, Unity Gain Amplifier, Summing Amplifier, Intégmtnr,
503 Differentiator),

%_ . Draw the circuit of an Op-Amp as voltage follower and
find an expression for its voltage gain,

OR
Draw and derive relationship for Op-Amp us closed loop

non-inverting amplifier circuit. [ AKTU 2016-17(Sem.), Marks 05|

OR
perive an expression for voltage gain of inverting and non-inverting
ideal operational amplifier configurations.
[AKTU 2017-18(Sem-T), Marks 07)
OR
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- .AMP.

Write do stics of ideal ?P plifier.
wn the characteri " ng am

CXPpression for gain of OP-AMP as !nmm-mj Jog1-22(Som-), Mar ki 10

OR

i inverting amplifier:
S o e nm-mﬁxum-m&m-m- plaehety

‘Answer | Q. 3.2, Page §-8J, Unit3.

A.  Characteristics of ideal op-amp : Refer &

B. Inverting Op-Amp: ) )

1. Fig. 3.3.1 shows the basic inverting amplifier
and feedback resistance ;.

wit]

h input resistance B,

Fig. 3.3.1. Inverting amplifier.
2. The current i, flowing through R, is given by,

= Y-v_% (s ‘[{}\éodue to virtual ground)

R,
V-% _Y%
. _ W _ Yo,
- "R TR
v, & U
3. Atpointd, L=t
R R
LY
Az=3= R

P —_—

= 2 R
f‘:‘i‘sﬂi& - — Overational Amplifiers

v, V.-V,
ij= il"-andéza _Q.R_?_
3. Applying KCL at point A,

oV, = V, due to virtual ground)

'le‘vl E&:V (-1_4._1_|
R &R \R R
Y% _R+R ( R
%" 7 =\"%)
RN
= +—L
Ay [1 R)

D. Unity gain Op-Amp (Voltage Follower) :

1. Fig. 3.3.3 represents unity gain Op-Amp where R, >,
=1

v

|AKTU 2015-16(Sem-ID), Marks 03]
OR
Briefly explain inverting summer,

|AKTU 2021-22(Sem.-II), Marks 03|

2
1. Fig. 3.4.1shows the three input summer circuit. This circuit provides a
means of algebraically summing three input voltages, each multiplied
by a constant gain factor.
2. At point A (virtual ground), the different currents are given as :
L E‘-.i =V et
R e R,

L=
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3-7J (Sem-1 & 2)
damentals of Blectronics Engineering

Pt o s ity

ST

Ry
Vv, By i

Vo

Fig. 84.1. Summer cireuit.
. Applying KCL at point 4, we get,

b+ig+ig—i=0"

BB B0 .
R'R'R'E " .
By ol _RLV]
V":_[Ellrz-ﬁ-gﬂ-*& a
4.

IfR, =R, =R, =R, then

Va:._fl{VJrV +¥)

5. Thus the output voltage is Prﬂpﬂml’nﬂ to the algebraic sum of three
input voltages.
Again, if Rf =R,

Vu=-[V] +V2+ Vil
Que 3.5. ' Calculate the ouiput voltage for the circuit of Fig. 3.5.1
with inputs of ¥, = 40 mV rms and V= 20 mV rms.

470 kQ

3-8J (Sem-14&2)

e %ationalhmpliﬁera
R
Vo=~ [ﬁ‘ﬁ*-%v,}z [4:3 470 ]

40 4 p—-—vﬁB
= —[400 + 783.8] =-1183.33 mV rms
=~118V rms

| Determine the output of the following circuit,
G,m V,=V,=0.15V

330 ko

33k0
1

A
Fig. 88,

[AKTU 2021-22(Sem-T), Marks 05|

o

Given : V, = 0,15 V, V. =046V, R, =
R{::SSO]LQ

33 k@, R, = 10 kW,
To Find : V.

R . R 330 330
] [l & il 1080

v, R,V"'-R,Vs} [33 10} x0.15
=‘(1°+334*°-15='43“°-15

0

Que 3.7. | Determine the output for the circuit :

Ry
R, 10kQ
V,=02V ~—NW‘(—‘
1kQ
R, B v
out
Vg = 0-5 VD—M—- +

1kO
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Ang 6 kO
_\, b output veltage of 5
tl":he.gi\mﬂ circuit is a summing amplifier o ;\\
summing amplifier is, iia .
0
Vo= "[EL it % V’J 2V b2
- -[r0a32x02]
——(2+5=-TV [AKTU 202122 o Waria 1]
Que 3.8. l Determine the output for the cirouits A .
A. Concept of virtual ground in OP-AMP ;: In op-amps the s

ground means that the voltage at that particular node is almost equal to
ground voltage (0 V). It is not physically connected to ground. This
concept will make a lot of calculations very simple.

Vout

FigssL

]TAHTU 2020-21(Sem-I), Marks il In above inverting amphﬁer V is connectedto groundso V,=0.Thus V,
also will be at ground potantla]
Answer ] As " gain = .:_:“_ y

The given circuit is inverting amplifier. So the output voltage of the ] A ¥
inverting amplifier is, As gain is infinite, V; =0

R Vu=Ve-Y o

LA B. Numerical : ‘
R The given circuit is shown in Fig. 3.9.3. -
5 _%Oxaoxm-w =
2k0 6 k0

=-8mV

Qe8| Explain the concept of virtual ground in OP-AMP.
Determine output voltage for given network. s

r——-vo
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According to virtual ground conceP e
V.=V

If V: = VQ = VP
Vo= Vs

At point @
V*_%+ Vz'%:g

% =0
V=V +V, - Vo=

V,+V,
Vo= ._;—’n
246 _y4v
& Vo= 2
At point P
0-¥% Y%-Y%_o
2 6
6
So, V= [ 1+ 2-—]14;
V,=4x 4=16V
 ci i Amp.
Que 8.10. ]Expmn integrator circuit using Op-
ARKTU 2016-16(Sem-1I), Marks 04
OR .
lain how Op-Amp can be used a8
i.Em Integrator ii, Inverting summer and
[ARTU 2017-18(Sem-I), Marks oﬂ

iii. Voltage follower.

OR
Explain the operation of Op-Amp as integrator.
[AKTU 2017-18(Sem-1D), Marks 35|

OR
Draw the circuit diagram of an integrator using Op-Amp and explain
[AKTU 2016-17(Sem-I), Marks 05|

its working.

OR
Write a short note on differentiaior.

OR
With help of the circuit diagram, explain the working of op-amp as

OR
Draw znd expisin the working of Integrator and Differentiator using

AP, [ARTU 2031-33(Gem-D, Marks 05

Operational Amplifiers

9-12J (SBem-1 & 2)

A Integrator :

1.  The circuit of integrator is shown in Fig. 8.10.1.

2.  This circuit produces an output voltage which is proportional to the time
integral of the input voltage. Due to this reason it is known as integrator.

ing Op-Amp in which feedback resistor R has

3. The integrator is an invert
been replaced by a eapacitor C.
Feedback through capacitor forces a virtual ground to exist at the

inverting input terminal.
5. The capacitive reactance X, can be expressed as :
.y, . _dg, . dV,-V)
i.= —L and =t (T 0
! 7 dt

o

i
e

o

R] Ffﬁ »"I
%

E:

A
Vo(t} =— —EEJ- w} () dt
The above equation shows that the output is the integral of the input
with an inversion and scale multiplier of VR,C.
B. Differentiator:
1. The function of a differentiator is to give an output voltage which is
proportional to the rate of change of input voltage.
The circuit of a differentiator is shown in Fig, 3.10.2.
When we feed linearly increasing voltage to the differentiator, we get a
constant DC output. So it is an inverse mathematical operation to that

of an integrator.
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R .
5 [t |
Vi o——o P ? oV

4. AtpointA, Vv, = g
W St ) ...(3.10.1)
a4 _L1ed__° wheret®
dt ~¢cdt C d_‘ . .(8.10.2)
V,=—-IR
5. Put the value of i ﬁ‘ofn eq. (3.10.1) in eq. (3.10.2)
av .(3.10.3)
Y= ~CE Tfl tant
0 t is equal to a cons
tput voltage Vo 18
6. The eq. (3.10.3) shows that the aﬁ?:heinput voltage VJ.

(- CR) times the time derivative :

C. Unity gain amplifier (voltage follower) : Refer Q. 3.3, Page 3-4J
Unit-3. .

D. Inverting summer : Refer @ 3.4, Page 3-8J, Unit-3.

BEPEAL] Determine the output voltage for the give circuit shown
inFig. 3.11.1. '

1. We can get V,, by superposition method,
2 LetV,=1VandV, isat ground, so output due to V,, V,,, will be due to
input at non-inverting terminal,
300)/ 10 1 450 3
e 1+ 20)(_10_) 1 480 5
L +150.(uo+10)] 2102 15V

1&2
8149 (Be 1 &S Operational Amplifiers

Let V,=2Vand V, is at ground, so output, i
input 2.tlt inverting terminal, utput due to V,, Vi will be due to

300
vV, =— __
02 = 15‘]*2—— 4V

3.

4. Now total output, V= Vo + Vo
Vo=+15-4=-25V

2. | Find out the voltage V, and V, of the given network of

Fig. 3.12.1.

Eig 3121,
|AKTU 2015-16(Sem.-1), Marks 05|

'lal;e the output of I** Op-Amp, '

2. Thus, V,=02V . (~+  Unity gain follower)
_ (200 k_q] _

s V,= [20.?‘1 Vy=-10x02=-2V

4, Vy= [1+%} V,=11x02=22V
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enstws of idesl
circuit.
kQ

OP-Amp- Also

Enlist the charact

dewrmme the output voltage of follo 100

v, =7V
y,=11V 20k

20kQ

~22(Sem-11), Marks 10

A Characteristics of ide
B. Numerical :

The output voltage of the given circuit
Ry=100kQ

al op-amp : Refer Q. 3.2, Page 3-3J, Unit-3.

9-16.J (Bem-1& 2Z)

‘)pe‘mtmnal Amplifiers

Ifv,=0 then

thfm i Vl (%J
IfV,=0thenV ;. =V, (RTT?J [%J
‘

Vour= Yoty * Yot )
--v (B u(zim) (B

Putting the respective value, we get

(100 20 | (100 +100
Vout 7[1oo)+11(20+20J( 100 )
20 200
—
+11 {30 * 100
=4V
; &g Calculate the output voltage V; of the circuit.
330 k ' 470kQ
AAMAA
'.VIT'_
33k |
12 mV —WW— =
VD
+
[AKTU 7017-18(Gem-D), Marks 33|

-330
33

V,= x 12mV = - 120 mV

|

Now V= —{E’—tg n E".Vg

T

S

&~
R
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_ [470 470, 18]
& -—[—4—-7—x (=120)+ 47
= — [~ 1200 + 180] = 1020mV
V, = 102V gy 410K

R, = 330 k0

viflsmv

Fig. 8.15.2.

Differential and Common-Mode Operation, Comparators.

a. Inverting amplifier
b. Integrator :
¢ Differential amplifier in two modes of operation.

A Inverting amplifier : Refer Q. 3.3, Page 8-4J, Unit-3.
B. lnh.ruwzkeferQ. 8.10, Page 3-11J, Unit-3.

3-18J (Sem-1 & 2) Operational Amplifiers
C. Differential amplifier (in two modes of operation) :
1. The differential amplifier circuit has two s i
eparate inputs and t;
separate outputs and that the emitters are connected topgl;tah:: "
It also consists of two separate voltage supplies.

8. Indifferential amplifier circuit, the input signal operates both transistors
in single-ended operation due to the common emitter connection,
resulting in output from both collectors, '

4. In double-ended operation, the difference of the inputs resulting in
outputs from both collectors due to the difference of the signals applied
to both inputs.

5. In common-mode operation, the common input signal results in
opposite signals at each collector; these signals cancel each other 80
that the resulting output signal is zero.

6. The main feature of the differential amplifier is the very large gain
when opposite signals is applied to the inputs as compared to the very
small gain resulting from common inputs.

7. Let'’s consider DC bias operation of the differential amplifier circuit.
With each base voltage at 0 V, the common emitter DC bias voltage is

Veg=0V-V,=-07V

8. The emitter DC bias current is then,

Ve (-Veg) Vg =07V
RE Rl

9. Assuming the transistors are well matched, we get

Iy=

Iy =Ig= 12!‘
Collector voltage,
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Fundamentgs of Electronics Engineering S R —— Operationg Amplifiers
Ig where, Ip, = Db o e
_Lsp B a8 current flgying s —
Ver = Vg = Voo ~lcBo=Vee™ 2 ¢ T2 = DC bing currep, ﬂ:::gi\:tt: e Iverting ingug,
c1= Vez 2. Input offset CUrTent ang ye; tage : g ©Don-inverting input,

Input offset Current : The i, ut off; i
slabesis e b Put offset eurreny, I, is defined ag the

N iwo input biag currents I, angj
ie., Lo = flm g, | " "

[

current may differ, tes the maximum &mount by which the input hiag
ii. Inputoffset voltage : Input off;

Input terminals in rg
force the output voltage to zero, -
3. Slewrate (SR):Itis defined as

t the maximum rate of change of output
voltage per unit of time and is ¢

*pressed in volts per micro-second.

Le., SR = %\m Vr.‘psec
At Slew rate indicates how rapidly the output of Op-Amp can change in
Que 317, | Explain the basic parameters of Op-Amp. response to change in inpuf frequency.
R OR 4 CMRR (common-mode rejection ratio) : I is an ability to reject the
- : istics of an Op-Amp : common mode noise which is present at both the inverting and
sz;mmthg B g e non-inverting terminal,
i. ; :
ii. Slew rate [AKTU 2017-18(Sem 1), Marks 3.5) CMRR = 20log ﬂ
R iy, 1
Draw and in the diﬂerentia? amplifier. Define CMRR and slew C. Peak inverse voltage : Refer Q. 110, Page 1-14J, Unit-1.
w explain S— o, ‘ : S
tein Op-Amp. BKTU 2016-17(Sem-II), Marks 5.2?] Qu f Determine the output voltage of an OP-AMP for the input
- OR voltage of V1=1;/5ﬁfxv and V, = 140 uV. The amplifier has differential
Wy« o 108, R Maris 5
followi - gain A, = 4000 and CMRR is 100. [ARTU 202122 (Sem ), M
Define the following terms : )
1. CMRR

2 Peak Inverse Voltage | ARTU 2020-21(Sem-1), Marks 05|

A bib@ﬁq: amplifier: Refer Q. 3.16, Page 3-17J, Unit-3. Vo=
B. Basic parameters of Op-Amp ;

v,
=Ad(V1-V2)+C;;‘MR[—"—“; )

L Inputhiascnmnt:neinputbiascunentsfmandfmmthel_’ase 4000 (150 + 140
himcmnmoflhemouﬂnsiswmintheinputmﬁdmphﬁer = 4000(150 - 140 + 100[ 2 )
stage of the Op-Amp. An input bigs current I is defined as the average
ofthe two input bias currents ,, and 1« that 7

1 = 40000 + 4800
Iy= sz*Igz
2
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= 44800 uV
V,=044V

Que 3.19. i Determine the t voltage of an Op-Amp for input

voltages of V,; =200V and V,; = 140V, The amplifier has a differential

mﬂgz«l -Eﬂﬂoandthe value of CMRR is :
L

i 108 [AKTU 3015-16@em-D), Marks 05]

Given:V, =200V, V=140V, 4, = 3000

To Find : V,,.
L For CMRR = 200 = A, /A, %
o+ (% %)
VEI:Ad Vd +A‘CH VC’M= A‘d(‘rﬁc“%){—cm 2

6000 (200 + 140] - 365100V

= 6000(200 - 140)+ —— 200 2

= 36.51kV
ii For CMRR = 105=A,/Ac,,

Vo=Ag Vy+ Agy Vou
0
= 6000200 - 140) + %95-
= 360 kV
: o,
+ | For an input of V, = 50 mV in the ﬁ.‘l‘cu.it of Fig. 3.20.1,

deteﬂmne themaﬂmumﬁ-equency ) maybeused The Op-Amp
slew rate SR = 0.4 V/s.

[AETU 2015-16(Sem-D, Marks 05|

Answer

2. Output gain factor, g =

3-22J (Sem-1 & 3)

T PeTtonal Amplifiey

Given 1 R.= 200 kO, R

TOFlml:fm' 1=2k0), v

=50 my, SR=04 Vis

R, kg -0

AnV, =100%50 x 102 5
Maximum signal frequency = SR 04
20K~ 25 = 0012 Hz

A comparator is a circuit that is used for comparing a signal

applied at b,
m?;;ht, oneinput of Op-Amp witha Emown reference voltage :

at other

“ i - Fig. 3211, The transfer ch

It mﬁmmﬂy an open-loop Op-Amp with output £ V (~ Vo) asshown
in ideal transfer charactenstw; of Fig. 3.21.1(a).

There are basically two types ofcompamt.or 2

‘Non-inverting comparator :

The circuit of Fig. 3.21.2(a) is called anor-inverting comparator. A fixed

reference voltage Viosis applied to (~ve) input and a time varying sigal
v; is applied to (+ve) input.

The output voltage is at - V,,, for v, < V_,. And v, goes to + V__, for
v; >V,

The output waveform for a sinusoidal input signal applied to the (+ \_re)
input is shown in Fig. 3.21.2(b) and Fig. 3.21.2(c) for positive and negative
V,crespectively.
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: /\ "3
-_-v——— -

R
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Applications of comparator :
Zero crossing déteetor *
Window detector
Phase meter.

I 1
1) ] [}
] 1 1
gt | ] 1
| | 1
1 i I
1 ) 1
: I 1 1
e 1 1 I
Vi< Vi :
v, | | I
toN
+ Vieae =~
B.
ov — "‘t i
+ Voat L i
’ Vi< Vier
® -

parting smpacaturs & y?
* Emwrﬁngmpmaw,ﬁmdMWVﬂisappﬁedhhw)
input and a time varying signal v, is applied to (—ve) input.

Q1. DeﬂneOp-Ampwiththehelpofblockdlaliodﬂw
its equivalent circuit. List the ideal characteristics of Op-
Amp.

EEE Refer Q. 3.2.
Q.2. Ilmwthecircnitntmﬂp—;\mpunhagehlhwand

find an expression for its voltage gain.
ARE Refer Q. 3.3
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Q.3. Explain integrator circuit usin® o _
AMx Refer Q. 3.10. _ using Op-AmP With
De d draw an invertingam@Pie
, 4. sign an
@ a gain of - 5 and R, = 10 k1. T
s of the cirewt Digital Electronics

v,
Q.5. Calculate the output voltage Yo

470 kQ
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Part-1 : Digital Electronics : .....ccoocsrrvvmseneene 42 40 4-5J
Number System and
Representation, Binary

Arithmetic
Part-2 : Introduction of Basic and ............... 4-8J to 4-10J
Universal Gates
Fig. L.
0.116 Part-8 : Using Boolean Algebra ..................... 4-10J to 4-19J
Anx Refer Q. 3.10. Simplification of Boolean
the differential amplifier. Define CMRR Funection, K-map
Q.6. Draw and Eg?]l:jgp-AmP- K Minimization upto 6 Variable
and slewra
amx Refer Q. 3.17.

