[ SYLLABUS |

ELECTRONIC DEVICES AND CIRCUITS

Electronics has become so much closely associated with normal life and industries

Rationale: S
that basic knowledge about the active and passive devices used in electronics
instrumentation has become an important tobl for the middle level technical man
power. Routine problems of maintenance and [epair can be déalt successfully by
a diploma student if he is equipped with the working and circuitry associated with

' different type of amplifiers, Tuned voltage amplifiers, Oscillators, Multivibrator,
Tuned based circuits used in CRO, Operational amplifier and waveshaping circuits.

TOPIC WISE DISTRIBUTION OF PERIODS
S. No. ) Topics L T P
1. Single stage amplifiers 3 - -
2. Multistage transistor amplifier 9 - i
3. Transistor audio power amplifiers 9 - <
- 4, Feed back amplifiers 9 - -
5. Tuned voltage amplifiers 4 _ _
6. Sinusoidal oscillators 6 — _
7. Waveshaping circuits 6 - _
8. Multivibrator circuits 6 - -
9. Operational amplifier 16 - -
10. Timer IC 4 = -
1. Regulated power supply 6 - -
12, Introduction to micro electronics 6 - -
. & | - | s
DETAILED CONTENTS
.V\m_sn_. Stage Amplifiers: 22 Working of k¢, coupled and
transformer copled multistage

1.1 Transistor hybrid low frequency

model in CE configuration, ‘h’
parameter and their physical
significance, Typical values of ‘h’
parameters and their determination
by transistor characteristics.

1.2 Expressions for voltage gain,

Current gain, Input and output
Impedance for a single stage CE
amplifier circuit ig.‘h' parameters,
Appropriate approximations.

,\@. Multistage Transistor Amplifiers:

21 Need of multistage amplifier,
Different coupling schemes and
their working, Brief mention of
application of each of the type of
coupling.

amplifier, Appfoxnate calculation
of voltage gain for\ tyo stage R-C
coupled amplifier.

2.3 Frequency respora of R-C
coupled arid transforigy coupled
amplifiers and Its physical
explanation, Definition m.auzﬁ_om_
significance of the tyn as
bandwidth, Upper and lowi ¢ross
over frequencies elc.

2.4 Direct coupled amplifier an,jts
limitations differential ampligr
typical circuits diagram and

workihg.

3. Transistor Audio Power Amplifiers:

31

32

33

34

35
3.6

3.7

Difference between .voitage and
power amplifier, Importance of
impedance matching in power
amplifier, Collector efficiency of
power amplifier.

Typical single ended power amplifier
and its working, Graphical method
for calculation of output power, Heat
dissipation curve and importance
of heat, Sinks, Class A, Class B,
Class C amplifier (without
derivation).

Working principle of push pull
amplifier and circuits, Its
advantages over single ended power
amplifier, Cross over disiortion in
class B operation and its reduction,
Different driver stages for push puli
amplifier circuit.

Working principle of complementary
symmetry push pulf circuit and its
advantages.

Boot strap technique in amplifiers.

Transformer less audio power
amplifiers and their typical
application.

Mention of at least one popular IC
with its block diagram, Pin
configuration and it working of each
type of power ampilifier.

-M\ Feed Back Amplifiers:

4.1
4.2

4.3

44

5.1

Basic principle and types of feed
back.

Derivation of expression for the gain
of an amplifier emplaying feed back.
Effect of negative feedback on
gain, Stability, Distortion and band
width (only physical explanation)

Typical feedback circuits:

(a) A.C. coupled amplifiers with
emitter by-pass, Capacitor

removed.
(b) Emitter follower and its
application, Simple

mathematical analysis for
voltage gain and input
Impedance of above circuits.

3. Tuned Voltage Amplifiers:

Classification of amplifiers on the
basis of frequency.

§.2 Review of basis characteristics of

53

54

5.5

tuned circuits, (Series and Paraliel)

Single and Double tuned ampiifier,
their working principles and

frequency response (no
mathematical derivation). Concepts
of neutralization.

Staggered tuned amplifier and
typical applications in brief.
Mention of at least one popular iC
with its block diagram, Pin
configuration and it working of each
type of Tuned ampilifier.

M Sinusoidal Oscillators:

6.1
6.2

6.3

6.4

Application of oscillators.

Use of positive feedback/negative
resistance for generation of
oscillation, Barkhausen's criterion
for oscillations.

Different oscillators circuits, Tuned
collector, Hartley, Colpitts, Phase
shift, Wien's bridge and crystal
oscillator and their working principles
(no mathematical derivation).
Mention of at least one popular IC
with its block diagram, Pin
configuration and it working of each
type of oscillators.

7. Waveshaping Circuits:

71

7.2

73

74

15
7.6

General idea about different
waveshapes.

Review of transient phenomena in
R-C and R-L circuits.

R-C and R-L differentiating circuits
and integrating circuits. Their
applications (physical explanation
for square/rectangular input
waveshapes only).

Diode clippers series and shunt
biased type double clipper circuits.

Zener diode clipper circuits.

Use of transistor for clipping. Diode
clamping circuit for clamping to
negative peak, Positive peuk or any
other levels for differant input
waveforms (e.g sine, square.
triangular).

1/234

Scanned with CamScanner



(V)

8. MULTIVIBRATOR CIRCUITS:

“ID

8.1

82

8.3

84

8.5

8.6

8.7

ldeal transistor switch; Explanation
using C.E. output characteristics,
Calculation of component values
(collector and base resistors) for a
practical transistor switch.

Transistor switching time. Use of
speed up capacitor (Physical
explanation).

Basic concept of working of collector
coupled bistable, Monostable and
stable multivibrator circuits including
principle of triggering.

Operation of Schmitt trigger,
Calculation of upper trigger potential
(UTP) and lower trigger potential
(LTP).

Mention_ of applications of
multivibrators and' Schmitt trigger.
Its use as waveform generator.

Transistorised voltage controlled
oscillator (basic) principle only,

Mention of at least one popular.IC
with its block diagram, Pin
configuration and it working of @ach
type of Multivibrator circuits.

Operational Amplifiers:

8.1

9.2

9.3

94

Specifications of ideal operational
amplifier and its block diagram.

Definition of inverting and
noninverting inputs, Differential
voltage gain and input and output
off set, Voltage input offset
current, Input bias current, Common
mode rejection ratio (CMMR), Power
supply rejection ratio (PSRR) and
slew rate.

Method of offset null adjustments,
Use of op-amp. a6 an inverter scale
changer, Adder, Subtractor,
Differential amplifier, Buffer
amplifier, Differentiator, Integrator,
Comparator, Schmitt Trigger,
Generation of Square and Triangular
Waveform, Log and anti-log
amplifiers, PLL and its application
and IC power amplifier.

IC OP-AMP Application:

Inverting/Noninverting VCVS
Integrators, Differentiators CCVS

and VCCS instrumentation
amplifiers, Active filter (LP, HP and
Notch), Oscillators. Log/Antilog
modules, Precision rectifier, Peak
detector, Sample and Hold Circuit,
IC analog multiplier application,
Analog multiplexer and
demultiplexer.

la\P Timer IC:

Block diagram of IC timer (such as NE
555) and its working, use of 555 timer as
monostable and astable multivibrator, and
waveform mo.waanoq.

I“\xon:_%on Power Supply

111
1.2

13

14

15

Concept of regulation.

Basic regulator circuits (using zener
diode).

Concept of series and shunt
regulator circuits.

Three terminal voltage regulator ICS
(positive negative and variable)
applitation. Block diagram, Pin
configuration and working of popular
reguiator IC.

OP-AMP regulators, IC regulators,
Fixed voltage regulators, (7879, XX)
723 IC regulators (Current limiting,
Current fold back), SMPS.

.W‘ Introduction to Microelectronics

Advantages of integration, Types
of Integrated circuits, Monolithic and
hybrid circuits.

Different stages of fabrication of
ICs—epitaxial growth; Oxidation and
film deposition, Diffusion and ion
implantation, Lithography and
etching. (Only brief idea of all)

Masking, Selective doping, Fine-line
lithography and isolation, for
monolithic circuits,

Introduction to monolithic device
elements such as BJT, MOS,
Transistor and integration of other
circuit elements,

Very large scale integration
(V.L.SL.). (Only brief idea)

21234

Scanned with CamScanner



® N e b4 & W g \_

faag-geit

THA T eyt

(Single Stage Transistor Amplifiers)

qEg=0T i ads
(Multistage Transistor Amplifiers)

Zifreet aiffedr wfer yad®

(Transistor Audio Power Amplifiers)

Heaw yaHs

(Feedback Amplifiers)
TGS AR ¥aHFH

(Tuned Voltage Amplifiers)

Afe
(Oscillators)

Ja A qfgg
(Wave Shaping Circuits)

Hediaigaed gfiayg

(Multivibrator Circuit)

(Operational Amplifiers) .

TEN
(Timer IC)
e W I

(Regulated Power Supply)

wEEEAEREE § IREd

(Introduction of Microelectronics)

29 99 9fiyg

(Time Base Circuit)

T

(Practicals)

sirteed

(Projects)

T w7 %

(Multiple Choice Question Bank)-

T B @ F GO
(Tairte koh Naav Ka Sahaara)

o ud Ufiamait ¥ b o et syveryul yer
o W¥A-UR

A-1-A-32
1-34
35-67
68-92
93-113
114-138
139-185
186-208
209-264
265-272
273-291
292-311
312-318
319-389
390-396
397-417

418-472

473-478

TeheT ST el yads®

(SINGLE STAGE TRANSISTOR AMPLIFIER)

§ A.l1 =i (Introduction) :
gi&iaﬁmﬁvgwﬂ&&ﬂ.ﬁdﬁdﬂagﬂ
g 2, yads weard B oty ¥q 2ifereet 1 S A S @1 |,
n&ﬂw@ﬂﬂﬂﬂﬁﬁd@wmﬁavmuﬂ&mﬂ%ﬂ@ﬁm@%ﬂwg%
ﬁﬁﬁ@%ﬁﬂ%ﬂﬁﬂmﬁ%%ﬂ%ﬁﬂmﬂﬁﬂﬁﬂﬂﬂmﬂ
Qﬂw,@ﬂwﬂmm»ﬂﬂﬂmmﬂﬂﬂimﬂﬂﬁﬂﬂ%ﬂg@
et qem Ao Fo W TW @i F AW A FhA & T RS R AR
FUSIR faTA (weak signal) %1 S@t% 10 ¥ (amplification) fapan i 1
e T Y T agn TR Slo o wrafdm ¥ aR ¥ g &1 IS
e B i Zifrer @ Yad® % w9 § a sE R - g @ S Iq/H
Sfm Fodlo TRl X @ T B frmd sHw T fag wiea &% F i
¥ foor B 9| ST ST w0 ¥ o fafa= aftudl @ vemEd wE faverwo
ferar aar rn foe fawa fawere smafEs 99¥ (potential divider biasing
circuit) STERET % 73 wafaw @1 o9 §H ST9H Jard [ yad® W a.c. fma

AT 3 W 98 FE TGRER Hl el

"An amplifier is a device that increases the voltage, current or power of
an input signal with the aid of transistor by furnishing the additional power

from a separate dc source.”

§ A.2. &R faTier yader (Small Signal Amplifiers) :

e gifseR Wt 3fd sl 1 & 9@, avft 98 yads ¥ 9 3 w1 W=
Tl B TR H T FA F IvEN ARG TF FEA TSR @ EE ¥ A
T AR F 9 a.c. FOHT T w1 G S0 AR 9 A GRT F WA G2
QM (fluctuate) AN a.c. F ifafea srd=sh ¥ w9 aq1 Mg srdas §
T ST: FEFE TR F AH | SFA/EIW (fluctuate) | Jfh FARR 91T R,
o yafeq Bt ®, 37a: Wafia MSeye FEa WRAY W T fRar ST g &

A FYE FTe g &ftoT (weak) B @ Ao werex O § gu RadT
ﬂﬁwgdwa.o.amgm-m_wnzv&mﬂﬂmﬂﬂﬂ%wﬂaﬁﬁ
H wid e yads (small signal amplifier) a1 afeesr uﬂ&ﬂ (voltage
amplifier) & & o0

T 9 H g & W T A AW A1 WA A 76 2. d.c. TH (A
O~ W) 3mA &1 T I W TR ac. fomrer R § @ A WA R
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vl gferdl T R A2

e U 1 T +0-1 mA WRaftd g #, A 2.9 mA T 3.1 mA F WA
wza a7 &1 e ? fe Feat a1 B 9f@dd (0-1 mA) I9F d.c. TH 3 mA
A F w4 31 I AR F A @ﬂﬂ%ﬁwﬁﬁngwﬂ_
ﬂw.aﬁmﬁgmﬁ%w%ﬁ@ﬂ%ﬁmai_g
i Wi e YA @ A A e 8

7| ¥R F wads wa: fedmd (Ao o T e ®), Tafawre, €A
(stereo) 3 B NAR T (first stage) % ¥ § T W Z

“When a signal is applied between the base and emirter terminal in CE
configuration, base current starts flowing. Due to transistor-action, the a.c.
collector current (that is larger ( times of collector current)) flows through the
load. (i.e., connected in output section between collector and emitter), Thus a
large voltage is developed across the collector load equal to multiplication of
collector current and load resistance 1 -R;. This phenomena'is known as
‘amplifying property of a transistor’.

When the inpur signal is so weak as to produce small fluctuations in the
collector current compared 10 its quiescent value, the amplifier is known as
‘small signal amplifier’ and when fuctuations in collector current are large
that are beyond the linear portion of characieristics, the amplifier is known as
large signal amplifier.”

§ A.3. Uael =TT 99T AEATUT Yad (Single Stage and Multistage
Amplifiers) : ,

w9 yadd (Amplification) F1 FA9A TF 92 (single stage) Hafa FaE TH
Zifsrt wam fFn 9 2, 38 TEE T gadE Fed g

Ifz wFA T WA B WG aTes o9 (voltage gain) TG (sufficient)
xﬁa_m—ﬂmﬂmﬂdﬂsgm&ﬂwﬁﬂﬂwmﬁmﬂﬂ%wwww.csznna;m:
Tl AfTF PR @Y W 8 W@ ¢ fR vad® 7 gada & &% 92 (multiple
stage) = 7, FZAT yad® (multiple stage amplifier) FEcdl 2l

“When only one transistor is used 1o amplify a weak signal, the amplifier

is known as single stage transistor amplifier. Amplifier using number of stages
of amplification is known as mudti-stage amplifier.”

§ A4 Th& 9ol w._.m_..NA VELE (Single Stage Transistor
Amplifier):
fa3 A.l(a) # fava favroe amafdn ofteg wefifd @1 oy adt yads
¥ arafen & wam w1 § wfE qe faf-watew € @ qe smatfen fag #
fogra w2 F €1 wa ¥ uftig #) yadw & w9 8 wam faa s @ @ s
8 sl weF (componenis) ¥ PR WA #

@ T AR 5q6E A-3

farer ®9 wads @1 9ftqq (Circuit Diagram of Single Stage
Amplifier)—f3 A.1(b) ¥ fime R wad® @1 wRw W7 & ¥ R, R,
g amafan sfag 21 Zifae A Ce (F97 Tex) dE A WAfSa (connect)
o TN &1 T A V. Fho Fo ATAfEm ¥ FAA F E 1 A WA
WM § W T #) g aw AEeqe "EE # FHA WWRA (coupling
capacitors) C,. 5 fod 7 ¥ Wafs @it 5l R, F AR w9
THA (bye pass capacitor) Cp ®1 ¥4 f&@ 73 (4

f¥ee
R, Re
Rz
Re
(a) fava favmas wftuw .uv?ﬁ.g?ﬂﬂmﬂ

& wy o yam
fax a1 —famm 2w yad=

Wa.ﬂuﬂ.:nﬂmﬂw_dw%u.c.gmﬂﬂﬁ.vﬁm.mﬂmwmﬂ
dc. F T < T (H4iq =F (block) F 2 &) 3@ 3% =TF0 WO
(blocking capacitor) . FEA 1 e, Az R, AW IR F wER &
R o A T W FART A Fotlle AW W AMw A W FY €. F

ﬂzﬂ;.p&%ﬂﬂﬂ@ﬂ@saaﬁﬂwﬁmghésﬂi_q
WA €, A5TE WA 1 72 Tt 2fife F TR ac. v W a59E

H W A1 AR ¢, T T @R DR, W I ac WS, TR ac
%&Qﬂﬁﬁé@uﬂ_\gﬂﬂnﬁg%—‘a.u_... “v,av,
=Vp—IRp) | 708 MMEﬂ F s @Y (voltage gain) W2 Qm&:.: Mum M.:
M:#_w%u.nwamﬁmaq_ﬁimm@ﬂ?;iﬂ&mmssa@wﬂm
m.wﬁ_.ﬁ“%aﬂﬂﬁ w.wﬂﬁmﬁﬁgﬂ%ézosu::ﬂﬁwzﬁ
G?cﬂwgw.%_mmwwﬂi%&%@ﬁ.?z

. i 1 )
ﬂmﬂa_‘ﬁiua_\.L_ﬁnaﬁ.wﬂﬂdﬂaﬁﬁ:@ggw

Fored g smfe W @ s wier wfrm v, L R, R e B w
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el gfaaal @ IR9d A4

+9 B STt AR T <A g W X, FAA Ry % T Y A

& 2 =ifed s gEe gfd ® xnmmw%_
ﬁﬁﬁﬂ&&%mﬁ_ﬂm%.m@ao@nﬁgi@
Sferwiv:, FaHA F o T (stage) I FFA. IR 1 3: Ry G 3T €A
&1 Y SRRY ¥he fohan s R
Yads T foed 1 fFa SadT S g 2, @ vade F Aees A
(voltage gain) BRI Whe o srar 21
AT AOwnBaoElﬁmmw_mgﬂA&mAwdﬂﬂﬂﬂﬁﬂaﬂw.
A ¥ 7 T F v G wRafdd Dt 2 W THHFO THE T FeAael
ar o I srER aRaEfE g 2
FoR THIR dee—
Vee=Vee—IcRc
TR a.c. ROAe & Wffea srdwsh § 3T AV, F1 HH ol § a9l
g 7 FEE O § g} 3W@: [ R, F A G0 & @ Vo FHE I_
# qon MSTqE AR F Fifed ww W A 2
e % Fifed srdek ¥ o ARV V,, F AW @ € A4 99 7
FAF ORI T &1 AV, B AH TG & 9 SIS A F e
=% W e
3% favdmm @ frt o wE o —
() TR F1 WAz s Sy ¥ Frifea SIdws # SO F@
2 a1 T & Fifea srdew oMSeye ¥ Wfwfea STE=w Hl S
HT € a1gfa CE ¥a¥4 % 3992 d 38<YE & 7 180° H Hell<i
g 2
(ii) Yad® &1 AR A9 A, (Voltage gain)—
Al a.c. FIYE AeeH Vy H oftadd =AVy,
FoER g F TH A fad = Al
3 ReYe AR W R =Ry Al
S @, A change in a.c. output voltage across R,
* Y change in a.c. input voltage
RoyAlc _ RoPAIp
AVge AVge

= Kb (r,= A8 < 1, cE
h Alg

TdE w1 FgE WAy ?1)

Thel a0 TR Yad&  A-S

4f& r, 1 WM FH a1 2 (AT 1 kQ) B F AE 100 F AW B & 7w
R, 1 A 354 & UHhd 21 3T A, FT TH 1 § HH A B § 341 e
dieesl FUH & ®Y F HE FA@T € IEOR:, AL Ry =2k, r, = 1 kQ T
B =100, T A, =200 34fd APEIE W W Aeew FYE e H 200 T
et rafa st F e @ SR

“Almost all amplifiers use potential divider biasing arrangement,
because the circuit is simple in design and provides good stabilization of the
operating point. The resistors R;, R, and R form the biasing and stabilization
circuits. The biasing circuit must establish a proper operating point otherwise
a part of the —ve half cycle of the signal may be cut-off in the output. The
resistor R, connected across the output terminals is called the load. When a
number of stages are employed then R, represents the input resistance for the
next stage.

For coupling of one stage of amplifier to the next stage, capacitor Cq,
called the coupling or blocking capacitor of about 10 uF is used. Becuase of
its presence, the output across the load resistance He is free from the collector
d.c. voltage. In its absence R will come in parallel with the resistor R, of tle
biasing network of next stage and thereby change the biasing conditions of
the next stage.

Another capacitor, called the emitter by-pass capacitor C, of capacity
of about 100 UF is used in parallel with emitter resistance Ry in order to
provide a low reactance path to the amplified ac signal. In the absence of this
capacitor, amplified ac signal flowing through Ry will cause a voltage drop
across it which in turn will feedback the input side and reduce the output
voltage.”

