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MODEL ANSWER
SUMMER- 17 EXAMINATION
Subject Title: Electronics Devices and Circuits. Subject Code: | 17319
Important Instructions to examiners:

1) The answers should be examined by key words and not as word-to-word as given in the model answer
scheme.

2) The model answer and the answer written by candidate may vary but the examiner may try to assess the
understanding level of the candidate.

3) The language errors such as grammatical, spelling errors should not be given more Importance (Not
applicable for subject English and Communication Skills.

4) While assessing figures, examiner may give credit for principal components indicated in the figure. The
figures drawn by candidate and model answer may vary. The examiner may give credit for anyequivalent
figure drawn.

5) Credits may be given step wise for numerical problems. In some cases, the assumed constant values
may vary and there may be some difference in the candidate’s answers and model answer.

6) In case of some questions credit may be given by judgement on part of examiner of relevant answer
based on candidate’s understanding.

7) For programming language papers, credit may be given to any other program based on equivalent

concept.
Q.1 | (A) | Attemptany SIX: 12-Total
Marks

(@) | What is transistor? State any two applications of transistor. 2M

Ans: | The two PN - junction formed by sandwiching either p- type or n- type semiconductor | Any
between a pair of opposite types is known as transistor. relevant

(OR) correct
A transistor is a semiconductor device used to amplify and switch electronic signals and | definition
electrical power. (1M
(OR)

An electronic device that can work as an amplifier, transforming weak electrical signals o
into strong ones. It is normally made from silicon or other semiconductors. Applicati
Two applications of transistor are: on
1. As a switch (irl\]/)ll two)
2. As an amplifier '
3. As a multivibrator
4. As an oscillator etc.

(b) | Define operating point (Q) of the transistor as an amplifier. 2M

Ans: | Q point: Definition
For proper operation of transistor in any application, we set fixed levels of voltage (Vceg) | : 2M
& current (lcg) in a transistor. These values of current & voltage define the point at which
transistor operates. This point is called operating point. It is also known as quiescent point
or Q point.
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(OR)
Q-point is the operating point of the transistor (Icq, Vceg) at which it is biased.
(©) Draw the circuit diagram and waveforms of single stage CE amplifier. 2M
Ans: | Circuit diagram :
1M
Py j +
5 R. N
Vg
Single-stage led CE amplifier
Waveform:-
1M
%
° /\\I t
Input
AC voltage
L\
UAmpliﬁed
output
(d) | Draw the symbol of N-channel MOSFET. State any two application of MOSFET. 2M
Ans: | Symbol: Any one
Symbol :
1M
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N-channel D-MOSFET N-channel E-MOSFET

Applications of MOSFET:

1. Used as a switch. ':r??;'r::at'
2. Used in radio systems. two): 1yM
3. Used in audio frequency power amplifiers. '
e Define tuned amplifier. State types of resonant circuit. 2M
Ans: | Definition: An amplifier which amplifies a specified frequency (or a narrow band of | Definition
frequencies) is called a tuned amplifier. 2 1M
Types of resonant circuit:
1. Series resonant circuit. Types
2. Parallel resonant circuit. 1M
() What is cross-over distortion? 2M
Ans: | Definition : 2M
A TRy "OMN
Crossover
Distartion
Wg\gg;;lrtm / \
. ’_"\: :.f’_" (cot)
¥ TRz ON
When the signal changes or “crosses-over” from one transistor to the other at the zero
voltage point it produces an amount of “distortion” to the output wave shape. These results
in a condition that is commonly called Crossover Distortion.
(g) | Draw the transfer characteristics of N-channel JFET. 2M
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Ans: Character
Ipsst istics :
| T 1M
I L Labeling
a2 i
£ 5
CLG Doy
(]
Vs (off) l
= Vc I
b & O
<+———(QGate-to-source ———
voltage (Vgg)
(h) | Draw the symbol and equivalent circuit of UJT. 2M
Ans: Symbol :
Symbol : 1M
BZ
E
B1
Equivalent circuit : Equivalen
’ t circuit :
Sl 1M
S Va2
S < oy
k D _ ? RB[
B n
T T P o S L
S 2 Ve
3} OR —
B) Attempt any TWO: 8M
(@) | Explain how transistor works as a switch. Also draw its input and output waveforms. | 4M
Ans: | Explanation: 3M

The transistor can be used for two types of application viz. amplification and switching. For
the amplification, transistor is biased in its active region.

Whereas for switching applications it is biased to operate in the saturation (full ON) or cut
off (full OFF) region.