Q.7. Determine the output voltage of an 0‘1;-.&1:?: plﬁi::m
" Valtage of V, = 160 4V and Vy = 140 yV. T
differential gain A ;= 4000 CMRR is 1
Amx Refer Q. 3.18.
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D'is‘it-“l Electmnics

PART-1

Digital Electronics : Number System @
Binary Arithmetic.

5 Repm,,mmtr'.on,

o define signed and

Que 4.1. l Define number system and als
unsigned binary number ?

pr—g

7

igi isting of a set
is a langu tal systems consisting ol as
ﬁ“m’m;‘:;‘; nﬂwagzgi:ﬁ}or their addition, multiplication
of sym 3

and other mathematical operations. s
i i ber system 18 85 : ’
ﬂajﬁmﬁ:zﬁm + Tt has 10 symbols, 50 th; h:s; i:g- ;méu; of
num : ot

this number system is 10. The 10 symbols are 0, 1,2,38, b
Binmnumbersystem:[tissbase2numbersyswm. e ary
i 1t has eight possible digits 0,

Octslnumbermtam:lthasabaseof&
1,2,3,4,5 6and 7. .
’ :Itisahaselsnumbersystem_ t

Hexadecimal number system
digitsfromOwS,A,B, C,D,Eand F. N
Complements : These are used in digital computers to simplify

i i ipulation.
subtraction operation and for logical manip . ‘ .
i : Bi ber that carry identification as
Signed binary number: Bmar): num " ¥
t;their polarity is called signed binary number. Plus (+) and m:.nusiai
signs for positive an an be represented in a digi

d negative numbers ¢ : i
format. The three majorgsaigned binary notations are : Sign m:}g]:l.ltud&
notation, 1's complement notation and 2's complement notation. ,

do not consider
Unsigned binary number: In these type of numbers we
the (+) or (-) sign and concentrate only on the magnitude (absolute
value) of numbers.

Que 4.3. ' Convert the following :

5

(627 = ()= )y

i (BCO)=()y=()

Fundamentals of Electron;
g M8 Engingery
_ S ng

43 (Sem-1 8.9

e

(B62.7)g =0} =( )
110 010 a1
6 2 7

(62.7), = (32.&

8= \ha b)) = (001 .

i (BCB)g=()p=(), 18 10010.111),
(BCﬁ}wz 11% 162 4 13

<161 46 180 = (
(3014)10=| fjﬂllllmlloh 3014;"]

Que48. | Explain binary aritt e i detas

0011 no1p A110 = (32 5,
1

. -.Can-y-hi.t,'carry it to the next higher order column
ii. Binary subtraction rules :

1
Borrow bit, borrowed from to the next higher
order column
iii. Binary multiplication rules :
D x 0 = 0
0 = 1 = 10
1 x 0 = 0
0 '3 1 = 1
iv. Binary division :
0 + 1 = 0
1 + 1 = 1
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ber.
ary num
Que 4.4, ' Perform the addition for the giver Pi”

i. ao1101), + 1o110),
i aoLin,am,

Answer
(D=—Carry . 101.11
i 101101 1 i 1.11
+ 101101 —311.10
1000011 R T
indicated.

m Perform following operation a5

i. Determine 2’s complement of (12:::[-1;2; s
ii. Convert (26.126),, into Hexadecimal

iii. Add binary number (1011), and g

iv. State De Morgan’s Law. 3

i d maxterm.
v. Define minterm an AKTU 2021-22 (Sem-1I), Marks 10

Answer l . :
i.  2’scomplement of (1010.110); :
l °e l’zcomplament of 1010.110 = 0101.33:
1's complement of 1010.110 = 0101.00

Now add number 1 to LSB = 0101.13!21‘1

0101.010

ii. Convert (25.125),, into Hexadecimal number :
Convert integer part

16 | 25
) 1 9
0 1
Convert the fractional part into hex :
0.125x 16=2
The result of conversion

(25.125),, = (19.2),
iil. Addbinary number (1011),and (111 1),:

1011 ‘“g“fff
+1111 ram
11010 Pve]

I1+1=10

Fundamentals of Elgtgﬂ,nicg En,

Eineering

— trng 453 (Sem.

iv. De Morgan’s Lay, , e ————-.—lffl
First De Morgan, theorem -
"““":i!es anwen AND?;;r;i:t:t::’ :1::3:‘9’“
operation on these varig), is
variables OR), ariables. (NOR meang compl

.
Second De Morgan the e o
more variables and the, O‘E)im : W staten that complemeny, o twa or

operation on these variaheg {meAE“_‘S“ On these is equivalent to 5 3y AND
AND

e MEans complement of W0 or more

Ent_of two or Tore
Squivalent to NOR
ement of twg gp more

v. Dei:i:l:emiu.tnarmau-uii?]mAﬂAa . Al+41+‘ﬁ"

axterm : Minterm isa spee:al
able appears exactly once,
For example my= mi.n(:c.y,z}zx'y'z

Maxterm is a sum of literals inwhich
once.

in which each input vari Product of literals
eachinput variable appears exactly

For example M, Smax(x,y,z)=x+y4z

i. Subtract using 10’s complement ; (9754) - (364)

fi. Subtract using I's complement: (10111, (11001,

AKTU 2021-22 (Sem-T), Marks 10

Answer |
Lo (9754),,—(364),, 17"
1. 9's complement of (364) is

999
364

] 635
2. 10's complement of (364) is
635

+1

636
3. 636
+9754

10390
i (10111),-(110011),
I’s complement of (110011) is 001100
010111
+ 001100

010011
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Tirod of MUB;‘W 4

LAY L —

- = in each of them.
Qued.7. 1 What are the logic gates 7 Explain ;

. There are three logic gates :
i. AND gate: HIGH output when all inputs are HIGH,

An AND gate will duce a ..
: f"m outpfl?l}f "AND gate isLOW. Fig. 4.7.1 shows the symhbo]

of AND gate.
—1
B

-

2 Table 4.7.1 gives truth table for the two input AND gate. The inputs of
AND gate is A and B, the output of gate is Y.
Table 4.7.1.

ii. OR gate:
L.~ An OR gate produces a HIGH output when any one of the inputs is

HIGH. It produces a LOW output when all the inputs are LOW.
Fig 4.7.2 shows the logic symbol of 2 input OR gate.

A
B Y=A+B

2. Table 4.7.2 gives the .I
and output variables are

table for the two input OR gate. The input
Tepresented in the binary form.

N

Fundamentals of Electronics Engineering

4-7J (Sem-1 & 2)
Table 4.7.2.
Outpuat _'|
. R
0 1 '| 1
1 0 | 1 i
1 1 1
iii. NOT gate :
1. The NOT gate is also called as an inverter. The output of NOT gate is
also called as inverse input or complement of input.
2. Fig. 4.7.3 shows the logic symbol of NOT gate and Table 4.7.3 shows
the truth table of NOT gate.
3. The NOT gate produces HIGH output when the input is LOW and the

NOT gate output is LOW when the input is HIGH.

OR

Wlsatai*euniversalgntee?Whyf  are they called so ?

[AKTU 2020-21 (Sem-I), Marks 05 |

NAND and NOR gates are universal gates because it is possible to
implement any logic or expression using only NAND or only NOR

" gates.

NAND gate :

NAND gate is a combination of AND gate followed by NOT gate. The

output of NAND gate is inverse of AND gate output.

Fig. 4.8.1 shows the logic symbol of a NAND gate. Table 4.8.1, shows
the truth table of NAND gate. The NAND gate produce HIGH output
when any one of the input in LOW.
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y NOT gate, so the

ii. NORgate: v
1. NOR gate is combination of OF gate .:;nal::;u 2

output of NOR gate is inverse of OR gate 0 e i
2. Fig. 4.8.2shows the logic sym;:ol Nng Ilg;)f tgx;l_,:es et
e e et ga:-}eﬁ os;erwise the output is HIGH.

any one of the input is HI

A:'Do——— Y=A+B
B REp—

F

@5¢ 48] Define universal logic Gates. Realise basic logic gates
using NAND and NOR gutes. mm.ﬁ_m.m:mﬁ

OR
Implement XOR gate using NAND gate only.

- -
.

Fundamentals of Electronics Rngs; -
Pufepe T e Bieeit 403 @enta)
‘Answer

A. Universal logic gates : Refer q, 4.8, Page 4-17., Unit.4
B. Realize basic logic gates using NAND angd N,OR. tea 1
NAND as OR gate: o

(A-BY=A'+p
(A"BP)J=A"+B”=A+B
A A
(ABY=A+B
B B
NAND as AND gate :
Y=[A-BYI'=(A-B)
A (ABy
B AB
NAND as X-OR gate :

(A(AB)Y

AeB

L (A BYBY

Y£’= (Aé AY
Y'si(AY

A—D—m

NOR gate as OR gate :

NAND as NOT gate:

Y=[A+B)T
Y=A+B

A—§~ (A+BY A+B
B—j/\ d>:

3
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NOR gate as AND gate : Anwwer
{?_:;j”:‘qn BG_AB F(w;x.y.z}: ff + 0%z +wxﬁ1wﬁ
y = FZ +WYZ + WEZ + Gpus
A A i 0 =AB =35 <5 xyz
@+ Z (5 +wy)+ 2 (2 4+ zy)
= §(§+w)+aiz'{§+y) hi*‘AB—._ _
B =f§+w§+ﬁx‘7+ﬁy‘z— =A+B]
B = ¥Z + WyZ + wZ + oz
=Z(+y)+z (w+
NOR gate as X-OR gate : te followed BY : o)
Ex-OR gate is actually Ex— NOR 8% =Z(G+D)+7 w+3)
Hotes (A B =2z (J+D+w+%)
[A+AF . =3 (Galis
0 KB f?+1+x) [v1+A=1]
. =20+ L i [ 1+ A=1]
B =
: ' ZP—‘D—‘E
B + 05+ BY1 Using NAND gate
(a) i

y=A) m.unber ofliterals. .
i. AC +ABCa# AC + AB

i (FF+zr+zrayrwz

i ﬁ+ABC+ﬂC+ABj-"' o
Let Y= Aﬁwfgﬂwafaac
= C{A+AJ;JM(B+BC]

= C+A{%+Cj
= G+AC+AB [~ C+AC=(C+AC+C)

[wA+ A =1]

=C+A+AB
= C+A01+B)
= A+C

ii. (¥ +2)+z+ay+W02
Let Y=(Fy +2)+z+xy+uz

=Xy +z+xy+wz

-mﬁ-mwn-ﬂh-ﬂ‘
Pus, 5,9,8)= 9§ + @58 + iy + wys
ﬂwﬂmﬂﬂﬁmﬂ#-&.
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=z sz(1+w)
=EF AT oyez  [wltw=ll

7oy te
expression into canonical SOP form

Y ~
C+E)*BC(A+A)

Y=A(B+§){C+E)+AB( 2 ~

Y= (AB+A§}(C+5)+ABC+ABC+A3E'+ABC 5
= ABC+ABE+AR+AB7+ABC+ABC+A:SE’+:QBQ
= ABC+A35+A§5'+-ABC+430

directed :

all the calculations, do as
bles, 23 T» 11,14,15) = n(?)

_ _ Byshowins
For a boolean function of 4 varia

i
[AKTU 2020-21 (Sem-I), Marks 10

i, (110110.011);= (Mg
jil. (281.86);,=(y
iv. (11011.10)3= (7)o
V. (m)s = f?}]n
"~ Given, Y4, B, C, D)= (8,7, 11, 14 15)

— VA, B,C,D) =M (01,245 6,8,9,10,12,13)
Given, 110110.011
- 00110110. 0110

036x2=072 0
072x2=144 1
0.44x2=088 0
088x2=176 1

(0.96);0 = (0101)

(281),0 = (1110111}

Fundamentals of Electronics Eﬂsineerjng
s R —— 413
—— "I (8em.149)

5o, (231.36) = (1110111.0103),
z

v, (1101110},
=112"+]x23+0x23+1x21+1x2"’+1x2“ 0
+0x2-2

516+3+0+2+1+0-5+0=f275J
Sl |

(530,
=5x82+3x81+4x8

=320 + 24 +4=(348),,

Que 4.14. , Convert the given expression into canonical POS .
orm
Y=A(A+ E}m.‘,B.', E)

vA+A =A]

'Answer
Y=(A+BB+CCXA+B+CCNA+B+T)

~(A+BB+CXA+BB+CYA+B+CXA+B+C)(A+B+C)
CXA+B+0)

= (A+B+CXA+B+C)A+B+
' (A+B+CXA+B+CXA+B+0)

Y= (A+B+CXA+B+CYA+B+CXA+B+0)
Que 4.16. ’ Write a short note on Karnaugh map. Also show the
reduction of boolean expression and how to mark pairs. How gate-
Jevel minimization is implemented ?

Answer ’
Karnaugh map is another way of presenting the information given bya

1
able. These maps are also known by the name K-map. Let us
variables. There may be four possible

truth t
consider the map for two
combinations within four squares.
9. Each square represents unique minterms as shown in Fig. 4.15.1:
BE B NI

ce the K-map

For three variables :
There are eight minterms for three binary variables. Hen

consists of eight squares.
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three yariables is marked wi
- bi:: = d]:.wn mm?gea:‘hlfofun{t: to show the relationship between e
num in each row
the squares and the three variables: F(A,B,C,D)=
q yB.C,D)=Em10,2,5 6 7 =
oy 14 9,6,7, 13, 14, 15) + dfg, 10)
BC__ c A BCgo o1 10 —_—
ke oo P
. ﬂ OR 310 AB 1 |
=] [l ] LI,
A 7 6 = P |
— AB 1 1 |l¢] |
Fig 4152 ‘ | s| lall e
AB 111 (|4 ]
to m,, which corresponds to row 1 s B
B Eocemumpls e HEEL :ﬁfmmﬁs reconsidered, they give the B 5] hel
and column 01. When the - valent is 5. AB |[x L%
binary number 101, whose decimal equt ’ za 9 11—
For four variables : -
1. The map for boolean function of four binary Vﬂrlab}:: Tequire sixteen | ?f 2% )
minterms, hence the map consists of sixteen squar F(A,B,C,D)= BCD+BD+CD
2. The listed terms are from 0 to 15, i.e. 16 minterms. The map shows the Implementation using NAND gate
relationship with the four variables. Taking double complement
3. In every square the mumbers are written. The number dencies that F(4,B,C,D)= BCD+BD+CD
this square corresponds to that pumber’s minterm. i D Mieisis thisday
FA,BC,D)= BCD-BD-CD
Ap°CD & cp cD v o b
B )—cb 4 —c‘? .

:a-]

T-
2ol <o

]
[ =1
AB/: /mn / m15/ mﬂ & Fol 1101’1111}5‘ 1110
AB I:a / /mn { mm/ I;oolmot’ 101]11‘1011%J

L
Fig. 4162
@ue 417, | Minimize using K-map and realize using NOR gates only.

F(A,B,C.D)

Que 4.18. | Simplify the function F(A,B,C, D)= 2m (0,2,5,6. 7,13, 14, :
18) + d(8, 10) using K-map and implement the simplified function F(A,B,C,D)=T1 M (3,4,5,7,9,13,14,15).d(0, 2,8).
[AKTO 202122 (Sem-D, Marks 10 |

|AKTU 2021-22 (Sem-ID, Marks 10

asing NAND gates only.
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e A B, C, D) =TI M(3,4,5,7,9,15,14, 18 andd (0,28
Given, B, G 4=
AB‘QD 00 ____{]_L__— xl()
00 2
. )
0
11 14
10 10
-

(B+D).(A+C+D)
(A+C+D).(A+C+ D)
taking double complement

FlA, B, C. D)= (A+B+C).

lmp]ementusingNORgate # ol _
F(ABCD)=(A+,§+C).(.§+D).(A+C+D}{A+C+D)

—_—— e e
= (A+E+C)+(§+51(A+C+ﬁ}+(A+C+D)+(A+C+D)

Realization :
A B C D

EACARARNA

o]

=
Fig. 417.1.

ml Simplify the following function using K-map

F(A,B,C,D)=X(1,8,4,5,6,7,9,11,13,15). i
Also implement the simplified function using basic gates only.

[ AKTU 2020-21 (Sem-D), Marks 10 [

p—

Fundamentals of Electronics Engineering

—— Tt Y
Answer

1. Given, FUA,B,C,D)=3(1,34 5679 1, 13,15
LIRS B Y ' L} j

CD
AB 00 01 11 10
00 R 1! _____ 1 :
01111 4] 15 f17 -1..,;.
11 12) i1 51':,}‘5_. 114
10 4 ..1...6..__1 ;-“ <
F= EBE + D+BC
A -
B C
C i —
BC B F=ABC+D+BC
Fig.4.18.1.

Que 4.19. l Simplify the following Boolean function usiug K-map
Y =Im(0,1,3,5,6,7,9,11,16, 18, 19, 20, 21, 22,24, 26)

o

K-map :
Xﬁooo 01 011 010 110 11 101 100
00 3] 1’1]
t 0 4 . 28 20 16
1|1 1 1
: 1 5 29 U 21 17
ER
11 | L3 1 1
3 7 31 23 |_‘ bi:]
10 1 1]
2 .i [ 30 l 70 18
Y = DEAB + CDB + ACDE + CDAB + CDEB + CDEB + CDEA + CDEA

DB(EA + CA) + CB(D + DE) + DE(AC + AC) + CE(DB + DA)
EA

= DB(EA + CA)+ CB(D + E) + DE(A®C) + CE(DB + DA)
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01,84 56,10,18, 1418 21.32,24 S +9IGemass
3 & TF —

: =zm ( d realize th, AB nene
Que 4207 4, B.CD BT L olp of K-map 2 © optloo__on" Py AROPP o -
29, 58, 80), ?i‘:cﬁig :?s?ng basic logic gates: (Sem-D), Marks 10 % Ll} i ‘
Smplifiod AT 20BL22 Gem D, Marke 10] 91/
1 1 1
Groupl 4 SR 7 ¢
ABDEE | 1 |\
SRR 5| 14
Nol- ——
1of L1l 1 ]
8 9 1 104
Group 3 "
Group Group 6
BC B C
k. ?EF) (BCE) (BCDEF)
AB 1
o¥Fo0 01 11/ 10
0
00

32

F(A,B,CDE= AGD + ABCD + AB + BCDE o

11 1'
E 44
A B ¢ /D

101 1
; 400 41  43) 42
=Y Grgup 7.7
(ABCF)
Group 3 is formed by two isolated 1’s from firat 16-cell map and third

F ) 16-cell map.

r_ | 3. Group 4 is a combination of two quads from first 16-cell and second
' .. /,.

|

|
—
o]

16-cell map. ) 28

i

e

i

4. Similarly group 5 is a combination.of two quads from second 16-cell map

A
=53 and fourth 16-cell map. ~ *
5. Group 6 is again a combination is ‘g&lated 1's from second and fourth
16-cell maps. k-

6. Finally group 7 is a quad within the third 16-cell map.
The expression is,

@RS, | simplify the Boolean function

FAB,CDERM= h(ﬂ.&?.ﬂ.&li.l&ﬂ&%ﬁﬂ,ﬁ,ﬂ,mﬁ%
44, 55, 58, 57, 60, 81)

I Group 1 and group 2 are two pairs of 1s in the first 16-cell map-

F=ABDEF + ABCDF + BCDEF + ACE + BCE + BCDEF + ABCF
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De __tem and also define signed and unsigned
sys

Q. 1. Define number

binary number 7
Ass Refer Q. 4.1 o0
. t: (976430~ 364)10
Q.2.i. Subtract using 10's comPIeMERE 50y, ~ (110011,

ii. Subtract using 1’s COmP
Amg Refer Q. 4.6.
Q.3. Define universal logic Gates- Re
NAND and NOR gates-
Ang. Refer Q. 4.9.