§ AS. yad& & e @ fagawor (Analysis of Performance
of Amplifier) :

yats & FeNEH (performance) T fa¥¥ul (analysis) &1 ¥g = QA
faferdl =1 WA Bl R —

(i) I faflr (Graphical Method)—ifNi= & 2=y Afareyon a9
e @A W HeEa @ TR faTAE (graphical analysis) 1 S @1 @€
Ffsrareron g 1 fafmiar (manufacturer) 510 YEM fRd S €1 1 gifsreX
) a.c. TTEE & W 2, A 9 9 yREfd B 1 36 Thereey qi ad Hereel
T dR ol 9 €, fr sfmeol W e s wEa R

¥ fafr ¥ W qfom sfas a9d (accurate) B §1 el fere e
(large signal amplifiers) =1 Wl et (power amplifiers) ¥ ferd A et 7@

fafe Svge 21
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(ii) ‘wwgeR wRwe faftr (Equivalent Circuit Method)—Yae® & fearg
(performance) % favaiaw &t TaQ Suga fafy qeais uy fafd (equivalent
circuit method) ®1 TR YAYF IRYT N ITF ac. TG UG A FAAR
(convert) FX fam < 31 Wt Wl el d.c. W H YA (short circuit)
|/ wfaeaiw (replace) T f&an s 21 =T &l &w.mwawﬂu a.c. ufug @
Sfefid (replace) @ w1 g, ifmex @1 h-tdier wtsw
foreeiyor /Y 3@ foran <an R1 79 wER yad® H qeatE a.c. WRIT T & S
R, o ur oW, AW AW, ST SRrEn g seeqe ST ® T #@
e R Y

§ A.6. TS TS (Load Line) :

(i) ¥o Ho FIE TFT (Load Line)—39H! g a1 & w1 Fo o
S T & FAH (e T R T W A Vg 7l Iy F weA
THEROT) F TR & I—EYe AW W @i (plot) foFal wrn @ @t e
WA @ (straight line) W Bl ®, R d.c. dre e Fa1 wmar 2

favwa fawrss srafdn aiag (potential divider biasing circuit) & CHSTA A
ES W foeis dees Fm et SHteo sra faear mar —

Vee=Vee—1cRe+Ry)

- V.. O
@..—ﬂ.u Nﬁ;" ~ —\ﬁ.huT I. cC
xn+-m kﬁ+xm

I FHIFTUT Hi TS 1@ F GHHO y = mx + ¢ T o FE T

v,
- M C= —€

m=

L u ? A€ -3 (y-axis)

Re +Rg

3d:, I GHIFHIOT 1 2 (slope) ﬁ|

@mﬁﬁmﬂmmdﬁ Vec w 2l

Re + R
TR =R ¥,
RIS 1. =0, Vee=Vee
v,
V=0, l.= —CC
K cE € Re+Rg

am:, fava fawers s/@w IR9g A o o wIe @A TH Wa @ ¢

Vee _
N fog A (Vo 0) Ta forg w??iﬁg Q et 31 sHa fad A2 A

nﬁmﬁmﬁﬂﬁmﬂ A-7

wefifa fFm T #1 fad A2 & do Wo dre T B IR F AR
sfr@all W @i T 1 % fuife T W g fag 0 W ' Y seegE
ATV 56 (curve) I Fredt €, a8 iR w1 sTRfen fag g ?1 smeege
fa=g & d@7d (corresponding) Vegp T8 Ipo % WM TR d.c. aTRfen farg
71 Q fag I Weffa F@ &

Ig(mA)
f
- _Vec D.C. load line
WAO. DO + D_.v 60 _Lb
S0pA  Operating
point
40 uA  O(Veear Ica)
caf- £ o 30 pA
20 pA
10 A
Ig=0pA
Vcea A(Vce.0)  Vee(V)

farst A.2—CE wads &t Sodto Az emzT
(ii) To Hio &g ATEA (A.C. load line)—~4 fATd B ¥4+ | a.c.
o e @ @0 2 WA iR fF gifse # wafed @o WMo 3w =m
1, %1 3 @ Ziforey wavs & 3 W o o A F WA-TY ac. AR
ot siftd @ & S, e ST (amplitude) V, @, @ 99 dGees H M=
U3 2o, Hie TH F I AR gREfia 2w 1eiq dw Tl A Vg,
1 HA AT Slo FHo WA V. | = V, T faEfda g
\_oﬁiv
. Ao Voo v D.C. load line 60 A
"Re+R 50 yA ac. famer smifea

FH G e
40pA fag ¥ fawam

30 pA

20 pA

10 pA
lg =0 pA

lcal--f-----= ;

Veea  A(Veo 00 Vee)
fast A.3—a.c. Fomer sy & sifafeT famg # faeemas
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e gfraal ©d aRag A-8

!

V,p % wiEia 9.3 3 ar i o1 st 3% 99 v wftafia B _
ﬂ%@w%% o I ORI 1 WA 30 pA ¥ aa ARG ac. AR AW |

mamw_aﬂw%mnm@ _oc>§ﬂ%wamﬁgﬁﬁmﬂaﬂ |
T (total instantan value) 30 pA + 10.uA 4 20 pA T 40 pA 9 |

gg.ﬁﬁ%ﬁmlﬁ_m%g#msﬁmﬁ%%ﬁﬂfm

ot gfiafda anftl 3a@ sTwfén fag ot o™ o o WA F A1 ok faefg

B (g A3)1
= W@ R e 3o aftad™ YR ac. fame @ 9m % FR @ w® §
3T: I8 Fgd as1 § Bl acc n%%@wﬁﬁmmﬁ%am M_\,mem

FH B €, T THH ALAIT (short circuit) AT S Tehal B)a.c. faversm
% B d.c. G@$ HI it rgafad (short ¢ cﬁﬂ@sﬂﬂwaﬁiﬂ@.
&%m@m&ﬁﬂﬂ@ﬂﬁﬂﬁwﬂmb Rue s@ I ?
9% fad A.4(a) % TTEY N SN 81 TH a.c. ToF IRUL B G (TF & o fiie
Tuia g3 fom & =Emn T 1)

<QT%%%HI;MW.

®
ot A 4—THT RS WaE & ac, grAURTT

THd =11 ISR TaHF A-9

fat A.4(b) B! I THR ¥ YU SIS ¢ 39 IRUY Tl TEHT I
BF FT T I §—

() R, 991 R, T WAAR ¥ Y T@l T 2?2

9fF R, T R, F1 T 61 99 F 21 2, 0 A& F J-Weafha 7
¥ W% R, T R, I 1 qEY G0 q@mlHa & W@ R, oF: R, 4R, B
TR H wefia fear @

(i) Fenf # w4 weffq T e w22

i a.c. faa & o 371 SRT=E (reactance) Xc= and

B 2, 37, 3% ac. fovelwol ¥ fod erufaa we forn s €1

(iii) o Ho TS F YUY AF e T2

a.c. TIYATUT A THT d.c. TE & HAER 1 GG HLT JAEF Tl
2, am: do o T THUHd W & T

(iv) R 941 R, TR ¥ F{ 31 14?2

S A AR 1 U AU weeel ¢ ¥ a9 1 W o i g-
FHfdhd @ T, o S gHHRR WS TR

(v) R, &I i wefefa & faman man )

f.A.4(b) % 38R 3R C, mwmma@mnﬂmd_sﬂw M R, F FAFARR
o A9 B & FWO R, § HE a, mﬂﬁﬁauﬂ%&ﬁﬁﬂw F TAARR
wobwguﬂ%mob@iﬂﬁﬂm>qu

|
Re Ce = mmw =
_

ot A.5—amaame €t & &R a.c. Ruad R ¢ AU A AT

fom, # & <@ ® fF R @A Ry THARR B ¥ ok 77 AR g3
(parallel combinatio vﬁ%mﬂ%%ﬁﬁﬂﬂﬁw_ﬁésﬂ
IS 8 94 ac wﬁ@ﬁwﬂ%%ﬂw@wﬂaﬂ%ﬁi%_ﬂm
m@a WIS 1 T R, + R, o &l a.c. @IS 1 o4 R cllR, 31 &1, dee

%w?ﬂﬂ%%%%a R %@mmu?ﬂ?ﬂ%%w_

3T FH

‘I ac. WS (R, x:x%%@w%ﬂﬂ@%g&w&%
%mﬂmﬂ_w_
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RIS gl T heg AL

d.c. TS T A d.c. WIS FT A >t ¢
(Difference between d.c. load line and a.c. load line)
d.c. FE w T a.c. ¥IS ®TET o
() 7€ 3w F 1. T v, F 9| ) ac, R apply T F TRV,
T 3@ B € S R Faede, Io ¥ W ac. s &1 A 7@
ﬂﬂﬂam%_«ﬂwwﬂuﬁﬂ@% S B
STt 81

(i) ac. TS apply 4 W zifeer &
Vg 991 1 svariations a.c. load line § EG)
R -1 wa & qw T ¥ oy
RISV IS SR T s

(iii) I8 Q-Point ¥ Pass HTd & aqem (i) @& ft Q-Point ¥ Pass Fet & fog

1
TIH slope — i B TA Slope P_ B aqm % de.
.C.

T A F slope & s w2

(i) T FErET F YaHdF F Q-Point
@ fF 1 wwar 2

“d.c. load line—The d.c. load line of an amplifier is a straight line
(I-Vg Vecg) drawn on output characteristics that enables to choose an
appropriate Q-point for working of an amplifier.

a.c. load line—When an ac signal is applied, the transistor voltage V.
and collector current I vary above and below the quiescent point Q. So
point Q is common to both dc and ac load lines. The ac load line gives the
values of Vg and I~ when an ac signal is applied. For drawing a.c. load line,
take a convenient collector current change Al . and compute the corresponding
collector-emitter voltage change DVip = -Al R to obtain another point
lying on the a.c. load line. Now the a.c. load can be drawn by joining this
point and point Q. A.C. load is steeper than d.c. load line but the two lines
intersect at the quiescent point Q determined by the biasing d.c. voltages and
currents. A.C. load line takes into account the a.c. load resistance while the
d.c. load line considers only the d.c. load resistance.”

§ A7. ac. TE ATET Gied # AR (Method of Drawing a.c.
Load Line) :

(i) HAw Yot % ac. @S WY R F AW F Torm Hd
| ~~m_.n.HWQ__onNMQI.WM.c
1
R,..
(i) a.c. TS WA R forg A 7awa o =fied A% “farg witaa =
= fame feafd (zero signal condition) #t SwRY 3 B

(i) 37, a.c. WIS TEA H BT (slope) = —

THel WOl IR Jads A

ﬁ“ﬁﬁmﬁﬂﬂm&ﬂgw@%ﬂmﬁmﬂum ? A
S SRFET forg A o ot & (Rt A.6)1 750 1 afees F ac. e o (ac,

load line)

_OA:_)V
A
V,
5 Ao. % Ig = 60 pA

C E,

. D.C. load line
Ig = 50 pA
Operating point Ig = 40 pA
lcal--f--- - N\ A.C.load line
! Ig =20 pA
: 1
_ tan 0 = “Ro
: 15 = 10 uA ac
o7\ N\ s=0mA
Vora A(VGe. 0)  Vee(V)

forst A.6—a.c. S wET w@lemn

§ A8. a.c. TS TIET Ht WErHT ¥ RIS R wae® % anr w0y
qT AT W &l TUMAT FET (Caleulation of Current

Gain and Voltage gain of Single Stage Amplifier Using
a.c. Load Line) :

afe e RS TR ¥ ac. FR dew (99 1 TR F Teg) Tt
TR, @ 9 99 e (effective base voltage) AW 3dtea 91 F BT 3R

fereenfe &1 TR A1 8 a.c. T792 Aot 1 forae 7 v, 1 o e
1 Ay A |

VBE(max) = Vaet Vi

T 99 Ao H A HA

VBE (min) = Vaet+ V),
W, TG Ao ¥ gt forwras v v, ) =2v

I T Ao ¥ e 9y wwg o et e

T A R =iy iy SR FERT R F A ST
SERTH T i () T I T i S Rl &1 R a9 vy
F I Ve (maxy I Vepiny P A7 IRART B @ (Fo A.7)1 39 @

wHi EAAN.EBE, _.E_aa. VBE(max)' VBE(min)® YCE(maxy Y CE(min)y’ il ST S
¥ faf=d (locate) fan T 2
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|
it gfREl T IReT A1 |

fo A.7—a.c. IS o7 & WEEar d e v
Wt & U AT § S 9 A9 HET

37d: YaY& H g AT (current gain) :

).. - \Gn-:wxv - mﬁ,c‘:m:v

IB(max) ~ 1B (min)

a1 um_m%.mﬂ JIeeS oy (voltage gain)

VCE (max) ~ YCE (min)
A =

Vi(max) ~ Vi (min)

M - :

| & W R

Y

Tad =001 SfoRel Yad&  A-13

ofe Y e & @ A9 U s wH @ I} s Fer 9w 1w

I, ¥ WA WV, TG0 R |
Vep ¥ &3 TR 8V, @ IS W AR ac. AR F FI H A

 dmd

4 vo=—R:81
W T ¥ TTE Wk B vy, qG1 A [, 91 [, Ted ® A v, W

T YR TR F AR Bk § Vy, T F [, 9 [, e ¢
Ve 96 ST 2

37 favew @ W= ? fF CE yad® ¥ @ T a.c. T Wisied 318
= 96 @ A & A P a.c. F RUNCHSF AL sk =l W Ol B T
TR a.c. I FAfea STg=mh =al T A1 € A A=Y &1 Uitvied ASTH 9

L @R R

1
|
|

§ A9. CE Wad® ¥ 3MMS2YT e &l FIYC dieewl & aoy
el IERAUT (Phase Reversal of Output Voltage with

Respect to Input Voltage in CE Amplifier) :
T& CE wad& ®

Vee= Vee- IcR,

Bt 2l

Qﬂuﬂ&ﬂ&%w.o.wﬂmmn_%m‘u_ﬂ_%.w%xnﬂa.n.mdﬂmﬂaﬂ\nxn

W& JEd Hl a.c. FIE Ao & WA R A 99 O/ ¥ vl o Rl

IfE 3792 eSS TGl © W AW UR H A s & R heiwel O Hw A |

f TG T V., FH @ S

37d:, STY2 a1 ASTYE faqdia hen o Bt @ (a9 A.8) 1 TR o=l A CE
Yo § 92 AW T MRTYE e A 180° F FARK gl 1 &H &
CB @& CC Wie ¥ T 91 SAPLYL Areds WA Fell § 2l € (A A1)

N A

v
1
'
'
1
'
[}
'
!

(a)

(b)
ot A8— (a) FIgZ O (b) AR FET
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R gl w Ry Alg

qifeTeRT Al
W | FIYE HR qUT AWEYE AT F BT
CE 180°
CB 0°
CC 0°

“During the positive half cycle of input signal, V- increases and hence ,
Iy and I . increases. So Vg decreases and produces the negative half cycle of |

* the output voltage.

During the negative half cycle of input signal, Vi decreases and hence m
Iy and I, decreases. So Vg increases and produces the positive half cycle of |

the output voltage.”

§ A.10. ZifweT =t wT3fers wwgesr wRYS (Hybrid Equivalent

Circuit of Transistor) :

Afyerax ot zifrer ¥ ifirerem TR W (hybrid parameter) |
wﬂﬁaﬂ.ﬂm@m@vnom@vﬁﬁwwﬁ_%uﬂﬁd&ﬁﬂwlg *
parameter) St & a1 ?1 TEfT W 1 379 D mixed =@ - hybrid |
ﬁﬁm&d%ﬂﬂﬂgw%ﬂ&?vﬁuanﬁw%Qﬂdlﬂﬂd% |

(units) Bret .w_

T WA § i 2 O i 2fife arit gfm &1 af 5o @ o A U,
=fie (input terminal) %ﬂ._.w‘ﬂmw = ST 2T </ S g dn !
T A T 9 AT F F= IS (common) TE IR A 7H @ G |
AZqH (two port network) W Bl ?1 =fifTet % & I (pair) T 92 (port)
uﬂww.&ﬁ»ﬁ%ﬁ%a%m%%%&%@?i%y ,

¥ 92 (port) % ford Q) = (variable) TfYrT Bt & (A 7o wRI)I
wﬁnﬂﬂ&.&mwﬁ%Qiovon:ngo:c.m%dmﬂm_\%w_mﬂm&%—&.

# o A.9(a) ¥ feamn w3

fort # port | R AR F v, 7o 5w F 1, ¥ waRia few TR port

2 W ART F V, T GR R 1, ¥ WeRiq fear w2
- f A.9(b) ¥ TR A Q 9 SIreHRy (two port network) % ®9 A
fegren T @1 ¥ ol it w1 w0 <hive TR aw smsege ¥ W
(common) ¥ f&am T B port -1 I F1E 9 41 port-2 N SLLGE N s
T ®1 T W W UR HHA [, 91 A F AW V, B w=féa fear
R eTEege W W URT F AH [ T SRS F1 AW V,, gR 5= fran e )

+0—>—1—0 oO—F+<«o0+ + .”v|v||od O|m <o+
Two
<._ port <M <d <N
network 3
-—o—1o o—+—o0- -o0 -0— o
2 Port1 Port 2
Port 1 Port2  put) (output)
() (b)
(a) U IeEE (b) ﬁ?ﬁ«ﬂ%ﬁwmﬁaﬁﬂwﬂﬁﬂ@
i o 3 Wi &t g T S
o Aq

T 91 WeTshA (two port network) Tt 37 ¥R TRRN I 3 W § THf-a

(relate) X Hha &1 TFT=T gl § 39 9) TRE N fuswive: 9 @
FHtHIO gRI GtHd (relate) @ o—
vi=h i +h,v, ...(
iy =hy i +hyy v, e
w«_.w. 3: Fu, :E. wmn EQ| h-parameters HEd w a1 98 .nn:,ﬂ.ﬂ.m Az i
=R AR (v, i), Vo i) &ﬁﬂﬂmﬁww_ﬁ?g&ﬁ%ﬁnmﬁwwm
TES v, = 0 T@ § (3197 port 2 H AYRUHA (short circuit) F 7 .Wv qqr
i) = 0 T& ¥ -334fq port 1 1 Gell IRYA (open circuit) FX 2 B

HAHTO | v, =0 T@ W
vi=h i +h;,x0

vi=hyi

=h; TIIE FfaEm (ST W Ay R FW W)

hy =2 =h W GR ST (ARG N LI FA W)

=t =h, fod e S (R ) gen Rt w3 W)

= hy HETYE TEHSH (FYE 1 Fen TRufHa T W)
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3R gfaadl w@ IRUg  A-16

39 7% MG % 7 TR h-parameters Ht 3HEAl 1 7?2

1. h, SIS T G HT IYUE B @ TWH THE W (Q) R

2. hy O O AESH FOIIUE B @ TWH TR W oA iy

(siemens) .w_
3. h, A1 h, TR TR &SI &A= TR P R T D
TH YHR &9 @A & fF T h-paramieters #! IR SAAT-3W ?1 3
FROT 5% eRfie RWefet (hybrid parameter) &8 S 81

THIHTO (1) F (2) F gifoex & ford 1 SR | ot o < weran 28—
vi=hii;+h v, ...(3)
ig = hei;+ hy vy -4

3 TRl d gEEa ¥ TR @ h-parameter WiSd AT NI4T 21

§ A.11. h-Rufiex Wi S HEraar ¥ g URTS ST (Formation
of Equivalent Circuit with the help of h-parameters) :

THIHTO (3) F TAH TS (term) I THE A (volt) B TTierd Frtais
A Fram 1 WM = T wF T wRug S 2, S ade 3§ fee
(fit) § <A 7afq TF VW A9g, R (3) F TG (satisfy) F

THY 99 A.10(a) ¥ 91 71 URteg S Bran 1 39 9y ¥ afe Rt
A Fram e S @ FHERn (3) € 9 A 5w by, T PR e
A (dependent voltage source) 2 fee 7 38Ty A v, W 37T (depend)
FTaT 21

(b)
(a) WSO v,=hyiy+hrvg Y (a) WHETOT fy = hi + hovy WY
WEEwECI g AT AT ARaw e Y ¥y war ar uRee
fasr A10

T R THHET (4) F HAF S (term) F THE 97 B 37 fHCEIG
T Fraw YA FE TQ 9R0Y a9 § S wHE (4) R (fit) @ S siaiq

Thd 90 T WadF  A-17

wF U IR9G S GHIE (4) HAGR (satisfy) F T 7RGT 57 AL 10(b)
Y fe@mn T R

39 9uy ¥ A fats gy fam s s @ g (4) @ = g
.w_ :\: Th fasik g/ €. (dependent current source) w forgent 9 fraw (input)
al | R Fa 1 99 A10(a) @9 f AL10(b) ¥ SRuel w1 W
(combine) A W fad A.11 Wi BT 2

llllllllllllllllllllllllllllllllllll

e A.11—yut gEfee aigd (Complete hybrid circuit)

o[ ® fo faw 9 frfd & 3Iwafe efiqa (common) &1 39 fag ¥
wEuRtafe ) fea T R

§ A.12. TR & Efrs Aleer (Hybrid Models of Transistor) :

IS IqAHF T (Common
emitter configuration) & fer&r it @t
TS Hige uftqer sAmT—

fa= A. 127 TR =1 Swafrs Sosls

. b v
o (common emitter configuration) & + i
famrn T @1 TR _— °
fraw am i, w .
e e Vi = Vbe Port1 Port2
farta wma ~.o N (input) (output)
»
_ fort A.12—CE sig ¥ gifimex
ffa areean Vo =V,

INYTRS IeESieh oY (Common emitter configuration) Y ISH (emitter)
e 1 fraw o frfa & w9 QA B S8R T8 h-parameters T ‘e
IR M 2 ¥ I WA W THE (3) F (4) H @ W

Vpe = r..« Mw + ran «.2. ()

..qur\.».__.w+>2.<8 A6
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TR giRal T g Ag

Em?_uwaﬁiﬂawﬁmu?_wﬁ@ﬂw_ﬁﬂﬂwﬂamﬂ |
mwﬂaﬂmﬁmﬂmwﬂmgdﬂmﬂﬁﬂmsﬁw_

farA13—CE T H el wige

IWGMTS IWSIF T (Common base Configuration) & fordr grefirs
HITH FAT—IWAMS IER T (Common base Configruation) ¥ fax A.14
F IER

mm
fraw dreean v, =
frfa ara ig =i
frfa deea yy=v,,

T SR T AT R T R s AR e 3) 3 4)
H T T EHHI (7) T (8) W & § 991 TYH TS Fee (hybrid model) L

ot AL15 # fe@mn man 31 h-Ried & o sieR o e s 2

Veb = F.v mm + \slu Veb ” Qv

N.nuw?~m+w%.\& -.-(8)

kS

ot A.15—CB T4 F1 TFaE Wi

- T RSRRRN

T T =R wads  A-19
§ A.13. %aﬁgﬁﬂ?ﬂwgﬂﬁﬂ

(Calculation of Transistor Parameters Using Hybrid
Model) :

iﬂﬂﬂﬂmﬂ%ﬂ%ﬁﬂﬁﬂw@%wﬁ.ﬂﬂﬁﬁ
T T Hcfae §Y (configuration) ¥ Zifser ¥ h-3<3 Hisa % T U
ot et 3 %_ﬁdﬁwuﬁgﬂﬁiuﬁwu&:ﬁﬂﬁ
%ﬁ#?&wﬁﬂ&@ﬂd&ﬁﬂﬂﬁﬂ.m%@xﬁﬁﬁmgﬂﬂw%
STl ]1 S19fq ITARTE ST (common base) & h, h,, h,, hy F = W
heo hiys by, h,, S TS, IVARTR IqSF (common emitter) ¥ he,. by,
h,,. h,, ST T2