Page4



MAHARASHTRASTATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC - 27001 - 2005 Certified)

a. Transistor in cut- off region:

Vee
Re

Vee = Vee

Transistor OFF

¢ In the cut —off region both the junction of a transistor are reverse biased and very
small reverse current flows through the transistors.

e The voltage drop across the transistor (Vcg) is high. Thus, in the cut off region the
transistor is equivalent to an open switch as shown in figure.

b. Transistor in the saturation region:

Vee Vee
[e=1 t
= R
Vee=0V k&
Rg =
+ ‘f» —/ Transistor in
saturation
Vin

e When Vin is positive a large base current flows and transistor saturates.

e In the saturation region both the junctions of a transistor are forward biased. The
voltage drop across the transistor (VCE) is very small, of the order of 0.2 V to 1V
depending on the type of transistor and collector current is very large.

e Insaturation the transistor is equivalent to a closed switch.

Waveforms:
1 T
S _ o
' |
=
PR LTS D . — ey

1M
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(b)

Explain the concept of DC load line and operating point for biasing circuit.

4M

Ans:

DC load line:

The DC word indicates that this line is drawn under the dc operating conditions without any

ac signal at the input.

And the word load line is used because the slope of this line is — 1/R¢c where Rc is the load

resistance.

Operating Point :

e Itis the point on the load line which represents the dc current through a transistor (lcq)
and the voltage across it (Vceq) When no ac signal is applied.

e Thedc load line is a set of infinite number of such operating points and the user or
designer can choose any point on the dc load as the operating point.

e The position of operating point on the load line is dependent on the application of the
transistor.

e The factors affecting the stability of Q-point are:

1. Changes in temperature 2. Changes in the value of B dc .

Is (mA)
1\

/e——— Active region ————

Igs = 40 pA

Ig;3 =30 pA

Saturation

region Igo =20 pA

181 =10 HA

DC load line)

IB—:O]JA

0 Veea// ,-f ®
!
{ Vep=V
Cutoff region CE ee

> VCE volts

D.C load
line : 1M

Explanati
on:2M

1M

(©)

Describe the action of zener voltage regulator with neat diagram. Write any two
limitations of unregulated power supply.

4M

Ans:

Circuit Diagram:

1M
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Rs
+ * 0

Bt T

I Regulated
Unregulated SR
voltage . Ii Vv L Y, voltage
l Z | l
Zener regulator
Working :

e For proper operation, the input voltage V; must be greater than the Zener voltage
Vz. This ensures that the Zener diode operates in the reverse breakdown condition.
The unregulated input voltage Vi is applied to the Zener diode.

e Suppose this input voltage exceeds the Zener voltage. This voltage operates the
Zener diode in reverse breakdown region and maintains a constant voltage, i.e. Vz =
Vo across the load inspite of input AC voltage fluctuations or load current
variations. The input current is given by,

Is=Vi-V;/Rs=Vi-V,/Rs
e The input current Is the sum of Zener current 1z and load current 1.

Is=1z+1_
OR
lz=1Is-1

e As the load current increase, the Zener current decreases so that the input current
remains constant.
e According to Kirchhoff’s voltage law, the output voltage is given by,
Vo=Vi-Is.Rs
e As the input current is constant, the output voltage remains constant, the reverse
would be true, if the load current decreases. This circuit is also correct for the
changes in input voltage.

e As the input voltage increases, more Zener current will flow through the Zener
diode. This increases the input voltage Is, and also the voltage drop across the
resistor Rs, but the load voltage Vo would remain constant. The reverse would be
true, if the decrease in input voltage is not below Zener voltage.

e Thus, a Zener diode acts as a voltage regulator and the fixed voltage is maintained
across the load resistor RL.

Limitations of unrequlated power supply:

1. Output voltage is affected significantly by changes in mains voltage and changes in load
current.

2. As the load current increases or decreases, the output voltage will decrease or increase

2M

1M
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due to the finite output impedance of the supply caused by transformer winding resistance,
inductance etc.

Q2 Attempt any FOUR: 16M
(a) | List the types of biasing method of transistor. Explain any one method. 4AM
Ans: | Types of biasing of transistors: 1M

1. Base bias or fixed bias
2. Base bias with emitter feedback.
3. Voltage divider bias
Note: Any one method can be considered
1. Base bias:
Ve 1M
O
e o
9"
+
}_..Pﬂ'
+ B M E Voe
Vee l )
1=
Explanation:- 2M
The value of collector current is given by the relation.
s Vo

I, = p—cc - Yec
‘ Rﬂ Rﬂ/ﬁ'

The above relation shows that the collector current is  times greater than the base current
and is not at all dependent on the resistance of the collector circuit.

It may be noted from the equations that the values of collector current (Ic) and collector-to
emitter voltage (Vce) are dependent on 3. But B is strongly dependent upon temperature. It
means that collector current and collector — to emitter voltage of a bias circuit (which sets
the Q-points of a transistor) will vary with the change in value 3 of due to variation in
temperature. It means that it is impossible to obtain a stable Q-point in a base —bias circuit.
Because of this fact, the base bias is never used in amplifier circuits.