. 4. Simplify the function F(4,
@ + d(8, 10) using K-map and imp!
using NAND gates only-

Anp. Refer Q. 4.16.

. 5. Minimize using K-
@ F(lA.B.C.D)-l'lM(S,i.ﬁ.

Ang Refer Q. 4.17.
¥m (0,1,2 4,5, 610,13, 14, 18, 21, 22, 24,

ne ;‘;&;:.3% Ds'if:p.l’mr the function with h'elp ni_‘ K-map and
re:llim ﬂ‘lt; simplified function using basic logic gates.

aAns Refer Q. 4.20.

alize basiclogic gates using

,C, D) = Em (0, 2,5, E_'v, 7,13, 14, 15)
= Jement the simplified function

realize using NOR gates only,

d
e 14, 15). d(0, 2, B).

7,9,13,

©e0

Fundamentals of
Communication
Engineering

CONTENTS

Funflamlntals of Communication .........
Engineering : Basics of Signal -
Representation and Analysis

Part-1

Electromagnetic Spectrum .................
El ts of a Ci ication
System, Need of Modulation

and Typical Applications

Part-2

Fundamentals of Amplitude ...
Modulation and Demodulation

Techniques

Part-3

Introduction to Wireless...............ceec0.
Communication : Overview

of Wireless Communication
Cellular Communication

Part-4

tion

5-2J to 5-5J

Cellular Com
Different Generations and

Standarde in Cellular
Communication Systems

Part-5

Part-6
Radar Communication

.. 5-29J to 5-82d j

Fundamentals of Satellite and ...

5-1J (SBem-1&2)




ingineering

. ;cation I
5-2J (Sem-1& 2) b\,ndnme“t“m““ .nmmumca i
i o -
m,w « Basics of Signal
nd Analysis:

Fundamentals of Communication

Que 5.1. | What doyouun
of signals with suitable examples.

Answer |

A

B.

iii,

Repmsentation a

: db}.sigml?neﬂnewrioustmes

w— ical quantity that varies with time,
Signal: A mf;gle ;s ig;g:::;:n‘: ﬂhys ble. The representation of a signa]
space or any signal modeling.

by mathematical expression is known 88
Types of signals :

Deterministic and Random Signals : .
Deterministic signals can be completely specified in time,

is si i d can be characterized
The pattern of this gignal is regular an i
mathematically. So, its future value at any instant can be determined

easily, For example, y(¢) = b sin(r), y(t) = ax(t).
Random signals take random values at any given time.
The pattern of this signal is irregular and it cannot be defined
mathematically.
So, future value of the signals at anyinstant cannot be predicted.
For example : Noise.
Even and Odd Signals :
A signal x(¢#) or z[n] is referred to as symmetric or even signal if,
x(=1) = x(t) or x[ - n] =x[nl
and referred to as non-symmetric or odd signal if
1~ t) = = x(t) or x[-n] = -x[n]
Energy and Power Signals :
Power signal : A power signal is defined as a signal having finite
average power and infinite energyi.e., 0 <P<xand E = .
Energy signal : The energy signal is one that has a finite energy and
zero average power i.e., 0 <E<oxand P=0,

Fundumantala of Electroniey Enginee ng
- 33J(8em-1& 9
g )

S—

m-l Sketch and explain the hagj 4 gnal
plocks for the modeling of more complex gign, ]1II S
alg,

Answer
Building blocks :
1. Unit Step Function :

If a step function has unity magnitud i
e then it is called unit step functi
ult)=1fort=0 P

=0fort<0
u(t)
1.0
t
Fig. 5.2.1.
2. Unit Ramp Function :
It is defined as
rit)=tfort20
=0fort<0
or rit) =tu()
r(t)
_ Fig.5.2.2.
3. Unit Parabolic Function :
It is given by :
¢
plt) = Y fort=0
=0fort<0
p(t)
i

4  Impulse Function ;
It is defined as

=

[sityde =1
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and 5t =0fort=0
8(t)
1
t
-t 0o .
Fig, 524
5. Rectangular Pulse Function :
It is defined as

ot) = 1for [t] <12
= 0 otherwise
it

-2 0
Fig.
6. Triangular Pulse Function :
Itis defined as

1_'Iil's |t|£a
Aft) = a

0 , |t]>a

A)

7. Signum Function :
It is defined as

1 t>0
sgn () = -1 t<0

A sgn (t)
1

on Engineering

B

There are different types of repregengs: .
i Graphical representation =pr ntation for discrete time signals,
Let a signal x[n] with valueg x[-1] =

«[3] = 1.5, it can be shown ag L #l01=2, 211 =9, 59 =

Oand
2 g
i L5
-3 -2 -1 o 12‘\3‘4&%—»:;
Fig.53.1.

ji. Fundamental representation :

The discrete time signal shown in Fj

.5.3.1 "
functional form as. & canbe represented using

1 for n=-1
2 for n= 0,1
xlnl=40 for n=9
15 for n=3
0 otherwise

iii. Tabular representation :
In tabular term, it can be represented as

n|-10123
x@| 122015
iv. Sequence representation :
1. A finite duration sequence with time origin (n = 0) indicated by the
symbol Tis represented as,
z[n] = {1, i, 2,0,1.5)

2. A finite duration sequence can be represented as,
xlnl =1...02,1, -1,8,2, ..}
3. A finite duration sequence that satisfies the condition x[n] = 0, for
" n <0 can be represented as,
x[n] = (2,4,6,8,-3]

|

Elecﬂumaénetic Spectrum, Elements of a Comm.ur_:i?ation System,
Need of Modulation and Typical Applications.
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Fundamentals of Communicat

n affoet, ]Jhutr)gra};»i;ic

3

hemicals,
b Plate

jv. Visible light waves ;
1. The next band of frequanei... .
light. reduencies in the electromagney;
lcspectmm oy
visihle

2. Visible light occupie gpj
the sensation of vigjgp, & souall Part of thi

5-6J (Sem-1& 2)

e, 2
St With Bpecig)

g
Pectrum, andit Produces

Queb4. | Explain the applications of electromagnetic spectrum. S Tt
Also classify it further for Radio and Optical spectrum respectively. 5 Touislerte can o g 2T Mixture of . i
Electromagnetic spectrum is the orderly distribution of electromagnetic orange, red. " they are violet, by, colour,
radiations in accordance with their wavelength or frequency. It is 5. When ordinary white lighy ; PRy e,
classified as : into the rainbow of coloyys kn];;::&d “?ri_:lugh & prism, it s 5
i. Radio waves: v. Ultraviolet light v a8 vigible spectrr, Eparated
1. These were discovered by Hertz in 1887. Frequency
. ; : i d 1 Name of
2. The electromagnetic waves with the lowest frequencies and longest Hz Radiati Photon Wavelength
wavelengths are Radio waves. on Energy, ey
3. Their frequencies may be as low as 10 Hz and their wavelengths can go 10%
upto millions of meters long. 10% . .
4. Therefore, radio waves can be of extremely high frequency (EHF), 10%] Gamma Rays 1|:Ia .m‘m
super high frequency (SHF), ultra high frequency (UHF), very high 10 '105 0
frequency (VHF), high frequency (HF), medium frequency (MF), low 10 2T A 104 10
frequency (LF), very low frequency (VLF), and extremely low frequency 100 Lo
(ELF). » F10° lig®
5. Surface wave EHF and SHF are used for radar and space & 1077 Visible Ultraviolet [10° 107
communication. : A A 110" gti0” w
6. UHF and VHF are used in TV transmission and line of sight g '_1013 210" § 1o £
communieation. P ufiﬁl; SURS-ASTIRE:
7. Sky wave HF and ground wave MF have applications in radio e SURE-APTR:
communication. 1 107 l L™
8. Surface wave LF and VLF are also used in radio navigation and ELF 10ty fig? 1
has application in sub-surface communication. L10° Lo
ii. Microwaves : 107 10’
1. Radio waves with wavelengths ranging from a few tenths to about one 10; 10
thousandth of a meter are known as Microwaves. 10 107
2. These are produced by specially designed oscillators. w:sm 102
8. This is also for radar and TV communications. m—n 1
iii. Infrared (IR): W
1. Infrared frequencies are intermediate between those of microwaves Fig. 6.4.1. Electromagnetic spectrum.
and red visible light.

2. We sense infrared light as heat.
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. is ultraviolet
L Just above visible light in the JJectromagnetic spectri s

light (UV). —
9. This invisible light can be detected by photograp MG, g
3. Ultraviolet radiation is very useful in medical science a8 it is producing
chemical effect on our body.
vi. X-rays:
1. Frequencies higher
2. This radiation was discovere
3. Theserays find several applications

vii. Gamma ray (1)
Frequencies higher than X-rays are Gamma rays. s
These rays can affect photographic plates and cause jonization.
ar transitions involving decays,

The sources of gamma rays are nucle

X-rays are produced through electronic transitions deep inthe electronic

structure of the atom.
Also ultraviolet (UV) waves, visible radiation and infrared (IR) radiation
;¢ transitions of different energy ranges.

result from electront
6. Microwavesand radio waves are produced by various types of electronic

oscillations.

than UV are X-ray
d by Rontgen in 1895-
in medical science and industry,

i

o

Que 55. | Explain with the help of block diagram the elements of

communication systems.

Answer l

L Amoderncommunication system is first concerned with the processing
and storing of information before its transmission.
2. The basic communication system consists of transmitter, channel and

receiver. The input and output of communication system comes from

information source and destination respectively.

Noise source

Fig. 5.5.1. Block diagram of basic communication system.

Information
source

i. Information source :

1. The communication system exists to convey a message. This message
comes from the information source

9 Information may be words, groups of words,
prearranged units.

code symbols of any

Fundamentals of Electronjeg Eng;
" Unginearip,
— 2 fling

3, The amount of informat; o
measured in bits or ditg dva

where P, is the prohabil;
mce, It must he Tealized t}

real information is ¢
" onveyed %
ii. Transmitter:In traﬂﬁmit;ery aredundant Mmessage. that no

a coded form of th equency wave with ;

modulation. e message. This p:;\'::ﬁ:-\;e e
iii. Channel : T
1. Channels are the

i medium to transmit information from A
2. It should be noted th:

at the term chanpel i
frequency range allocated : bis often used to refer to the

h to icular i
as a television channel. a particular service or transmission, such

3. Noise may interfere with si
aysbema, bt it will lawe & signal at any point in the communication

ﬁ. ) .
ts greatest etfect when mgnal 18 weake .
st. It

most noticeable.
iv. Receiver:
1. Receiver does the opposite process that of transmitte
5 T.

Here demodulation of the w mi
r ave coming i
channel is done to get original infoi:nation.&om ittt Coi

3. Theoutput of receiver may be fed to a loudspeaker or video display

s Discuss the need of modulation in the communication
engineering. Which types of modulations are used in television ?
[AKTU 2016-17(Sem-TI), Marks 5.25|

A, Need of modulation :
Mmz.il;.lation is needed in communication system to achieve some basic
needs :

i. Multiplexing :

1. Simultaneous transmission of multiple messages over a channel is
known as multiplexing.



ittt Fundamentals nanmrHUﬂff_-‘*_l‘:f"’_" l_ﬂnguzgcﬂ ""_{
o e —— —————— IR P ; . l ‘
2. Iftransmitted without modulation, the difﬁ.‘!‘?ﬂl message signals over
a single channel will interferc with one another- N
3. Different message signals can be trgnsnﬁtteq over a BINE nnel
ultiplexing technique-

without interference using m

ii. Practicability of Antennas !

The antenna radiates effectively whel'l_:t d
wavelength of the signal being transm o :
ngt gn mitted from g

2. In broadcast system the maximum audio frequency trans
radio station is of the order of 5 kHz.

3. The height of antenna

+s height is of the order of the

3x10°  _ 30,000m = 30 km

ST e
T2 2of 2x5x10°
tenna is not possible.

Practically, such height of an

4 Therefore, modulation is used by which frequency increases and thus,
height of antenna decreases. .

B. Television systems use vestigial sideband: modl_llatwn, a form of
amplitude modulation in which one sideband is partially r_emoved_ This
reduces the bandwidth of the transmitted signal, enabling narrower

channels to be used.

Fundamental of Amplitude Modulation and Demodulation
Techniques.

@988, | Define the term modulation and demodulation. Also

classify the modulation.

]

Modulation :
Modulation is defined as the process by which some characteristicof 8
ith the instantaneous

signal called carrier is varied in accordance w1
value *baseband or modulating signal.
called modulated

The signal mulmgﬁ'omthepxmassofmodulaﬁan is

Fundamentals of Elast. y '
- __H_‘%an

4%-_ +
Modulating or s
baseband signal
r‘fs;';;mer —
B. Classification ofbl'o;:l‘l?r::e‘ss ﬂMMnhti:‘mjulﬁM signal ‘
Al 'un : J
Modu]atj.m
Analog
Modulation ;uhe ) T
odulation Digital
. Modulation
Amplitude
Frequency Pulse position
Phase Pulse amplitude Pulse code
Pulse width ;‘SSK
K, PSK

C. Demodulation :

1. The receiver recreates
i the original
version i ; message si
of transmitted signal after prop ti;'@ai I?;m a degraded
the chanre;,

2. This recreationis accomplished by using a process called deinogu.a:
Wnodu.ation

Que 5.8. ' Define Amplitude Modulation. Deri
for amplitude modulated wave, A
' AKTU 2017-18(Sem-11), |
L -11), Marks
OR ‘ -

Define amplitude modulation. Deri
Lion. D s
modulated wmform Define modn.le::ﬁz ‘i::ei?r“l ssion for AM

" | AKTU 2016-17(Sem-1), Marks 1]

. [AKTU 2017-18(Sem 1), Marks 07

OR
What do you mean by amplitude modulation ? Explain with help of

[AKTU 2020-21 (Sem-1), Marks 05|

proper waveforms.

Aln'plitude Modulation (AM) is defined as a system of modulation in
which the amplitude of the carrier is made proportional to the
instantaneous amplitude of the modulating voltage keeping frequency

i of the carrier constant.
2 Baseband or modulating signal is generally low frequency audio signal
and carrier is high frequency RF-signal.
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3. Let the carrier voltage (v,) and modulating voltage Wm
iivoncan .(5.8.1)
v, = V,sin ot ...(5.8.2)
= i 4 i
i V. dithe m:;;& z:l;iude of carrier wave and V, is the
maximuin amplitude of modulating Wave:
AV

Fig. 6.8.1. o
4 From the Fig. 5.8.1,it is clear that amplitude of AM wave A s gm: :Z
A=Vo+y, ~(5.8.3)

. (5.8.2), we have
From eq. ( A=Vy+V, sinoyt
v b
= Mging t ...(5.8.4)
A VC{H 7. sin mJ

The ratio V,/V, is known as modulation index (m,).

2 The modulation index is a number lying between 0 and 1, and if: is often
expressed as a percentage and called the percentage modulation.

7. So, from eq. (5.8.4), we have amplitude of amplitude modulated wave

; A=V,(1+m,sinat .(685)

8. So the instantaneous voltage of amplitude modulated wave is given

Vi =Asinagt (since frequency is constant)

9. From eq. (5.8.5), we have
V=V, (1+m,sino,t)sin ol
This is the complete equation of AM-wave.
10. Now expanding eq, (5.8.6) we have

..(5.8.6)

MY (2 sin ,,¢ sin 00)

V=V, sinot+

mIVC

Vm=‘ﬂsinmef+m‘év‘ cos(w, -, )t - ms(m=+ma)t
58 UsE

Fundamentals of Electronics Engineering

: ” _ 13 Sem-189)
11. Amplitude modulated wave consistg of T
sidebands LSB and USB, Unmodulated carrjar and two
Carrier
m, V,
—'2 L m82 v,
L3p USp
fm —
fe-tn faf,

Fig. 582, Frequency spectrum of AM-wave,
|| Describe AM modulation and demodulation technique

[ARTU 2021.22 (Sem-1), Marks 0]

with adequate diagram,

A, AMmodulation : Refer Q. 5.8, Page 5-11J, Unit-5.

B. AM demodulation technique :

1. Demodulation is the process by which the original information bearing
signal, i.e., the modulation is extracted from the incoming overall received
signal.

2. Inthe demodulation process the audio or other signal carried by amplitude
variations on the carrier is extracted from the overall signal to appear at
the output.

3. As the most common use for amplitude modulation is for audio
applications, the most common output is the audio.

4, There are a number of techniques that can be used to demodulate AM
signals. Different types are used in different applications to suit their
performance and cost.

Diode rectifier envelope detector : ) ] )
1. This form of detector is the simplest form, only requiring a single diode

and a couple of other low cost components.

Signal detector
diode

] ;..F .
]
IF i
transformer Wl
1] c1

Fig. 5.9,1. Circuit of an envelope detector
in an AM radio receiver.

Audio
output

ag used
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2. The performance is adequate for low cost AM broadeast fﬂd‘::;mns i,

3. Ithas ahigh level of distortion, and performs baddly und:i:ic:l and short
selective fading such as those experienced 01 the m¢
wave bands. N——

4  The signal diode detector consists of two main elements to Ehe clrewit:

A Diode/rectifier: - _

i  The diode in the detector serves to that enhances one half of the receive
signal over the other. i —

i In many instances Schottky diodes are used for this form of && or,
because signal levels may be low, and Schottky diodes have a much
lower turn on voltage than standard silicon diodes-

B. Low pass filter: -

i The low pass filter is required to remove the high frequency elements
that remain within the signal after detection / demodulation.

i The filter usually consists of a very simple RC network.
i Since the capacitor in the circuit stores the voltage, t_he u_utput. voltage
Sometimes these circuits are used as

reflects the peak of the waveform.
peak detectors.

w..i Define modulation. Derive the relation of total power of

AM waves.

[AKTU 2016-16(Sem-D, Marks 05 |

Answer '
Page 5-10J, Unit-5.

A Modulation : Refer Q. 5.7,

B.
: I

Power of AM waves :
We can write AM-wave equation as below :

2 mV, mV,
V_sino, t + —-=cos (@, —m_)t——-z—oua(wc+m_)t _(5.10)

vt — 2
Carmner \-———'V—'___'m —-‘———-‘_'___'m
The total power in modulated wave,
P, =Powerin carrier + Power in two sidebands
P=P +P g+ P, .(5.10.2)
The different power can be written as

s
P = b_ﬁ]_:_‘?; (5108
* R 2R

[thT
2E) _nv:
S8R

Fundamentals of 9

. _h__"“—h-—liﬂig (Sem.1 & g)
m’ (2 ==
4\ ap)

2R} (5.10.4)

where R is resistance.