Em?awmﬁﬁ%ﬁm_ﬁwﬁﬁwﬁm@ﬁm_wﬂ
ﬂw_ﬂﬁmmqw,nm,nmm@ﬂw&@mﬁ_w_admﬁwmﬂﬁaﬂ

gﬂﬂmﬁﬁﬂ@.mﬁmﬂ%?ﬁ%&ﬂﬂﬁﬁ&ﬁ&mg
S

Vi 5> | Transistor |<= V, RL
i

Bt A.16—giforeey o A i e 3w i wea T

@wP:mﬁ?ﬂwﬁmﬂﬁﬁTﬁmaﬁ%@wmﬂdﬁa
T @ (fas AL17)1

Torx A.17—Zifret & v ot Sue 3o arsfirs wiee whifa wer
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it gfwal @ 9Reg A-20
&R @MW (Current Gain)—h-parameters & Fwif-aa gt 1 2

T
v, =hij+h v, ...(1)
io =hyif hovy - 2)
fa (A.17) @ va1 Som @
Vo=—igRy ...(3)

THHT U THHT (2) W e W
~.ou>\~...|xo moxr
B ig(L+hyR;) =hi,

a1 B _ \n.\
i  1+hyR;

i h
0 A=0-_"S
i 1+hyR
Ae—afk h, =1 77 TIva 9F foFm S@ @
A;=hg

AR T (Voltage Gain)—FHF (1) F TER,

.4

:mu\:.:+>a__o
THH (4) F FIER,

i - Hr

i 1+hoR,
THIEOT (3) & TR

io(1+hyRy)

qa =
hy

...(5)

. . V,
vo=—ioR, A Q= -2 ...(6)

HHIEHTUT (6) F HF FHIHIT (5) § T |®

. v ig(I+hyR))
l.=——2"__ U LJ
i R, \m\ (D

ﬁ&ﬂﬂ@ﬁﬁﬂiﬂsﬁsmwﬁwﬂ‘

B+ 2,
}.\.kﬁ.

l. =

i + bw<o

THhel WU IfTX dads  A-21
70 A=Y _ ~h R
Vv m+(hhg—hoh)R,
E—af (h,hy - heh,) Ry F b, F) goen & o 79 &, @A
A R
v \Nn

¥ Wfaarer (Input Impedance)—@HtET (1) # v, =iy R, T N,

v; u}...‘l}wxh~o

...(8)

g ‘. . .
q* ..nkb. A iy =4,
(]
AT <~.u}_.~.~.|>axb>_._...
7 Y% —p~nR, A,
-
a Z;= h;—h R A, ﬁ&wm N‘uwhu
%
A=—J
A+ " 1+hyR,
h h;R
37q: N_,ur..lt
1+ hy R
I T THFOL F TR T (term) F TV T W,
Z,=h

VIfeRT T (Power Gain)—
A, = (A1 A x ORI W)
- —hy Ry i
hi+(Bhg~heh )R, 1+ hyR,

) -h} R,
(7 +(hiho — b b)) (1 + hoR ) R,
ATSTYE Wfarar (Output Impedence)—Fret Fas+ =i ASTYR Afcraren

ﬁw%ﬁ%ﬂmﬁsﬁﬁgwﬂﬂmﬁ#mﬁ%w.ﬁ@%
@ §16 vg (input signal source) # I % fear wa ¥n Fglq T &

I
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W gfFal T wigg Ao

@ocanvﬂdw%mmﬂwﬁﬁaﬁm&%ﬂmﬂﬁaﬁmgwﬂﬁmﬁ
BT Naen wex ®

fax A.17 mﬁﬁﬁﬂm&ﬂmﬂ%ﬁiﬂ?huovmm>.;£a
LI i R e e ————

A . X hev,
Iﬁmthb..n_.lw\couc q &mﬂlk.\.*‘w
s i

m_ 3_ + mo
Vo #v?: % ho Vo R

?ﬂ?_al??u?gwaﬂgﬂwwdﬁwamﬂ
FHFOT (2) ¥ I 91 BT W

ip= :\._... + &c Vo

_ \u.\.\-ﬁw\o

+ hyvy

<Q 1

o, [ Ak
o —HS#?.L
1

“= s% hoh, g
h; + Rg

hsh,

e h; + Rg

ﬂaﬁﬁ@ﬁ,ag"%

§ A.14. 1A m._w.qﬂw. Aiger (Approximate Hybrid Model) :

WHRIA: CE a91 CB 79 # b, Q41 h, 1 UF 310 %9 €1 € a1 T8
TR F Z, Z,, A, A; 3G T F Afereh I8t T s

h % FH 8 F FRO b, v, W TG FH QSR T A AT TR
#1 o W@ WA F b v, P ARG FT W ¥

TFHd 01 T TadE A-23

}oﬁﬁmmmﬂn%@.hw ﬂﬂmﬂ%ﬂ%ﬁw.ﬁ_ﬂw

1 qftqs T A ¥ TR R = W wEshie
ﬂmﬂn‘ﬂﬁa.@ 7 = gen

0
steet (o A.19) ST & 1
o

Y
QU hyii H

Py
fax A 19— TEfaE aiee

h-taniftet & fafire (Typical values) ®H frefafea §—
1. h,=1kQ 2. h,=25x107*

1
3. hy,=50 4. h,=25pS T -— =40kQ

oe

§'A.15. R R YA T A k-godich Wiew g fageraur
(Analysis of CE Amplifier by Approximate -model) :

1. &R @Y (Current Gain)—T= A.20 9

. . g _ . _
i

2. 3 wfETaT (Input Impedence)—f=s A.20 |
v;=ih;,

Z,= m. =h;
I

ot A.20—w Tafirs anges witay

Y S AR ST SRl Sty SEEE
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AR gl T e 4
3. 9IRS ww (Voltage Gain)—figy A 20 g

0=~iR,
GEif ¥
by
ﬂﬂ_n = E
0 \u..
o T AH Tel |
h,v.
S Vi
=—-——_R
0 \n., L
Hd: A = Mol
Vi
_Th R,
= P

4. oif&a & (Power Gain)—¥fe @19 = 4Ry &1y « AT A

2
hr R,

A =-—
P h,

5. 3TITYE YFAAMET (Output Impdence)—afz fiax A.21 ¥ $Y2 source
F T w e @ =0 (F3 A21) 3. hi;= 0 @ i, =0,

z,=2

)

o A.21—awr3eye wfiramar s w0 % i afteg

e |

THA MO A wad®: A28
§ A.16. ﬂﬂgﬁgwﬁgWabﬂ&ﬂgﬁﬁ

(Determination of h-parameters from Transistor
Characteristics) :

%%ﬁw»-giw&mﬁwﬁgﬂgwl

Av, Ay

hig=—L = —te (3im) (A
D_:. D; mng
Av; A

bﬁn = —L = Zlhe nﬂﬂ% Wﬁw J.m..c ...(A2)
D—\O ><A.N &Wﬂ—mqﬂm—
Aj Ai

h=—0 =2k (H 7T ) . {(A3)
Ai;  Ajy), - frm
N .

ho=2h _ AL (=) .(Ad)

EO D_—wn.ﬁ ! U?ﬂﬂ

SR TR A, 0 a5 F ST ur o AW A gaw wRad vafei s
Bl h-Reflet 910 O F ford gifireer = ofFa & 4 T o R

T FER A G 70 F Few A ¥ h-Toiw 3@ w1 F
Viy Voud; T i & ST AH IS A @R AR 4-Foied | morn &6t
. aEd R

hip I b, TTGE ARG @ by, T 4, TN ARG Ao A 7@
fFd s 2

() hy ST FHET (Caleulation of hy,)—<f% 7 i dueted ¥
A by, Failes qEcl 2, o WAy e 4, W oWE F Y w@m
@ R

I W H R F T ¥ wE@ e o-fag A feafa I W@
1 TR (A.3) F STTER h, I T F 7 v, WA Frm N e
37q: oW 791 FHoraet g ¥ yRadi @ 9-fag | oA arel S (vertical)
@ W A AR, T I Vo AR P @l (A3) F
SR FEET N G A Aig A A g R Apy, A
wmﬂx?wﬁﬁﬂﬂgﬂﬂ_ﬁiw_ AfuF (accuracy) & o 37 wRadd
! ofues [au B Al

fast A22 § Vo= 10V Wiy, F1 AR _oz>@~c§ﬁﬁuﬁwﬂw
1AM 1.5 mA ¥ 2.6 mA YRafda gam
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TR JiFa T aReT A-26

ic(mA)
A—
5
at 30 uA
25 pA
o3 [ 20RA
ol 15 A
15[-f---== / 10 pA
1+ / 5 uA
— N oM
5 10 15 20 = Vee(V)
ot A.22—n,, F T
&Hd:, Ai,=(26-1-5)mA=1-1mA
Ai_ =(30-20) pA = 10 pA
Aj 1-1x1073
1 wx«n>~.n u_x':u&u:o
lyop=frmm  10X10

h,, U (Calculation of h,,)—fa A.23 ¥ 1, % frem w1 1, = 15 pA
Wi ¥ URadT A, T4 v, w%m%?am&ﬁ} %gﬂﬁiw_

t

30 puA
25 A
3f 20 uA
0-1 aﬁ N ™ 15 pA
s 10 uA
5 pA
lg=0pA
> Vee(V)

Sl SR S

5 81012 15 20

Tt A.23—h,, 1 TT0TT ( 3NT3TYE APeTaron )

THd T T yads  A-27

I;=15puA
Ai =22mA-2-1mA
=0-1 mA
AV =12V-8V=4V
d: h,, = Ai
><nn Ig = constant
0-1
= — =25uS
av ~ oM

h;, & T (Calculations of h,)—h,, F H $TIE AfFaeol ¥ I
fora <1 W B1 V,, & PG AW W A, T Ai, F A FE b, HOAE

T g B |
Aig(HA)
.<Om =10V
30 :
20f------------mmmm - . |
1 _Q point
11 SO — w”
10} ----mmmmmm e e e s m !
' m
e |
forsr A.24—h,, O ( 3IYE ATWETRIN | )
A4 3V, =10 )
Av,; =(071-0-69) V \
=002V
Aiy=(20-10) pA
=10pA
aTa: h,, = ><.¥.
Adp ly =10V
_0.02v :
T 10pA

=2kQ
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WA gl w uRew Ag

h,, | WA (Calculation of h,)— h, & T R T e

AT G R T wh {1 TG SN T A Y (hord
NP ﬂ,&ﬁﬂgﬂﬂw_ (horizontal) &ga

4 ig(HA)
Vee=0V
30t V=10V
Vee=20V
20}
Q point
1ol ><8umo<|.v —
|
' 06 07 os ~ 'Be(V)
— fe—
D<Um = OON <

o= A25—h, , st Torn (Fge e )
fa A.25  aife | W7, =15 pA
><3n =(071-069) V=002V

a0l Av,,=(20-0) V=20V

= h = Ave 002V
" Ay, 20V

€€ 1] g = constant

WS U9 (Numerical Questions)
W 1 TF HAT Titet A F ygaa gifrer & ey frey $—

#rs wiedter R, &7 91 4.7 kQ & 7w
wra wivamar Rg &1 | 1 kQI

Thal 0] T Wads  A-29

et @ wm Zifex & Wt p-iRnfter oiee qur W A-tRndter
WS % GRT T ST AT WA Tersi 35t o wiord—

(a) oW &Y (b) =T W

(c) 3qe wfaarar (d) SeYe wiwarsr
I : L Ut h-tRndter uise gri—

(a) G AN (4,)—

.\Q.m _ 110

A. = =
T 1+h,R,  1+(20 uSY4-7kQ)

110
1+(2x107° x4.7x10%)
= a0 100-54
1+ 0.094
© (b) AR W (4,)—
A =— }\m xh
v b:‘. + Q#.@ \~en. - }\& \_EV Wh
_ (110)(4-7 kQ)
(16 kQ) +[(1-6 kQ) (20 uS) - (110)(2x107%)) 4.7

kQ

110x4-7x10°
1-6x10% +[(1-6x10° x 20x 107%) - (110x2x107")] 4-7x 103

=517x10°
= —— =-3139
1600 +47
() $792 Wfeanen (2)—
hyh, R
ZfE - L L
l+h, R,
(110)(2x107")(4.7x10%)
14 (20x107%)(47x10%)
=1600-9452 R =1512Q =151 kQ
(d) ¥eYe wiwaren (Z)—
1

o h.h
\~.X. |ﬁ .\n. Pg
hi, + Rg

=1.6kQ -
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!“\%

Tl IfFEl w@ Teg A3

1

> oW

—4
Nox_o&l—H :oxwx_o L
I:6x10° +1x10
_ 1 _ 1 o
20x107° -8:46%1078_ 11.54x107°
= 86-66 kQ
II. €& h-model T TS gRI—
(1) 9 <9, >..n§u:o
h, R ;
(2) A= =M, A,=- £TL Lk =-3139
h, 1.6 kQ
(3) ¥79e Hfcaen, Z,=h,=1-6kQ
(4) A=Y Hfqann, Neuwuuoxb
oe
Parameter %;.—.»qwannnn model | I h-parameter model
EGU s
1. A 100-54 110
2. A, -313.9 -3139
3. % 1-51 kQ 1-6 kQ
4. Z, 86:66 kQ 50 kQ
gyt

(a) T VS & yads w1 ey faa @ifvd smafan saga w fae amed
(b) ac. TIE ET ¥ 2?7 WS AR F T A W (gain) FY FrRN?

(UPBTE 1993)
p-trired @ ot S8 CE famma ¥ gifmer & sifvesm a@i @
tfted @1 FA @ H (UPBTE 1994)
RC gfwa yad® &1 st wifed qa 39 wwEEd) (UPBTE 1995, 96)
. g it g A @ fae ffed) o we weds w wfeg sma
wfa (UPBTE 1997)

Tehd =0T TR Ya@dd  A-31

5. h-wrael S oftemer @Rl CE afufyra § gifret sifesoll | 9

1A f&9 ¥$R 9@ A (UPBTE 1998)

6. RC gfma vads W fewui fafad (UPBTE 1998)
7. 9 @ T 2 W EA LF AT F G0 TF aQeedl dfewdl H A FA
Y 59 TR ST ¥ aF Wi ) (UPBTE 1999)
8. fma w feuoft fafed—
fie V< CE ¥ad® § Fqe fdTe V< CE ¥ad® ¥ Y dieedl & "Ry
PP dicedl H Fedl IshHvI (UPBTE 1999)
9. Yo Yo HR wZA Pl YEGAl U Thd UK LWL Wa¥w A dieedl Hel &
IGhHUY HI AT Hifedl (UPBTE 2000)
10. TRA ¥ h-wa W e feooft fafad (UPBTE 2000)
11. (a) T T ¥ads &1 999 M@ Eifed qu SO W WAF Wew Bl
A |

(b) TRt F fg-9Ivd (two port) ST W FH& h-FIFell & TUAT HifAl

FH TR 7E warEd (UPBTE 2001)
12. (a) TRRT A CE =1 1 YUy Eifed a1 qp-Refex wisd a9 Ea)

(b) f&E CE yaef% 1 R; =800 Q ¥ 3iafis " a1 dicedn &a § 9am™
v ?1 s wfamnen 2 feel ol wfie 1 p-heiiex freeq i M &)
hig=1100Q, h,, =2 x 107 R, hy, =50, £,, =25 pA/V Yads Frawit sfwmn
q9] Fo Areedl N H T HHfR (UPBTE 2002)
&L, = 1100 Q, hy, =2 x 107 W, ke, =50, h,, =25 x 100 A/V,
Ry=800Q, R, =2kQ.

}\n&x&kh
L+ hy, Ry

el i, 2, = b, -

(50)(2 x107*) (2000 Q)
1+(25%107%) (2000 Q)
1100 - 19,05
1080.95 Q

he Ry
hio + (o= h ele) Ry

1100 Q -

Fieed AW, A, =

_ =50 x 2000 Q
1100+ (1100% 25 %107 = 50x 2 x 107)2000
-10°
= =-881
1100+ 35

L
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1 TEERUT ZifeTeeR Yae®

(MULTISTAGE TRANSISTOR AMPLIFIER)

§ 1.1. TGOV TAH H SAYTHAT (Need of a Multistage
Amplifer) :

Tl S SGHF § NG Y A A (gain) SRR ST 3799 agd
F et ® | ot oft aftor e ) wiiveerelt famre § seeny ¥ o fr af
(gain) T STTTIFHAT AN ¥, ¢ Teher TR0 N Yo TE UL T FROT S
& X T B T & q1G UF NSH Ya¥% (amplifier) 3t AT (gain) P TGN
T R | 3 Y TR R F AR # g RV p R R iwwes
F IR T ATl R (FO) F T & &Y F 27 €1 30 ¥FT 7 Yags I
FELED (multistage amplifier) R ¢ |

ST RN SOt (system) ¥ SEERUL Fareieh &1 A foam e & 1 Xl
feftar, 2efifasm, TR 3t & TReL) AT yadat & F§ R g a5 yaus
T T R, R et &1 e SR R A & g R
@ Y g afdhe fmll Yada % @3 =t O R 8N § agRw yahw
FTAMIR | ’

“The gain of single stage is not sufficient for practical applications. The
voltage level of a signal can be raised to the desired level if we use more than
one stage. When a number of amplifier stages are used in succession (one after

the other), it is called a multistage amplifier or a cascaded amplifier. Much
higher gains'can be obtained from the multistage amplifiers.”

§ 1.2. A Yades &Y 1 (Gain of Multistage Amplifier) :
fem 11 % sads & 9 R 72| i T T | 39 T R ¥ AR H

T RF F FIE ¥ ST T} 997 TR ©F F AR A AW R F TR
ST | §9 T Y ¥ R H g Tguw FauT S GwT S qw € |

—_—T ‘= = J —0
y Y DY
fes 1.1—ageror yadw
AfE 599 TE R T V; ¢ T NG 0 BT,

N =A1V;
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2 TIeE gfFal @ wRem
Hfh Y99 R it aeye fdta R A e ¥ w9 § & a2, gaferd il
VA W IRRE,

3q: JAtg RS @f A13Ye,
Vo = A3V, = A3 A3 A1V,
3d: TGV NGUF F T A (overall gain)—
V,

A u%u\: X Ay X As

.%mﬁgﬁﬁm:@ﬂ#ﬁ@wiwiﬁ:ﬁﬂ&@mm@m

T Ay Ay As, ... A, B T TR T F T A,
A "\An X\AN X\Au X ... X.\ma

Vy= Ay = A, AV;, S AR # FgE A,

§ 1.3. 3Wa (Decibels) :
ﬁugﬁdﬂﬂim&@ﬂfﬁﬂwﬁﬂanavn_ma dB) ¥ ==
ferar Strem @ R forear & o7y 3@ s F T |
vads # U T B e ¥ =@ (Specifying power gain of
amplifier in decibels)—
Tt e & wife a9 Y Pt 9 R e e i —
P,
=7
T P, = 3BILE U, P; = TG T&T
Foft-Foft AT A B At (Bel) o T FAT 3fGF GRANSEF A @ | Xt
(bel) WFRRT 19 F ALTF (logarithm) W Fed 8 | 3, I ¥ VRr orv—

P
power gain in Bel 4, = logjg m bels
L

9 397 &7 79 Alexender Graham Bell % 71 W T@T 7471 § IBel % T
(ten times) FY SHaet Fer raT |

P
3, decibel ¥ VIR 1Y (power gain in decibels) =10 log, % dB

3N, 4 ST A Ay Seftaret F = frAT I Y A I A dB Feran S
2 1 3gTEE;, AR R A g ST 0.5 W T9T S8 AT S0 W A
YieT e

4 =0.5w =10
IfE 39 9t a9 F dB ¥ T fFa S, @ dB § wfaw ey
. P, 50 W
power gain in dB = 10 _omuom% =10 logyo 05w

= 10 logyp 100 = 10 X 2 = 20 dB.

T&Hd O TR Tads 3

afg yada s uTat T SA[AT 8t W, | 39N 3 dB &t ghg ae ¥
(power gain increases by 3 dB for each factor of 2)—
A AR A, =2 %, @ OH 9 I
10log,,2=3dB
AT A, =4 T dB ¥ WR T
10log,,4=6dB
A A, =8 dl dB & Wit T
10 log,; 8 =9 dB
Wy € fh = WK 7 < St €@ SHie gie @ 3 dB WG Wit
? (aferst 1.1)
arferant 1.1

Power gain (in dB)

Power gain

1 0dB
2 3dB
4 6 dB
8 9dB
16 12dB

frifea St (Negative Decibels)—

¢ geR T | | W @, a1 power loss (attenuation) BT €, 9 dB
IR 7 fifed €1 S €1 A Y 9 3 WR) A SN8eye Wit 1.5 W
g, @ T 1

FENEL
Poo3w
dB ® Wt I, \10dog,,0-5 = 3 dB
A A, =025 @ dB ¥ gfew
10dog 0-25 =-6dB
At A, =0-125 q dB ¥ 9 T
10 log 0-125 =~ 9 dB
I W T © fF o T et IR W Seiee v 9 3 0B w9 1 S
? (afa 1.2)1
AT A 10 T 8 W Tefiaet 19 F 10 dB i 30z A4t € (10 dB
increase for each increase in factor of 10)
Ife 9=’ 79 10 ® @ dB ¥ v T
10log 10 =10 dB

05
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4 TR R o TRed

Tg i sads 5

et 1.4 T 1.5
Voltage gain M.uwmm_wn”_ﬁ Voltage pain Mn_ﬂwmﬂw
1 0dB 1 0dB
2 6 dB 0-5 ~6.d8
4 12 dB 0-25 -12dB
8 18 dB 0-125 -18dB

AifeT 1.2
Power gain Power gain (in dB)
1 0dB
0-5 -3dB
0-25 -6 dB
0-125 -9dB
0-0625 -12dB
JfE gfax A 100 B A dB A wEw W
10log 100 = 20 dB
Iz 9faT A 1000 ® A dB ¥ GraT A

10 log 1000 = 30 dB
We ? fF & 90 N9 10 T A R, @ Seftaet wis M4 ¥ 10 dB 9 g At

7% ft IerErg 2 i Aees W9 10 TAT & S @ A Sfted A W X 20

dB #I gfig Bt ¢ (@fer 1.6)

difereT 1.6

Voltage gain (in decibels)

2 (e 1.3) |

aferat 1.3
Power gain Power gain (in dB)
1 0dB
10 10 dB
100 20 dB
1000 30 dB
10000 40 dB

Tt SR afe AT M2 0-1 A B A dB TEK M —10 dB B 2, W A
0-01 &Y T dB Yax 79 —20 dB & et &, et A9 0-001 9 T dB &€ 1

-30 dB & It € 3 |

vads & ARw 1 B 3dae ¥ =e S (Specifying voltage gain of
amplifier in mnn&m_mv%%mw it Sefterer F Sy oA T w1 € | St
AR AN B TR A TR R S w8

V,

Voltage gain in decibels = No_omﬂ or 20logA,
!