OR
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2. Base bias with emitter feedback:

{Ic:_I b v

—rvww—l

Explanation:
This configuration employs negative feedback to prevent thermal runaway and stabilize the

operating point.
In this biasing, the base resistor Rg is connected to the collector instead of connecting it to
the DC source Vcc.
So any thermal runaway will induce a voltage drop across the R resistor that will reduce
the transistor's base current.
Applying KVL
Vce = (Ic+lg)Re + Veg-—---- (1)
Vce = IgRg + Vpg ------ (2)
Since, Ic=p.Ig sofrom equation (1) & (2)
Vcc -V BE

. =
" R,+(1+ pB)R,
I — ﬂl V(“C —VBE ]
&
R,+(1+ B)R,
If Re<<R¢
]F — v(( — vm:‘
RC
OR

3.VVoltage divider bias:

M

2M

1M
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+V
CC
0 +%/cc
I <
cl2R
< R1 l c 5 Rl
[ C (
A ¢ +
L] gy Yee i
3. 8 Ve
<R E
= 3 R R,
o P
Explanation:- | oM
The name voltage divider is derived from the fact that resistor R; and R, form a potential
divider across the V¢ supply.
The voltage drop across resistor R, forward biases the base — emitter junction of a
transistor.
The emitter resistor (Rg) provides the D.C. stability.
It is evident from that the voltage at the transistor base (due to the voltage divider network
of resistors R; and Ry).
VB:VCC*Rz/(R2+R1)
Neglecting Vge
Therefore value of emitter current,
IE = VE/RE
And the value of collector current,
|c = IE
The voltage drop across the collector resistor,
Vre=Ic*Rc
And the voltage at the collector (measured with respect to the ground)
Ve =Vce- Vre = Vee — Ie * Re
The voltage from collector — to — emitter.
Vce=Ve—-Ve=Vee—Ic * Re
Vce = Vee — IE(RC + RE) .................. (Ic = IE)
(b) | What is thermal runaway? How it can be avoided? AM
Ans: | Concept of thermal runaway: 2M

1.We know that
lc=BIg+ (I+P). Ico

Where I is the leakage current and o is strongly dependent on temperature.

2. Leakage current approximately doubles for every 10° ¢ rise in temperature.

3 As the leakage current of transistor increases, collector current (Ic) increases (1+ ) times.
4. The increase in power dissipation at collector base junction.

5. This in turn increases the collector base junction causing the collector current to further
increase.
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6. This effect is cumulative and in a fraction of a second Ic becomes so large causing
transistor to burn up.

This self-destruction of an unstabilized transistor is known as Thermal Runaway.

e Temperature ][-)Ii;algram :
Pﬂu.l( \
dlsh'lqu-imf“ 5., +
1\' I T «//
Thermal runaway can be avoided by : 1M
1) Using stabilization circuitry
2) Heat sink
(©) Sketch the drain characteristics of N-channel JFET for various values of Vgs. 4M

State the condition at which the drain current essentially becomes constant.

Ans: | Drain characteristics of N-channel JFET : 2M

»
—

— Dran to source >
voltage V5 (V)
The drain current remains constant at its maximum value i.e. Ipss in the pinch off or 2M

saturation region. The drain current in the pinch off region depends upon the gate to source
voltage given by

—(q _ VGS\2
lo=(1-77)
(d) | Draw and explain the input and output characteristics of CE configuration. AM
Ans: | Input Characteristics- 1M
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Vee = 1\/\ Ve =2V
0.8~ 3o / ,./
Vee=0—[ | || Vz=20V
JV‘ / /I/ -
/ ‘ /
- O b ey ,"/ // /
/ /
?.’ —_ / /‘l / T
3T QL /Y
o= 04r / \" / j
/ § / / ‘/,./_/ .’_,/_ J
0.2 4 o
I / AV
| P
- || I =3

ofl “04 05 06 07 08

—— Base-to-emitter ——
voltage (Vge)

Explanation:
Input Characteristics gives the relationship between the base current Ig and Vge for a
constant collector to emitter voltage Vce.

1. There exists a threshold or knee voltage(Vk) below which the base current is very
small.The value of knee voltage is 0.5V for silicon and 0.1V for germanium
transistors.

2. Beyond the knee, the base currnt(lg) increases with the increase (Vgg) for a constant
VCE-

3. As the collector-to-emitter (Vcg) is increased above 1 V, the curve shift downwords.

Output Characteristics:

Saturation region
)

/ Active region

N
[ (=160 pA
| R
L oo
)
E 30 i . ,”9,, T_Alg
og f— AVge—si 1 80 pA
5E
[S
8= 20t
g 2 8 b
(]
10+
Ig=0
2 t——Cut-of
5 2 :l "5 é ¥ region

——— Collector-to-emitter ———
voltage (Vce)

Explanation:-
Output characteristics give the relation between the collector current I and V¢ for constant

1M

1M

1M
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base current Ig.

1.The output characteristics are be divided into three important regions namely saturation
region, active region and cut-off region.