4. Now from eq. (5.10.2),{5,10_3,81}‘”5 104
.10.4),
pﬂ{Vf“ m [y 171
e iﬁj+-"_=" Lmiive
412R) 4l3p,
P= Vi m* 1
= -1 m"

[} 9 b—_

4 g J°

\
va( L8
P=_‘_1‘_E_:
= 2R\ 2 )
We know that
V:!

P = —=
¢ 2R

P,=P‘{1+ .“;_']

where P, is unmodulated 2 )
AM. ated carmer power and m is modulation index in

11. | Explai .
| Explain Amplitude modulation. Derive the expression

for the total power radiated by the modulated signal. Also calculate
modulation efficiency. |AETU 2021-22 (Sem-1I), Marks 10|

s

A, Amplitude modulation : Refer Q. 5.8, Page 5-11J Unit-5.

B. Rxpmsmm : Refer Q. 5.10, Page 5-14J Unit-5.

1; Molh:.lahu;nefﬁumcy or transmission efficiency of an Am wave is ratio
D_f transmitted power which contains the information (i.c., the total
sideband power) to the total transmitted power.

T e
v 1+51: 2+m’
2
n= —x100%

+m
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Que 5.12. | Explain DSB-SC modulation and
B caryier (DSB-S0) Techniques,

E!P]atn Double Sid O
!\KIU 201 :-18(381‘“"1]:), Marks 3.5

Answer I

A DSB-SC Modulator : _—
1 ADSB-SC modulator can be designed by using a mixer thal generates
the sidebands as well as carrier sign the baseband'mfﬁﬂsse signal,
For DSB-SC modulator only the base band message is to be filtereq

dem odulator-

out.
o switching modulator circuit with only one

2. Let us consider a simpl

diode.

Fig. 5.12.1. An AM (DSB-SC) modulator.

@, where ©,, is maximum frequency of
message signal, carrier is represented by A cos @ ..

The switching action can be approximated by a pulse train as

The BPF passes frequency o,

st) = % + f[ws ot —-;—cas 3ot + éms_;_ﬁa:ét ~ %ms To.i+ } (6.12.1)

Now the combined signal'messég'é;.‘m(t) + A cos ot will appear at the
output when the diode is switched ON and otherwise not.
y(t) = [m(t) + A cos mct] s(t)
= [m(t) + A cos o]

-1—+2(cosm t-lms&o t+1cos 50 t——l»cos 7m¢£+---ﬂ
2 T k4 3 < 5 c 7

¥er= L écma o+ Em(t)r:ms o+ 24 oos? .t +o
2 2 T i
6. The BPF passes o, + o, and bring qut_z_m_(” cos @t and the carriel
T
AM or DSB-SC sign2!

A
compon: nt 5 cos o t which clearly is an

i daiﬂ_e,lgsf_uf Elscﬂnics Engineering

g. DSB-SC Demodulator ; _EE_EE’T‘J Trelay

1, Envelope detector can be uged 1, o
from the modulated signal. »

g, 'This detector uses linear characterig:

g, Inthe circuit, C iqa small capamﬂwomi?de'

4. The parallel combination of R ang Cis tin% Rislarge Tesistane

e g,

oad regj
veloped, Stance acrogg which

tect fos
the origing| Message signg)

the rectified output voltage v _;
ses bt
5. At each positive peak of thEOI:Fd:yCI -
almost equal to the peak signal Voltage' charges up ¢, 5 .
€. Liind

v, o
Modulating
§ o

<]

Fig. 5.12.2. Envelope detectsr.

6. The output voltage developed i i
o g ped across R iz replica of modulating signal

Vo=A,(1+m, cosw_f)
1
RG - e O
This is the condition for satisfactory detection of AM-wave

I
_ _ﬁ‘»‘ﬂr_fe_“qz
e 3 ()

LT
gl D=,

AM-wave
]

. 5123, Waveform representation of detector of AM-wave.

5.13. | A certain AM transmitter radiates 9 kW with the carrier

unmodulated and 10.125 KW when the carrier is modulated. Calculate
e is simultaneously

the modulation index. If another sine wav
on index 0.4, determine the total

transmitted with the modulati
radiated power. AKTU 2017-18(Sem-D), Marks e
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Given : Py =9kW, P, = 10.125 kW, ¥ :
"l‘:l‘;:nd Sodulation index, total radiated POWET

m‘!
P,=Pr:["2"+1:’

1. We know,
m? _ B, 1015 _1-0125
2 £ 9
m?=025
& M= itted with modul
. is simu.ltaneolJSlF transmitted with m ated
2 ::3:; 3-1.1;:;?; ;I;i;i:ewave of modulated index 0.5, therefore resultant

modulated index,
m, = \}'mlz +my’
2 2
m = J0.52+0.4" =0.64 .

& 0.64
P,=P; [1+.’£‘2f-]=9[1+
mmunication system,

Que 5.14. l Draw the block diagram of co
aving when one side band and

Calculate the percentage power S side
carrier is suppressed in an AM signal with modulation index equal
[AKTU 2017-18(Sem-D), Marks 07 |

3 } =10.84 kW

to 1.

Answer I
jcation system : Refer Q. 5.5,

A Block diagram of communi

Page 5-8J, Unit-5.
B. Numerical :
Given:m=100%=1
To Find : Percentage power saving
m*P. m’P, P B
1. We have, Pr= P+ 4"+—4—-—=Pc+—49+1§-
3
='2'Pr.' =15 P,
9. When carrier and one sideband are suppressed
P
P =P =<
T=%usBT 7

3 Power saved = Pc+%=gpc=1.25Pc

Fundgme[ltals OfElectroniCS Engineerin
£

5-19. (Sem-1 & 2)

1.25P
g of power saved = "¢
% 15p, *100 =83.334,

Que 6.16. | A sinusoidal carrier of 1 v, I
100 V is

ﬂmplit:l.lde modulated by a sinusoida] A
5 kHz providing 50 % modulation %“d“hhngaim of freq
- Caleulate the uency
frequency and

amplitude of USB and LSB. AKTU 2017-18(Sem-11), Marks
? 35

Answer |

Given:f.=1MHz, V,=100V,f =5 P
To Find : Amplitude and fmqae:’?cyafkélsz’aiﬁoﬁn

1. We have modulation index,

V, =200V
2. Amplitude of USB and LSB is,
V.
my._ 05 );200 =50V

2
3. Frequency of LSB = f, —f, = 1000 kHz -5 kHz
= 995 kHz
4. Frequency of USB = £, + f,, = 1000 kHz + 5 kHz
= 1005 kHz

Que 5.16. An andio frequency signal 5 sin (2x x 500¢) is used to
amplitude modulate a carrier of 25 sin (27 x 10%). Calculate :

i Modulation index

ii. Amplitude of Each side band
iii. Total power

iv. Bandwidth

v. Transmission efficiency [AKTU 2021-22 (Sem-1), Marks 1o|

%Mxmmwmdwmmmw

1 Given, amplitude signal v,, = 5sin (21 x 500 (5.16.1)
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So v =5V,fm=50°Hz

" m ;5 5 (516,

2. Given, carrier signal, v, = 25 810 (2n x 10°) ~
Vo= 25\]”}“_5 10% Hz

5
Um =
3. Modulationindex, m = = 55 92

4.  Amplitude of each side band,
mV, _0,2x25 25V
sz=vnsa=T'-—'_'_2 .
i
5. Total power, P.=P, ll + _2_]
I""'r2 _ (25}3 [+ AssumeR=1]
fAnd Po=g=oxl

625 _g1a5wW

P==

0.2)*
P,= 8125 {lﬂz—}—]

- 3125 (Elé%] =312.5 x 1,02

=318.76W

Bandwidth, BW = Zf'm=2x500-——1000Hz

7. Transmission efficiency,
0.04

m* 0.2)°
o m o - ——— =0.019=19%
h= em 2e02F 204

Why do we neeﬂ?ﬁiﬁiiliiﬁtion ? The antenna current of
an AM transmitter is 8 A when only the carrier issent, but it increases
to 8.98 A, when the carrier is modulated by a single sine wave. Find
percentage modulation, Determine the antenna current when the
percent of modulation changes to 0.8.

[ARTU 202122 (Sem-1D), Marks 10]

A Need of modulation : Refer Q. 5.6, Page 5-9J, Unit-5.
B. Numerical :
As we know

Que 5.17.

- m’
!r- Il" \{14‘?

Determine antenna current w|
As Io=84

Engineering I pundamentals of Electronicg Engineer;
e —_— tering

— 5'»-2_1_,_”5%_1&2)

(ry 2
L?‘J T T
e 2
[8,93]* 2
=) =1+
8 3
m:{)"]’g

henm=0g

ﬁ?@j AM radio transmi

b bl mitter radiates § kw

modulation percentage is 70 %. Determine the em-rierpow" e
power,

AKTU 2020-21 (Sem-T), Marks 05|

am,
i

i
ii.

Given:P =6kW,m=70%=07
. Tofind: Carrier power

We know, Ptz R[E;iq_l]

2
6=P _°'27 + 1]
p-_9
¢ 1245
= i
9. | An Audio frequency signal 10 Sin 6n x 400¢ is used to

=4.82kW

plitude modulate a carrier of 25 sin 4 1 x 105, Calculate

Modulation Index

Amplitude of each side band

Total power delivered to the load of 2 k)
Bandwidth

Transmission efficiency [a&wﬂom-zz_ (Sem-Ll}; Marks 10\

m(t) -—-Amsinmmhﬁmsinhfmt
mit) = 10sin 6t x 400¢

"002: 6% _ 1900 Hz = 1.2 kHz

A =10 and f =
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t
clt) = 26 8in WEE: 1 5
_l.i-j__’_‘_j_q_- =2“106Hz

Ap=26andfc= " 2

_ 200 kHz

i Modulation index
A, __04
m= Ac 25
gm=40%
=Aysp="Ause
mA; _04%28 _5v

Apsp=AusB™ " 2
d to the load of 282

i, Amplitude of each side band

iii. Total power delivere!
2

= m

F= P [“ 2 ]

: (@5 _156.25x10°W
O TIII

(0.4
P, = 168.25% 107 [1+ 2 }
P, = 168.48% 10°W

. Bandwidth of AM=Fysp—FLsn
= f‘. +fm _fc 1

v. Transmission efficiency

fm=2fm=2x 12kHz =24 kHz

G \
= 2 __x100
=37 m' ‘x
0.4 _016 L 100=74%
T A ¥

Compare Amplitude Modulation (AM), Frequency

m(ﬂﬂmdpmwﬁm (PM)-
AKTU 2017-18(Sem-10, T

F“ndamuntaln of Electronics Engine, i
T Sy

523 ey e
"'"l ror I = —
8, No. AM _—PT“
i Amplitude of e | - | _—‘Fih“"“"‘
' - carrier | Frequency of carrier | Phage of o
is varied according | is var A ik T | Phase of carrigy ™

2. Modulation index
does not greater
han 1.

Modulation index

may be greater
than 1,

FM is common} | :
(;Jmmo?ﬂ? used for | at VHF radio [y used |Pba_:iz m{y}t_;lfaﬁr)n is
ansmitting fr . _ | "icely used for
information via a| fidelity bro furbgl;-fltrammlttmg radio
radio carrier wave. | music and speect i

V = 8 sin (6 x 10° + 3 sin 2000¢)

Calculate :
i. Carrier frequency
ii. Modulating frequency

iii. Modulation index. | AKTU 2016-17(Sem-T), Marks 05
1. Given, V = 8sin (6 x 108 £ + 3 sin 2000¢) {5211

2. The equation of FM wave is given by

f
V= Asin{o+ = sin m_:\J‘ (5212)

3. Compare eq. (5.21.1) with eq. (5.21.2)
i  Carrier frequency = o, = 6 x 10° rad/sec.
i Modulating frequency = @, = 2000 rad/sec.

i Modalition mder= 22 =3
mﬂ
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Rhe .jr:.w Questions

Que 522. | Explain the term evolution of mobile radio

communication fundamentals.

Answer
1. Inthe year 1887 Heinrich Hertz proves existence of EM waves.

Gugliemo Marconi developed the world’s first commercial radio service
in 1897.

3. The first use of mobile radio in an autom
telephone systems were too bulky.

4. The key technological breakthrough came in 1985, when Edwin
Armstrong introduced frequency modulation (FM) to improve radio
broadcasting.

5. This technology reduced the required bulk of radio equipment and
improved transmission quality.

6. In 1946, Bell telephone labs inaugurated the first mobile system for
public. The system was known as mobile telephone service (MTS).

7. In 1965, Bell system introduced improved version of MTS known as
improved mobile telephone service (IMTS), which was the first automatic
mobile system and full duplex in nature.

8. The ability to provide wireless communication to an entire population
was made possible by Bell laboratories with the development of cellular
concept in 1960s and 1970s.

9. With the development of highly reliable, miniature, solid state radio
frequency hardware in the 1970s; the wireless communication era was

obile was in 1921. Early radio

Draw and explain the general model for wireless digital

. :
1. Fig.5.23.1 provides a block diagram of a digital communications link.

Fundamentals of BElectronicy En,

ginEEring

[ S — 25 (8ep
Information Soures o __q_‘_“'““'-——-j_&__z_}_
| souree | eocater [ Bt s O Py
— L el
— Fm;\g,d,_,/ﬁ——<
=

[ —w

RF =|
| Upconvery;
i |

Information Sourece p el
sink decoder Decryptor Channel F—‘L——.
W EJE:T,.-_.ﬁ:H;;-_-;:,I,i

T—

Fi _5_23’ . Basi ;
18 D:23.1. Basic model of wireless digital COmMmunication linjk

Source coding{decoding stage :

1. The first stepis to convert inuons
.. = a i
digital bit stream. This process i callog 1% 167 00 a disereteof

: ss s called digitizat;

2. The r?ext step is to add information c"d.in? f|:'ra d:; '

3. The information to be transmitted from the wmpressmnm, i
originated (speech) or machine-originated (daf sumcime Bmga;r * i

4. The source encoder with compressi Fa?r <
redundancy in the information (thus ::?:n ehnu_nates = et
tr - d mpressing) to maximize the

ansmis ate and the encrypter ensures secrecy of data.

Channel coding/decoding stage :

1. Data must be prote i ions i
Bt whiclilm c;:iad against p?ljmrbat:m j.ntroducerl by the noisy

, could lead to misinterpretation of the transmitted

message at the receiving end. )

2. Lme c_od'mg techniques are used for inserting systematic amplitude
vgatlons, power levels, and synchrenization points, whereas channel
coding techniques are used to insert structured sequences. Both
techniques help in combating channel errors.
Modulator/demodulator stage :

1. The modulation method to be used should be selected based on the
channe] characteristics.

2. Corrections should take place before demodulation to reduce the
probability of errors.

3. The modulator block generates a signal suitable for the transmission
channel.

4. The block in the reverse path does the opposite of those in the forward
path.
Intermediate frequency/radio frequency stage

1. After the modulator, we have a typical RF or microwave R
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2. The signal is converted up toanIF and

higher RF. Any ndesirable signal prod
filtered out.
3. Depending upor the
amplifying the power
4  The receiver RE section
and the rest of the hardwi
the radio wave.

requirements, the power amplifier is selected for
ired transmission distance.

to cover the requir
upling between the antenna

provides efficient c0'
are, which atilizes the energy abstracted from

Cellular Communication, Different Generations and Standards
in Cellular Communimtion Systems.
e =

-
e —

-

Que'stionﬁ-Aﬁswérs_._ e
e S

SRR

e .___,—_.——,_,—-—_—,_—-—“_‘ 1 - x
Long Answer Type and Medium Answer Type Questions:
pr=sami e ____,_.—-—-—'__ M

___,_._.—-—_'________.7

Que 5.24. ' Explain cellu

Answer I

1. Cellular comm
enables the use of mobile phones.

A mobile phone is a bidirectional radio that e
transmission and reception.

3. Cellular communication is base
communication COVErage area into cells, and within cells.

4. Eachcellis allocated a given number of frequencies (or channels) that
allow a large number of subscribers to conduct conversations

gimultaneously.

The common element
.echinalogies is the use ©
{requency Teuse. This enables
number «f subscribers while reducing
widthy)

J¢ ulso enables the ereation of wide comm
w tegrating the advanced capabilities of the

lar communication.

unication is a form of communication technology that

nables simultaneous

S

d on the geographic division of the

jons of cellular communication
f defined radiofrequencies (RF), as well a3
the provision of a service to 2 large
the number of channels (band

of all generat

o

fully

unication networks by
mobile phone-

—— o oquler
Que i.28. | What are the generations and standards in ¢

summn <nicat ion system ? Explain each of them.

r'

ndnrne-ni.als of Electronicy Fne;
pundamentalof Flcroic g
el 1 e 527,

Answer #1 (Sem-1 & 9
There &re five generations and Btandards | o
i. 1G-First Generation : 10 eellular sqmm:

H m‘""“‘—ﬁﬁnn =

L

The very first generatio

s mof ¢

i the late 70 with fully fmpes
throughout the 80's. s

4l cellular netwark w,

ented standards heinaa introduesd

1G is an analo 2 established
life and voi § technology and the pho

* ice quality was large wi Ties generally had
sometimes experience dropped ¢ al}‘:?thout poor

These are the a
: nalog tele
introduced in the 1980 communications
and : t "
telecommunicati s and continued until b; standards that were
cations. The maximum s g replaced by 20 digital

2G-Second Generation ; peed of 1G is 2.4 Khips.

battery
mueh security, and _;_” id
; wou

Cell phones received thei
eir first maj
to 2G. The main di ajor upgrad o
(1G and ;Gl;‘!arm difference between thegt;o ::EEH they went from 1G
while 2G Lt 1 t]llc:t the radio signals used by 1Gite15ph_0n_g systemns
it enpbiininl digital. This generation stwark are snaloy,
reliable communication channel was to provide secure

1t implemented the conc
service like SMS and mfsi’* of CDMA and GSM. Provided small data

Second generation 2G cell
e Dot commereially
During 2G Cellul

e o tec}?;ﬁ%ng];re; 3;; uieéd Jior gata_ also along with voice. The
Sl ntal srsiieh abe: o 2G introduced many of the
SMS

Internal roaming

Conference calls

Call hold

Billing based on services

'.I‘he maximum speed of 2G with General Packet Radio Service {GPRS!
is 50 Kbps or 1 Mbps with Enhanced Data Rates for GSM Evolution
(EDGE).

3G-Third Generation :

This generation set the standards for most of the
such as, Web browsing, email, video downloading,
other smartphone technology:

The goals for third generation mobile communic 4
greater voice and data capacity; support a wider range oL aP
and increase data transmission at 2 lower cost.

wireless technology
picture sharing and

ation were to facilitate
plications,
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-
reaming 8ré morg

ng with Loss different device

3. T
3G has Multimedia services support 210
popular. In 3G, Universal access and port )
types are made possible (Telephones: pDA’s, et
3G increased the efficiency of frequency ?p':?'