4 Ve :
el Ay = % (voltage gain)
]

IR : AfE A, = 40, A = & S v
20log40 = 32dB

S sty & i A S 1 2 Bt & St dreder 3 ¥ 6 aB H
ofig St & (AT 1.4) T % et 17 et A R A e AR W6 dB

F9 & I (e 1.9) |

Voltage gain

1
10
100

10000

0dB
20 dB
40 dB
60 dB

Ui I Aw ARW I A @ (Relation of power and voltage
meavlangﬁﬁﬂﬁmﬂ&@ﬂ_\mﬁg%_@ﬂ_\ o (T 12)
%_ﬁﬁﬂﬁmﬂﬁ

Amplifier
(A)

+
<O R L

Rp o 12— A qar AR W1 W& W FHET

& R; TAGF F Y @I a9 R, SadF ¥ APy WA A s ¥
ﬁﬂﬁ%ﬁi

(1)

afe G A s wivanad A= & (If the input and load impedence are

matched) —
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6 SIS ghFEl @ TRIT
4fE TGS T1 S NRAGE matched & (FA@MR; = Ry) |

e, TR 1.1 ¥ Ap = A (12

ﬁﬂﬂﬁﬂwﬂ&@ﬂiﬁmncﬁn AR

T 1.2 % T side . log A7 T |
log4, = 2log A, . (13)

FHIHOT 1.3 H THT side F 10 ¥ O FA W

10 log 4, =20 log 4; ...(14)

T 1.4 I T8 2 6 impedence matched system & Wt Wt A |

SHiere e 19 F1 AF T (equal) TR
T 39Ye 7o FAre wfaanerd %9 7 & (If the input and load impedences are

not matched)—

FfE T F T T WS AR matched T 8 A IS ShEmar TR

|

e & gea 7€ At R, = R,) 179 Feufyy F efmw Tw 9 a e Aww W |

WA S-S calculate FT TSR |
Tgan & W (decibel) ¥ wfer FW F (To find gain of multistage
amplifier in dB) —

e n R A AR N FAW: 4, 4y, A, ..., A, &, B g Tgzm@r

SqYF T I, A TEI FAuE ) Ao
\A"\AH X\AN X\»wx .. XA,
I GHIHT T log A IT q41 20 | 0N A T,
20logA =20logA, +20logAy + ... + 20log A,
37 Y94 W F AR 149 dB F,

\AQW "l.nwu +\An~w~ + ... +\Aam=

3q: 9ERY ¥I4S F dB ¥ F AN (gain) G WS & dB ¥ 3rerwr-arem

A AT F1 AT F0 T FFAT 1 qFAE |

IR AT o ot 3 R 1) N & 9990 ©F F areed o 100 (&g |
40 dB) ? 9T TH R T AR 19 200 (4414 46 dB) R AN 79 A R FadF F

T Y
A =100 X 200 = 20,000
9 YAUF &1 dB ¥ Fof a1 &
Agp = 40dB + 46 dB = 86 dB.

§ 14. A &7 et (Meaning of Coupling) :

TER TTEF TG F F 73 79F & @ R N - R A e
gw..ﬂ@ﬂﬂ%@@ﬂw&%#?&gmﬂAsgmnm device)
AT R TR @ | O R # 8B A Bt T g S e Q S @t
g S T wed € (R 1.3) |

AW SRR Yo 7
First Coupli o — . _IO
pling [ |Second|[ | Coupling Third
_:vmnl Stage || Device | | Stage Device Stage Output

et 1.3—agerr vauis & @3 R N & ferd groeT s &1 wam

§ 1.5. g & EAYIHAT (Need of Coupling) :
T oS ¥ UF VY F I B § Mg & o g gy = w3

- P savaeelt 1 qfd ¥ feRan ST @—

(1) &S R it a.c. AR H AT R Ft 374 & TFIR (Transfer)
FA F |

(2) QR d.c. TERGT H AT @A F oY gl qfe A s |
fam A gt & S fear 9, @ ¥ gt i d.c. TEET @
ferd a8 |

“In a multistage amplifie;, a number of single stage amplifier are
connected in cascade arrangement, i.e. output of first stage is connected to' the
input of the second stage through a suitable coupling device and so on. The
purpose of coupling device (e.g. a capacitor, transformer, etc.) is : =

(i)  to transfer a.c. output of one stage to the input of the next stage and

(ii) to isolate the d.c. conditions of one stage from the next stage. Each

stage consists of one transistor and associated circuitry and is
coupled to the next stage through a coupling device. The name of.
the amplifier is usually given after the type of coupling used.”

§ 1.6, & W& (Types of Coupling) :

AT T 2@ b agE VAT WE S0 ¥ I IREET T O RS R
TEC RS [ Jre] T 2 | 31 g Rt F g faRiwa At oavas R R 9T ac.
et O R Y TE R H pass 8 F B d.c. 1 7 8 & (raia A R
N d.c. ARG 3T @) |

ﬂmﬁmgwﬂmw%@mh.ﬂ%vﬁmawﬁﬂﬂa.ﬁﬂvﬁm..ﬂ%.
ﬂ%_wﬂ%%dﬂa?mvu&s&ﬂnﬂﬁknﬂ 1 @ﬂw.ﬂwﬁ

2nC
d.c. FI M I AR R, 34 d.c, W GO &7 9w (reactance) 3 BT 2

T d.c. F o Weia Qo IRYY (open circuit) F Wi STTET FET $ 947 doc.
%cﬁ%%wﬁaﬂ%ﬁﬁ?ﬂﬁﬂﬁ@awmﬁﬂéq&
pass & |

TEwHT 7% g ? S g 14 3R (Electromagnetic induction) %
frer W F el R | A€ FA ac. WEFS FAR, dc. WAL

3, ARt st 3 e ¥ 767 AW 7w A gl srgt SR aar
TR, e 3 I §
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g vaagie g T TR

gﬂn&@ﬂﬁimﬁﬂ%ﬂ@#ﬂﬂﬂ?&@&ml

() RC 3™ (RC coupling)

(ii) wwﬂﬂ,_#nw..ﬂﬁ.agmmanuﬂ coupling)

(iii) N8 7 (Direct coupling)
§1.7. TR YagE! & Agia IIfRAT @ (Frequency Response

Curve of Multistage Amplifiers):

. fot el o1 T4 P9 §ohd (Input signal) &1 SEHH Y 1 21 € | ARFT
s AT R W P O RR S o T o | $Age e % st
ﬁadﬁ?wnmou@ﬂw_wﬂ&.adm?gmnvmw&w5%%%@5&
FATFR R .
. 3TEr % ARROHTA F S ¥ 30 Hz ¥ 18 kHz % Ft A9 Argfar wrf
I ¥ | 79 faee @ Sifed femer ot ohed ¥ |
A T Rt s 3 for) aMaves R fF 98 s g S 97 w9 3§ sardd
%.ﬁﬂwﬂ@ﬂ%ﬁmﬁe%;aﬁww@%%%ﬁ
T AT e |

3w G%a @t SMgfy 9T Areedl I (voltage gain) F F= GIET TAT WH
MR SARFAT 95 HEETdl § | Sfh AR H agd At WA F A T U Wi
ST 8, 79T JefteT A% Y HAT ferm e ©

TT% YYT 9T x- 38 T AR T9T y- 378 T AR N AFC 39 TG 1 G
ST ® | forelt Sradde % Safy SARRAT 95 § g8 W & S @ fi fafwe st
T HT4SF &1 AR T (voltage gain) T @ 71 gl 1 o &1 & 59 wadw
T AT T 3fa } argta Amaf S R I 3 39 SE S F E 0 W EdTeES
(satisfactory) ST ATH < B |

Hedtees st # fafr=T sftaT gfrar am & FRu fafis Jar s AR
Yt ¥ g ahear o f A A 2 |

3, YT HTeNT ThI 3 JGRT ATBRAT T HT LAY FAT NEqa @ | et
¥ Guel ¥ fafy= wfem @iv =1 wRuy, 7% g2l 1 A8 q91 39 g
SPFAT ah  FraRor fa ST G @ | Sed gAY & R T wde e wE )

§ 1.8. yferrg wenfe g (Resistance Capacitance Coupling or RC
Coupling) :

T F 7e fafl wad sifes @ F arht s} 13w fafy B Re FRem
fafly Faferd =rer ST @ A T TR F T F e R F Fod R Re)
TN Feeer &t gEt ©S 3 99 N T g /i Cc (coupling capacitor)
TR FFHA (couple) FFT ST & (R 1.4) | 7 1R € Ted R d.c, AR
TR RS TIE J A R B ac signal A pass 7 3) T 79 Gure
I =TT YR (blocking capacitor) Wt Fgd § (blocking %1 ¢ & A% | 39
U G & FROT TF ©F H d.c. TG GG RS 1 TG 78 57t |

Far 1.4—RC T Teereer stk

RC gfma wads ¥ ¥g& TH weai & faawur (Description of Main
Components used in RC Coupled Amplifier)—RC gfima wads T basic
building block FaT=T el R wad® 2 ¥ | 37 fmrer VST & e Fafret
¥ Wregm ¥ WA (couple) AT ST @ | fvTel R Yads # yaeq og et &
YT foRaT ST R | SRR Y S W Are ¥ Faifa o e ® | e e
Vee Slo Hlo amafem ¥ GAfwa @t T B | Ry, R,, T91 Ry I&TET TRAT ¥ |
R} R, YadF 1 Wy feamet arafim sTm 9 & fed ZifeT 1 amRfa
forg YA & T ST APTYE AWMU F THET AT (active region) ¥ AT R |
T IHER IR fet 3 TR A safda & S @ a9 9 a8 safda e eeye
AW AR A SEH GT H AER S TGS a0 F THH QT § NG 907 F

_ R # fEEI0 (distortion) e BT |

RC g Yad=l § ¥l QA Wit § A T I A 7 GURA € T

! S @ R e geiie (coupling capacitor) el ST € | T8 HF HHT Th

VY § a.c. ARE H gH QS ¥ T W hwq le) T ¢ qT
Ft d.c. ITIRT F isolate. FET 21 (couple T

. Cg TRIH I (by pass capacitor) | 78 TteX 2o % WX a.c. g5t

1 T 3R | 4 Cpp TR T Rt T A R, I ., A,

ac. AR T AT TR (9 Vg B F 3 20 T4 Ve = 1y

Ve =V ~Ig Rp) | T8 Ya¥s &1 QI 19 (voltage m&nwmmm MMHJ\WM
nm%w».n.mﬁxmﬂmﬂaﬂ@nmwﬂﬁ@a&@m:ww .%:zmw_
¥ o o ﬁ@&w.ﬁﬂmﬁﬁgﬂﬁﬂﬂﬂ??ﬁa
frequency) gﬂﬁ@mmmv ﬂwﬂw.@mﬂ Imafal i o smarEt ¥
Mﬁ@&&@ﬂ& Aknn%v | 3: Cg 3 A 1 T 39 S0 Y R ST
i %ﬁn%ﬁﬁﬂ?@ﬂ%mk&.@&ﬁﬂmﬂﬂﬁ
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1} ﬂwﬁ.mw_ﬂ m_ fﬁq@am

@.%%ﬂxﬁﬁ%ﬂ?ﬁk@ 1 AH Ry 3 T8 WY 3 7 3y
Rg
%%%sﬂaﬂxﬁml& _

AETEE WA My wAg &, R, ¥ e i T R 1 e,
e 36 T (stage) ST FRATI | 3R, T ST R H L kg
e TR ST R | |

RC g WaYE Y FANRA (Working of RC coupled amplifier) —

fai 1.4 ¥ & gm0 RC 3@ Sad& (Two stage multistage amoplifier) 3
i TR @ | SHR! two stage I a1 7T @ SRA1Teh 390 T &1 Q) R (37|
J R0 ¥ | L

o gﬂ%w%wﬂ%ﬁ%ﬁﬁﬂ%ﬂﬁﬁw@@% oot 1.6—RC g sl
T ARIYE P ot 2) W T HiterT HYiE & g M| ) .
(feed) foman 51 @1 R ardfq A R ¥ we @ GARA ¢ o @ R M a.c. T TR (4 1.7) T T | 78 TR W F o Foe a1 =
e Sefer e ¥ | 6 AR 2 Y oft O Ao YAk A F AAFY T T &
R ¥ weg Fter T AT i S @ |
I a.c. FOTAE A Ve R F A7 T TS FHA1 AT 8, A F€ AU 8w
FEFTIARAG R TG B § | R WO 38 Safyia fmren bt 3 2ifeh srafify
FO ¥ A 38 e VF F IW W T g7 G4IRT C; (coupling capacitor)
qrem Y 2 AW ¥ 1 3 VHR g R faHe # SR e yafda w0 3a 2 1w
uﬂdmwﬂw@awﬁmﬁmmn&n&dw%g&%ﬂﬂﬁmﬁgnm@vﬁs
THAT 2 |
TG RC Yl & ag0eR S gifvedl (BIT) & AR Hies T
ZifIRT (FET) &1 ot 8T 93 94 € (R 1.5) | FET B121 97 &eehl 91T & | BIT
F 3T 3R g2 YRR ot aife a AT R | .
ﬁ+<o c ) %Aﬂqﬁaﬁgg%&w&ﬁg@o: circuit)
(2)  dic. THHEE H o 7Y vog A st (replace) T | ac
T W2 & X Ve 1 g wfaf @ 23 § Rred s
&5 (1) @3 16) T (ground) & s } | gl &, 791 R, A

C; Iy
. 9N Y (ground) F o fewrd 1 ¥ (R 1.7 39 |
<m . i m,_ Iy mnﬁ O._ QUN mm Om _nm
GRs 3
Ve M&
= I
fet 1.5—FET @1 st &5 RC gt firercor sands ! . L& . &
RC W a4 &1 A= W% 7 S0 (To find voltage gain QZM ”, " mm ||4_u 2
coupled amplifier) — a.c. AR 717 17 F0 ¥ fTY RC i e W fris yw».amaaﬂumggﬁ.ﬂg

1
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12 TR gRRET O TR
1) ¥ 9 (ground) & I F FA @ R F FAG C; 791 7 (ground)
wﬁm«ﬂﬁw@w_@aﬁ%x@ﬁ&& agn ima_se FaweuarmTe |
T & et GE A g wRefEa T A T R | R F FAR A CpT M
¥ FO AT ¢ W WY T9E R I F IO Ry Www ¥ T fewrrn
(R 1.9) 31T Ferelt SR 3 FATAC o g ARG R I G4 (combination)
1 e YRS Y & I R | 3 AT et 4-Gekd (Grounded) fr@m T ¥ |

E
’

w !
Enhs
Re Ce —>Re I||V
1 i

L A

fo 19wkt R @ EguiEA e

fe 1.8 7 gifvreedl & =M W 377 4-9RETY Hreet (R 1.10) (h-parametér
model) fa@maT T § |

c Be c
mlA — J Pie mﬁﬂ
E #m |

Wﬁ.slﬁ@ﬂﬂ?ﬁﬂﬁwﬂ

& T WIS (approximate model) 81 ¥ Fror 7 hoe TT h,,, S TT07

MM_W_W_HV AT T R 1 R 1,7 % 2R 9 p-model & replace %% fa¥ 1.8 Wrw

Ry T R, AR A § R Ry = R, (| R,

ag xunN“”QN :.xh = xnu.xh.
Rey+ R

T Rocy TER R 1 YA ¢ (s load) ¥y ] |

T R Eds 13

9T (two stage) TTEF FI Fel AT I 19 TIA T3 & 104 NS ©F H
Afed AT AT A3 I BT | Teek gEL R FI Ao 47 @19 19 H4 |
YS! AE A 6 G RS Ya¥E F1 areedr 9 o e—

}\n.bunm
i F @RI F A A, = -—

Teel R & A9 A, ﬂm@w@mﬁhm—aﬁad@i
7 B = A 3@ T IaT Tl @ 6 TEe R Fa.c. WK NRRE A SR
F1 G UG ¥ ¢, 3 7€ 9 ST } Re, , Rp T A

3r9iq Rac; =Rcy || RB || hie
3Id: ¥GH R HT el @I,
_ hfe . Ry,
\_5 T hie

3q: two stage amplifier T $ <MY,
\mci "\n_. X\AN

Tl 7% A A Wy § B4, M AM e T F S e (s
3H* single stage m&nvﬂw.dﬁ@dqw_mﬂﬁ%ﬁwwﬂmxﬁ F | A

T R & faw XK@ (input impedence) k;, 74T 99 N (base resistance)

Rp ST R Rl 3% R, F1 A T & IR |

o @ A s g 5 W @ A T 'R & 3gE v wa
VS &I g FaTen 5 FAARR A A @ | TAN NAW RS S A9 @rs whee (@
a.c. TS XoE) FH B AT § qO AT LA BT ASA AW S T A A R | TR
T i FEd |

RC 3fma wads &t Imgf 3fE 5% (Frequency Response Curve of
RC Coupled Amplifier) -7 1.11 ¥ RC 3ftva ¥ads #1 agfr ke o%
Y R | RC qfwa aeies & omafir sfear @ &1 9 w0it 3 R e
-fr I & (lower frequency range), W& AQN & (mid frequency
range) T9T I% T I (high frequency range) |

RC fwa Yo &1 g Agean o6 36 J var 9o € £ Sees a@
o il W (e s $o) & R @ Fre| wa @ qw W W F Ao @ @)
fire-stedet M (mid frequency voltage gain or Aqiy) T8 AT 2 | F17 3Rt W
(1 Smafa W (range)) 91 g AfeF W (@ AMGR WA (range)) W R
T TET T B A ® | HeT Sgfy Yo S TN 50 Hz A 20 kHz 95 a4 2,3
& ARV WY P war |
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bl e

14 s afr v R : g g T 15
Ay=V -
A i 7 MMMMM_M%%%%_” ”me% %me ﬂhqm%_m# i I: W (feedback in amplifiers) (chapter
™ M w Mmﬁﬂw mﬂma e = AN W ¥ aw e T F FRW (Why does gain falls at high
0707 Amig | i N\ frequency . frequencies)—T fif Jaf gforaT 35 A Far v 2 fF 3= gt W (3raty
Elect or i | Midfrequency | i \ dependenceofgain high frequency range) ¥ st 1% &% W ST ¥ | T FwO ey F—
c E | vange .= | oftransistor () foslt ot g S g
Lower _. . rJI.m H%uﬂwsgl | el Qﬂﬁm wfaar P
frequency ; | {4 range 2w A s % Frequency
range i P . I W wgd #9 & Mﬂﬁ
ﬂ.ﬂ_xl Band width lzJ f (log scale)Hz it ® R sl &
Lower cut off Uppercut off Y 9gd H | ﬂ_ﬂw |
frequency (f,) frequency (fy) a7 1.12) f
fad 1.11—RC gt vendss &1 g swgfear am (i) LRI | o i
e sl W AR AW FW @ ¥ HWOT (Why does the.voltage gain e ﬁﬂ EEM aﬂ@._d M T
falls at low frequency)—89 SIHQ & T GaTRA 1 Sfaend 3gfy W Fiedt Fear 2 | W%ﬁ ﬁ&%ﬂ doolori
epletion
SR Xc :I..%HNNF\O. _ region W ¥ ¥ ¥ depletion
Pt ST ¥ X gain 9 80 3 3 7eg o e Mﬁ@ﬂ%mﬁﬁ@i%
() RC Iy & R A g F ek g wefcn o 3 3 R TR (capasitance)
w.wﬂg 31w ,ﬁ%ﬂﬂ (Mid ?oncwﬂ_ﬂwwﬂ m“%.nv mwwﬁﬂm wﬂ?“ @ M_m: o_no_c,oao Hmmomﬁmwonv Fed
T wuria 1 Sfasma w7 ™ e
AR § | MM@E sﬂ?wﬂ % aafa 1 919 3 ﬁ@ﬂmw IRGED ,ﬁ M:Mu iﬁ%ﬂﬁ%ﬂwgaﬁ F R L1—siw wedte
FROT foeTa Srcafee & I @ | g G % shaera it @ F .
FROT IY W Arearyd (voltage drop) AT & 9o Y foe =t wift J mo:m..w_u%wﬁwm:ﬁ wwﬂwﬁ.m? %W@Mﬂ il ﬁﬂmﬂﬂ%ﬂﬂw
BT § 791 1Y F AT R | AR TR W d.c. Fae W Ream S @ QQ_EWN_ : T Cy, 1 A
ﬁﬁsﬂ@ﬂ@aﬁ%@mﬂ%m@ﬁgyg TN RT3 Horers WedAe o ST a9 o S5 & SR
g&%ﬂ%@ | ¥ F T S ¢ ot A e Ce 1 RN §TGE TS & AT | S SR TC 7 R o 2
SR 4 7 O T AT ARt 7 et A1 @) ¥ | LAY A SR U A
(i) T HAR Cip F1 F THET S F a.c. 9% H TG FA AT (i) S wR R o g AR A S | v e
1 3 R N.HJ STt HEA S W (mid frequency) 3 | ' 3: AT i (interwiring capacitance) F&d R Imafa
nmﬁnaﬂeqnmﬂwamaﬁppﬁgﬂwa_ﬁﬁ | U FH ST Gl T ST FF 7 7 70 F7 A 2 (S tor
fa &t emafa e emgfa (frequency) W d Cg 1 Hfdurd | %MV%M%MMQHQH. Mwﬂwgwﬂﬁ o

(reactance) g T ¥ € a.c. 2! % T e Y AT & FT IR | g 4 .
\ T A we A 3 A TN AT UEER @R (Gain of RC coupled amplifier
i, FEHL youm AR Re ad il remains almost flat at mid-frequencies) — SHI=;, RC IfWd TaYE Ft 99

ﬁﬂﬁﬁﬁﬂﬁﬁzamﬁvﬁw_%_ﬂm@s%ﬁﬂm _
0 FedF (Negative current feedback) ﬁﬂwwmﬁmﬁmﬂﬂ.ﬂm _ . Qﬂ?mﬂﬂdﬁmo Ha %20 Eugw_ﬂﬂﬁﬂ? ARAcYw TS
|
~

rl a e
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16 RS IhrE  wRen

AR TV THIR (flat) BT R | 79 f I F whge & &t witarslt & o9 veem
R Wt TGS AR T AN T 2 | §9 A S A Few qian ¢+

nﬂnﬂ% 1 T g7 F9 AR T R G T A€ A et § 3 fp wy
C

T TP T TG T & T AT 77 T I€ A N ©F F HET R 91
3 R R I W2 o R | Y S e o U e ) e+ 29 § R
o7 g I yadeE F AR A A B W ¢ |