2.As the collector-to-emitter voltage (Vcgyis incresse above zero,the collector current (Ic)
increases rapidly to a saturation value, depending upon the value of base current.

3.When collector-to emitter voltage (Vcg) is increase further , the collector current slightly
increases.

4.When base current is zero, a small collector current exists. This is called leakage current.

(e) List different types of negative feedback. Draw their diagrams. 4M
Ans: | Types of negative feedback connection: 2M
1. Voltage series
2. Voltage shunt
3. Current series
4. Current shunt
2M

Note: Any one diagram should be considered

Voltage Series Negative Feedback:-

SERIES MIXER NOLTAGE SAMPLING
nd . W socase T i
" . Y[ AMPLIFIER J - N =
-1 T —
Ml ppppy A
. V:| DBACK‘
—1 NETWOR —
Voltage Shunt Negative Feedback:-
Shunt Mixer Voltage Sampling
. . i TEAHS[‘ '__H_T a
LE‘ i ESISTAMCE |- -
_J- !fi AMPLIEIER 3 . ,___t%k*-
l FEEDBACK - !
HMETWIRE K
[

Current Series Negative Feedback:-
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i s
v, AmKIifier R,
o— v

B.vo I B

Feedback network
Current-series feedback

Current Shunt Negative Feedback:-

o—¢
\"4

Y AmKLlfler R, %

Feedback network
Current shunt Feedback

Io B

4

0) Explain the block diagram of regulated power supply and also state its need. 4M
Ans: | Diagram: 2M
W sinoot
__\\ m P ~ -~
\ { (. e a
Y J
N : f
,\'_/\_:- -\/\}. out
- -+
;c:: e ;'gfrzz; Rectifier Filter Regulator V?ut Load
- ol
AW -
_ v Py
I/ \\‘-.I-" g ﬁ\"-. ."/-7-\'-'. & A“'\.‘I . out »
Block diagram of a regulated Dc power supply consist of the following blocks namely: 1M
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1) Transformer + Rectifier
2) Filter
3) Voltage regulator.

1.

2.

Transformer:- The AC main voltage is applied to a step down transformer. It reduces
the amplitude of ac voltage and applies it to a rectifier.

Rectifier: The rectifier is usually Centre tapped or bridge type full wave rectifier. It
converts the ac Voltage into a pulsating dc voltage.

Filter: The pulsating dc (or rectified ac) voltage contains large ripple. This voltage is
applied to the Filter circuit and it removes the ripple. The function of a filter is to
remove the ripples to provide pure DC voltage at its output. This DC output voltage is
not a steady DC voltage but it changes with the change in load current. It has poor load

and line regulation. The voltage obtained so is the unregulated DC voltage.
4. Voltage Regulator: The unregulated DC voltage is applied to a voltage regulator
makes this DC

Necessity of requlated power supply:

The major disadvantage of a power supply is that the output voltage changes with the
variations in the input voltage or The D.C output voltage of the rectifier also increase
similarly, In many electronic applications, it is desired that the output voltage should
remain constant regardless of the variations in the input voltage or load. In order to get
ensure this; a voltage stabilizing device called voltage regulator is used.

1M

Q.3 Attempt any FOUR : 16M
(@) | Compare CB, CC& CE configurations. (any 4 points) AM
Ans: 4M- each
point 1M
Parameters CB CE CcC
Input Impedance Low(100Q) Low(750Q) Very High(750KQ)
Output Impedance | Very High(45kQ) Low(50Q)
High(450KQ)
Current Gain Less than unity High (100) High(100)
Voltage Gain High(About150) | Very high(about 500) | Less than 1
(b) | With the help of neat circuit diagram explain the working of self bias method for FET. | 4M
Ans:

Diagram:
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+Vpp 2M
IDl Rp
D
+ > -
V=0 G
2 &+ VDS
VGS ==} —S VD
Ra +
& VszRg
Explanation: 2M
Fig shows the circuit of source biasing for JFET. FET gate is grounded via a resistor RG.
This type of biasing uses * supply voltages as shown in fig. in this case the circuit behaves
as a potential divider bias circuit with VG equal to VSS
D.C. analysis:-
From the circuit:-
For Vgs apply KVL as shown —
Vgs — IbRs + Vss =0
Vss=Vgs + Ip.Rs
Ves = Vss— Ip.Rs
Expression for Vps,
Apply KVL to the drain circuit
Vop — IpRp - Vps — IbRs + Vss =0
Vob + Vss = Ip (Rp + Rs) + Vps
Vps = Vpp + Vss — Ip (Rp + Rs)
The value of the drain current can be obtained by Shockley’s equation. Thus the Q point of
JFET amplifier using source biasing is given by.
[ v T
Ip=lIpss | 1 -—F— |
L Vosam )
Vs = Voo + Wss— Ip (Rp + Rs)
(©) Draw and explain the working of miller sweep generator. 4M
Ans: | Diagram: 2M
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, TS o —Time (§—
28 T
£dg
s |
D 1
1 Bk —— i~
= S !
gy :
3£ '
'S ol T T —
—Time () —
(a) Miller sweep circuit. (b) Associated input and

output waveforms.