?-ud.io is compressed duringa call, so more s

in the same frequency range-

5. 3G technology is capable of allowin
7 Mbps, but this speed is unreali
2 to 3 Mbps.

iv. 4G-Fourth Generation *

1. 4G is a very different
possible practically only
in the last 10 years.

9. Its purpose is to provide high speed,

roving security and
ver IP.

4, by improving how
us calls can happen
¢ speeds that can reach

ng interne 4
stic and is often approXimately

d to 3G and was madg

as compare .
ments in the technology

technology
because of the advance
high quality and high capacity to
jgwer the cost of voice and data

users while imp
services, multimedia and internet @
3. Potential and current applications include :
«  Mobile web access
s IPtelephony
« Gaming services
bile TV

o  High-definitionmo
e« Video conferencing
e 3D television.

Cloud computing
The development of 4G technology pro
upload and download speeds and reduced latency.
5. 4G technology is approximately five times (and sometimes more) faster
than 3G technology- This meant that the speed at which files could be
downloaded was significantly inc _This significantly improved the
experience of mobile devices and internet usage for the user.
5G-Fifth Generation
5G is a generation currently unde
improve on 4G. 5G promises signi

connection density, much lower Jatency, among other improvements.
2 Some of the plans for 5G include device-to-device communication, better
battery consumption, and improved overall wireless coverage-

3 5Gtechnology isset to dramatically affect the use of mobile internet &
order to provide 5G access there is 3 major restructure occul’“"gw;e
pnrtsofthemdionetworkthatisusedmuansmitdata.msresu“_ P

is reported to allow data to be transmitted approx tely 100 8%

vided two main benefits, increased

4.

r development, that's intended to

.
ficantly faster datg rates, higher

1.

Fundamantal

4.

g of Electroni .
iRl — rr.:_n lc_s Pﬂm Neering

The develo e e 5209

into 5G tecﬁﬂ':fégl’ﬁlf;;“ 4G technology g 1. 21 Bem189)

include : ble a number of ::1:‘:i further gen,

ATicem elopmenta
Greater speed in internet accegy ents. These may
Faster loading speeds of applications
, such as ma
ps

) 'II:E Bbi;ty to have multiple people in vig
. ore effecti i £ con i
ective location services to alloy for fle're.nmng calls
real-time updates
, Such as

traffic and weather
The ability to stream high-definition (HD
m LHD).

/| Compare 1G, 2G,
s 2G, 3G, 4G and 5G
standards,

Feat . %
Technology AMPS l ’G—[TI?
,NMT, | GSM ! I —
el WeDMA |LTE o |
Frequency 30KHz 18 Er e
Do 8GH: | 1620H: |28GH: |330cHe
. |
dwidth kbps 14.4-62kbps \Z'Mbpa ||muusn=ps l1ctmans |
bl |
ol e '
Access System| FDMA mmmalmm !i mm:m ;:_:;mf ,\.
Core Network I
1] PS"IN c PSTN Packet Internet | Internet Ii
Network | | I'
|

Write a short note on satellite comm

unication system.
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Write short note on basic eleme™ TU 2021-22 (Sem-I), Marks g

Answer l I—— cation are users, earth statj,,

i 1l :
1. The basic elements of sate T ceceivers.
transmitter, satellite and earth static

: f the satellite communicatioy
. ic block diagram o
* Flg;s-mllts’cl::g?sttgeatf’ai:ny earth stations ont the ground and theg,
system.

i itei ace.
stations are linked with a satellite 1 sp

Satellite

4— Paraholie

Dish antenna—" dish antenng

Receiving

Transmitting earth station

earth station

Fig. 5.27.1. Basic element of satellite communication system.

the earth station through a terrestrial network,

i ted to . :
o e s 5 be a telephone switch or dedicated link to an

and this network may
earth station.
4 The user generates a baseband signal that gets processed through the

terrestrial network and transmitted to a satellite by the earth station.
5. The satellite consists of a large num!:er_ of repeaters, that ni.-e:we:'tnt;e]
modulated radio frequency carrier in its uplu}k frequency ‘pecthen
from all the earth stations in the network, mpﬁes mm'cam&f;; e
retransmits them back to the earth station in the downlink
' spectrum.
6. To avoid the interference, dov..rnlink and uplink frequency spectrum
should have different frequencies. e
7. The signal at the receiving earth station is processed to get 1
base hndsipakﬂwnitissenttotheuserthmugha

@90 838, | Explain the block diagram of radsr.

tals of E§ . .
Fundamenta’s of Blectronics Engingeri,

W ey,
Answer —

1. The block diagram of rad
the radar signal is prog
which is the input of

ar is Shown in Fi
uced at, loy pmlWge. 5‘23‘1'1“th0hlnck ;

pow E Y a way
?1‘ amplifier which actsagg f form generator,
ator is used, it SR TANSMitter

ate a pulse Wvelors, ™Med on ang of by a pulse
3. The outpu_t ni.' the‘transnﬁtteris delivered t,
or transmission line, 0 the antenn by , waveguide

i. Duplexer:

modulator to gener.

5 the input
er ;
flows to the antenna and nog 1. e e::s operating, so that high power

eiver.
3. On reception, the duplexer dire
. ot 3 _
not to the transmitter. s the echo signal to the receiver and
I Pulse |
:mcdu]atun
Antenna == ‘Y—-J
Dupl _ Power Waveform
* plifi generator,
RF pulse IF pulse Video pulse
Low-noi T
RE el T fatchedlal d?:mr Video |_|Threshold
amplifier ampllﬁeri flter N amplifier| | decision

o =

Loeal
oscillator|

5.28.1. Block diagram of a radar;

ii. Receiver:

=

It is always superheterodyne. The input or RF stage can be a low noise

transistor amplifier.

2. The mixer or local oscillator (LO) convert the RF signal to an
intermediate frequency (IF) where itis amplified by Fhe IF a.l.:IlpI].l.ﬁer.

3. The IF amplifier is designed as a matched filter, which maximizes the

output peak—signal-w-mean-nai.se ratio.
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4. Thus, the matched filter maximizes the detectability of wealk echo signalg
and attenuated unwanted signals.

iii. 2d detector or demodulator:

1. Its purpose is to assist in extracting the si
carrier. )

2. The combination of IF amplifier, second detector and video amplifier
acts as an envelope detector to pass the pulse modulation and reject the
carrier frequency.

3. At the output of the receiver a decision is made whether a target is
present or not.

. The decision is based on the magnitude of the receiver output.
5. Ifthe output is larger than the threshold level then target is present. If
hreshold, noise is present.

gnal modulation from the

it does not cross the t!

Q.1. Whatdoyou understand by signal 7 Define various types of
signals with suitable examples.

asg Refer Q 5.1

the need of modulation in the communication

Q.2. Discuss
of modulations are used in

engineering. Which types
televigion ?
ans Refer Q. 5.6.

Q.3. Define Amplitude Modulstion. Derive an expression for
amplitude modulated wave.
auE Refer Q. 5.8.

Q.4. Explain Amplitude modulation. Derive the expression for
the total power radiated by the modulated signal. Als0

calculate modulation efficiency.
AmE Refer Q. 5.11.

Q.5. A sinusoidal carrier of 1 MHz and amplitude 1(.'0 Vi’f
amplitude modulated by a sinuscidal modulating sign2!
Calculate

frequency 5 kHz providing 50 % modulation.
frequency and amplitude of USB and LSB.

——

Fundame“ta'
B
_' —— “t El%tmnicﬂ E
. T .nginppri
e eeTing

Adia,
Refer ¢, 5 15, o _5-_3EJ (Sem-1&2)

Q.6. What are the
Communicatj
Ang Refer Q. 5.25,

Benerati,,
ON Bystem 9 ‘é‘“ and standards j
T each of thmm cellular

Q.7. Describe bri
i ;
AxiE; Refer Q. 5.2'?.eﬂy Satellite Mmmunicatitm

©ee
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Semiconductor Diode
(2 Marks Questions)

Ge for manufacturing of electronicg

1.1. Why Siis preferred over
devices ? AKTU 2015-16 (Sem-1), Marks 02

rred over Ge for manufacturing of electronic devices dye

Asg Siisprefe
to following reasons :
enty amount on the surface of earth. Thig i5

i Silicon is available in pl
the main reason why silicon is very much used by semiconductor

device manufacturers.
ii. Cheaper.
iii Smaller leakage current.
iv. Suitable for low power and high
Si and Ge Semiconductors,

power applications.

1.2. Compare the properties of

]’A__KTU 2015-16 (Sem-2), M@
Ané
Ge
Conductivity Comparatively low. Conductivity is
comparatively higher.

| |
} 9. |Atomicradius | Has a smaller atomic | Has comparatively a
| radius than germanium. | larger atomic radius.

tion of depletion layer in diode.

1.3. Discuss the forma
AKTU 2021-22 (Sem-2), Marks 02

free electrons from the n-type

region will diffuse across the junction to the p-type side where they

will recombine with some of the holes in the p-type rﬂate”?;;
Similarly, holes will diffuse across the junction in the oppost
direction and recombine. _ i et

3 The recombination of free electrons and holes in the V_lcmﬁjys 7
junction leaves a narrow region on either side of the ,]uﬂc;'; s
contains no mobile charge. This narrow region which
depleted of mobile charge is called the depletion 12yer:

1. In an equilibrium, p-n junction, the

14.

A

1.5.

i

. Need :Toincreage the numh, ETopertiog
4 ;

§5Q-2J (Bem-1 & 2)

What do yoy mnan;' S

Ythe torm g0 . T g
T-}_\i{_'fr_.'ﬂ“_g? Why it iy
f-J‘ﬁ__ . :_2_03_:}__5?@‘:__;—_—- Wi

; ———— "% Marly,
What j5 the need of dops = a-e_z_l
| ARTU 2051 il
e
ping : Dupmg is the - _____—,—M—?_k;@

semiconductors tg glyg, tﬁrr_,cr,-ns of adding 7,
Elr M

e
. _ “MUired 5
What ig d“ping? —

-
ITIUES b intring,
T 6f mink; o

to increa;
se the conduetivity of sem;,

ile alet .
= SECrmay haoleg ana t
conductyr, o0 benes

Draw the VI
characterie:
and reverse bi cteristics of g, ;
ias conditiong, | 9eal diode in
e forward

AKTU 202021 (Somi e
— e

I

I
g R
-Fig. 1,5.1. V-1 characteristics of an ideal disde

Explain the effect of temperature on conductivity of
3 - :
semiconductor. lAKTU 2015-16 (Sem-1), Marks 02

In intrinsic semiconductor, as tem i bili
of charge carrier reduces and this ﬁfiudmu;ntg': fnfﬁm ];jvti
sma]1e1: value and at the same time, a large number of covalent
bond will be broken and a large number of electr ns and holes are
created and this will increase the conductivity by alarge value.

. Explain the effect of temperature on diode.

[AKTU 2021-22 (Sem-2), Marks 02
The increass in temperature due to heating decreases both the
forward resisiance and reverse resist and in

18010,
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urrent, which means that

i the instantaneous diode curre ] > .
]llnecal;?r?;i;an;es the entire V-1 characteristics of p-njunction diode,
Ip

Reverse bias

T T+AT Ix
[Fig: Bl 5 P
n avalanche and zener breakdown.

] AKTU 2016-17 (Sem-1), Marks 02]

OR
ate between avalanche and zener breakdown.

18. Distinguish betwee

Differenti
] AKTU 2020-21 (Sem-1), Marks 02
[maoﬁ;fzz (Sem-1), Marks 02|
ARE _
S.No.|  Zenerbreakdown | - breakdown
his breakdown mechanism

1. | This breakdown mechanism T .
curs in very thin junetion. |occurs in slightly thick junction.

oc
Sy L |
Zener current is independent ‘Avalanche breakdown occurs at

of applied voltage. high voltages.
Temperature coefficient is | Temperature coefficient is
positivei.e., 2mV/°C.

negative i.e., —1.4 mV/°C.

18. Define depletion layer in a diode.
OR

Mudoﬂoﬁonlwdpujuncﬁondiode- _

’ ﬁQ‘d J (Sem-1 & 2)

The region of un
depletion region dug positiy
region. e “d

€ and Negat: ¢
epleti ”gﬂt]\!e iong i
1007 of free carlrsi:::]?d zﬁi
213 in |

1.10. Define bulk resistance of o
e ioﬁe,

) AKTU 29
ase Bulk resistance of diode depends o I:*Ia{ﬂem.m, Marks 02
T

approximate resi g it is i
sistance of diode whep it v 1t 18 biased. 1t jq tp,

i3 forwar dbi
1.11. Draw the double ended diode i biaged,
Pper Bircuit'

-

112. Classify the materials with help of energy band.

| AKTU 2016-17 (Sem-2), Marks 02|

-~ ?hi:il{:s?:;sﬁw band diagram, materials are classified into
1. Insulators : In insulators, valence band is full and conduction
band is empty. The energy gap between valence and conduction
= banq.isf_ggry large.
2 Cond ctors : In case _qf_cqndu;:tors; the valence and conduction
bands overlap each othier.
3. Semiconductors : In case of semiconductors, the valence band is
almost full and conduction band is almost empty, also the energy
gap between valence and conduction band is very small.

1.13. Why bridge type full wave rectifier is preferred over center
tapped full wave rectifier. State two reasons.
AKTU 2020-21 (Sem-1), Marks 02

m f brid tifier is less

e of bridge rectiier : o
i The PIV rating of the diode in bridge rectifier is half than that of
needed in a center tapped full wave rectifiers.
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N atis the value of RF for half wave

1.14. What is ripple factor 7 Wh
and full wave rectifier? Amwu—h.'}_ﬁ.

Ang, cort

A. Ripple factor : The ripple factor is defined as rafio ]o)i(': rn;s n:ralue of

the AC component in the output to the average or component
present in the output. It is given by,

Ripple factor = \,[iun_’] -1
IDI'.'
B. Ripple factor for half wave rectifier :

5Q-54J (Sem-1 & 2)

1. The ripple factor is given as
2
I
Ipe Toe Toii
Since, I..=1/2 and I, =1 /m. 50, T =1.21
C. Ripple factor of full wave rectifier:
2
r= Ugo)ms - {IL“’-\IQ—l N E !JE] -1
Ipe LIDCJ 2l Ix

r=0482
1.15. Explain the principle of operation of LED.
[AKTU 2017-18 (Sem-2), Marks 02|
[AKTU 2016-17 (Sem-2), Marks 02|

[AKTU 2016-17 (Sem-1), Marks 02 |

Ans.
i. Generation of electron-hole pair
ii. Recombination of EHP.
iii. Extraction of photons from the semiconductor.

(EHP) by excitation of semiiconductor.

1.16. What is photodiode ? Also write its uses.
Ans. Two-terminal devices designed to respond to photon absorption are

called photodiodes.
Photodiodes are used primarily for two classes of application:

i For detection of light, particularly very weak light.

ii. For power generation.

n j-u_nctil]n
ture of 43
tis B

117. Calculate the dynamic forward resistance of p-
diode when applied voltage is 0.80 V at tempera
degree Celsius and reverse saturation curren

[AKTU 201617 (Sem-1), Marks 0%

microampere 7

___E_ME]EE Questiong

—_—

' sQ-64J (Sem-1 & 2)
pes o

Given : V=0.80V, T= 43°C
; ’ =3
To Find : Dynamic forward resi:t?:' c:., =8uA

1. Weknow, I= [ ("% _1,

where, V= T ‘_—_%1_6,_ =38 S
) Asamin g L1600 11600 ~ o
: uming diode is a germani i
3. Putting all given values in eq.u fT. f’?’?ﬁe‘ s e
et 10“( 0.80
\El,.mT-:'."_l; =234x10°4

4. Dynamic forward resistance, = avy
I

_ 1x36.7x107
YT FE T 1.56x 1080
1.18. ’I?:e reverse saturation current of a silicon p-n ; i
diode is 10 pA at the temperature 300 K. ther::';ﬁ:;
forwar(.i bias voltage to be applied across the p-n junctio
to obtain a current of around 100 mA. "

| ARTU 2017-18 (Sem-2), Marks 02|

: Givel.l:fuzlﬂp}\,q:?(ﬁrSﬂ,T:SWKT:lDﬁm—\
To Find : Forward bias voltage.
We know, I=1(e"r-1)
100 x 10 = 10 x 1075 (" =29 — 1)
10{‘01 = ewn.ar.m
Taking In both sides,

991= 7
0.0518

V=047V

1.19. Consider a constant voltage source with 10 V and series
internal resistance of 100 ochm. Calculate its equivalent toa

st ST
current source. AKTU 2015-16 (Sem-2), Marks 02

V.30 Loia
Ans. Equivalent current source = 5 =754 =%

©00
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BJT and FET

UNIT Marks Questions)
=)

rating modes of transistor ?

ansistor

ious OP€
. What are the vario
; There are 4 different modes of tr

!
i

Forward bias Reverse bias

. -

- Fomward i
Forward bias

Reverse bias

Why BJT is called current controlled device 7
22. Why

AKTU 2017-18 (Sem-1), Marks 02

|

i base current
15 C device because the
ARk A B(]I 1 a“&d current CDD.tI'Ul i€ :
Dﬂtfﬂls the current ﬂUW from emitter to collectur
©

i d p for BJT.
Derive th relation between o an
= . AKTU 2017-18 (Sem-2), Marks 02

AKTU 2016-17 (Sem-2), Marks 02

|

AKTU 2016-17 (Sem-1), Marks 02

(231
ams We know that, [p = I. +1y

Dividing eq. (2.3.1) both sides by I, we get

g _ L I
IC IC IC
I
But we know that f = I_ and o= .fﬂl
Iy E
1 1_p+1
- = 1l4== —
o BB
o

|

8Q-8J (Sem-1 & 2)

T 2 Marks Questions
24. The thickness of base js — T RET

and collector, Wi _ty_l’_iiﬂlly smaller than emit

Base isve hj‘h g rﬁ-ﬁﬁ{&:m.n,m‘-h 02
. Yy ly d : - ;i

either emitter%r E,'u,l‘:apczjd and is very thin (105 m) a o

i T 30 that i _
charge carriers to the collector, it may pass mozt of the injected

And.

Explain with Proper reason the use of emitter follower

AKTU 2015-18 (Sem-1), Marks 02
The emitter follower is used as

i i a voltage buffe :
high resistance source to a low resist a:?;e ‘1oad?T for connecting a

. State two differences between FET and BJT.

| AKTU 202021 (Sem-1), Marks 02|

FET ] BJT |
It is the voltage control device. l It is the current control device.

2. | Itis costly than BJT. \ Ttis cheaper.

2.7. Differentiate the BJT and JFET.

[AKTU 2021-22 (Sem-1), Marks 02|
OR
What is difference between BJT and JFET ?

[AKTU 2021-22 (Sem-2), Marks 02 |

1. | Itsoperation depends on both
majority and minority carriers,
so it is a bipolar device.

Its operation depends m:l:!r on |
majority carriers, so it is a
unipolar device.

Tt is a current controlled device | Itis a voltage controlled device.

It has high input impedance.

2.
3. | It haslow input impedance.
4

Small in size, therefore space

Large in size, therefore space s Jre' smlL

requirement on board is large.