W AR 1 iRt 3 i SiRaral 3 TR Tgq SfhE & € |
i @ A Rart 7% Yo (picofarad) ¥ M ¥ | FifF T aRarel i geq
wftar SRR % WY T A At 8, 36 31w B g6, & 7 T 1e
AN

3@ RC g iR yads 9t 7 agf 1 e & @ e gt wnfdta
%&Mﬁwaﬂwﬁi&ﬂﬁamﬁﬂaﬁﬂﬁﬁgnm_n&%
7 Tt € |

39 Y &R 3G9 ® 5 RC gftwa sads & o1 79 angfa 9 7 Fd @
R1 7859 50 Hz ¥ ST 20 kHz 7% Ft A1 & | AR I H 50 Hz § FH &,
(14Tq low frequency range 3 3T M) A1 20 kHz ¥ 34 (39iq I I
I Ft 3R ), A A g FH @ R |

g e (Band width) —RC qHa Fave Ft 3mafe sgiean 9 3@ & v
ST 2 i IHE WY e ANTgR G 3 ol @ P (4,,) T61 8 | 359 g adn
forer s o W @1 WE ST @ | gEieRY Agf 9% W a9 A F1 sEvasal
At 2 R sitaT o & T R o1 T T GF |

Ifs foret ST W AT F1 T ITH ATGHFH T (A ) T 70-7% R
T & A IV T (ST FET T GHFAT & | K A AT F A AW 1 gt
¥ 9 U SRl W Ya€F F @V AGFIH AN F 70-7 % ® IMI ¢, cut off
frequency Feed! € (R 1.11) |

AT fir T f; F-IE G E A9 W AIEF H AT Aeehan A
70-7 % BT |

£, 3 F B W R, Tafed S A F2 3 (Lower cut off frequency)
i Fed B |

£, 9f 359 O W}, 7 3=7 %< 3% G (Higher cut off frequency)
F%d ¢ | ¥ frequencies FI I fu —f; 38 FrST§ 41 Band width FETE 2 |

2 dizd ;e angfa ¥ } faoll Tads &1 AW W 3% AfdHaq 79 &1
70-7 % 1 IAN AfaF AA 2 |

“The range of frequencies over which the voltage gain of an amplifier is equal “_

to (or greater than) 707 % of the maxdmum gain is known as Bandwidth.”

o1 ¥ o %2 316 AR WARS A1 AeFT A A3 dB FAAMR

‘J
|

TEIV T s 17
A 1% e AR A @Rt T = Apia

dB ¥ FfeeEaq AR 9 = 20 log A,
F2 A% IR T AR A = 0-707 A g
2 31 agfeal WART oY (dB) F = 20 log (0707 A g
I, A AR AV 39T $ A1 AR W AR A F 3 (dB F)
= 20 log A ;g — 20 log (0-707 Apyiq) dB

Amid
uB_om?.s:maaTm
=20log1-414 = 20 log V2
=10log2=3dB
I, vads 3 defaga | Jh G DA § formil su AR A sfawan
AVUAIIBTAAIMEN
"Bandwidth of an amplifier is the range of frequencies at the limits of
which its voltage gain falls by 3 dB from the maxmum gain."
A 2w b F-3AT% ARl W Ao oY ATHRaT Ao @1 i 0-707

(1 75) T & ST R 1 5 W e A 0 (square) F WA Qe

2
w.ﬂﬂ.ﬂ?%ﬁﬁ@%gﬁﬁnu@%ﬁ?& ,ﬁzw@aw_
T, H-AF AR TG A AEFaH G AT FT 3797 A2 |

3 SRV A F2-3AT% AGFET 1 3 dB 3G (3 dB frequencies) a1 AXATF
G (half power frequencics) Wt Fe1 ST § |

‘I 3G Ifwl &/ A § A W ads 31 ART ™ 0% AfaEaw =
N 70-7% AIMRN”

"Cut ‘off frequencis are those frequencies were the voltage gain of an
amplifier falls to 70-7 % of its maximum value."

RC mﬂwuﬂ.&!dggoma and demerits and applications of
RC coupling)—
T (Merits) —

L w@mﬂa%ﬁuﬁmﬂ@awgﬁﬁaﬁsﬁ.&ﬂ.

¥ @ FRT @ )W OER SRR WO w5 A
zﬁooev_oa%dm@a@ﬂw_
2. A YRR T SRl B A o T R A T
3. SRR T TR B AT F N H FR0 1w BT a2 |
A (Demerits) —
1. I & oA GOl &1 W W § | 4eIi & weere B gl ©
T e Aar | 3a: Py Rl F Y e s Ad e |
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18 TRt afFEl @ IRYE
ARAT (impedence matching) S & F TR | THH
- ﬁgﬁﬁgﬁimmﬂmaﬁwqi%aﬁﬁﬁwgﬁ
ﬂawﬁaﬂmcocawvomwn&mﬂw.@%ﬂdmmmﬁ%i@“&
% | Gafaen ARAT (impedence matching) F 3 A We-2 F <
T }))

m—wn&d (Applications)—

RC St wiw ¥ 767 rar sifed sede 7 2 & I fh—
f@E @ (record players)
29 ST (tape recorder)
yfsci® ©2q A=A (public address system)
Wed R (radio receiver) .
. o dlo RHIET (television receiver) o
This is the most popular and widely method of coupling because it is
cheap and provides excellent audio fidelity over a wide range .&. \wﬁ:.maa\. Itis
usually employed for voltage amplification. A coupling capacitor Cc is used to
connect the output of first stage to the input of the second stage §.& so on.

The resistances Ry, R, and Rg form the biasing and stabilisation :a?éww.
The emitter bypass capacitor offers low reactance path (o the .m_w:E. «S.GQE it,
the voltage gain of each stage would be lost. The coupling capacitor Cc
transmits a.c. signal but blocks d.c. This prevents d.c. interference between
various stages and the shifting of operating point. . .

Operation. When a.c. signal is applied to the base of the first ?.Ec.ﬁ.ox. it
appears in the amplified form across its collector load R¢ . The E:m&%m& .:ww_&
developed across R is given to base of next stage through 8:15%. capacitor
Cc . The second stage does further amplification of the signal. In this way, the
cascaded stages amplify the signal and the overall gain is considerably
increased.

Note that total the gain of a practical multistage amplifier is less than the
product of the gains of individual stages. It is because when a second stage is
made to follow the first stage, the effective load resistance of first stage is reduced
due to the shunting effect of the input resistance of second stage. This reduces
the gain of the stage which is loaded by the next stage. For instance, in a 3-stage
amplifier; the gain of first and second stages will be reduced due to loading effect
of next stage. However, the gain of the third stage which has no loading effect
of subsequent stage, remains unchanged. The overall gain shall be equal to the
product of the gains of three stages.

Frequency response. Voltage gain drops off at low and high frequencies
whereas it is uniform over mid-frequency range. This behaviour of the amplifier
is explained below :

(i) At low frequencies, the reactance of coupling capacitor Cc is quite

kigh and hence very small pan of signal passes from one stage to

Ll .

»oR W

A ST s 19

the next stage. Moreover, CE cannot shunt the emitter resistance
R effectively because of its large reactance at low frequencies.
These two factors cause a falling off voltage gain at low Jfrequencies.
(ii) At high frequencies, the reactance of Cc is very small and it behaves
as a short circuit. This increases the loading effect of next stage and
the voltage gain. Moreover, at high frequency, capacitive reactance
of base-emitter junction is low which increases the base current. This
reduces the current amplification factor B. Due to these two reasons,

the voltage gain drops off at high frequencies.

(iii) At mid-frequencies, the voltage gain of the amplifier is constant. The
effect of coupling capacitor in this frequency range is such so as to
maintain a uniform voltage gain. Thus, as the frequency increases
in this range, reactance of C¢ decreases which tends fo increase the
gain. However, at the same time, lower reactance means higher
loading of first stage and hence lower gain. These two factors almost
cancel each other, resulting in a uniform gain at mid frequency
range.

Advantages —

(i) It has excellent frequency response. The gain is constant over the
audio frequency range which is the region of most importance for
speech, music etc.

(ii) It has lower cost since it employs resistors and capacitors which are
cheap.

(iii) The circuit is very compact as the modem resistors and capacitors
are small and extremely light.
Disadvantages —

(i)  The RC coupled amplifiers have low voltage and power gain. It is
because the low resistance presented by the input of each Stage to
the preceding stage decreases the effective load resistance (R;.) and
hence the gain.

(i)  They have the tendency to become noisy with age, particularly in

- moist climates.

(iit) Impedance matching is poor. Itis because the output impedance of
RC coupled amplifier is several hundred ohms whereas that of a
speaker is only a few ohms..Hence, little power is transferred (o the
loudspeaker.

Applications —

The RC coupled amplifiers have excellent audio fidelity over a wide runge
of frequency. Therefore, they are widely used as voltage amplifiers, e.g. in the
initial stages of public address system. However, because of poor impedance
matching, RC coupling is not used in the final stages.”
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20 T aRRE T e
§ 1.9. TG A (Transformer Coupling) :
C zrawhic gl O TR R a.c, AREYE AR H 3T AT

D ¥ R # g 50 ¥ TR F A R a1 fE 14 ARy

A Wt ¥ wem Zrwiic He el AL

3L Al _% W:m |

qu.zl&ﬁmuw&uwmiﬂdmwﬂﬂﬂ

WRAY R, T T JEEHT H N9MHS FUSeR (primary winding) 3 A feran
2 | g ¥ fidras Fse (secondary winding) 1 3TN R ¥ ArafdT aike
A FEaEeT (voltage divider) ¥ 9 & fag (AW UL AR, AR, FfuH
foarg) Tam e & ot 3 g1 T R (GH A B SAAYHS G o) RC Y wadw i 1g
At fag WY I3 ¥ &, WINEHT J9a Fa4F (transformer coupled amplifier)
# 1 3t fagalt & a9 # WAL (transformer) #t fEda® FUe (secondary
winding) % (A% 72 9T 1& T@ <, A 39 Wiehe A AT A Tl & M) |

I o7 1.14 1 &9 V eqeq a1 I A T 769 919 98 YaT Sedt @ 6

fslt g Suif A A & 7R T R | RC R A B g qehe O

W A de B ZH R vg= A Jawar o1 O R T 1 T9T S F@ 8 ? A
Am__nmmvmq:m.ﬂwmm.@_
T R I EREATR A AIH S R 3 2 | ZHEIR R A
YFvel Fusfadt & = ¥ d.c. 19 (path) & a1 | TREQ T J¥osh ¥ 4G ac.
AR & T D FHeh 8 |

TUGIR ghma wads § W w=E @ *.,n/ﬂq_ (Description of main
components used in transformer coupled amplifier)—eT 1.14 % ¥ ZAEHT
Fftwa FadE & A Rie R vl A gewit a gia e T R | s o
# e ¥ Zifreet s vt e T R | 2Rt A s wtet Mg (CE mode)
# iR foF T R | W AR Ve, dc. AR ¥g W @ T R 1R,

R, A1 R ; SRR SRl ¥, o s o 3 Feame AR e w3 |

TEE g TEYE 21

2 R P AT T ¥ JERETH 5807 foan T R | ZEEHT IO A R
wunﬂmwo Hlo isolation S AT T 1 |

Cg AU R R | T IR F acc., 9F (a.c. components) ¥ YHIA
Waﬂnwnﬁm@.ﬂw_

ZrmiR g e vad® @ FEWme (Working of multistage
transformer coupled wEv_EQV.lAm@ Tt & 99 W AR e TR F:
1 T8 FRET JAGAT ¥ S P T e LYt ST Q1 & (T ik T
1 TEA0 Y& T F Tl T AR ) | TEHd P T NG 39 qreed H
ZEH 3 g (5) ¥ wrerm A et R ¥ 39 ¥ Ty W 2 e yaiia
R ST R | RC FRET 31 o1 & JFwHR Fie #1 7ea Y 38 8 {6 Ve 30
TS Y Y AT T d.c. Ao Fereret T 3oy Tedl & TR NgAd ARfeT
F d.c. TRy aga F 2T & (rerer 9 31w) (s & i RC Fherm @i & SRy
R T voltage a-ov@ﬂwmﬂﬁgﬂmﬂ_o&@_ﬂwzﬂﬂmﬂ&.ﬂﬁﬁm«
¥a4F (power amplifier) ¥ w7 F wan fean ST R, A 979K W consider FAT
HE Yl A € |

Mmﬂdw@ﬁdﬂﬁ%%.@ﬂwﬂﬂboﬁﬁﬁ_gmmﬁ@ﬂw%é
sfqaren Hf¥T (impedence matching) S Bl R 1 TEWHT & H-IgUE
(furn-rat i0) T ST TAE FF e o e Y adF F MSeye Wiama | A
(match) T <1 T 2 | TR e W fuaw wie 9 ar @ | Siferaren AT
% fowa 3§ 3y ererg-2 ¥ faiga &9 F v

e gfa wads w1 g @ & (Frequency response curve of
transformer coupled amplifier) — ZFEEHT AT FqdT it Mg agfrar (e
1.15) S YHGA T ZAEHT F1 FATO 79T g4 IRIT (equivalent circuit) F
T S R | el W gRwhi #t MEfi (primary) FUSE w1 SREE
(reactance) F7 B % FROT A1 TgT F9 & 1 & GfF X, = 20fL) | WE R B
d.c. F92 3 W (i £ = 0.7 Y Y & AW | 3= AGRIE W FUSH &
FFHRU (turns) F HIET TEIW GURA H T T FA S TG 0T FH A AL
I il W AR H TRt T A} pueferdt F nen sufeera R-miant
(stray capacitances ) oft TR FH TR E | 39 T IRt WA o
ﬂﬂ@%mmﬂ ST T HH | g 38 WobR ot v e & 901 &9 (wave
form) ¥ 3mafy fawqu (frequency distortion) & SR |

fad 1.15 ¥ ww fomiw amfa (f) o e ofes ¥ | 39 T 9 € e
ZTHHIT i FUSH H1 NPT AT ITF AeFhdl S o1 Y QAT F FROT UF THART
SIAEH TRYY (resonance circuit) & ST ¢ fE ARl @ RRIW Mgt W
g A At ¢ Fore W 39 R emg v W afhe A e R | f 115 Y wefvia
T (bump) 39 iy amgfy #t seffa s R4
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2 v g o vy

w I ek g nds
Sty seqfe we wfyw =@ @) A A
(gain) WEY B @ aryhy ta A @ P
v & ww A sy ey A fteds
(variation) ¥ ¥ 1 37, fafuw snafed
RIS W AR - 3E ¢ & w6

N

— :,lx.,.

e wads faftw smyfed @) wom W R _
vl w1 e sEmaEn O ¥ awm e ’
Te vk fafvw smqfedt w1 v v @ _._u:irﬁmﬂﬁﬂﬂ!

waf¥a I8 &0 o | e et g
i e amfe & e forsa & wads o wyw 90 e e e
sty & wnds ¥ wgw few w4 | et s @1 g e @t B
} wge fan wra d
wi&a sfem & ™ 2w ﬂwnﬂla__ (Merits, demerits dnd apphcation
of transformer coupling) -
™= | .
1. W& qEd sraft waary Rfm (excellent impedence matching) H2H
R
2 Rfim ¥ For we ST SN T e w
3. yoed Ty fve A R
4 T power loss ¥H g
-
1. STafe SR W 81 T8 A1 | Gain ¥ WA 1T § wrg wEfda
Aym e R e R fF ﬂdﬂmﬂw inductance ¥ interwinding
capacitance B1d ¥ ¥ Fww o safed 9 €Y ¥ wEhE 98 @

grdl |

2 TR Wi ¥ RN TR N 0 9 2

3. Aty fasvo @ IR

s b _

L . ZRETE greT T A S (imped ce) BT ¥ fog &9
T & o e & e YRR ¥ 4 A | ¢ T
ag v ¥ Sfew R § w3 xR 9§ A e g I
Sre 9 sfewan i FTR I 8 & | T ek e a3
3 yAdE § ITTZ WA R W A (load impedence) ¥ AT
Lok f :

2. g%nﬂ?@:ﬂ:ﬁﬁ@ﬂﬂaﬂwwaﬂaﬁ.&
Qe A far v € 1 T€ SR e T TV, WES (receivers) A
At od i—

aguTe Zitawr mads 23

1. Y frle (Radio Receiver) -
T R (medium wave) 550 kHz - 1600 kHz
&Y &7 (short wave) 3 MHz - 30 MHz
2. Bo WMo fallwt (T V. Receiver) -
54 MHz - 216 MHz

“ A coupling transformer is used to feed the output of one stoge (o the
input of the next stage. The primary P of this transformer is made the collector
load and ity secondary S gives input to the next stage.

Operation. When an a.c. signal is applied to the base of first transistor, it
appears in the amplified form across primary P of the coupling transformer. The
voltage developed across primary is transferred to the input of the ned stage by
the transformer secondary. The second stage provides amplification in an exactly
Sarne manncer.

Frequency response. Frequency response is rather poor, i.e., gawn & constant
only over ¢ small range of frequency. The output voltage is equal to the collector
current multiplied by reactance of prumary. At low [requencies, the reactance of
primary begins (o fall, resulting in decreased gain. At high [requencies, the
capacitance between turns of windings acts as a bypass capacitor to reduce the
ouput voltage and hence gain. It follows, therefore, that there will be
disproportionate amplification of [requencies in a complete signal such as
music, speech etc. Hence, transformer-coupled amplifier introduces frequency
distorion.

Advantages —

(i) No signal power is lost in the collector or base resistors.

(ii) . An excellent impedance matching can be achieved in ¢ transformer
colipled amplifier It is easy to make the inductive reactance of
primary équal to the ouiput imedance of the transistor and reactance
of secondary equal 1o the input impedence of next stage.

(iii) Due'to excellent impedance matching transformer coupiing provides
higher gain.

Disadvantages —

(i) It has a poor frequency response, ie., the gain vanes considerably
with frequency.

(i) The coupling transformers are bulky and fairly expensive at audio

(iii) mggwin??gaissu
amplified as compared 10 the high frequency signals.

(iv) Trensformer coupling tends to introduce hum in the output.

Applications. Transformer coupiing is mostly employed for impedance
matching,

s
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§ 1.10. WG T (Direct coupling) :

IR & RN B T B T WRF (coupling device) F1 ST RR wer
e fean A, A TW NFT F AW N T4 GO (direct coupling) FE T 1
(fa 1.16)1

a +<On

o 1.16—FeRw yaw gfvm waia

o 1.16 ¥ ©E 2 FF 31 RS F directly SIST T @ 991 6t I g
A T R T R |

I, JRIfYG famee it 3T aga T & (10 Hz 31398 9) dl o §91a
(coupling capacitor) & ST T R ST T | 4T 2 m_wn_ﬂﬁmﬂnﬂvm.ﬂm._

mﬂ_ﬂﬁ N\QH|H-H|H|

IfE Input a.c. signal Ft 3G (frequency) rafas A X HHA
fes B | FEfEd 9 3gfw A fame $ fad 9IRa 3t SR9E (reactance)
1M A4 A % T et 7 37afvs & (loss) @171 991 9€ 544 (amplify)
TR T WE R T d.c. Rl 1 e S0 ¥ Feqe o R ST & i
it FAYST 91 G d.c. F pass T& TR |

e e amafa el (R d.c. fare) & e ¥ s gfa
ECLE] (direct coupled amplifiers) AT # W IR €1 3 G A e
AR (specially design) 3T USAT @ RTGR V. 791 8 F 9I09H A 6rg 7@
B I FeEe gRT 4T AT W HI$ 79169 7 98 |

w4 gima vads & Agf sl o (Frequency response of direct
coupling) — T STIHFAT 5 f (1.17) & ¥or9 g 599 (direct coupling
amplifier) 3T 3N THFAT 3 @R T @ | 5997 W @R w19 92 & fon B
ST T TAH ST T (flat) Tt } @l AT Gain Braw war

qgI iRt yads 25

A...mm direct @ § coupling Il bypass R Sq<h T8 @w. I =
st o e A A
drop T | S
g wE R fFoemgfiy, A
% 39S response flat
adft 21 TR upper
cut-off Mg £, H 7H m
fqr & parastic : o f
capacitances I T YRYY fu i
Mnﬁ%ﬁﬁ%ﬂﬁ et 1.17— ey v s ot Qe g o
fruffE ST 2 1-

Sf QI T 1T 9 8 1T ¢ Feh gET o fi §—

(1) ® srftr et |

(2) g Nt it |

TRtz Sl & U, A d9T SFIWART (Merits, demerits and applications
of direct coupling) —

dd._rl

1. dc 947 q91 f 3afy sada ¥g Sow A g |

2. X FNET gRF AT T O F HRO G AT € |

2e—

1 ST g 9 % e § R R ST R |

2./ 3= egfadt & wade T & wmar |

IpAm, (Applications)—

wﬂ@%ﬂmﬂwﬂﬂﬂﬂﬂﬂ%?oi?a@g&
applications) # way I A # @ w_w.w|

1.  Photoelectric Current Amplification.

2. Thermocouple Current Amplification.

“There are many applications in which extremely low frequency ( < 10Hz)
signals are to be amplified, e.g., amplifying photo-electric current, thermo-couple
current, etc. The coupling devices such.as capacitors and transformers cannot
be used because the electrical sizes of these components become very large at
extremely low frequencies. Under such situations, one stage is directly connected
to the next stage without any coupling device. This type of coupling is known as
direct coupling.

Aya

Parasitic capacitances
of network and-active
devices and frequency
dependence of gain
of transistor

The output from the collector of first transistor is fed to the input of the
second transistor and so on.