Working:
o Consider initially the transistor Q; is ON and Q- is OFF. The output voltage isequal to | o\

Vcc.

e When a pulse of negative polarity is applied at the base of the transistor Q;.The emitter-
base junction of the transistor Q; is reverse biased and it turns OFF. This causes the
transistor Q; to turn ON.

e As the transistor Q; conducts, the output voltage begins to decrease towards zero. The
time constant of the discharge is given by the relation,

I :RB *C
e When the input pulse is removed, the transistor Q1 turns ON and Q, turns OFF.As the
transistor Q; turns OFF, the capacitor (C) charges quickly, through resistor R¢ to Vcc
with a time constant (7 ) equal to Rcc. The waveform of the generated sweep or the
output voltage (o).

(d) | Describe how excellent impedance matching is achieved with transformer coupling. 4M

Ans: | ¢ Transformer coupled amplifiers provide excellent impedance matching between the | 4M
individual stages. This ability makes it very useful in a multistage amplifier as a final
stage.

e It is used to transfer power to the low impedance load (such as speaker). The impedance
of a speaker varies from 4 Q to 16 Q, whereas the output resistance of a transistor
amplifier is several hundred ohms.

e In order to match the load impedance, with that of the amplifier output, a step-down
transformer of proper turns ratio is used. The resistance of the secondary winding of the
transformer is made equal to the speaker impedance, while that of the primary winding
is made equal to the output resistance of the amplifier.

(e) State load and line regulation. 4M

Ans: | Load Regulation: 1M
It is defined as the change in output voltage when the load current is changed from zero (no
load) to maximum (full load) value. Mathematically it is expressed as,

Load Regulation==22""2X " v/in Constant M
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Where

VL = Voltage at no load (IL = 0)
Ve voltage at full load (IL = IL Max)
Line Requlation: 1M
The change in output voltage with respect to per unit change in input voltage is defined as
line regulation. It is mathematically expressed as,

Line regulation=AV /AVsg 1M

Where,
AV = The change in output voltage
AVs= The change in input voltage

(f Draw the dual power supply capable of giving £ 12 V using three terminal regulator 4M
IC’s and describe its working.

Ans: | Diagram: 3M
F1 D1
—oNo— > Ny et (O o412V
& 500mA 1N4007
~
D2 + C1 1cC3 GND +H C5 ) L2 s
i = T 1000uF T 0.01uF T 1our Too1ur
1N4007
. 15
230V
AC T §"E - e + GND
. & _
15
D3 ¢ c2 ca - A
N ::1000 F;:001 ’ 10uF 0.01uF
1N4007 " e D
D4 IC2
¥ i 7912 £.=h -12V
1N4007
Working: 1M
1. A full wave rectifier & filter produces the unregulated D.C input to the regulatorlC7812

and 1C7912.

2. 1C 7812 produces a fixed positive voltage of +12 V.

3. IC 7912 produces a fixed positive voltage of -12 V

4. The output capacitor C; and Cg is used for improving the transient response of IC. This
capacitor also helps in reducing the noise present at the output due to load variations.

Q.4 Attempt any FOUR : 16M
(a) | Explain the construction and working of N-channel JFET. 4AM
Ans:
Construction of N-Channel JFET: 1M
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D7 Drain
N-type
P-type channel P-type

y 4
Gate
G

Se© Source

(a) N-channel.

Construction Explanation:

It consists of an N-type semiconductor bar with two P type heavily doped regions
diffused on opposite sides of its middle part.

P-type regions from two PN junctions. The space between the junctions (i.e. N-type
regions) is called a channel.

Both the P-type regions are connected internally & a single wire is taken out in the form
of a terminal called the gate (G).

The electrical connections called ohmic contacts are made to both ends of the N type
semiconductor & are taken out in the form of two terminals called drain (D) & source

(S).

Working of N-channel JFET:

The application of negative gate voltage or positive drain voltage with respect to source,
reverse biases the gate- source junction of an N-channel JFET and forms depletion
regions within the channel.

When a voltage is applied between the drain & source with dc supply voltage (Vpp), the
electrons flows from source to drain through the narrow channel existing between the
depletion regions causes the drain current (Ip) & its conventional direction is from drain
to source.

The value of drain current is maximum, when no external voltage is applied between
the gate & source & is designated by the symbol Ipss.

When Vgg is increased, the reverse bias voltage across gate-source junction is
increased. As a result of this depletion regions are widened. This reduces the effective
width of the channel & therefore controls the flow of drain current through the channel.
When gate to source voltage (Vgg) is increased further, a stage is reached at which two
depletion regions touch each other as shown in fig (b).