28. Enlist the differences between JFET and MOSFET.
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MOSFET have much higher
input resistance than JFET,

JFET has lower input
resistance than MOSFET.

JFET can operate in depletion MOSFET can operate ip
maode. enhancement as well as depletion
mode.

hannel and n-chanp, ol

Mention the differences between p-C
MOSFET.

Afis.
’smm. p-chmamosm' il n-channel MOSFET
L

29.

_———-—"‘—'“"__'_'_'_H_'__—-———-____*
The current carriers apg
electrons.

_—
Transconductance is more ip
n-channel than p-channel,

The current carriers are holes.

.
Transconductance is less in
p-channel than n-channel.

| pobammRl e e
Due to lower mobility of holes | Due to higher mobility o
p-channel is not as fast as | electrons, n-channel MOSFET s

n-channel. faster.

wn the constructional difference between
type and enhancement type MOSFET.

[AKTU 2016-17 (Sem-2), Marks 02|

nstructional difference is the absence of continuous

channel between the source and drain of enhancement MOSFET

but it is present in case of depletion MOSFET.

2.10. Write do
depletion

ang The main co

911, Describe how FET can be used as voltage variable resistor
[AKTU 2017-18 (Sem-z),uarksml
OR
Explain FET as voltage variable resistor.
AKTU 2016-17 (Sem-1),

[AKTU 2015-16 (Sem-D:

: ahlé
ass FET when used jn the region before P'md"'ﬁ’ * ::;Sﬂfe;bf the

resistance device i.e., the channel resistance is

gate bias voltage (V).
In such applications FET is referred
(VVR).

as voltage varisble o

2.12. Defi

1. Inthe ohmic regio
For example, v,

dependent, reg; -va i

T Tia 9 BVice |

2. Inthe Dhmi::;sto-r (VDR), hle resistor I,ch} le., 2 Tesistor,
g

A% In FET, o AKTU 3iig
S+ Current conduet; 8'17{8“
(majority carriers) eithe ion depends on, %), Marks 02

08 one t; :
o« lm,goitisamﬁcam'ers

Define transconductance 7

AE; g‘he cnntrolthatthegatevo]
¥ transconductance g
characteristics, =~ "

LBEEhasc"E‘-'dminm

1t is simply the slae 5, 1por

® 3 Lransfer
. g = -—E—!, 1!
i % i LQVGEJ Ve held constant
u,mt of g, is siemens (mho),

8= 8 \[Boo /T

215, 7. JWET, I
St ol pss = SmA, V, = - 3
Determine the value ong B8V binsed @ Vi n - 18 V.
m

s | AKTU 2015-16 (Sem-1), Marks 02
iven, Ipgg=8mA, Vp=-4V, Voo =-18V

o[ V.
g = msly Vo | 2x8[) 18]
=Wl v,,] 7 Y e

216. If g of a transistor changes from 0.981 to 0.987, find the
percentage change in p.
[AKTU 2015-16 (Sem-2), Marks 02|
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0.981  _51.632
o o T
ans Here, Pr= I—_'}(;:'I_O.BSI
0.987_ -175.92
By = i‘%=ﬁ§§?
B ;: 75.92-51.632 _ 47
_p, 75.92-9°0°C
& change in B = —3.-3?" 51.632
= 4,95 mA.
rmin ifI.=5mA g :
el e op i AKTU 2021-22 (Sem-1), Marks 02
.
Giwn:lx=5mA’Ic=4‘95mA' :
To Find : p- o
R 5““;5 ;
1. Weknow, B=7"T7 I 5mA - 4.95m
SmA__,
= 05mA

HfiasmA,Ic=5.92mAand

2.18. Determine By, and Icpor

- -2), Marks 02
IC50=200“‘A‘ AKTU 2021-22 (Sem-2) arks _]
ARE
iven : I, =6mA
g [.=5.92mA
and Icm=200mA
As, .
IE=IB+IC
IB=IR"IC
IB=6—5.92
= 0.08 mA
I, 592
=0 =T4
Pac= 7,70,
As ICEO'(I""B)ICBO

SQ"lz J (Sem-1 & 2)

) o e 2 Mar .
T Op((%;ational Amplify cre
R Marks Questiong)

8.1. Define Op-Amp and draw its block diagram

ARE:. Op-Amp : Operational amplifier ; i
mathemaucaf):perations sufh megjégﬁ%?&iuﬁmﬁ

differentiation etc.
Block diagram :
Differ;;l_ tial Emitter follower with
Hiverbing amplifier constant current source
o input intermediate s]?i‘i?] _n;;ug_- Output
ta A1)
og stage stage slages o stage [ T
inverting Differential Complementary symmetry
amplifier push-pull amplifier
Fig. 31.1.

82. List of ideal characteristics of Op-Amp,
[AKTU 2017-18 (Sem-1), Marks 02

OR
Write the characteristics of an ideal Op-Amp.

[AKTU 2016-17 (Sem-1), Marks 02|

ARE
1. Inputimpedance isinfinite. 2. Outputimpedance is zero.
3. Infinite CMRR. 4. Bandwidth is infinite.

5. Open loop gain is infinite.
33. Define CMMR, slew rate of Op-Amp.

[AKTU 201516 Gom-), Marks 01

OR
?

What do you mean by CMER
ARTU 203122 (Sem-1), Marks 02

OR




§Q-13J (Sem.1 4 o

-

. pering
ic8 Engme AMP ?
Electr®” gR in OF-
Fundamentals of o C s o D), M
do you mean AKTU 2021 02
What do

o ratio of the differential Voltag,

ed as
Aus.  OMRRis 965700 4 voltage gain Agn
- € inﬁatotheco )
gﬂ
i€ g 4 A"" as the maximum rate of chang,
cate (SR): Ibis sifme d is expressed in volts per icry,
2 Slew pel'
output Vo
second } dVa V s
” SR= "4

form that will appear across R,

wave

ov IN_/ | 1
Vo, | lI \ !
oh! - 1 1
! 1 : i
: : o
1 1
+Vw—1—ﬂ l X
ov
]
_v“’—lt \ ! ’
| |
] ]

- '-‘“w:w =
sQ.-MJ (Bem-l &2)

35, Sketch the ch‘cuu of 0p. S JMath
Amp
differentiator

! iy nte‘l'lto-r
ORK'PU 2n11.,3 18 Som. 2' and
Derive the circuit g ; ntegrator 2
ugin,

g an idea]

Op.
T BT oy u::: D

ang: Integrator :

RI
V;o——ah

"b‘.l'.l

2. The voltage gain is unity and the output voltage follows the input
voltage.

Fig. 361




W
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gain of 10° and

39. An i has a differential
operational mpm:r‘roltnges are 120 pV and 80 pV.

a CMRR of 100, inpw

o -__'_""———_?M”hQue;ﬁm
=100, - 41022, —

Determine the output voltage '
AU 2017-18 (Sem-1), Marks 02 = 10% Y
KTU 2017:18 (5¢ 100~ 60)10-% . 3 -5 100 gy
=102 x40 1-¢ I
— e
Given : CMRR =100 "’
ToFind:V,
©e®

+ Acmvc

2. Qutput voltage = AV,
- 10%(V,~Vy) + 10

W 12

107 (120 —80) x 105+ 10[—%9) x10°

- 40 x 108+ 10%=41mV

tional ampiiﬁer has differential gain of 10* and
% gnmoper:f 80 dB, input voltage are 100 microvolt and
60 microvolt. Determine output voltage.

Efmfﬂllﬁfl‘l (Sem-1), Marks 02|

2 Taking antilog and we get,
10°= 10°/A_,
A, =102

©m

3. Ouputvoltage=A, V;+A, V,
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Digital Electronics
(2 Marks Questions)

LUNIT

amE Tt is a language of digital sys

4.1. What is number system ?

tems consisting of a set of symhols
called digits with rules defined for their addition, multiplication and
other mathematical operations. ;

42. Classify number systems.

aux The number systems are as follows :
i. Decimal number system.

ji. Binary number system.

fii. Octal number system.

iv. Hexadecimal number system.

Write four advantages of digital systems over analog
system.

Digital communication system is more robust than analog system
because it can resist the corruption of signal much better in

presence of channel noise.
9. Implementation of digital hardware in digital communication

system is flexible and permits the use of microprocessor, digital
switching etc.

. Indigital system, it is possible to multiplex several digital signals
that offer more efficient use of available bandwidth.

. Indigital system, it is easy to store large quantities of information.

3.

4
44. Convert (153.513),, to an octal number ?

Ana.

(05 13)10 to octal i
StisEl 0513 x 8=4.104

0.104 x 8 = 0.832
8|19 |8 T 0.832 x 8 = 6.656
gl 2 |2 0.656 x 8 =5.248
0.248 x 8 = 1.984

0.984 x 8 = 7.872

(153),, = (231);, (0.513),( = (0.406517.....)g

(158)y9 to octal :

i 1=
gQ-18J (Sem-1 & 2) ‘

4.5.
AL

©(637), = (520),, = (4040);

. (346),,=(531),

S0, (15B513), = (g7 oo 2
o :
onvert the decimg) Numher 35
' 3257 in by
For binary ; "
3 For (3 =
2142| 0§ o .
2116( 0
218 | o ® 9 q
Y G g
| (YYAARAR
2_ : _?- b0 i} O 1 fy
ac I
= 1194 ¢ n 6 ; :
32=(ll3'()()|3«:|}2 ..
and 57=5Tx2=114
0.14%x2=098

Hence, (32.57), =(1
2 (32.57),, = (100000, 10
Hence, (32.57),, = (110000.115;2’

. Evaluate:(337}a=(?}s |Aﬂ'l'llm-21 (Bem-1), Marks 02|

Step 1: Converti :
6x92+3x91+’llnf!§°:( %fomw‘

Step 2: Converting (520),, into base 5.

51520|0
5104 4
5|20 |0
5| 4 |4

. (1010110100.110), = (),;? [AKTU 2021-22 (Sem-1), Marks 02|

0010 1011 0100 . 1100 = (2B4 . C),5

Determine base of the following::

[AKTU 202122 (Sem-2), Marks 02

(2374),4= (9076),

(345),,= (531),

(345),9= Ba? + 3¢l + 1% 0
345 =B+ 3x+1
344 = Ba? + 3x




e 5Q-10J (Sem-1&2)
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SoBx%43xr-344=0

il
As we know xﬁ—-———-———‘—"bt bza.mc
Here : a=5,b=3mdc=—-344
-3+83
e AT
g3-3 -83-3
10 ' 10
=%
10

x=

x= 8,

- Valueof x=8
. (2374),4= (9076),
9 x 16% + 3 x 16 +7x161+4x16°=9@53+0:‘.2+7x‘+6oc°

9076 =3+ Tx +6
- 9x%4+T7x-9070=0
(x — 10) (9% — 90x + 907) =0
By solving, we get
x= 10,;\:: .—_.Q_Oi 1-8‘2_4@
Therefore value of x = 10, 88 the second expression is undefined in
the set of real number.

49. Find I’'s and 2's complement of 1101001,
[AKTU 202021 (Sem-1), Marks 02

AnNE
1. 1'scomplement of 1101001 is 0010110.
9. 2's complement of 1101001 is,

0010110
+1

————
0010111
e

4.10. Convert the following :
i (662.18),= My
il (467.342).= (7)),

i (552.131,=5x7?+6x71+2x7°+1x7-1+3x?-‘3
= (289.20),,

i (457»3‘21834,‘89*5,:31.,.7,‘304.3,‘3-1‘\4;8-34-238“5
= (311.441),

411, Determine the value of base s, if (183), = (68)s

5Q-20 (S

-

ABE (193):::(623] 2M°"‘“Que et ;
lxx2+9><x+3!xo 8 g gl

=6x g2

xz+9a:+3=403 *‘2*31+3x8°
x2+9x—4{)0=0
2%+ 262~ 162 - 400 =
(x+25)(x-16)= ¢
x# =25
il (s Bassca.n'tbenegativ]
e
4.12. Convert i
the ft;}l:\:?g eXpression intg i
oo +B)[B+C}M+C]WWPOS(M
. Y:{A+B](B+C}(A+C’)

Canoni(:al fOl‘m, - (A+B+CE}[(B+C +A'Z}{A+C+ BE]

Y=(A+B C A
“ +C)(A+B+C)_(A+B+C)(A+B+C)(A+B+C)(A B
= +B+C)(A+B+C}LE+B+C)(A+§+C) e

4.13. Simplify the boole unctio
y an f i i
d S c' 'n usn?g boolean algebra

[AKTU 202122 (Sem1), Marks 02
F=ABC +A'BC+ABC'+ ABC
=A'C' +(B'+ B)AB'C'+ ABC'
= A'C' +AB'C'+ ABC'

ANE Given,

4.14, Simplify the following boolean expressi minim
m.nnher of lltaral::l[:'gy' + z';a:z +XY+ w::n on -
AR Gw_ren, (x'y' +2') +2 +xy +wz
Using De-Morgan’s theorem
(y' +2V=(x+y)z
(x'y' +2') +z+xy +wr=(x+y)z +z +2y +uz
sz(l4(+yl+ay+wz=z+ay+uz
=z[l+wl+xy=z+xy

415. What are the universal gates and why we call them as
universal ?

&g NAND and NOR gates are universal gates, these are called universal
because it is possible to implement any logic gate or expression
using only NAND or only NOR gates.

4.16. Implement two input AND gate using NAND gate.
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Ans,

A AB y=AB
B

ing NOR gate.
4.17. Implement two input AND gateust

A

A y=A+B=AB
B

B

Je of two input X-OR gate and two input

ARTU 2021-22 (Sem-2), Marks 02

4.18. Write the truth tab
X-NOR gate.
ams. X-OR gate:

;:—)mn

UNIT ‘

— | SMm i
Undamenty)g o
OMmunicatign

Engineerin
(2 Markg Questions.g)

5.1

E! B

52,

__H
Define signal, Name varioug types of signal,

AKTU 2015-18 (Sem. 1), M.
) ’ . ‘ » Marks (2
smnd : Asignal is defineg as a physical quantj

Space or any other inde 5
Types: pendent variable

Deterministic angq Radom signals
Even and 0dd signals, ena
Energy and Power signals,

ty that varies with

What do you mean by even and odd signals ?

A signal x(¢) or x[n] is referred to as symmetric or even signal if
(1) = x(t) or [ — n] = x[n] '

and referred to as non-symmetric or odd signal if
2~ 1) = —x(t) or x[- n] = - x[n]

Whatmenergyandpwuaignah?

Power signal : A power signal is defined as a signal having finite
average power and infinite energyie.,0 <P <wand E = w,

Energysignal:Theenergysimismthathasaﬁniteenergy

‘and zéro average poweri.e, 0 <E<eand P=0.

e

What do you mean by periodic and non-periodic signals ?

signal fit) i d periodie if there exist constant T, such that
A fit) is calle Wfﬂ):ﬂg+ﬂ far—.w<t<;a P
T is called the period of the signal, and signal fli repeats after
every T. Those signals that do not satisfy the above condition are
called as non-periodic signals.

Define modulation and give its types. .
Modulati ion i ed as the process by which some
har;]taeg:;c 2}1 :d s:iug]':zlociﬁe%egl}ﬁe?s isvaried in ermaf v’?ﬂ
:he instantaneous value of baseband or modulating signal.

signal resulting from the process of ‘modulation is called modulated
i ing
signal.
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— 7 ohalecromces Binginepttts.

_ Types:
i Analog mndulation
ii. Pulse modulation
iii. Digital modulation
de spect;
56. What is modulation index ? Draw e smptux B SpoSn
70 2017-18 (Sem-1), Marks 02

- - index or depth of modulation
mﬁ“\éﬁ&“ﬁe amplitude of carrier wave

of AM wave.
ADE Modulation index : The
is the measure of the extent
is change by the signal. .
Amplitude spectrum of AM wave:
AV

5.7. List any two advantages of modulation.
[AKTU 2020-21 (S8em-1), Marks 02]
ans; Advantages of modulation :

1. Antenna size gets reduced.
2. Communication range increases.

58. Define amplitude modulation .
a5 Amplitude Modulation (AM) s defined s a system of modulation in
which the amplitude of the carrier is made proportional to thz
instantaneous amplitude of the modulating voltage keeping
frequency of the carrier constant.

59. Give advantages of FM over AM.

[AKTU 2016-17 (Sem-1), Marks 02|

%% The main advantages of FM over AM are : .
1. lmprovedsignslwmisemﬁmﬁthmpedwmanmademterfmﬂm
2. Lessradiative power. _ -
3. Smaller geographical interference between neighbouring stations
4. Well-defined service area for given transmitter power-

gQ-24J (Ser y b el

5.10. Briefly discuss the neeq "y 0 Gt
engineering, dulation i -

AKTU 297, “MmUnication
Ang Modulation jg ; 817 (Bem.3)
basic needs : eeded in EOmmunica iy #ystem —
. “Lem ty

i. Mu]tipwxing . achieve 4

INme
1. Simultaneous trangm;e.:
- missj i
is known ag multiplexjng_on of multiple MeS8ages ey ,
2. ¥ t.ranSI'mtt,ed without odili . *T 2 Chanpg]
over a single channg) s el

s, fferent :
3, Di,fferen? message sigu:ii]:;f::e b m?ge -
. mtholft interference Using multipleg; hmqu:'maie el
ii. Practicability of Antenpgg . =% “inique. ‘
1. Th i : height
o : :Zze?na radiateg effectively wheq its height ;
elength of the signg) being tranems; i
92, Iérn broadcafst system the magimym audip f.:-ﬁi
om a Fad:o station is of the grder of 5 kszqﬂeﬂﬂ‘ —
3. The height of antenna . '

=h_c_ 30

Practically, such height of antenna is not possible

4. Therefore, modulation is used i i
thus, height of antenna decrea:::hmh sy e ad

What are the basic elements of satellite communication ?

Users.

Earth station transmitter.
Satellite.

. Earth station receiver.

B opo =

5.12. Enlist the merits of satellite communication.
| AKTU 2021-22 (Sem-2), Marks 02 |
Merits of satellite communication :
Flexibility
Users can control the system
Ease in putting in new circuits ‘
. Wireless and mobile communication applications can be Ieaaﬂy
established by satellite communication independent of location.

'F-?"-'.N‘l"g

5.13. What is RADAR ? Write down two applications of RADAR.
[AKTU 202122 (Sem-1), Marks 02]
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Fundamentals of Electronics mineeﬂﬁ_,,
ic aystem for the detection and
ac airerafts: chips, spacecrafts,

AEE

A Radar: Radarismelecm""
location of reflecting objects S 3
vehicles, people and the natural e0v!
Application of :
Military.
Remote sensing.
Air traffic control- .
Air craft safety and pavigation:
5.14. mscuﬂentofanAMwavelsB.ssAmd
?;gﬂ:‘:ﬁﬁsﬁ A odulation. Determine the

ronment.

0o

modulation index.
ans Given. [,=8934A
[=11.254 ..-&%%% .