The weak signal is applied to the input of first transistor. Dur to transistor
action, an amplified output is obtained across the collector load Rc of next
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26 TR IR O TRee
transistor. This voltage drives the base of the second transistor and amplified
output is obtained across its collector load. In this way direct coupled amplifier
raises the strength of weak signal.
Advantages —
(i) The circuit arrangement is simple because of minimum use of
resistors.
(i) The circuit has low cost because of the absence of expensive
coupling devices.
Disadvantages —
(i) It cannot be used for amplifying high frequencies.
(ii) The operating point is shifted due to temperature variations.
§ 1.11. fafim e @ &t dcT (Comparison of different type
of coupling) :
fafvs SR 3 SRerT &7 g it 1.7 ¥ seffa R |

aferat 1.7
f | Coupli Fre Impdence
. Type .e c.:w ing quency Cost p : Use
coupling device response matching
RC Capacitor Excellent in Less | Not good Voltage
coupling audio frequency amplification
range
Trans- | Transformer Poor More | Excellent Power
former amplification
coupling & impedence
matching
Direct No coupling Best at low Least Good For low
coupling | device used | frequencies and frequency
d.c. amplification

§ 1.12. SEGI Td e HaIer &1 Uqw T (Combination of
Transformer and RC coupling) :
MHHT A 791 RC 9 H €Y HASF (combination) Y ¥4 feRa
ST Wahel @ | 7 1.18 & W4 (combination) T TR fFT T R | R @,
R 0, ¥ RC IATT T a1 TR R | 39 Ik warel s Fo S e @ | R
Q, F Ae A ZFAEnit g farr mar R} 1 TR s AT S &} S R 1

§ 1.13, feww vad® (Difference Amplifier) :

fewtn vads =g g 3 fowa = TH 30 3 JAge et 3

¥ WU ¥ & [T UF HeAq YRYY @ 947 §99 IC OPAMP ¥ 3% AW
Y I Y ¥ TG Fwar o 2

A Fewty Yad® N A FE vy, T vy, fedr v, A MY fm vy H

T i, T vy, 35 ST 35 WA R R, A 2y
Vo % Vin, —Vin,
vo =Ag ?5_ - SEV

Ay 1 e = fewtfaae oY el S € |

fentforae yade § Q 3ERA (matched) NI (BIT A FET) 54w FFd
Ty ¥ | fewifyrae Yads ¥ 91 9 (configuration) BT —

(i) f&a Y2 Ugfe 8eYe (dual-input balanced-output)

(i) T Y e AWESYE (dual-input unbalanced-output)

(iii). o $9YE Hferd SMBYE (single-input balanced-output)

(iv) el $9YC AMfeIq 3ASTYE (single-input unbalancecd-output)

Iy § 2 2 e Tgw HE, A IV 5T T2 (dual input) FE ST
? 1 If S e O ITYE YYE ) Y A 98 The 792 (single input) FEETETR |

e AP Ao TR F 2 Feraedl & T NG S 9 Q7 T8 Gegfera
3RTYR (balanced output) FEATA! K HRYE ol TF T (collector)
q4T 9 (ground) % WA Tl ST¥ A T WA AMIYE (unbalanced output)
Tt R |

WA (Operation)—f&3 1,19 # dual input-balanced output fewiy yad®
1 o feman TR | A G Ry, 9y, PR Q, 1A Q, Wi
B, 41 B, W 3R (apply) FFAT 1 2 |, AR AR o el €, a1
C, ¥ Wy Wi R S R

fewifvrae s g2 (Differential mode input)—3fa fewty sadF ¥ ELCe
T It et fva o (opposite polarity) o 81.(379Tq 180° Fara 3 ),
o 3% fewtd A% WYL (difference mode input) ey €1 T o gifwet St
FOFET G T T ZHT R FY Foaret 81 Ia & we Jt | 3k Q) A
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fot 1.19—3-3ge W e wanda

FEERT GRT TG ¢ A Q, FI Ferwel U HE G | T Q, F FAFT AR F
& s st 0, F FerT AR Tg AT | W THR AT PeYe et F e
fewta Ao ST 81T | ARYE fewty diees AT 37Y2 fewid desl & gy
few¥ferae A1 @Y (differential mode gain, Apy,) FE1 € |

@ W1E $92 (Common mode input)—34fE FERH Yads & Fe W
S faTer &1 ST a9 e A & A 3Y HHA AIS $YE FEd € | 38R Al
il 3t e UTT GO &9 J gRafad &1 | 37a: Q! hededl W arest §H
T | 3a: QAT FerTed F A Y dIee NG T |

76 R 48 UR9Y fegifvae Mg 3792 & ford a9 oy 3T @ g S A
Y & fd Y AR FGH Fl 2 |

FIE ¥ HIHT IS Y2 o4 Wt NaHF & AR¥IYL T Agd F9 WA & fa
T BT € | 1A Ae AP et a1 F A 99 FATe F WA & UW
&I FHT HIg TV (common mode mmmn.knivm.d—ﬂa—w_

FMA WE FEEW FPEM CMRR (Common mode rejection
ratio)—A ppy 391 Ay, 39 A CMRR FEa € |

CMRR = 22M
Acum

TEl, Apy, : fewiieaa dig o

Aﬁknﬂ_ﬂ,&ﬂ%

o W o GF 3 fewd ¥a4F F CMRR 1 A 3= Q1 =1fed |

T A4 %ﬂ&ﬂ 19 (Voltage gain of difference amplifier) —
AR T T1d F & ol Fewts atie & a.c. 709 9ftvg F0 € (R 1.20) |

Wﬂ.ﬁ“&ﬁ%ﬂ
Tt Wit d.c. A At B AR (short circuit) T2 ¥ aur gt
¥ A W IGH h-parameter T IRYT 47 23 | 4 A T Matched

A ¥, gl A H y, Ty, W o TR
¥ T (B, AG B,) ¥ F Srds P @ W Ry F T4 THA §O

Ving — iby hie — (iey + iex)) RE =0
Viny — iby hie — hfe (iby + i) RE =0
Vin; = (hie + hfe RE) iby + RE hfe ib; .(1)
Tt YR T T (B, AGB,) ¥ PR A Frae T W (R;,, W AT04
A g

%mnmrw..o_

Vina = RE hfeipy + (hie + hfe RE) iby ..(2)
FAF (1) T (2) & FA W
. (hie + hfe RE) vin1 — RE (hfe) Vina
iby = > 2 ...(3)
(hie + hje RE)” - (hfe RE)
! (hie + hfe RE) vin2 — RE hfe Vin,
iby = 3 2 «.(4)
(hie + hfe RE)” — (hfe RE)

IR AR,
vo = vC, ¢ =~ Reic;— (- Reicy) = Re (ic) —c2)

= hfe Re (iby = ibo) @RF ic = hpe i)
[T (3) T (4) T AH W@ W,
= g w%e:.n + hpe RE + bwa\b (Ving |~<m=~v_
(hie + hfe RE)” = (hfe RE)

(hie + 2hfe RE) (Vin) ~Vin2)
= hfe ba—“ (hie) (hie + 2 RE)
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30 FeRIEE ghEr Iy

:\n R,

=5 (Vin, = Viny)
} {4 xh
Ad: \A& = 5 —Hn.wc. == k\.-
5_ _=N 1 (4
sun&a(l
() SIEd yadE (ii) A FEAEFR
(ii) FRT TR (iv)-Sifedt o

(v +@agevfengaer  (vi) ECL difa i
&S 99 (Numerical Questions)
T 1 : UF TgE0I Ta6S &1 Fel ARA TW 65 dB 2 1 AR TIT RA FS mV  FAGE

fean snen @ & vad® ¥ aEege F oM Fifd |
g fad 121 3WE—
7
94% 1 dB 1Y, }auB_omE% 5mV 65dB Vy=?
i
—\Q
QM"NO_ON_oﬂ
” . fax 1221
o _65_ .,
~om_oS|Nolunu
—\Q .
~- = Antilog (3-25) = 0-1778 x 1000
]

A

(4

=177-8

x|

V,=177-8 X V; =177-8 X SmV.
=889 mV = 0-889 V
WA 2 : T RC A Yada &1 Fo e o9 80 dB R | 7R fadra Rw @ AR
A1 150 & A 9I9 W BT QA Y JA T
@: AR @ aRs a4, =150
dB # fadfta ®S # drees A, Agp, = 20 loggo 150
20 x 2:1761 = 43-52
maunﬂ@uﬂmﬂugnuxé_i,&wumo-a.%nwm.&%
WA 3 : 0% Hfret yads & A RW R 92 vt RW w1 4w ® 50 dB qen
A RA W) AT A9 100 B I F w™ I S
¥ V99 QI FN A@H AN, Agp, = S0dB
A RIFART AN, A, =100

W JIRK ¥AEF 31
dB ¥ fidtg B9 F 9eed =V,
\Aawu"NOFumncnS“gXN"S&w
Nﬂmu%mmﬁﬂ \nnw"law_.fhnmwuug.fgnhgaw
n«ufﬂmu&@ﬂu&ﬂm%ﬂwiﬂu&wﬂnwm@uﬁamﬂﬂ:m_
TH : 11 dB
fifm e : 19dB
JAawe: 10dB
v,
ﬁ&ﬂﬁwﬂm%awmmﬂ}n%mﬂﬂ%@_
1
7 . sads & gl @Y dB ¥,
mamuham.+x_nw~+\.amun:+$+5u.6nm

Vo _ Vo _
3q: No_om_o_\..laoaw qr _omSS.IN
Vo
ﬁ. \nr.nlﬂanS
WH 5: TS Yaus & g e 20 mW  afs ameqe wiw 2 w1 gt
Thae @9 (decibel gain) W SR |

P
¥ dB ¥ ufE @ = S_omswk.s
mn

=10 _Ow_c W% =10 _Omno 100

=10 X 2 = 20dB
W 6 : TH RC A yae § vey g W § aew oW 1414 1 79 7w fm
T2 3% Ingiedl T Aeew 5 & grn ?

T S AW A we-s agvdl W AR Wy, 989 31 Sieed |y &
70-7 % A g5 T ADR
Am d

3d: lnc_oznauwd&wmﬂﬂwwwwwﬂ_o;ﬂ
v 7: T 122 (a) ¥ @ RC gfima wads weivia fem w 81 f= 2 womn
-

(a) TG Siaame (Z;)  (b) I WD (Z,) () AET W (4,,,)

At zifred & ol hy = 120 & hie = 1.1 KQ
¥ R 122(b) F RC TR W 1 a.c, T8 TROR WIYT fEw e d 1w
fer—
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32 AR gl @ ey

6y
2

(3
(@)

d.c. Gl 1 Tguiyd X fear T R |
HafEt r agufyd e fan T @ | weter SR & gaE | T
@Q_M_%_ 34 I8 TEIUG & T & 797 a.c. §oF Wihe § WA T
&R W |
Tl B 3% h- Yot diee & e & RET T R |
FGe WREmar—a.c. 9T H 5.6 K 791 56 kQ & IHAT SR §
m:ﬂwm_ﬁﬂ@wﬁﬁﬂ%ﬁum%i@? & ot gEE=T A A

| 3d:

Zi=56kQ || 56kQ || 1-1kQ = 0905 kQ
ﬂ<00",_0<

L
(a) RC gfiva wadier

1-1KQ

56 KQ
VWWW
=11
hielp
6-8 KQ
56 KQ
AW
6 KQ
—— AW~

(b) A.C. 7= Uftqe %
faw 1.22

(b) 3322 wfeanen foT 1.22 (b) @

Zo=33kQ || 2:2kQ = 1-32kQ

(c) A=A TH—

fadia R F1 AR A, A, = -

I Rac,
h,

TFgaw e xads 33

Ry, =33kQ || 2:2kQ = 1-32kQ
_120x1-32x10° _

aa: A, = = _ 144,
2 1-1x 103

hpe R
NI R F AR A, A = - ﬂ =1
ie

Ry, =6-8kQ || S6kQ ||5-6kQ [[1-1kQ = 0-798 kQ
120 x 0-798 x 10°

=-87-06

AHd: A, = -
1 1-1 x 10°

3q: @ AT = 4; X A, = (-87-06) X (- 144) = 12-536

U9 8§ : U TR Na9F & A9 Wi & dB I i ¥&K’ §- 1 dB, 18 dB, 14
dB Yad% H1 $ dB WM FME? W ._&Emmm_}uwﬁﬁﬂﬂw_w_
& : (a) T9q R Ft 19 = 1 dB .

TRRI A 1T = 18 dB
TR LT H N = 14 dB
TRIRT Y94F F F 1 = 1 dB + 18 dB + 14 dB = 33 dB
(b) dB ¥ gequt &YW = 33 dB
20 logjpA, = 33dB

33
logyo Ay =5+

20
_OWS\A_,. =1-65
A, = Antilog (1-65)
w\ﬁ-
3 A, = A = 44-67
BESICCe

. AR wadew 13 @ ? fafv= g fafual 3t wd-woned v |

& g RC giva saya & dreest & &t 1o e |

RC gfma wads a1 JEeiR gima yads @ agh sfen a% sifad aw @

TR |

. SR AU TR Fe At Fgfeai Rt ¥ 2 Jefagy 71 3¢ qur we@ Wy Hfd )
. e A YA w6 Qe ? e TROY @Ra | §6% S0 a1 Sl & Sed

Fifod 1

. fewtn ways &) Sd-NTel WU qUT IR ared oIt & M0 F |

Y yavF! & it e SHR &N | yadE ¥ faf aifem ) am a e

 ama (UPPTE 1997)
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p) g Jifear vt yade

(TRANSISTOR AUDIO POWER AMPLIFIER)

§ 2.1. Vit Wada! &Y CUCNOE T (Need of Power Amplitiers)-:

T o R fren ) s 29 o wie TadE o 2 |seR ¥
IR W & v T fawen 1 4% ¥ 1 o 9 =i TeRes A 2 @
TSI I @ a9 foreg it & ace 2 8 | 39 Fg Rl 9 deew
g T (@ B fireht Aw) A 1 TR, ARt 3 Faee Rt @ @Y
ARSI 7 ¢ g 9, A eeefa T R ¥ @fr qint ¥ 7€ see ao |
3:, TEet Foega ot Y e ok 3% W ) T 9 £ | 39 o Heet ©F
A HTHF T4 F ¥ | fig AR g B A AR ot STy A1
R TE & 9T | TWY AR TAEF H ARIYE T W T Y T I 2
N ASSEiE F WE T W F G a1 L | AREENE # Asege e @
ARSI | B 1 [ ARewla 3y |y ool § Jea v ¢ |

Input Voltage | Power
Amplifier Amplifier

. Loudspeaker
fomt 2.1 —ufers w@w faewm

“ag Ziferet wads W Siifear agfv farell % et W @ agm 8, Eifwe
Ay uter Wads Heemar 2 1"

A _transistor amplifier which raises the power level of audio frequency
signals is known as transistor audio power amplifier.

A practical amplifier always consists of a number of stages that amplify
a weak signai until sufficient power is available to operate a loudspeaker or

*other.output device. The first few stages in this multistage amplifier have the

function of only voltage amplification. However, the last stage is designed to
provide maximum power. This final stage is known as power stage.”

§ 2.2. Tl WaHeh a7 UaR Y ¥ 3fa¥ (Difference Between
Voltage Amplifier and Power Aamplifier) :

TF G2 NaUT 1 WA 39 WK FRar ST @ Fsy Sifyean S sad
| & Fafs et Yadd fiean ¥eye Wak M F% ¥ Fesmed Y I & |
AR e 7Gx yada § 3w e 2.1 ¥ veffa ¥ wafr 39 et 9t
T TiferaT 22 H & 7
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36 g giwEl o TReT

ST 2.1 —ArRS YabS 91 Uiat ¥aues o R

(Difference Between Voltage Amplifier and Power Amplifier)

IR TaTE

vt sads

(i) T Yo F & F1d fare @
Wy (F faew ¥ yadw
(amplification) Y§HM FAT  ®
(designed to achieve maximum
Voltage amplification) |

(ii) O Y TR T HHR BrT Bl

2 (ordinary transistor of low size) |

(iii) If% ToH g w1 I A A
Y & 1 8l &, g 39 8 F
A are Ziferet &1 S@T faRar st
2 1 0% ol Zifret 1 99 Jae W
fiza e @ 1 (transistors with high 4,
Le.., thin base are used in this

amplifier) |

(iv) AR Fadal # RC T 38 &4 (iv)

4 (RC coupling is used ) |

(v) 7O FE AR W AA FIA
B 8 (et e a1 AR )

(they receive low input voltages) |

0

(if)

(iii)

v)

VIfeh FaH S &1 69 1 T AP R

Sftan itk wgH &0 =1 8 & e
Ios (amege w @ gfw O
AReHIE) I sraferd (drive) femar s
H¥ (designed. to achieve maximum
power amplification«and to deliver
large amount of power at its
output) !

e ZHRE F1 SHR A& a1 8l
3 wiifr gt arfues FoaTeA A
3k gwa dissipate T SEXEF Al
21 (the size of power transistor s
made considerably larger to dissipate
the heat produced in the transistor
during operation) |

fer 3o gE s sifusan wft wgH
A & ¢, W = g % A aen
Ziforee W@ e @ | 3Ee ol gifneer
% 3@ & A R fem S R
(Transistors with  comparatively
smaller 8, ie., thicker base are used
in this type of amplifier) |

ol warfa! f giaeni g s aw

¥ (transformer coupling is used) |

N S gavw! grr waftfq &
RS FYE F FY ¥ W Bt | 3
THE T s I=9 Al § (they

receive amplified voltages) |

(vi) IS SRR Re 1A S R, 3 (V) Sve 9fady Re a1 7 &0 €ran # (lower

go T ¥ aga ofesw @ ? (A
comparatively high load Rc is used
in the collector) |

value of Rc is used) |

ZiforeT Iifeat wifs yads 37

vifs Yads

(vii) WAES W0 =1 @A 2 (collector
currents are high) |

(viii) MSeYe TR fuw At ¥ (High

AR vads
- —
(vii) TUTEF YRT %4 Bl & (operated at
low collector current) |

(viil) 3T32YE TR FH Bft  (low output

power) | output power) |
ARt 2.2—AR FadS! J Vifth Wada & Rndfe &Y gorw
S. No. |. Particular Voltage amplifier | Power amplifier
L B High (> 100) low (20 to 50)
2 Rc High (4-10 k) low (5 to 20 Q)
3. Coupling usually RC coupling transformer coupling
4. Input voltage low (a few mV) High (24 V)
5 Collector current low (= 1mA) High (>100 mA)
6 Power output low high
7. |Output impedance | High (= 12 kQ) low (200 €2)

% HeaqUl N € 33d1 @ i 7 UK ade arad # el H YqHT o
el 8 2 St 76, arad # 8 o g qiat w1 v T W gt HJifE WAl B
YAt & idea & Tl F go FaaT1 Hl Seetod € | AT N4 AF2YE 7RIS T
GO c. TaC TR A T e 3 useful a.c. FRTHe waT ¥ wRafda s 2 |
TR TR AS (AESHIH) F T Ft Tt @ | Wk NG F 8P T IS e
Y Aot BT Sl #1 STl @ | 39 SR &6 Fg T § 16 UGt Javs U TR
F d.c. to a.c. converter T, NTEH action TG fat &0 Trotel FeRdT ST € |
T Yt S G SR AT ¥ WW 39 e e (39 large
signals) T YT HTAT &, 3T large signal amplifier &1 g 3faa 2 |
&Wqﬂﬂnﬂ&ﬂ d.c. power F acc. power mmﬂ_mwgw. Qﬂ".wﬁﬂ.,— YT Yo

EREIE RS

§ 23. VIt yagal ¥ Widaner et 1 7@ (Importance of

Impedance Matching in Power Amplifiers) :

A F A (Meaning of Matching)—3 wﬂmﬂ.._.w_m., Iy 7 (SR e,

SRS, Fo o , Wl T3 W firen anfe)aifam 3meye w@fy % w9 ¥ A1t 2 1 3
T HRTHHR FI TR adF & WS & w Foydny fran smr R | it ks @
ﬁ&wﬁ#%%ﬁw%ﬂﬁgﬂﬂ%@%ﬂmﬁqoin&nﬂd@ﬂw_

“feead Uh WHRR S99 (maximum power transfer theorem) ¥
IR Rt Feq% & IMBYE terminals T e AT R,  Afean afe
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38 eI gfEal @ iy

HBIE 79 TG ot 2, N A WAY R, FAA AE F ARF R (e
2fifTe A 3E W) oafq Aa RAY Ry F q & SATR, =Ry~

“The output power obtained from a network is maximum when the load
resistance Ry is equal to the intemal resistance of the network Rg as seen from
the terminals of the load.”

e Wit TR S84 (maximum power transfer theorem) % HTUR
W EH %% T ¢ T U6 qads ¥ weewiie A afywan witw avt SeH F oo
Tl ¢ o T St ) STy NfarH] AeSwieRt it §IYE Niare % W R |
T vy ¥ o9 T 4 W A off e Ged € TR Wi Yads # eee S

AETEE ) hrare § 79wt @Y SO Saed 999 o) | At A A R

T T T (et e T FO0) A weswiat B aftewan qiaT a T@ R
YT APSHIHT T F9 WE A Qi |

T I § T ZITRT 3 Aseye S frarels it @ afE dseea
ST T 4 Y 24 AW F o AR | IR G v RN e AEeEiw
¥ e fear T A AN N 9g F9 0w a A WAt |

e AR T F F o ZRwER AT R S e |

ZiOERR grRY ivarar Afem W@ &N (To get impedence matching by

transformer) — ot 2.2 t ¥, g ¥ Yt o W ARy R, T}, e

ﬁ\ -
V,=DLR, A ~|~~uxh .
3™ T 4 W fF g JHEEt ¥ el W ¥ W, A W A
Impedence TaT Sftq 81 e afg SrEwRR & SEAG WEE W v, 41w
ratio fora SR, A 3WH A FAT M A R, F TEEHT F MEHG RS VA @
T THH W fehel SO | AT A WA R, R _

A Ry’ I Ny:N I,

- ﬁ
_

dm
o RGNV BV,
R, W, Vo I
Ny _Ni_ M
=— X — = — — )

2
N .
AR, = ﬂw RL ...(21) Tt 2.2—grwTed g il Aféer

I ¥ e R Fr Pl ol % 390 o W S R, W
2
nﬂ%&#ﬂﬂﬂﬂﬂmﬂ»ﬁﬁwi Ry, ¥R | e { fr 7 A grewmiT

, 2

Ru

_,

N

|
_
|
|

ziforeet sifeal ufe s@ds 39

Tt =5 YA (turn ratio) W Fieft &taT @ 1 nﬂ%&@mﬂﬂﬁ%iﬂ
5§ 1 AFEEAHT T | AR € 20 ; 1 2 T 1 R, R A FEEH A

2
F @ § A Ziawri A TR IR ¥ 3@ W AR §OAH @U x 5 iy

1
2 kQ BT, Tf = Y WQrE 40 : 1 3 A A @ R WES FE WAy
2

F A ﬂ% x 4 = 8 kQ RN | § ST 3N 25 I (turn ratio) F LY ST
FARLILES 0 P BT % R, ) IoT SMBE Shrare A Zifonet § A e
o1 T 2 991 load 1 A e ZRAHC A S Wbt ¢ |

A : TE 16 Q F ABTEER B 10 kQ Iege Wie A ZifRe % e i
T § | ZAGTR & & FUA (turn ratio) T B e ?