At this value of Vg channel is completely blocked or pinched off & drain current is
reduced to zero. The value of Vs at which drain current becomes zero is called pinch
off voltage designated by the symbol Vp or Vgsorr). The value of Vp is negative for N-
channel JFET.

1M

1M

(b)

Draw the circuit diagram and frequency response of two stage RC coupled amplifier.

4M

Ans:

Circuit Diagram:
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(Circuit
- - Diagram
. First stage — Coupling-— Second stage —-| oM &
| device +W |
-4 i | - Frequenc
A R ‘ y
Rg: ' Co | Hy _ Ly response
c, T-=1 5 . 2M)
' I:J-I ) T I:]: Hi 7
l"llll' : .- I
‘ —Caupling
. network _ |
FREQUENCY RESPONSE OF RC COUPLED AMPLIFIER:
L.:jl"r-l
[ frequency o4 oo onse High
g |Rolloff ] Flat response » frequency
8, _ 7 . Holl off
O
ge
RO Hz 20 kHz
e Frequency (f)
(©) Differentiate the MOSFET and FET for the following points : 4M
(i)Schematic symbol
(i) Trans conductance curve
(ili)Modes of operation
(iv)input impedance
Ans:
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Parameter MOSFET FET 1M for
Schematic each point
DRAIN D
Symbol
DRAIN PLHANKEL
\
H-CHANMEL
E GATE E ,T.
Channel
S
SOURCE SOURCE (g8) N-Channel.
N-channel Depletion MOSFET P-channel Depletion MOSFET]
. ? D
Drain Drain
(=]
— _
Gab HI: Gate Channel
- S
(a) P-Channel.
So:::'ce Source
N-channel Enhancement N-channel Enhancement .
NOSFET MOSFET E)NOTE : any one symbol can
. e
(NOTE : any one symbol can be considered)
considered)
Trans
conductan 4 - P
ce curve 5 I }
: 5<| | €
Depletion «— © £ | ——Enhancement 5 _
mode £ /C  mode £<
g/ 3
IDSS . 5
B ;
/" i
~ «——Gate-o-source
——A/—-————f —_— voltage (Vgs)
Vasef Gate to source voltage ~ +
Ve M)
Modes of
operation | Depletion mode and Enhancement mode | Depletion Mode only
Input Very High High
impedance
(d) | Compare the small signal; amplifier and power amplifier w.r.to following points : 4M
(i) Input voltage
(if)output power
(ilf)output impedance
(iv)Applications
Ans:
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Class-AB Power amplifier:

of AC Load Line

Parameter Small signal Power Amplifier (AM for
amplifier each
Input voltage LOW( few mV) HIGH(2-4 V) point)
output power LOW HIGH
output impedance | HIGH(4-10 kQ) LOW(5-20Q2)
Applications Used as pre- Used in output
amplifier stage
(e) Sketch the output waveforms of class A, class AB and class C with respect to 4M
operating point on load line.
Ans: (AM for
Class-A Power amplifier: each
, AC Load Line waveform
s and 1M
DC Load Line for
: correct
Q (At centre Iabellng)
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output
waveform

DCladlne 0
oe
Input
waveform
Class C Power amplifier:
,\VCE
Cutput
DC load line signal
0
Q Ic
Input >
signal
(f Draw V-1 characteristic of UJT. State any two applications of UJT. 4AM
Ans: | V-1 characteristic of UJT: 2M

Page23




MAHARASHTRASTATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC - 27001 - 2005 Certified)

Cut off Negative
region resistance region

dre Y,

T I |

aT : , Peak|, Saturation

R vl '1{/ point ! region (1M for
2 : . : each

@ b3 | i ) Applicati
g 1 f ', | Valley point on)

£ :/ 1 - —

E) YV M \

L 'f I\ [

0l %, 1y
— Emitter current —»

Applications of UJT: (Any two can be considered)
e Itisused as trigger device for SCR’s and TRIAC’s.

e Itis used as non-sinusoidal oscillator.
e Itis used as saw-tooth generator.
e Itis used as timing circuits.

Attempt any FOUR : 16

(a) Derive relation between a &  with respect to BJT. 4AM

Ans:
Relation between & f3:

Current gain (a) of CB configuration = ;—C %M
E
Current gain of (B) of CE configuration = ;—; oM

We know that ;