2 4
We know, I*= If(1+ %l

W
(11258 = (8.93}*[_1;_» —2—) i
i

=117
p=108
5.15. A 320 W carrier is <imultaneously miodulated by two audio
waves with modulation % of 45 and 60 respectively. What is
the side band power iated ? &
Asng Given, P.= 320W, m, = "
AS
"2
Ad= SE 238
A=2529V
Sideband power,
Pgy= — (m1’+m 2)

= # ((0.45)% + (0.6))

=90W

814 Calculate the transmission efficiency if the modulation
factor is 0.5. [ ARTU 2021-22 (Sem-2), Marks 02|
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B. Tech-
D SEMESTER THEORY
EMERGING DO
P
H
any missing data; then chogg,

sections. Ifrequire

Note: 1. Attempt all
suitably.

Section-A

in brief. g L (2x10= 20)
the term doping ? Why itis requireq 5

Unit-1, 2 Marks Questions. )

odulation.

9 Marks Questions.

1 Attempt all questions
mean by

a. What doyou
AnE Refer @ 1.4, Page SQ-2J,
b, List any two advantages of m
amm Refer Q. 5.7, Page 5Q-23J, Unit-5,

=(Ng
Unit-4, 2 Marks Questions.

¢, Evaluate: (637)y
ams Refer Q. 4.6, Page 5Q-18J,
tics of an ideal diode in forwang

d Draw the VI characteris
and reverse bias conditions.

Ang; Refer Q. 1.5, Page SQ-2J, Unit-1, 2 Marks Questions.
e State two differences petween microprocessor ang

mierocontroller.
Ams This question is out of syllabu
£ Why bridge type full wave rectifier is preferred over center
tapped full wave rectifier. State two reasons.
AsE Refer Q 1.13, Page SQ-4J, Unit-1, 2 Marks Questions,
rences between FET and BJT.
Questions.

s from session 2022-23.

g Stateiwo diffe
Ams: Refer Q. 2.6, Page SQ-8J, Unit-2, 2 Marks

b. Differentiate between avalanche and zener breakdown.
amg Refer Q. 1.8, Page SQ-3J, Unit-1, 2 Marks Questions.

i. Find I's and 2's complement of 1 101001.
AmE Refer Q 4.9, Page SQ-19J, Unit-4, 2 Marks Questions.

j. State the basic difference between bluetooth and Wi-Fi

technology.
AEE This question is out of syllabus from session 2022-23.

J (Sem-1 & 2)

AnS
i ReferQ.1.9, Page 1-12 Ups
» Umat-1,

=5 Sﬂ]\red pam

— Soh .
Section.p om0 3
2. Atte
mpt any three of the follow; ¢
ng :

a.
i. With help of neat :
full wave brig at circuiy diagy (10x3,
ii. Define the tet'ie,;ep‘:;f:'- ® €xplain the v\ -
actor, ngof 5

factor fo
T a half waye miﬁ;fh&; i8 the y,
an

alue of i, -
i Tull way, mu:;:rpgh
ii. ReferQ.1.10, Page 1-15; o ?
» Umit-1,

b.

i. With help of aneat dj

" doubler circuit, | E™ €XPlain the worig

ii. Write a short note on v m‘ktngofawhm
aractor diog

AnE:
i. Refer Q. 1.80, Page 1-38J Unit-1

ii. ReferQ.1.33, Page 1-43J, Unit 1

¢. For the circui

; it shown b
maximum ; ‘below, determ:
and minimum zener :ﬁod: Mine :he value of
curren

R,
& 1 Iy
5 kQ ',
80-120V V=50V Rsaka
Fig. 1.
ABE Refer Q. 1.25, Page 1-33J, Unit-1.
d
i. What are liquid erystal’di i
) with bl o ameat am:lays ? Explain their working
ii. Determine the output waveform of the following circuit.
v, + +
20V- R
0 V.
Av‘t i . vo
—20V- — 4V

Fig. 2.
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ﬂf This question is out of sJ’H“h'"‘.g from session 2022-23,
i Refer Q. 1.20, Page 1-28J, Unit-1

e following circuj
i i output waveform of ﬂl_e 1 uit, by,
= ﬁﬁm; :hilethetzl:ecessm calculations which have beep

done to determine this D_ﬂtp“t'
V.
1
10V o
0 ¢ Vi
-20V E

Fig. 8.
ii. Derive the relationship between current amplificatioy
factor for common emitter and common base configuratiop,

of a bipolar junction transistor.

AN
i Refer Q. 1.18, Page 1-26J, Unit-1.
ii Refer Q. 2.6, Page 2-7J, Unit-2.

Section-C

3. Attempt any one part of the following : (10x1=10)
a. Describe the construction of a npn bipolar junction
transistor. Draw well labeled input and output

charaecteristics of a npn transistor in common emitter
configuration. Also mark all the regions of operation.
KK Refer Q. 2.7, Page 2-10J, Unit-2.

b. Give the basic difference between an enhancement and
depletion type MOSFET. Discuss the construction of a
n-channel depletion type MOSFET. Also draw its transfer
and drain characteristics.

XE¥, Refer Q. 2.24, Page 2-35J, Unit-2.

4 Attempt any one part of the following :

a

i. What is an operational amplifier ? Draw its block diagram.
Write the characteristics of an ideal operational amplifier.

ii. With help of the circuit diagram, explain the working of
op-amp as differentiator.

(on l:rlﬂ')

Sp.;;J (Jem-1 & 2)

: ean
. Define the fo]luwi:: :eor:;?mm“ itg yoes
8

. Referq, 3.17, Page 3-19g Unit

. For aboolean fune

8o
=S hed ?_"D&{hmm

Refer@. 3.2 p £
Refer Q- 3'10, ;‘:;3-«6-], Uﬂiba N

¢ d-11y, Unit.g

W]'l&t do You m,

CMRR Mo,

- - eak Inyeyg, Voltag,
question jg gy of syllabyg from
& Sesgion 2021—22.

Attempt any one
i part of the llowing .
8 a::;;}hfg tli)l}ehfollovc'ing fnnzﬁun i
o= 2(0,3,4,5,6,7 ¢ 108 Kxmap
Plement the simp]ifie,tl f:mc?’tif:)l
Using hagj, gates

10« 1= 10)

only,
Refer Q. 4, 18, Page 4-16J, Unit.4

By showing all the calculations, do ag dj

tion i :
(110110.011}2 . {?)m of 4 V&l‘lﬂhlﬁs, 2(3, T 11, 14, 15) = (7

(231.36),,=(?)

- (1101110),= (?)

iv
v. (634), = My
ANE Refer Q. 4.13, Page 4-12J, Unit-4,
6. Attemptan i
& pt any gne part of the following : (10x1=1p)
i. What do you mean by amplitude modulation ? Explain with

7.

R;}p of proper waveforms.
radio transmitter radiates 6 kW power when mod

A ferradi 3 ulati
percentage is 70 %. Determine the carrier powe:l -

Refer Q. 5.8, Page 5-11J, Unit-5.
Refer Q. 5.18, Page 5-21J, Unit-5.

Write a short note on satellite communication system.
Differentiate between CDMA and GSM.

Refer Q. 5.27, Page 5-29J, Unit-5. ‘
This question is out of syllabus from session 2022-23.

Attempt any one part of the following : (10x1=10)



. ing o T
ronics Engineerinb
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Fundamen G

What versal gates 7
i are uni

"L Imp!ement XOR gate using
k-

spP-5J (Sem-1 & 2)

are they called s0 7
;’%ﬂ gate only-

it-4.
i Refer Q. 4.8, Page 4-7d, g:;t-z;.
i:l" Refer Q. 4.9, Page 48,

b. Determine the output for

the following circuits :

Fig. 5.

Amg ,
i Refer Q. 3.7, Page 3-8/, Un_at-s.
i Refer Q 3.8, Page 3-9J, Unit-3.

©O0

gp-6J (Sem-1&32)

N ) _S_cl_ve_d_l’gp_ert%om-ﬂ(mi-ﬁ‘)
B. Tech. o
(SEM. ) ODD SEMESTE

EXAMINATION, 2021-22 i
EMERGING DO IN ELECTRONICS
ENGINEERING

B

Time:3Howrs  ————

Max. Marks 100
Note: 1. Att, i i iasi
s tea?l;;t all sections, If Tequire any missing data: then chooze
Section-A
1. Attempt all questions in brief. (2x10=20)
a. Determine ByifI =5 mA, I, =4.95mA.
AHE. Refer Q. 2.16, Page 5Q-11J, Unit-2, 2 Marks Questions,
b. Define transconductance of JFET.
ATE Refer Q. 2.14, Page SQ-10J, Unit-2, 2 Marks Questions.
¢. What do you mean by CMRR ?
AWE Refer Q. 3.3, Page $Q-12J, Unit-3, 2 Marks Questions,
d. Differentiate the BJT and JFET.
ABE Refer Q. 2.7, Page SQ-8J, Unit-2, 2 Marks Questions.
e (1010110100.110)2 =0y?
ANE

Refer Q. 4.7, Page 8Q-18J, Unit-4, 2 Marks Questions.
Differentiate betwm:-;t\rélmehe and zener breakdown.
Refer Q. 1.8, Page 8Q-3J, Unit-1, 2 Marks Questions.

Simplify the boolean function using boolean algebra
theorems: A'B'C' + A'BC'+ AB'C'+ ABC'

Refer Q. 4.13, Page SQ-20J, Unit-4, 2 Marks Questions.

Differentiate between Microprocessor and Microcontroller.
This question is out of syllabus from session 2022-23.

What is doping‘.’Whﬁtistheneedofdnpingl?
Refer Q. 1.4, Page SQ-2J, Unit-1, 2 Marks Questions.

What is RADAR ? Write down two applimtions. of RADAR.
Refer Q. 5.13, Page SQ-244, Unit-5, 2 Marks Questions.

i 6
B H. Be B« §-



gp-7J (Sem-1& 9,

Fundamentals of Electronics Engineering
pnifes SOBTH
Section-B

(3= 10-.—.30)

Jlowing :
2. Attempt any ghr:; o(l: ];l;;i.or O Draw the output waveform op

a. What do mean |
the given circuit.

10V + R
+
VS V’ VB va
o t _ T =
Fig. 1.

Ams Refer Q. 1.22, Page 1-80J, Unit-1.
b. Draw the structure of depletion type N-MOSFET. Explain
its operation with characteristic graph.
amx Refer Q. 2.20, Page 9-27J, Unit-2.

plement : (9754),, - (364),,

¢c.i. Subtract using 10°s com
ement : (10111), - (110011),

ii, Subtract using1’s compl
AmE Refer Q. 4.6, Page 4-5J, Unit-4.

d Describe AM modulation and demodulation technique wit},
adequate diagram.
AmE Refer Q. 6.9, Page 5-13J, Unit-5.

teristics of ideal OP-AMP. Derive the

e. Writedown the charac
-inverting amplifier,

expression for gain of OP-AMP as non
A& Refer Q. 3.3, Page 3-5J, Unit-3.

Seotion-C

8 Attempt any one part of the following : (10 x 1= 10)
a. Define Voltage Multiplier. Draw the circuit and explain the

working of Voltage Tripler and Quadrupler circuit.

A=K Refer Q. 1.29, Page 1-37J, Unit-1.

b Draw the V-I characteristics of zener diode. Determine the
petwork of figure given below, determine the range of V,,
that will maintain V; at 8 V and not exceed the maximum
power rating of the Zener diode.

J (Sem-1&2)
g ————

9'2 LS

¥

P

=H r-a E

b. i

R — i mm -
V. 5 —_IERE] :
Vi=8v
PZI‘ﬂﬂx = 400 mw

k j

Refer Q. 1.28, Page 1438;‘ i{‘J‘ 2t,-
» Unit-],

Attempt any one
Describe the w::::‘:'ft:he following .

draw the in
Put and outpyg ch“ac‘fﬁxe and d“mm

Refer Q. 2.7, Page 2-10J, {7yt o Tistic graph,
Define a and § wi
. wit
relationship hetwe:nt;;:;“c:rtn BJT and geyy
1 L - ve the

CE mode. If the base 500
current i
Refer Q. 2.12, Page 2-16J, Unit~2“3 =

Attempt any one

part of the following :
D_raw al:!d explain the w?:ff'
31ffamntmtor using OP-AMP, .

rite short note on basic elements of i

s S of communication
Refer Q. 3.10, Page 3-11J, Unit-3.
Refer Q. 5.27, Page 5-29J, Unit-5,

Determine the output volt

voltage of an OP-AMP for the input
v?lta.ge o_f v, - 150 uV and V, = 140 V. The ampliﬁel:ﬁ:s
d.lfferenltlal gain A ; = 4000 and CMRR is 100.
Determine the output of the following circuit.

GivenV,=V,=0.156V
330 kQ
MAA
wyy
33kn
v, 9V
10 k€2 Ly

v, AAA N



= -
1&2) ved Paper ¢
) _gJ (Sem 1 &7 B =~ Taper
Fundamentals of Electronics En_g'ize_?‘lﬂi__ - _%E..——--— = {SEM. II) EVEN S’g&ch. — AN
e EXAMIN L EMESTE i
: i R
5 ofor @. 9,18, Page 3-20J, Unit-3. EMERGING poy. LON, 202 THREORY
i Refer @ 3.6, Page 3-8J, Unit-3. OMAIN ¥ 1_22
6. Attempt any one part of the following . . L) ENGINE ELECTR()
o b Duscribe briefly Satellite Communich 00, ging suitable ERING NICS
ii. Explain Positive and Negative veform. Time: 3 Hours
cireuit diagram and input/output W&

i Refer Q. 5.27, Page 5-29d, Unit-b: Note: 1.

' Attempt all Secy;
i Refer Q. 1.15, Page 1-23J, Unit-1. Astomr Seetmns. Ifreqmre =
: l ¥
b Am o teuency St O e A i
modu.lnteagarﬁerofsﬁ gin (Bnx 1 . .
i, Modulation index :

¥ Atternpt, all questio

. i d .
ii. Amplitude of Each side ban . Discuss the form 05 in brief .

jii. Total power

iv. Bandwidth .

v. Transmission efficiency
ans Refer Q. 5.16, Page 5-19J, Unit-5.

del)letinn layerin _Q‘:.I'J. % 10=20)
2.

Unit.
Tt-1, 2 Marks Questions,

7. Attempt any one part of the following : (10x1=10)

1
a
Ans
b
ABE
ini alize using NOR gates only, c. What is di
Minimize using K-map and re is difference be
H Fm’ B' C, D).HM(S’ 4’ 5’ '?., 9, lsy 14' 15)- d(o: 2| 8)- m Refer Q 2.1‘ Pageg N?Jmmmdm?
amg Refer Q. 4.17, Page 4-15d, Unit-4. & Desixabia's Q-8J, nit-2, 2 Markg Questions
ne +
b F (A, B, G DB =xm O 1,2, 4, 5, 6 10, 18, 14, 18, 21, 22, 24, Iogo=200 mA~ and Topo, 1, = 6 ma, |
26 29, 30). Simplify the function with help of K-map and AnK g
r'e;ﬂle the simplified function using basic logic gates.
-3
Ani.

Amx Refer Q. 4.20, Page 4-18J, Unit-4.

= 5.92 mA
- ¢ and
er Q. 2.18, Page Q11 » Unit-2, 2 Marks Questi
What do you mean b .
: y CMRR i
14 n OP-AMP
@@@ efer Q. 3.3, Page SQ—l?.I.Unit-ﬁ, 2 Marks Jucﬂtinns

Which is better
= among micro; :
Justify your answer with vs}{;mam :rm:cmontmueﬂ

This question is out of syllabus from session 2022.23
Determine base of the following:

(345) ,=(531),
(2374) = (9076)

B
i
ik
&g Refer Q. 4.8, Page SQ-18J, Unit-4, 2 Marks Questions,
h. Write the truth table of two input X-OR gate and two input
X-NOR gate.

Zmx Refer Q. 4.18, Page SQ-21J, Unit-4, 9 Marks Questions.




ofE]eC’lW“ics Enginﬁﬂ"ﬂg i

j. Calculate the tran
ctor is 0.D.
anE ;:kr Q. 5.16, Page SQ-2

;. Enlist the merits of sawll'ijt:j o
allJ:. Refer Q. 5.12, Page 5Q-24J,

Section-B

5J, Unit-5, 9 Marks Questions.

communication.
5, 2 Marks Questions.

2 Attempt any three of the following :

network. )
Vi J
v L
! = 10kn
oV
-20V
D_,L—_o o2

Fig. 1.
Az Refer Q. 1.17, Page 1-26J, Unit-1.

Jain common base N-P-N Transistor with itg
b. il,)::; a;:fiezztput characteristic graph. Also write an

jon for output mnt
anx Refer@Q. 2.6, Page 2-7J, Unit-2.

e Explnhthenmoeptdﬂmdmundinopﬂup. Determine
output voltage for given network.
6 kO

6V 92k
Fig. £.
amx Refer Q. 3.9, Page 3-&J, Unit-3.

d Perform following operation as indicated
i Determine 2's complement of (1010.110),-

SP-11J (Sem-1& 3,

. meney if the modulatioy,

(10 x 8=30)
:ne output voltage for the given

A |

_12J
S

ii.
il
iv.

V.

ABE

e.

9V

(Sem-1 & 2)

Refer Q. 4.5, Page

443
Eoln
::arcu(l)az ;?&;::?diate "
Refer Q. 5.11, Page 51?11539?}@?“"3-& mﬁﬂulm ':; ©a8ion for
» Umit-5
seotion_c
Attempt any one
Part of the gop... .
V. = 100 i iy 280t creni
s = sin 50¢ ang load Cuit, the i
DC current resistan,
RMS value of
Efficiency

Current

. Ripple factol_-

Refer Q. 111, Page 1175, g4

Determine and dy.
V.

1
3

-9V Y D\_uﬂa

Fig. 3.
Refer Q. 1.23, Page 1-31J, Unit-1,
Attempt any one part of the followi
! wing : (10x1=
Efplnin tlhe working of enhancement type MOSF’ERT ahl:)
with their transfer characteristics, :

Refer Q. 2.22, Page 2-31J, Unit-2.

Descri-be the construction and working of p-channel
depletion MOSFET, with characteristic graph. Also justify
that it is a voltage controlled device.

Refer Q. 2.21, Page 2-29J, Unit-2.

Attempt any one part of the following :
Briefly explain :

Inverting summer.

Bluetooth and Wi-Fi Technology.

(10x1=10)



I peering

Fundamentals ofElffr_g’li_rf —E—n—!j

o : r_Tn_it-3-
i

deal gl;i*:“‘

Refer @. 3.3, Page .

-' Qs i 22-23-

: e g o 2 pus from session 20

n:L This question is ouf of aylla & g o

b. Enlist the charncte:;:"rsl.ios of i eterm
the output voltage

wing €l
follo 100 kO

v, =7V
v 20K

Vz
20 kO

Fig- 4
3.14, Page 8-15J, Unit-3.

(10x1=10)

following : .
e part of the lize basic logic gates using

Amz Refer Q.
al logic Gates.