T : T & AR, RL=16Q
RL' = 10kQ
, _ (N1\2
Tt 2.1 F TR RL' = hﬁu Rr
N1\2 _R'L _ 10,000 _
TL T RL 16 =65
Ny
— = =25:1
N, = V6 25

“The last stage of a multistage amplifier is the power stage. Here, an effort
is made to'transfer maximum power to the output device, e.g, a loudspeaker.
For maximm power transfer, the impedance of power source should be equal to
that of load. Usually, the impedance of an output device is a few ohms whereas
the output impedance of transistor is several kilo-ohms. In order to maitch the
impedance, a step-down transformer of proper tumn ratio is used. The impedance
of secondary of the_transformer is made equal to the load impedance and
primary impedance equal to the output impedance of transistor. The output
device (e.g., loudspeaker) connected to the secondary has a small resistance
R;. The load R;' appearing on the primary side will be :

SN2
zh.|HZL RL

For instance, suppose the transformer has turn ratio Ny : Ny :: 10: 1 If
Ry, =100 K, then load appearing on.the primary is :

. _ (10\2
Ry’ = Ai X 100 @ =10kQ

Thus the load on the primary side is comparable to the output impedance

of the transistor. This results in maximum power transfer from transistor to the
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4 TSI ghFET @ TRy
primary of transformer. This shows that low value of load resistance (e.g,

speaker) can be stepped-up to a more favourable value at the collector of
transistor by using appropriate tun ratio of the transformer.”

§ 2.4. UTER Yaue: & Herael ggdl (Collector Efficiency of Power
Amplifier) :

W e 1 G4 XYY AFEYZ W AU WA NG FO A ¢ | I
YU d.c. T T Y AT G T ST a.c. WG AFGE T o @ 2,
3d: SFaT Vg T d.c. T & N9 1 @ ajc. AW ot F Fge &
@ e T F a1 A A 2 | P W FAEF F Fereel CEA K T Y
ST Tl 2 |

«OfeR YadE ¥ W a.c, SMI2YE UaT qeT QiR Sadd ) Al g aes
T d.c. U ¥ IIUE BN IAG HerEd g1 Fgl A &

“The ratio of a.c output power to the d.c. power supplied by thebattery of
a power amplifier is known as its collector efficiency.”

S P13 WK GUF d.c. TR Y & T AL WA 0 AHRG AT acc. H
TR o 3T & O ST G&T I A S & | 3, FEAF T 5 Bl T FFR
} yRowifi o ¥

Output a.c. Power _ Po(a.c.) _ Py
"= Input d.c. Power T P(dc) Vg Icg ~(22)
T g = R gE
Vee = dec. TS et
Icp = TR AN & Q-point T A N FeeRT U F 98 A 5
TaUF WS ac. FE @A ama |

W wif 5 3 g/ 10 W afF 9S8 3 91, 997 a.c. ARSI T3 W
memmmauc&g_ Ws ¥ A A FHelaT Q&1 T FT E IR

|

IJ%] O a1 FaRY &9 Y Ieerag € 6 SF Gt wads® d.c. A a.c. 90
¥ Fas T 3, Ty U T NS el T @ | $9E Rt e Siseye
Yot 1 vl FLT 2, 91 AELYE WA F9YE FOet o WATgrelt e et | e
¥ a.c. 19T 3 d.c. o Y@ F NS K A ATl TG H JoAT § ot F9
Bt ® for <&rar o 39 W RN (Consideration) & =& ferar smar |

v “The main criterion for a power ampilifier is not the power gain rather it
s maximum a.c. power output. Now, an amplifier converts d.c. power from
supply into a.c. power outpul. Therefore, the ability of a power amplifier to
convert d.c. power from supply into a.c. output power is a measure of its
effectiveness. This is known as collector effeciency.

The ratio of a.c. output power (o the zero signal power (i.e., d.c. power)

supplied by the battery of a power amplifier is known as collector efficiency.

T Sifsa Wi Yads 41

Collector efficiency means how well an amplifier converts d.c. power from
the battery into a.c. output power. For instance, if the d.c. power supplied by the
battery is 10 W and a.c. output power is 5 W, then collector efficiency is 50%.
The greater the collector efficiency, larger is the a.c. power oufput. It is obvious
that for power amplifiers, maximum collector efficiency is the desired objective.”

§ 2.5 UIaR Yadal @I ST (Classification of Power
Amplifiers) :

§TaC TSP B FE SR T G foar ST Gkl @ | WA T4 The-RT
(single ended) 1 f&-RT (double ended) & T4 ¥ |

DR CIRERUR Tads (Single ended power amplifier) —Thel fa gt
yadis ¥ el 7€ & ALY TH fat = permanently ground 39 W H
At <t S 2 1 7 Ry § o A e 2Tl Y Parallel ¥ FAaE FE @18
) g7 T S @ | P 2.3 3 o fiw e el ah e foear man 1

(a) Series fed et ziferet wa-faw vads (b) T e et gfiva vads
fomr 2.3—va o vife vt

(i) f&-fa@ utar Wad® (Double ended power amplifier) — f&-Fawr FELE
I -0 R (push pull stage) oft FETErR | wﬁmﬂwﬂq@%w%&%
AT | T T o F G H ur faeda fewm i srafed dxt & S W ¥ add
A St R (e 2.14 W) |

Ui Yad®! B W AR | 6 Tiiga fsm masa ¢ & TR I @ R
= A Jseye fare 30 o ¥ faa am i wa A

g 39 w1 YR et @ o sreire fareg Ziforet & arseye sifvrereot & g
T et (fix) FoRaT T @ | SUdeR MU WT e s o e e —

(i) T A Y@ (Class A Amplifier)—37 A 5q8 § I=eye fme 7Y
e F Q9 (3rgfq 360°) ¥ fad s Aar 31 3EH T g-fag A IR
At & wer 3 et (fix) F00 € (a9 2.4) |
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Zifet siifear wift yads 43

SETAeHAT Bt & | T ST Sies % fAd 99T H HOTerE e ¥ o |
At ASTH F GG HEAT [ T =G (push pull operation) FEwmar 8, o
Vot 2.14 W) T AT 79 TS F 37e A7 F A |

Power —

3. @1 AB ¥a4& (Class AB amplifier)—38eye fe Fqe & oMy /
P \ i Fuleoycle (360%) i g QR A ST (AT 180° T 360°) 3 ) N BT & | FHH R S
oS AC oag \_ouieut swing fog 3 d.c. e WA 5 7o e 7 F et O Pt & e Pt (fix) F3
13 ¢ (R 2.6) | 3 TG 50 % A 78.5 % + WeA Bl ¢ 71 3@H ot 7of w6 e
Level O ¥ o T [ SR F A vt € |
oV — ¢ IcA Vo4
(a) T A FERH (b) FA-AFTES | W ASeqe A.C. load line >
faw24 FAWAT Q point / \ /
AE: Class A Ya¥a&t & Sorem fa (Operating Point) T Vep &1 9R Y7\ > .
Vg 1 T 39T 8 R | g6l o B a.c. et g o) o s @ % Vee
IWh FH TR F T XA R (Ppo = Ve - Ig) | T T 5@ e
?Enmséﬁﬂﬁiw_mam@w mﬂw%%ﬂ%mﬁa&% C
e AT & Hre T R A e e 50 % S Avet 2 |
Rt (2:3) T Fom T el R T Clags A s @ 3 Anvm.¢>mdm.&ﬂﬁdﬂﬂﬂ@ﬂum—-vnh.a_mm_nﬁ_g@:aﬂwm.
2.3 B um&ﬂ (Class B amplifier)-57 B yads % SUSSA CREHE I o\ .
@mmwiﬂ@ﬁ&%w@iwﬂw_ﬁw@ﬂﬂﬂw; 4. @ C Wads (Class C Vo
(Operating Point) I d.c. AIE T F T At W ST ® (e 2.5) 39y amplifier) — 98 IRRYE AT TR aYaVa N\
Mn%uo_(ﬁwﬁﬁn@%wﬂwﬁ?Eﬂm%?gg.&.Wssa | o H o o A _ — t
T IH A [V IR (Ppg = Ve - I = 0 Haha feafa (3797 180° § oft 1) ®H2.7)
(zero signal condition) ¥ Wex mmﬁbunw @%h_. wﬂ.mnnm&ﬂv M&Mﬁu%ﬁﬂm SR T THR F sads @ g gt fem27—=mic nﬂ&ﬂﬂﬂ_ﬂwﬂ
THH &A1 IAYFAT 78- 5% T TET o 2 | (tuned ¢ircuits) ¥ s foFam wimaT 8 (SR Y, SreaR get) S g 39
Ic4 U AF FET FA & T T o ST | o et e iy Wew T Wt |
) Class B 180° Qutput swing "In class A operetion, the output signal varies for a full 360° of the cycle,
A.C.load line e bi Class B circuit provides an output signal varying over one half of the input signal
Q point ;i cycle i.e., for 180° of the signal, while for class AB operation, the output signal
£\ /\ - swing occurs between 180° and 360°."
Ve § 2.6. Whet 51 Itk W& (Single Ended Power Amplifier) or
FGRR IFa avi-A 96 a9® (Transformer Coupled
| Class-A A Power Amplifiers) :
(a) 7 B 3mater Gvdﬂ&mﬂ&a.o.!mu_oﬁ_gwaﬂmm _ ggﬂﬁﬁ%?il>ﬂaﬁﬁﬂ§ﬂm~hm

2 nﬂaﬂw_ggiﬁj.@%ﬁmwagﬂgﬂﬂﬁnggnun%

nﬂwﬂﬁﬂ%ﬁﬁw%m&dw_ﬁﬁﬁﬂﬂai)&wm%ﬂuﬂw
@mﬁmﬂﬁﬁﬂw@ﬁgﬁmiﬂmﬁgﬁii | ELGl| Q-fag = NN & aMeeye aifyeramit & e & feorc Rear sman 2,
% & faAd 1 F§ TG R A GHFW? W R A Class B yarwd A | ggg%wiﬂﬁ%&&y@ﬁ?»_sﬂﬁﬂ
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44 FoARIT giwdl T IReg

FO R R e A R PVec |
T R A S A @ 9 Loud
9T A1 FI 3AfYad IiaT 4 & Ry : speaker
S |

ZRAGMT e o Q

Rya—a1 75 veor o A W
T 2 5 e s g mww .\
¥oH FC ¥ T R AR Re = Ce
ST e SR & A e T
e | e et 3 e % = L
Mﬂn_wumaw%ﬁﬂﬁ%ma ot 2.8t ferer i st
|
R oI ) T RY IR e F ved F @ o e 9 6§
ﬁwﬁﬁﬂﬁﬂs%@%ﬁg%xh a1 =i sfare
(Reflected Impedence) t F&1 ¥ | 39 YT THER FI FerFar ¥ sfwanan
H T @ WA B A W T & e 2
e a0 (7w A) iR yads ¥ O A9 &Y (Merits and Demerits of
single ended (Class A) amplifier) — 9% F9 A WHE yadi=i SISTACE I
TR & Foql 55 & ford e @t 2, o1 ageqz w6 TG 0T WA B 2 |
319: SFATH A W ST F =7 distortion BT 8 (371 ¥ifes ey a7 g ) |
6 37901 A QY 7€ B @ o $1 T S eqe 9 21t ¥ qe o ea ot
FA Bl R (7T 25 % F 50 %) |
“Fig 2.8 is the circuit diagram of a power amplifier Q, which receives its
input signal from a preamplifier or driver. An output transformer T delivers
audio power to the speaker. Ry and R, provide voltage-divider bias to Q. Rgis
required for bias stabilization, and CE is a bypass capacitor for Ry to prevent
degeneration of the audio signal. Proper operation of this stage as a class A
amplifier requires the bias to be properly set so that input signal be amplified
without distortion by Q. For maximum transfer of audio power to the speaker,

transformer T must match the output impedance of Q to the input impedance
of the speaker.”

§ 2.7. Miard faflr grr oo A wavier @ aeeye Traw qur afeE

FHerae TYAT & TN HET (Caleulations of Output
Power and Collector Efficiency of Class A Power Amplifier) :

TIT A ot gy = 2 S oo 1At
d.c. TR TR

TRT siifed wfts sads 45

e it far ST ST o A IR ¥ d.c. T T ForT o e
Ve T91 d.c. Fa U 1 91 0S8t 2 1

qagqr Pac. = Vee (rms) X Ic (rms)
-3
s rms. i[9 = W HmomrSJwgw'nﬂy
34: T & y = Yeelr .MWM\W ®-p) (23)

(i) Series fed FAW-A Yad&F & Afawaq FAF M W TOET
(calculation of maximum efficiency of series fed class-A Power
Amplifier) —Series fed ¥a4® ¥ T direclty Heiat TRYY | FATe @ar & Q,.ﬂm
2.9 (a)) AT ZFEHTHT FHET HT 0T T foan i1t | wriifes T@ RIS QrE: Qe
YA R S e faT ST rifen gwent e % At @ | Faw 2.9 (b) 39 IRy
F d.c. e A TR

(a) (b)
(a) Series fed FATH A (& G0 Ulew Saqd)  (b) d.c. FE AR
fex 2.9

94 a.c. FOTA apply Wﬂﬂ@wamﬂﬁﬁm&ﬂﬂ%ﬁm%
w_..ﬂ%q@m&d%w_%mﬁﬁdﬂﬂ?ﬁnmgsﬁln»_mﬁﬁ A A
¥ (i i MY Wal T 2 ¥Y), 0-Fg 1 d.c. TNE oA F Ao
(centre ) B =fEd (a7 2.9 (b)) I, ”

e feaf & %Hﬂ&u%.ﬂﬁn%ﬂg@éﬁ"qﬂﬂb
(b) ®) ¢

ST Vee (p—p) = Vee
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46 TR IRFET T vRag

Y I, ®-p) =
HfYam a.c. SR R Py (1ma)

_Yeepp) X Tep_p)
8

V,

cC
NNn

Im\ﬂﬂx.—\nn§~n ﬂ\n.w
B 8 " 8R,
TR dec. W =V, x I
_ Hf-mu
cc 2R, = 2R,
P
ﬁn.ﬁmﬂnm.dﬁaﬂaanle%@ﬁs
dc
V2./8R
=—"—% % 100 = 25%
VEI2R,

ST TOAT & WE R B Class-A series fed ot yats 1 ey wemey

S 25 95 B R A AT 3 T A TR R AT R 1 I serics fed
-+ Class-A e &t Wfat s ¥q e ¥ foat SimaT |

(ii) growTR Ffva FAm-A W vads I B agar E Mo
(calculation of maximum collector efficiency of transformer coupled class-A
Power Amplifier)— FTH-A a4 & we F Ziwwnit S gy couple o S gepar
?ﬂﬁ.ﬂ.ﬁ%@mﬂﬂﬂ«ﬂ?ﬁﬁ@iw 9T d.c. power loss %t &H &
gw%uﬁﬁﬁﬁimﬁ%ﬂ%ﬁﬂﬁ@ﬂw _

Ics
2I¢
[«— D.C. load line

m\\\\\
A.C. load line
Y 2V,

. cC ; OO‘\ <Om

Vs
Voo Veo
= 2
(a) (b)
(a) ZTHGTR T FEMH-A WGyl (b) Eo Wo Tz FTFT

fax2.10

- T EN—

SRR e ot sads 47

fa 2.10 (a) # grrwnit gftma Femg-A (T ) Wife sraefes sefifa € aar
7@ d.c. TS AT 4 2.10 (b) ¥ weffa ¥ |

v fame e # (arafq o acc. TSt apply 7 firar @ argfa s shay
¥ ¥ d.c. U yaed & W@ @) (i-e, under zero signal conditions), FaFeT
%mmﬁ@%mﬁiﬁﬁimﬁ%ﬂ@a?ﬂ%ﬁaﬂﬂg
2 (it et el ¥ d.c. N F1 A o FH A D) | 3 dc, s &
T vertical @1 At } @ 1, & wew At ) e 2,10 (b) 3T |

T IR9Y Fit ac. ﬂdﬂﬂﬂxﬂﬂwmﬁﬂmﬂw_ﬂw@wﬁﬁnh. e

N\ 2
R’ Nhﬂ@ Ry .an:. T a.c. WS AA %1 slope ﬁl%w B T4 T
2
ﬂ?ﬂ@d?ﬂ vmmm@i_

s?ﬁf.n.ﬁqgammmaﬁ&ﬁauwﬂﬁﬁméiﬁwwmmhﬂ

W a.c. AIe WA & weg ¥ T oA 9T 91 |

fo7 210 (b) & W } fiF T EH F AR (peak of positive. half
cycle) W FAFE T H HH 2 ¥ TN FARTTHR AR V,, 7 77 Y4 3 |
Fritfea feret W Feet s @ R @m0 v, = 21, R
¥ peak-to-peak FEFX -THIT qree,
Sn?lhvﬂmﬂ\nnlo =2V

9l peak-to-peak FHHAF qAT,
Nn?lhu =2.-0=2I

Pye = Ve X I
e a.c. TiaR IMEege
Veew-p)x L, Weex2, 1
Wn.n.nawxv = 5 EM e-e) _ nnm £ = 2 Vee X I
A, ATYHTH Feraet garar
P a.c(max) Vec Ic/2
7 m.n.n. ﬁ\nob\. ?
3 O § WE ¢ FF AR g Fe-A. wie yads 3 sty aga

uo&@ﬁwmﬁabﬁﬂaﬂmwsaﬁ%a@ﬁg%&@g :
. u.o.aﬂﬂmaﬂmﬂm@gw_mﬁmm.gw%muoiﬂ losses T91
| TR power dissipation ¥ HT FeT & 50.% J 77 At 2 |

' §2.8. S R 9% (Heat Dissipation Curve) :

ggmmﬂw@@aﬂﬂﬁ%&ﬂ@ippﬂnﬂwﬂaﬁ

m.p&ﬂmﬂﬂ@a”_%&ﬂ_a,wiw_ﬁﬁ«%%ﬁsﬂm
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g sfifed wfs yads 49

@ mﬂa?&ﬂ%n Fz&dam?:gBﬁuxm&v?nn.aw&vmagncgvasﬂww._dm:\ &
. , 0 FIEATE T AH /- F A A o ¢ (g AT P w%nvam\nunwi

grwnft ¥ g ZifeT 10 39 s & a0 o 71 ) 32 g @) aw ), Pt afea g et 8—

DA AP QA R0 F F7ad 31 3 T W p, | g e @ 9,

D we e v Fw (P, - Py ) T I w S fawtda @ w3 Pa Ver Io= A 000 ma
\ba:nu.vnh Vad aw Sv 800 mA
W Py, = TERT R T e § fabda v W 10V 400 mA
Py = PRI R d.o. 20 gm vwe By v AW R 266 mA
ﬁ-nﬂﬁgﬂdﬁmﬂaﬁ.iﬂ 4 W 20V 200 mA
evaiE Ry ¢ R A A, T52gz B TN (P, = 0) ) . w 8y 160 mA
E SR T g3 f& gfz , §y2 ,u..m._ ﬁyﬁ& tw ¥ famaa A (sero signal 30 aife @ HI2YZ Mot T plot Y —— - "w——
e de. Mo v o st e s OO0 100 ) 3 Pk 1 (et cisipation curve) 9 Y
s fae apply 1 301 @) w3 3w 3, _ 1 afz gm gifa @ T sk i 4&: ®Ey @ 0?“ 29 70 %% & 9 o
T B ¥ Gl ® g g Ao v afed fared 4 aumﬁ.a & wrdm fon g F 3= 93 A sfers e W@
| Pyo = Veeloo T AT &) NEac ¥ en & am &1 afe O-fa, ¢ 4% (curve) B 39 foran 3o
T 10 O-10 S TRy wR w1 g ¢ ma ) | s Thuet d frefia @ gay agd e F dar o it &) wiac Wi § iy 6 i, faey Zifaeer 72 @
sfgean 3y ?nywcz,.;‘, = Vel o | U FEHA 3 Feryrs B i it &1 iar AT 2

Forwads apmran & a0 Iwal Y G Yo & woar @ o @ ofed | syl afz U in an amplifier, the quiescent power dissipation Fog is 4 W, the

g %ﬂ W AWNH %MMA &J 810 7».».3.,_ power dissipation 4 W N N;_ EL dﬁdﬂ m\ﬂw—f&@\ .\-nn&h.. @ pawer E,q..:ﬁh:c: rating Q\. &~ least 4 W. On the other \-g
N AR - TR Freres Ther ot - Nyl i we are given a power transistor with a dissipation rating of 3 W, we must ensure
It R mimn.NN Ng® T AR wE! i I BRI 4 W R g R Pog does not exceed 4 W. This is an important factor that must be considered
TRawR ﬂ.ﬁ,n._dd don m ofe w % .m,G O T IET F¥ € &) weyrEa ¢ while designing a power amplifier. Assume that dissipation rating of a power
IG WA | W ¢ ufe fadt yads @ O Tt fasdasw i & S ransistor is 4 W.__While designing the amplifier. we first plot its collector
TR §1 v fawds Wem e @ wm 4w o qfed | o ST uE el g W dissipation urve. We take some arbitrary values of Vg and calculate
SR frda v & AR TR w91 @ e T it 3 vRee § 9 wag mciﬁhe:k.sw values of d -~ so SQ we always have Vegle = Pp=4W, The
el T W A Ty R Curve %ES.E \33 Sﬁ.n values is a \Q\Kg If this transistor is used in a
?mo,ﬂﬂ&mﬂmmﬂuu. g cimA) 2at Disspation Curny power amplifier, ity Q-point' must lie below this curve.”