Dividing equation (1) by Ic

Ig _Ip | Ic

Ic Ic Ic

+1 [sincea:;—c,ﬁzl—c]
E

1
Therefore —=
o Ip

Therefore ﬁ = %
a(l+p)=p 2M
atap=p
a=B-ap
o=p(1-a)
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Therefore f = —— OR o =2 1M
1-a 1+ B
(b) The phase shift oscillator uses equal resistance of 1 MQ & equal capacitances of AM
68PF. At what frequency does the circuit oscillate? And also find value of resistance
to produce a frequency of 800 kHz if phase shift oscillator uses 5PF capacitor.
Ans:
K- = (kD . 2 MM Foxr paseCid L
o ya foa port CivD
ceD =
Giver Pliose ligt os ccthalorc ,
-
C alculole —regqueney ofF oFe)«o.:bCoA/\——’— 7z .
orats = —F = Zarmre ve
Aoludlocr 1 = -—sheave
, 2M
= = v < A A xeS’Pxxfc
- Sss-sY H=z o
- HSeguerweyy o oOscdMalicws = as< = M=o
CF Preen - Plians ol oscitiater
—F = oo wWH= -
Caleorlatle : e=2
o= niados T R = “Sieeev=
Lolubion® & = S rcve
— zTrrxgoovcHe,sc SspF =< Ve
— 16 =2 4 L2 -
Req ulre of vestaiawves S Ve P FEN - EOREYE ‘!" 2M
(©) Explain the working of class-B push-pull amplifier. 4M
Ans: | Circuit Diagram: (2™m
circuit
Q, ) diag. ,2M
Ve N working)
T, —_— | [\ e
it . C ; 11,
. | f 7] L QOutput
[ -~ N | | signal
£ 7 [ S — = HE——-3ENsR .S [
| | . - . V N‘-J
Input JiE ! b
Cray | \ ~--+ -
signal , ! s :
- ... r ‘
. o B y J
QL N

Circuit Description:
e The circuit consists of two centre tapped transformers T; & T.& two identical
transistors Q:& Qo.
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The transformer T is an input transformer and is called as phase splitter. It is required
to produce two signal voltages, which are 180° out of phase with each other.

These two signal voltages with opposite polarity, drive the input of transistors Q1& Q..
The transformer T, is an output transformer and is required to couple the a.c. output
signal from the collector to the load.

The transistors Q; and Q are biased at cut off.

The two emitters are connected to the centre tap of transformer T, secondary and the
Ve supply to the centre tap of transformer T, secondary.

Working:

When there is no a.c. input signal is applied both the transistors Q:& Q; are cut off.
Hence no current is drawn from Vcc.

DURING POSITIVE HALF CYCLE:

The base of the transistor Q; is positive and that of Q, is negative.

As a result of this Q1 conducts, while the transistor Q is OFF.

DURING NEGATIVE HALF CYCLE:

The base of the transistor Q; is positive and that of Q; is negative.

As a result of this Q, conducts, while the transistor Q; is OFF.

Thus at any instant any one transistor in the circuit is conducting.

Then the output of the transformer joins these two halves & produces a full sine wave
in the load resistor.

(d)

Explain with neat sketch how FET can be used as an amplifier.

4M

Ans:

Circuit Diagram:

& & 1‘

V(@) i Veut
TR
7 = __? = :

Commm Surce FET ampiifler

-

Operation: -
When small a.c. signal is applied to the gate, its produces variation in the gate to source

2M
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voltage. This produces variation in the drain current. As the gate to source voltage | 2M
increases the current also increases. As the result of this voltage drop across RD also
increases. This causes the drain voltage to decreases.
In positive half cycle of the input ac signal the gate to source voltage becomes less
negative. This will increase the channel width and increase the level of drain current ID.
Thus IDvariessinusoidally above its Q point value.
The drain to source voltage Vps is given by Vps = Vpp — IpRp .
Therefore as Ip increases the voltage drop IpRp will also increase and voltage Vps will
decrease.
If Alpis large for a small value of AVgs, the AVps will also be large and we get
amplification. Thus the AC output voltage Vps is 180° out of phase with AC input voltage.
(e) State Barkhausen criterion of oscillation. 4M
Ans: 2M for
l¢—180° shift —»} Vo each
v v, ¢ diti
‘F', Amplifier A -V condition
Vs .
-+
------ Feedback )
V¢ network § |
V' - i
,F)v. Vi= BV, |«180° shift
An amplifier will work as an oscillator if and only if it satisfies a set of conditions called
Barkhausen’s criterion.
It states that:
e An oscillator will operate at that frequency for which the total phase shift around
loop equals to 0° or 360°.
e At the oscillator frequency, the magnitude of the product of open loop gaun of the
amplifier A and the feedback factor f is equal or greater than unity.
ie. AB>1
(f) Draw the functional block diagram of IC 723. State any two features of 723. 4AM
Ans: | Functional block diagram of IC 723:
(2M
Functiona
| B.D. and
1M each
feature)
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¥+ COMP frequency
temperature l compensation
compensated i
Zener L
INY
error Series pass
Yrp  amplifier transistor
NI You
t ¥z
¥oltage Reference current current
Amplifier V- limit _ gty

Features of 723:

(Any 2 features can be considered)

1.Unregulated dc supply voltage at the input between 9.5V and 40V.
. Adjustable regulated output voltage between 2 to 37V.