6 Attempt any ont

a. Define univers 4
NAND and NOR gates.
amm Refer Q. 4.9, Page 4-8J, Unit-4. T .
i i ctiOIIF(AuByC-D)=M(0!_ + » 0y 10, 14, 15)
b. f:::g'?i‘g :Z;:?;-mqs and implement the simplified function
using gatesonly.
Anz Refer Q. 4.16, Page 414, Unit-4.
owing : (10x1=10)
? The antenna current of an

7, Attempt any one part of the f‘oll

a. Why do we need modulation na ¢ :
AM transmitter is 8 A when only the carrier is sent, b_ut it
increases to8.93 A, when the carrier is modulated by a single
sine wave. Find percentage meodulation. Det:ermme the

antenna current when the percent of modulation changes

to 0.8.
Amx Refer Q 5.17, Page 5-20J, Unit-5.
b. An Audio frequency signal 10 Sin 6r x 400¢ is used to
amplitude modulate a carrier of 25 sin 4 x x 10%. Calculate
i Modulation Index

i Amplitude of each side band
iii. Total power delivered to the load of 2 k

iv. Bandwidth
v. Transmission efficiency

gp-13J (Sem-1& o,
i —— gp-14J (Bem-1 & 2)

Time : 3 Hours

d
Ana.

Amx Refer Q. 5.19, Page 5-21J, Unit-5.

00

: ét(::npta!lquastinns in brief,
pare between avalanche breakdow
n and zener

Note: L Attemmausen, . Marks : 70
suitably. ons. frequire any missing date; then
5 vhen chooge

Section-A

OWIL,

ARE Re
fer Q. 1.8, Page 5Q-3J, Unit1, 2Marks Questions
b. Why varactor diode is also called varicap 7 Explain.

stands for "variable

AL A varactor diode i
: iode is also calleg i i
capacit, " Thi i S
ance." Thig nnm.;f.‘\a derived &nn’; t;:tand(:ihode'scharmsﬁt of
P with the applied voltage.

having a variable

c. {.‘Ineﬁne P!neh—oﬁvnltnge for JFET,
Ang, a JFET, i y
the pinch-off voltage refers to the threshold voltage at

that chang,

which the. channel be
; ) tween the i i
becomes highly resistive or eﬁec;vo:;ywm:idﬁ o dees
Fo
T & transistor I = 10 mA and o =0.987. Find I, and I
Ig=10 mA o= 0.987(Given) ‘ ’

o= LG'_'
I, %
0.987 = L
10

Io=0987x10 =987
Io=9.8TmA

Ly=Iy+1,

Iy=Ip-1 =10-987=013mA

I;=0.13mA
e. Define CMRR and Slew rate of Op-Amp.
AEE Refer Q. 3.17, Page 3-19J, Unit-3.
£ Explain voltage follower circuit using Op-Amp.



gp-164 (Sem- 1_%_2)
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Fundamentals of Electronics Engineering

F= Page 3—4J, Unit-3.
Refer Q. 3.3, P'age sulated 0 — 0%,

wer is M tod wave:
g 500 watt carrier po R o o modula
tal pow
calculate thepf.o= e 0= 0.9

2

m
P‘=P‘[1+-—2-—]
i 0.9’]
P‘=500 +-—-—2

2+0.81
P, =500 {—-—2—-—]

P, = 702.5 Watt

A

Section-B ;
i : (7Tx3=21)
three of the fC_!'l_lO\_V\lﬁﬁii ». S~

: gﬂxpeﬁ;;‘ﬁi working of p unction diode and draw its

characteristics. Wl

Jing : Refer @ 1.1L%
AmE g‘;l::hafactensncs i %1; 3
. S, . [ )
~uibdiagram idge rectifier and'expls
sam of bridge fhie s

> m‘;:ri:i?n mzhtﬁwm waveformgé )Derigé“
value of curren ﬁéﬁ%‘%m‘t : P, ‘4

. h T | nit-1. P . T
Anig. R‘.‘_ifEeE le?g Page 1+ - erent and voltage The average values of
4 ziﬁ%;l\fg;:?h(;flzad current for bridge. gtiﬂér are the same as
= nter tapped full wave rectifiers

F

. foracen

P 2V R

n i
Ve 2V s
and I, = 3 ) . P
A _
¢ Calculate the output voltage Vv, of the circuit shown in
Fig. 1.
Vi =02V s
II]{:IQ 10 kQ
—oVout
V’I(’jv
R,
1k0

gP-16J (Bem-1 & 2)

- i : . Soivag

y = Paper
fe . —— 'Sen’l-]
AuE Refer Q. 3.7, Page 3-8J, Unit.g. ___ﬂ_ﬁﬂ_j?iza_ﬁ

d. Define Univ ersal
Ga
NAND gates only; tes, lmplmem

ABE: Refer Q. 4.9, P ,
R using NAND g Uit

e An audio frequency ﬁ\ '
CY signal 20 giy o5 4
amplitude mog, s ﬁ%‘ ' ;
g ulated a carrier of wgnisg;‘; ool v
i. Modulation index ! Y
ii. Sideband frequency .
iii. Amplitude of each sidel;'giii{ N
iv. Bandwidthrequireq = =
v. Total power delivered to the 164 of 2k
Kifg Given: V,, = 20 sin (22 %.5002), V_ = 40 sin (27 x 10%)
Vi=20V,f =500H,
. V.=40V,f =105
Modulation index, " .

-

. LSB=(f-f)=99500"
; P iﬁ'ﬁUSB = (f, +f,) = 100500

aplit B of each sideldd

Big

WV, 05x-
Vosa= Vuss = %= ;40
iv. Bandwidth required, .

BW=2f, = 2x500=1000Hz
v. Total power delivered to the load of 2 kQ,

=10V

(. m?)
Bk 1+ 3)
_ Ve @0 _goox10-3W
A Pem R ka0

. 05"
P,=400x103L1+ 2)

P,= 450x107°W
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—— —_ Balveq
Section-C — P‘_“Pﬂ'lagm_“m
@x1=D 5o —s
8. Attempt any one part of the following: T F'i-:t'-"?-r-“f‘
= renit ? of |1:] =T
& Draw the circuit diagram of voltage B/ - T
i Exrhinmerdiodeusavultssﬂm“hm' | s| ) 1
B e | L]
i Refer Q.1.29, Page 1-37J, Unit-1. i1 1) 1 ::‘:E-T-
i Refer Q.1.24, Page 1-32J, Unit-1. 1] I:—='T==-_4=-_!;'_|
of suitable =4 .
b Explain the working of following with the belp o “Fgp— |
diagram : : A B B, C, Iy = AB. Af B
LED c " ABD + BTD + agp

i
ii. Photodiodes.

| A 3
/ i Refer Q. 1.31, Page 1-40J, Unit-1.
-' ;i Refer Q. 1.32, Page 1-42J, Unit-1.

(Tx1=1) -
4 Attempt any one part of the following .
a. Draw t::y circuit of NPN trans stor in common base
configuration and discuss. ;ts working. Draw input-output |
amE Refer @ 2.6, Paged-
i ing principle of depletion type MOSFET
b Explain e % gdexpplain its chid#acteristics.
ARE Refer Q2.20, Page2-27J, Unit-2. :

£

7J, Unit-2- - ‘

| b. Convert tha 5 2
t ionvert the following ; 4
L6362) 000,

%\w»

- (Tx1=7) i _ :

5 Attemptanyone part of the following ; : Ji. Find the base x i :
a Draw the block diagram of Op'é%sp ] list all the ideal ,h‘ Subtract us?:*ifs{f:;::,;(wma "’

characteristics of op- Bt o 1l % Find the I%s and 2's compter - O D= (110011)
(Unit-3. BBl complement of (010100),
: e 3—4J, Unit-3. i ( 53‘325')10 to (), - 3
b. Explainthe Wﬁngofgpgml_ as aintegrator and drive its .
output equation. W ¥ 0 0696 x2 = 195
AEE Refer Q. 3.10, Page 3-11J, Unit-3. : e \
5 -05
6 Attempt any one part of the following : (Tx1=T ‘; 05x2=1

8. Minimize using K-map and realize output using gates.
F(A, B, C,D) =2m (1,4,8,12,13,15) +d (3, 14) (0.628),0 = 0.10),

amx  MA B,C D)=5m(l,4,8 1213 15) +dG, 14) i ((g%ﬂi k(lllﬁg]}m}? 80, (53.625), = (110101.101),
x 8

222 + 1) + 169 =1 x 82+
—3 5 sl
2x2+x+1—64—40_2=0 x 8 +2x%80
2% 4+2-105=0

1
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- = "m-1 &z
A ADRT 5 —
_ 4(2) (— 105) . RF S
—-— a2z * &;':f\:r.:q 0T 1 Cinteter s Solved Paper (Som
y Bt
x= M, gt ined in . ived
jii. Refer Q. 4.6, Page 4-5J, Unit-#. signs g signs Modulaty o2 modutate "™ FF oscillator,
iv. I'scomplement of (010100}, signay 118 the rage "0%iflen it g o 1P instant
010100— Number . amp‘i{:ude mo late: tant pigy o) :‘tper the ampmaud:p}'rmde of
101011] - I's complement % Refar ¢y ;5 Odulatio, , o I Passed :‘l,e, nplitude of mu: l:& rier
2's complement > Pages gy 0 then prag e 90 the ampi; ted
b, Expla Unita TANSMittad theo P L0ST for the
101011 4 : 2ugh an antenn,,
+1

101100 —» 2'scomplement

- y
i Describe AM modulator g'lth'_.;ﬁeq
ji. Explain the elements of com
help of block diagram.

ite diagr
cation system with the

B
m%%eﬁce used to modulatean-analog

eband signal with a high-frequenc: wave
signal that can be trans itted over long distances.
_ ription of an AM mo %gtorﬂ;glop_g{with an

Carrier

RF
oscillator

ﬁ“ 't
4 Hoduhtmg a;nal : Here the modulating signals might be an
&euin or \::;o u.«;gm]s. These are also called as baseband signals as
hese are ted with the carrier signal. Carri f
high-frequency radio signals. sy
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(SEM. II) EVEN SEMESTER THEORY
EXAMINATION, 2022-23 cs
FUNDAMENTALS OF ELECTRONI

ENGINEERING

Time : 3 Hours Max. Marks : 70

Note: 1. Attempt all sections. If require any mis si
suitably. g

2, The question paper may be answe:

per convenience. :

Section-
(2xT7=14)

1. Attempt all questions in bri 2
actor diode ? Write its one

a What do you mean by v;
application. z

AmWE Varactor diode is.a fype ol dl 1ci b vari
with respect to ;ﬁéﬁ‘éﬁzgrsmltage. It always works in reverse bias

conditions and i8 a?bi\iﬁég"e dependent sem;conductarf'device.
Application: ' B

A signifieant application of varactor diodes igin voltage-controlled
oscillators (VCOs). In a VCO circuit, a varactor diode is used in
conjunction with other components such as inductors, capacitors,
and transistors to create a tunable o_st_:_illator.

‘of diode where internal capacitance varies

b. Why FET is a voltage-controlled deviee ?
Aus A Field-Effect Transistor (FET) s & voltage-controlled device because
its operation and characteristics are primarily controlled by the

voltage applied to its gate ter&gﬁ

¢. Write down the characteristics of ideal OP-AMP.
ABE Refer Q. 3.2, Page SQ-12J, Unit-3, 2 Marks Questions.

d. The output of particular OP-AMP increases 8V in 12 us. What
is the slew rate ?

Given:aV=8V,at=12,s
ToFind:Slewrate.

We know, slew rate = AV
A

or=asad (Sem.g g 2)

Bolved p
——— aper (Sem..
. i
12 * ]04_!‘ =0,8% * 108
= 666.67 K

g Deﬁne mod
ulatj
AnE ReferQ.56 Page

2. Atte
a. Deﬁn;z‘;;rgvgéﬁdf .--fﬂlluw-ing.
also drawgiga mse&ﬁ&ntao{mmm“m - G=x3=91
ARE _Refer Q. 5.5’ Pagea_&';n.a.] F)lock diam cation System and
: B s Unit 5, 5
'nd explain the N
5 Working o Doy
itte i g'of N.P. . :
charasteribtic gragy, | EUFSE _'?'m-fhiu?ﬁ agwec

g its suitab]
Page 2-10J, Unit.o . i

ABE. Refer Q. 9.7

1 ionF =1
5) + d (12, 14) using Ky gng 2 25:%,8,9,10, 13,

expression using NANp g‘-:,z;“:nl‘mplement the simplified
y.

AN& F=3m(p, 1,2,5,17,8,9,

"""" ‘0
AB
4
AB|'T}
8
= [FFh
ABl 3l
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Fundamentals of Electronics Engincering T Solved Page, Bem.s
= _ : 2N 2000
N iiasons s 5 ABD . Beetion.¢; oot
5D+ AR + ABD + : 3. Atte ~—
P4, B,C,D)= CD + AB + ABD + ABD * 50 oyompent: . o Eoopmheny omapargori,
Implement using NAND gate. Taking o | n’::;mnn t‘ll: ionf“““"“nz
- _————5 | 3 nel dep|ot; » Workj Y
FA, B,C, D)= CD + AB + ABD + ABD + AP | ARG Refer ), 5. .Pag:?gf’% T, % And oy, i
i " | z » Unit-g
Using De Morgan's theorem = bR ;
_——_—2:1-—-‘-_':"_-_.__-_ .
FA,B,C,D)= CD.AB.ABD . ABD. B I| n:gil:jn:et:l:nm:emu‘?' Yorking ang o
r ¥ . en M
A _ B _C _D _ || A& Refer Q. 2,99, Page Zﬂal'I-Umf:;ngETl haracteristie ot
B .
A | 4. Att&mpt any one part of
| a. Determine ang the following .
| draw the output v A Tx 1=7
| : age of Biven Nety, ork.
B |
‘ f LN F(A, B, C,D) |
e D, '. M
’ | v _ 3
|
I 1 [ Vi 5 -
1 ] ] ‘ | A V=ay
r +—] i _ | i~y ‘)\*——L\_a
A, o T ed full |I . g &y
O N king of centre-tap wave | w S Positive half cycle of : oy
Draw \.ﬂn‘u explain the \2701' = . inple factor. | Dmde‘wi] e : i B e
. rectifier. Also calculate its eﬂi;;egclf:;‘ Sigie ) | _ fbel:e:*e?: biased and output will follgw input voltage
G 1-12J, Unit-1, . _ =, \
axs: Working : Refer lig,fl;ztg:r : Refer Q. 1.10, Page 1-14J, Unit.1. ' 1L For negative halt cyele of v : y ¢
Efficiency and ripple fac W . When -33% ¢, <0, diode ngmé . A l
plain unity gain amplifier. Determine the output voltage 9 Tollow iaiput voltage i'e v 2y o TRl
e. Explain uni .
of the following network.

t S I |

B0, <-33V, then diode will be forward biased,
U= (07— 4)=_1q

3. The output, w. - % M

aveform is shown in Fig. 5.
VU
Vi Vo 16V
” 0
Vy + ;
Be=ae———— —f,
20kQ e -
-18V
Fig. 3.
. 5.
= ; 58 Taed 1 Toitd Fig
A Unity gain amplifier : Refer Q. a.o._?agle 3=+, Unit-3,
B. Numerical : Refer Q. 3.14, Page 3-15J. Unit-3.

|Assume V, = 7V and V, = 11V]



3. Here the required negative feedback and gain s

Fundamentals of Electronics Engineering SP-26J (Sem-1&2)
for the Zener diode
Fig. 6. Given that

b. Determine the range of input voltage (V,)
to remain in ON state shown in following

V,=20V,I_.  =50mA R, =00,

R=250Q
+
I; I
Vz R.=2KQ
- O
Fig. 6.
Given : R, =250Q,V, =20V, L, =
WeaRa Y=Y =0V
ToFind:Rangeof V,
1. We have I = R-:-E%Z"XI'O._? 10 mA
(R, +Ry) , _(250+2000) o0 -
2 5o Vi =g T 200 4
A, o35V
3. Now, c@gnt%ugh R,
by ,tl'_'a—,w-"' =Ismnx+'{f.
=50+ 10=60mA

4. So, ‘ﬁ-m“=I.R,+V,=60x10--3's'="250+2o
¥ b =85V
een 996 Vand 35 V.

" 'Hence, the range of V, lies betw
' .
(Tx1l= k)

5. Attempt any one part of the following : . :
a. With the help of the circuit diagram, explain the working of
OP-AMP as a non-inverting summer.

ARY . i
ing amplifier configuration will produce

1. The non-inverting summing
the positive sum of its input voltages.
9. The non-inverting summing amplifier is based around the
configuration of a non-inverting operational amplifier circuit in
that the input is applied to the non-inverting (+) terminal.
achieved by feeding
back some portion of the output signal (V) 0 the inverting
{~) terminal as shown in Fig. 7.

—

SP-26J (Sem.1 & 5
S

Thus, V= M

6. The g'tanda.rd
: equation for the .
Summing amplifiey circuit is g_we‘:::;a.ge gain of non-inverting

Ay= Eﬂ=£ﬂ£=1+§i
Ve V4 R,

Vour= |1+ EA‘-
ouT [ Ra]V +
Thus, VOUT= []_*.& Vi+V,
7. The P
/. non-inverti i L W
L+ Ry verting amplifiers closgd—luopvoltage gain A, is given as
8. If we make this closed-loop voltage gain equal to 2 by making
R, =R, then the output voltage V, becomes equal to the sum of all
the input voltages as shown
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J

R
1+ 2

Vau‘r”[ Ry
Ir Ry =Ry

Vopp = [1+1]
=V, +Vy

V. +V Vi "'..L’G
L

Vour
working of

b. With the help of the circuit diagram, explain the
OP-AMP as an integrator.
AmE Refer Q. 3.10, Page 3-11J, Unit-3.
6 Attempt any one part of the following : ssim “s'.
Simplify the following Boolean eXpressiol
* AV, gf,x, Y, 2)=£m(0, 7,8 9,12,15, 15, 16, 22, 23, 30, 31)
any E-map: i .
X o11 010 110"

Fig. 8.
AV, W, X, Y,Z) = VWEZ + VWYZ+ VXY + VXZ

ex reési'on using K-map and
e Boo,e::ilexpprmm' using NOR GATEs only.
4,5,6,7,11, 12, 14, 16)

b. Simplify !
implement the simplifi
F(A, B, C,D) =11M(1,3,

% C,D)=T1M(1,8,4,5,6,7, 11,12, 14.15)

: Amplitndg\ofﬁqg‘h d

- Bandwidth

- Given, carrier sj

2
. Total power, P,= P{{u”‘}

ulation ind; :;
= 2 of each side band
otal Power delivered to the load of 2K0),

X500 t), v, = 50 sin (21 x105¢)
dex, Amplitude of each side band,

Given amplitude 81 g, B
1 gn‘ ) A ir[
So, V= 10§-- = 500" z(zn ra0i D

gnal, v =50 s@nﬁén x 10%¢)
So, V. =50V,f, =105 Hz "

v, 10

: Mﬂddatinnindex,m:—ﬂ——- =02
V. 50

']

- Amplitude of each side band,

mV. 0.2
Vr.s»'B:VUSB:T: ;50 =5V

3

Vi o500
And P=_t
*" 9R EE‘H

[Assume R=10Q)]
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