3. Maximum load current of 150mA.

4. Positive or negative supply operation.

5. Internal power dissipation of 800Mw.
6
7
8

N

. Built in fold back current limiting.
. Built in short circuit protection.
. High ripple rejection.

Attempt any FOUR : 16M

(a) Discuss steps to be taken to design transistor biasing and stabilizing circuit. 4AM

Ans: | e Transistor biasing is the process of setting a transistors DC operating voltage or current | Explanati
conditions to the correct level so that any AC input signal can be amplified correctly by | on : 4M
the transistor.

e Establishing correct operating point requires proper selection of bias resistors and load
resistors to provide the appropriate input current and collector voltage conditions.

e The biasing network should ensure proper zero signal collector current.

e The biasing network should ensure that Ve does not fall below 0.5V for Ge transistors
and 1V for Si transistors at any instant and it should also ensure the stabilization of
operating point.

e Once stabilization is done, the zero signal Ic and Vce become independent of
temperature variations or replacement of transistor i.e operating point is fixed.

(b) Draw circuit diagram of transistorised series voltage regulator and explain its AM
working.

Ans:
Circuit Diagram :

2M
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R
+ z e # e e L L T T T T
¥ ZL
Unregulated Reguiated 2M
voltage V,, - R output voitage
> v,

Explanation :

e In this circuit transistor Q acts as a control element. This transistor Q is connected in
series with the load hence the circuit is called as Series Voltage Regulator. Other
components in the circuit are Zener diode (Vz), and two resistors R & Rg.

e Zener diode V7 is operated in breakdown region and provides constant voltage V.

e Resistance Rg provides the limiting current to Zener diode.

e The total current in the circuit is decided by resistance R.

e As Vz& Vge of the transistor are constant, output voltage across R will also be
constant. To find output voltage Vo,

Applying KVL to o/p loop of the circuit

Vee+ IIRL-Vz=0
Therefore, Vo = ILR. = Vz - Vge
Vo =Vz-Vge

As Vg is constant (approx. 0.6V to 0.7V).

Therefore output voltage of this circuit is decided by Zener diode V.

(c) State the meaning of positive and negative feedback with neat sketch. 4M
Ans: | Positive feedback: If the feedback signal (Voltage or current) is applied in such a way that | 2M
it is in phase with input signal and thus increases it, then it is called as positive feedback. It

is also called as regenerative feedback or direct feedback.

e e
F/B
ool e
Overall phase shift is 0° or 360°. The voltage gain of positive feedback is given by,
Av
Av = 1- BAv
Negative feedback :If the feedback signal (voltage or current) is applied in such a way
that it is out of phase with the input signal and thus decreases it, then it is called as oM

negative feedback. It is also called as degenerative feedback or inverse feedback.
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Ifp P(
L AMPLIFIER ore
F/B ivﬂ

FEEDBACK

MEGATIVE FEEDBACK

Overall phase shift is 180°. The voltage gain of negative feedback is given by,

Av

Av= ——
V= 1+ BAv

(d)

Plot frequency response of doubled tuned amplifier and explain it.

4M

Ans:

Frequency Response :

>

Normalized

Critically coupled circuit (K = Ko
voltage gain

Over coupled
circuit (K> Kp)

/‘.\
|
I
4 Under coupled
circuit (K < Ko)

|
|
f, Frequency

Explanation :

A plot of normalized voltage gain at resonance as a function of frequency for different
values of K is shown:

1. The gain of double tuned amplifier at resonance is a function of K and is maximum at
critical coupling ie K = Kc.

2. If actual K, coefficient of coupling is less than coefficient of critical coupling ie. K<Kc
,circuit is under coupled and the response resembles usual resonance curve except that the
top of the curve is somewhat flat near resonance.

3. And when K>Kc circuit is over coupled. The over coupled circuit has two peaks in
response characteristics one on each side of resonant frequency.

2M

2M

(€)

The ac equivalent circuit of crystal has these value L = 1H, C =0.01 PF, R = 1000 Q
& Cn =20 PF. determine the series resonant and parallel resonant frequencies.

4M

Ans:

Given:

L=1H

C=0.01PF
R =1000 Q
Cm =20 PF
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Required: fs (series) =7
fs (parallel) = ?

For series resonant : 2M
1
fs= —
2wy LC
1
fs= .
21 =001 =10 — 12
=1.591 MHz
For parallel resonant :
1 2M
fs=
CxCm
2n lL (E+Em)
1
fs= :
| 00110 ~“=20=10"-12
2 | [n.nism"-“ + El}sil}-"—iz)
=1.591 MHz
(H Draw circuit diagram & waveform of voltage sweep generator using UJT. AM
Ans: | Circuit Diagram : 2M
T+VBB

S o

Vc Ve°—*
ulT
Lo Vg
N
o §R|

Waveforms :
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Vc:vE
2M

UrT oFfF

-t
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