9 ffad g w8 afvs 3 o
TR, ¥ TR @ @ e
T @ meAy aw R e
SRR T I R

§ 2.9. #12 fidh #T WER (Imiportance of Heat Sink) :

. &wiwﬁﬂmaiﬁggagvggm.ﬁ«ﬁ%
¥ ¥4Y MY (heat :E&H&w.&«.@mﬁmﬂuwwﬁﬂdm ﬂnﬂﬁﬂwc_ﬂa&
Tunaway) & %41 8, 34: 4% sﬂﬂawm«aﬁmiﬂ%mmﬂwﬁ&
Wl AT § faafia st 21 afed |

i ?um,:mumﬂﬂﬁﬁﬁm . uﬂﬁ?ﬂwmﬂuwﬂuﬁaﬁw&wﬂa&#«ﬂig&
mgﬁ,ﬁmﬂé? I . ﬁ??wﬂﬁ&wﬁ_u_aﬂ@ﬁ%uggﬁ:&uﬁi?«ni
T % e vaw fawdn i 5 10 1520 25 Vee) &mﬁ@«wﬁ?ﬂﬁgn;ﬂﬂﬁuﬂagwﬂﬂﬁmﬂgg

(power dissipation rating) 4 W . N
Paa=4W) 21 wads @ T IN-TRTE smog sfumwel was

fZaA a2 75N 0 i aewer fawds ww w1 ez s

%Rﬂaﬂ«wﬂﬂmmﬂwagﬂw&m«wﬂg?aﬁ_.ﬁg&
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- I e

W v YRRt @ TRee

Wi Wit ¥ (metal sheet usually aluminium) W & =T fen wirar @, R
i SIS SR W U1G R ¥ W ZAEC R Al R
ary = ¥ire Faws Tem } o gifwer @ fafes Fo B AEQ A
u wafm fem R, @ i s 21
“The metal sheet that serves to dissipate the additional heat from power
(ransistor to the surrounding is called heat sink.” )
%ﬂw%gi%gﬁ%gw_%ﬁmﬁag
Enu%nﬁ%wﬂﬁwmﬁqﬁm&w%%wmﬁ@mwﬂ%w.gw
FEFEC SFVH F A FH QAR | ﬁ“.mﬁﬁaﬁmﬁmﬂﬁwwﬂwwu%
% & AT e R | o 3 @ fiF 3 W e @ e 3§ Qi
volume, &7, 3R, ¥ T T F T F1G T e 2 | 212 7 39
(o 212 (a)) 309 €2 ZTawC AR

2 Fgw YefYd € | Finned aluminium &2 f&&
Jfz FI (best heat transfer per unit cost) < F € |

Collector
connected
to case

@2
] (o)
@1
Pin 1. Base
2. Emitter
Case-collector

(c)

(a) (b)
i 2,128 firs saward
ﬁﬁﬁ&%%w&ﬂggﬂzﬁwﬁﬁﬂw &7 (Surface

3 e 357 391 Q WERA At 2 |
o) Aﬂﬁmﬂﬂﬂwvnmnmgrﬁﬁmdm

fat 2.12 (b) power tab transistors ¥
uﬁ—wﬂwqﬂwﬂﬂﬂﬁﬁmﬂw | 39 metal tab

w.ﬁﬂanﬁﬁmvﬂmgwg :
) FetaiT IYH ) SR (Chasis) X T I HHA € | F6 THR Chasis JFH

et ¥ et Frehet A 2
a2 wifs ZiforeT § dares (collector) FY THT case ¥ g 34 & 791 39 Case

2 Chasis & a1T 3¢ 357 1 Aot F forge 2w 8 (&7 2.12 ()|
g A e w5 e @ Fas 1 ¥ et g o @ a & A
i 78 2 | gifveT TRuy fearsd F@ G99 §8 I Al o o e fedr S
ey 3 P RFET fag F1 9, Tt AT 71 AT, 2t 1 e Fes |
AL E 028 ¥ permissible power dissipation T& 3d nﬂﬁﬂ& fafyredn i
fat ZifSeT F permissible power rating # T e wEew g S S

wawdt

ZiforeT oiifed it yad+ 51

w.ae. ~ famb

Piotal = —g——
T8 P = SITRT # RAARIT FF 94T (total power dissipated in the
transistor)
T max = SHUFH S A9 S0t foF Tafirem gifnet & 90°C 7 fafeia
it ¥ 150°C 4T 8 (maximum junction temperature)

Tymp = STATGT0 & A9 (ambient temperature)
6= o SR gt e @ amarEr § faufila e woafada

qeet WA @ T HIH °C/ Watt €T & 791 iRt rer % & g A far
AT | goret SR T BT 9 8 &7 374 o SieA  SaTaor S 33 S

3 e & et & | e ? i R i T81 2R case BT, 90T SRRIg
T ST € 9 /1T I T A G & wat | € s F A9 FEAH a9
AT 2 74T YT Fe YA 75 ST 8 | 1 & R ety S W IWH I G
A ¥y, ¥9 A e 57 7 de o A Frrae # o dt |

“4s power transistors handle large currents, they always heat up during
operation. Since transistor is @ lemperature dependent device, the heat generated
must be dissipated to the surroundings in order to keep the temperature within
permissible limits. Generally, the transistor is fixed on a metal sheet (usually
aluminium) so that additional heat is transferred to the metal sheet.

Most of the heat within the transistor is produced at the coliector junction.
The heat sink increases the surface area and allows heat to escape from the
collector junction easily. The result is that temperature of the transistor is
sufficiently lowered. Thus heat sink is a direct practical means of combating the
undesirable thermal effects e.g. thermal runaway. The ability of any heat sink to
transfer heat (o the surroundings depends upon its malerial, volume, area,
shape, contact between case and sink and movement of air around the sink.
Finned aluminium _heat sinks yield the best transfer per unit cost.

The use of heat sink alone may not be sufficient to prevent thermal
runaway under all conditions. In designing a transistor circuit, consideration
should also be“given_to the choice of (i) operating point (ii) ambient
temperatures which are likely to be encountered and (iii) the type of transistor
e.g. metal case transistors are more readily cooled by conduction than plastic
ones. Circuits may also be designed to compensate automatically for
temperature changes and thus stabilise the operation of the transistor

components.”

§ 2.10. T91 I ¥a€ah (Push Pull Amplifier) :
Class B eTer & ZIRret dhael famme & 319 =5 & € 91eH (conduct) Far

3| o, of o SEEE T FY 5 Rl QA e wANT v 2 Sf i

T & 1o X, A 9% TG 3 UIF (Combire) F EGE Famrrer 71 of

ok ST foaT o1 W |
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g FTH I AIH
weﬁa_”ﬂ%mmﬁﬂ%ﬁmmm%ﬂﬁaﬁgﬁum?oéﬁ
3T e 31§ (pull T ) Taf TRYY A T I (push pull) TR F TH
Fe 2 fag 213 ¥

S SR ST 2.

e 3 99 | Lo .

adaw # - L

Ziforee o T R § 7 A A R — _M,w;

T * fod IRYE < At w | qiat " Circuit |CI
giferet Qe 9 Fifod TRE T @ (

YT Class B Y919 (Operation) FE o 2,139 J UGG T e T
feqe ) 2& St Srst STa A # |

faa (Circuit)—Fe 2.14 & X npn Ziferedi 1 Push Pull SEIET & ferd

%ﬂ:ﬁ?%@&&wﬁﬁ&%mﬂ%ﬁ:ﬁﬂ&m%ﬂgw%ﬁ
gﬂuﬂwa&&ﬁ?ﬁﬂmﬂwﬁﬂg%?Uﬁg:n polarity) CIGACUECH

T BN el | g e
fordq T (polarity) I

Hehd (input signal) R Fa@ T A 2 A TR QA
AT ¥ AT ST B € | € A A
ZMER (center tapped transformer) Tl 2 areTq TR Fel T HT fass _

Phase splitting  Push pull circuit Push pull
n

input transformer

CoOl

o 2.14—qo1 (& wets

nection output transformer

it siifedr ofts sads 53

(phase splitter) T FAF@RI

I MY 39 T3 R TV A 73 R @ 9 7g a F fafg RN & e
HITE THTHT AT F7d @1 R 2 A o, g Fr ooy AT FNR | W
ST 79 RS S q] W A ater ST gohdr e—

1. or fasias frae sftonfas (phase splitting input transformer)

2. ¥ 9 9R9E (push pull circuit)

3. g9 e fta aRonfi (push pull output transformer)

4. 9K (load) |

fag 2.17 ¥ Yeftfa qu 7o ¥aus ¥ 2 gt Q; a91 0, TIH § W fF
T-AR A TH-TE ST e ¢ | A Gt & T i B
e et T & | Ry F Ng FYE grawnt F d=eedy e grech 2 A R D
ZifreT FI9e FY T g a1 e ST FU @ | JMSYE FHEHI F
TEd, e ot St 29 3 | 3FT gl ¥ FoeeT e B W FEEH F
qeE R .o, T Ve & 1 71 R | oS TR (AIH=e: AR H APLYE
ZrEET & St W A R T e |

ZFEHT % Turn ratio 2N : N, F1 T 39 YR e < @ @«
R, F g Ft omseye Sfaren & i far s | HMiem 2 feafis F, e o
e ) SR WaTTEH F A 2 | R, TR, AT IR 2, T4 THH Herd
 Zifered ¥ STRAET faeg B 36 W gt foRaT i R, Fored ZifRet 6B
A s F |

SS9 AETF H O, F IW GAEF (positive) T F FRU ITH
1 (conduction) AR | g 0, T 49 TS (base negative) A F FAO
T FT IS (cut off) F WA T | FURTA 0, H FATK U iy F FO T
T B AT W HSEE A AR e |

Hm#ﬁﬂﬂmmmuﬂwﬁﬁﬂﬂ@wwgmﬂ#mﬂﬂzgacnmo&%ﬂ
3 farrg 0, F1 AW RONHS AR FRU TE 2 3A7F (Cut off) A I T | T &
0, FI TN U i, F FROT VT Irdeh & S W AL A At 2 1

T T 33T At St % o ST & ST R |

qur Yags & Ut (Advartage of push pull amplifier in comparision
of mm%nwma& Amplifier)—T9-5e Fd % e T Fads 3 gor ¥ o
1 B §—

(i) faw =@M (Greater efficiency)—TF fr wads ¥ @ g
condition (3141 51 a.c. input ¥ &) ¥ + WEwq d.c. R SATed et @ ford
ST <ET SAUFA S0 % AWML

mﬁgéﬂﬁmuﬂnﬁgm%ﬁﬂmﬂi@&%ﬁﬁﬂ
d.c. T T ¥ e ¥ (i ZiRreT Fere-B AT FIE-AB W8 § AR FA & 1)
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54 eIt ghRmEr o ufg
Ay FoFaT ST 8 | 9 IR0 $9 &A1 AHAT 78+ 5 % 9F QA WA R |

(i) e ufat W & & guar (Provides greater power output)—Jw
T F-B NauH, Thel 1o e & gEe 9% T Ay e SeE 1 &)
AT Tl R |

(iif) gRAfTE fawaur 7 T (Reduces harmonic distortion)—aT B
Yays ¥ 99 TR (even harmonics) TH-8¢ & THEEH FT 23 § 9T Fe
foan g @ @ ST €, Rrad FRoT o #9 @ Sr @ |

(iv) @A fasqn =9 T (Reduces 'non-linear &&o&o&.].&@ﬂﬂ«

RIS & <. W, TeF AR FAEH F A T TAET ofe ¥ wHgw WY
ﬁww@ﬁw%#.ﬁ@ﬂ?mn:nmﬂ&%%%i@%%%wwﬂﬂu ,ﬁ
(magnetisation) T F 3RGIFAT AT Tl  HRVT NG FIE0 . GovTET ¢t |

B It

(v) 3. . 7w & fae &1 I9EEA BT (Ripples in d.c. supply does no t
effect the output) — IfE TGS (d.c. Wike &Ard) ¥ 39 PR (good filter)
u_.ﬁ.wmw&Mﬂmﬂmhﬂﬂumwﬁﬁ&@ﬂaﬂv_oézwmovwﬂnﬁmﬁdﬁmﬁﬂw
T Fiffes SR AR F FRT I TR ST F FrEet F fagda femai
et € | 39, TN G AV F 9 value FT (31T T) ST Rree S G
I AT T THT © |

mﬂmﬂﬂ&ﬂ#%ﬁ (Demerits of push pull connec tion) —

() AT (matched) TR Ft smavawar O 1 AR TS matched W

T ¥ 9 A STl F Squ SR & I R (unequal amplification
due to unmatched BJTs) |
(i) 9 IRy ¥ < guE 7 favda Y&dl & (equal and opposite) FeRS F
ST A R | 3, T 99T F 3 6 H areeqr SO 9 ¥
A R JavaF gl & (requires driver stage to produce equal
and opposite voltages) |
(i) W0 T WEN TEEAT B EAvEaFar A (requires bulky and
expensive transformers) |
T 901 e @ ey ¥ wn-gredfer i v & s § (Why do even
harmonics cancel out in the output of push pull amplifier)—¥ft STgH T
s 3™ & FTE (large signal) yafta fFd smy § | waqe!  Trnifres faea

(harmonic distortion) ZIRT % 3RwEly (non-linear) Sf¥rereoi} % shrevr Brar R 1 |

@.ﬁﬁﬁmﬁﬁﬁﬁﬂﬂﬁﬂﬂﬁ@ﬂ@?

R TN I oo Mt 0 Rrvrer o 2 200 il o A |

R Ferer e it R St Bt § (R 2.14) R Prrer sres fava o e §—

Ip, = Ip sin wt

N e e

|

e

|

T SiTeq oifts sadss 55

Ipy = It sin (wt + x)
I F non-linearity % FRY 9 ¥ sinusoidal W ¥ T AR
T ERHI terms (78 g rfir F 327 e i (multiples of fundamental
frequency) #t 3 2 ¥ 1 31w, ZifrR 0, T T FAFT qUST H FreEg
forar ST gt 2+ |

icy =1o + Iy sinwt + I sin 20t + I3sin 3wt + ...... -..(26)
aqr ..nu"~o+bmmba§+.Hv+.-mm=ﬁ€u+~av
+ I3sin (3wt + 3n) + ......
a icy =Io—11sinwt + I sin 20t — I3sin 3wt + ...... .. @27

¥ A aR sneye grwwnk F favia fwms F st ot ¥ I T

HBTYR 9RT i, §7 A=A & A (i, —i,) & TR Bt 1 30,
i = K (icy ~ic,)

ar = 2K (I sin ot + I3 sin 3ot + I sin Swr) + ...

.. (28)
RS G H FHHT 2.8 N WE Bl 2 R I TN T R

(even harmonics) WIS & ST ¥ | fWH-ERRFRT (odd harmonics) ¥ TFRI:

X ETTe 3 HRT ik P et Qe & e Wre 74T 31T S SR
T ST TG H4 B I R B Y 0 70 o W ¥ | (O 6 e e Y Ry
01 T Q, TN & STl F TAM (identical) BT AT TTwqs 2 r=qe
gmﬁ.ﬁ?ﬁu rM“uoEnwv RN
9 IR (Driver stages for push pull circuit

Yot &ﬂﬂﬂaﬁ_ﬁ&sgﬁ.g&wg%wﬁwﬂwmg%
A T T GBS 5 SIYE T T ® | 9 A o = 9 g
(combined) F ToF =% ST foFar T 2 |

ﬂ@ﬁ?ﬁﬁdﬁﬁﬁ?ﬂmﬁgw.ﬁnﬁ@&gﬁa W
(opposite polarity signals) (180° = % RITe) ST F0Y F} SraTvaahar a1t 2 |
TRR YO W Q@IS uhE

ST F 180° FARR [T

sl it Tnranb gl
meﬂ%.ﬂw?wﬂﬁ% L TQ.V .m
(R 2.15) = AT for ST 21 wm | W
gruwhic o A5 et B fad O o)

W f13% ¥4 (input signal) ¥ fm21s—gnmRy
* S TR v 35 FTHE handle S ¥ 31 FR IRy 3 R Sgf ¥ g i sve
B ¥ 31 AR AR RFE v, = vsin ot § R A2 ReFe P s fea a1 aa —

MO“NG-TN—MN-—F‘..—(NNW—H—E.TNUHW—Q ......
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56 AR YAl @ TR
S 5% 3 Ferd 2 SRR A9 180° FERT T R St 1 Bt 8, S {4
Yo o & e fald # X &
S % |

180° TR & J1 famet
G F & fad BIT s 57w
T € (R 2.16) 397 FEE &
A &l (phase) * IRTR
IS (emitter)¥, 99T 180°
FARK W AP TS
(collector) ¥ ST@ St ST Fehell
R | R 991 Ry &1 A GRIATT
F& AT famat 1 Imam ot
A foRaT ST AT 2 |

“The push-pull amplifier is a power amplifier and is used in the output
stages of electronic circuits. It is used whenver high output power at high
efficiency is required. Two transistors Q1 and Q, placed back to back are used.
Both transistors are operated in class B mode (or Class AB mode). The

centre-tapped secondary of driver transformer Ty supplies equal and opposite
voltages to the base circuits of two transistors.

Circuit operation. The input signal appears across the secondary of driver
transformer. During the first half-cycle of the signal, end A becomes positive and
end B negative. This will make the base-emitter junction of Q, reverse biased
and that of Qq forward biased. The circuit will conduct current due to Q only.
Therefore, this half-cycle of the signal is amplified by Q, and appears in the
upper half of the primary of ouput transformer. In the next half-cycle of the
signal, Q, is forward biased whereas Q is reverse biased. Therefore, Q,
conducts. Hence, this half-cycle of the signal is amplified by Q, and appears in
the lower half of the output transformer primary. The centre-tapped primary of

the output transformer combines two collector currents to form a sine wave
output in the secondary.”

§ 2.11. THIG-3ER TSI T IHHT AMAE (Cross-Over Distortion
in Class B-operation and Its Reduction) :
3T S & T B WS Zifre 3 we-oifw & % geity s e s
? (7 2.17 (a)) Sf6 393 oo fag 9 d.c. A T F T FHY T 1@ 9T e,
34 WHe-aq ST H1 13 arafan A T8 Rerlt (cut-off or zero bias) | 3:

& 7 19 FOTTAE 0 &/ T 0-7 V 7ok T g (arefq gifereT #t 4| wiet
g & freferer e T A o) 99 9% iR 3 ura yaifed A9 At |

ot 2.16—ZiFRRT &1 WA ST SE B

ZifreT Siifedl uift Yads 57

AC Vo4 Gaps showing
Sy cross over distortion
load line

N,

Q point < <
>Vee \
(a) Q-Point &t fafa (b) wig e fawgor
D.C. load line
Cross over distortion
FH w1 5 fa@
operating point
=t fefa
Class B
- \V<Om
(c) 1| 3Nax fawuur w0 &

fex2.17

a1, afe T qo R 3 T -3 T (FAN B-HIS) A foran 9,
N U TR FT 2,17 (b) ST ST AT ] | 9K F gaps 36 G I A, 9K
FTTE & polarity change 21t @ 79T 9 fAH zero #E F 2, e amseye
gi & Feqor 31 Sirn @ 1

WE R fF 9 N F\E Ee 1 T G € aEege fre faefe
(distorted) 21 STaT € 79T 38 AT (clipping) 31 S ® | 9% frfi 39 @
7t } 9 39S Rt Y (0 V) Y UK ST ® (37 cross T 8) | I 39!
g 3T T80T (cross over distortion) Fe € |

| 3MaE faeaur (Cross over distortion) Y &0 &E—4T% SaTe fag I
T2-3F (cut off) AT AIST-TT AT TGN T 49T JTART A Tl W d.c. 3m
srafan 2 € S (slightly forward biased) (87 2.17 (c)), FE¥ ac. fama #t
Iureafa 3 ft QST o et 7R yaed Qe @ A S et a9 (cross over
distortion) THIE & VT €|

T FFR ¥ ¢E I A A Class-AB THIEH & 1 RS Ferdet g1
180° ¥ 3ifhe g 360° | &0 & fY safed B T0ft | ARFT T2 S=TeH Class-B
¥ 9gd A4 Fl" AN % B Class B THEH & 7 foram s @ (& 2.17 () |

“The waveform in Fig. 2.17 shows the distortion. which occurs when
transistors in a push-pull stage are dc-biased to cut-off. If there is cutoff (zero)
bias on the base-emitter of a silcon transistor, no current flows in the transistor
until the »out-signal voltage rises to about Q-7 V. Therefore there is a period
of time, when the signal is rising from 0 to 0-7V, that the transistor will not
conduct. If the transistors of a push-pull stage are biased at cutoff, the current

Y
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58 TRt givadl © TRYE |
waveform will appear as in Fig. 2.17(b). The gaps in n.wa:n.ahﬂa.wﬁn %MM MHGNM
when the signal polarity is changing and when the signal is cros. &w over &
activate one transistor while the other is turning ehm No n:ﬁm.i flows during this
time. The resulting current waveform is @ distortion e.\ the input s.n.‘.m\..unz «.S&
is known as cross-over distortion. Therefore; to-eliminate crossover distortion,
the transistors in a push-pull stage are not biased class B (at ni&@. but are
forward-biased slightly so that a small collector current flows even in &R gun:n.m
of any signal. However, they are biased close enough to cutoff to designate their
mode of o, ion as class B. .

iw.a WMWM%& of forward bias on Q, and Q5 keeps the. transistor on n.:&
its collector currents very low in the absence of signal. Wher-a signal is applied,
Q, and Q, conduct altenately on each half-cycle of the incoming .W.uw:&” The
average collector current is therefore low without signal and much higher in the

presence of a signal.” .
§2.12. & wufufa it yada (Complementary Symmetry Power
Amplifier) :
iz QA & (complementary) w._ﬂnmiﬂﬂﬂﬂ TF pnp T9T G&F npn) F T4
FTh QU Qo Yade SAr1 S, A e f99 (phase splitting) ZREHT S &

Input 1
p \b/m\

Q, current / 1 \
Q; current 'I/m\

Output
'/N\ across D_.

(a) (b)

o 2.18—q wmfirfir o gt ooy
@wgﬁﬂﬂmgﬁ@mﬂw_ﬂagﬁa%aﬁﬁdg
(complementary symmetry push pull circuit) FeeTT 8 (R 2.18) |

&mﬂ@ﬁ%m&ﬂﬂﬁﬂagﬁﬁm%i%%
I AR S A Tt 2 |

TR B T R 2Rt 3t 3 W e s @ o
ZIRTT Fw SR % A F RO (4 T npn T GHA prp) S-S
&=t # A (conduct) F |

%gﬂd@ﬂm Eﬁﬂﬂmﬁwmﬂdbu (npn) ﬂ_ﬂugﬂﬂﬂ%

Zifwre 3t ot wads 59

np) F2 3 T R | T F Fifed ad=s & 0, SIoH M F4fF ) W
%ﬂﬁ%ﬂ | §9 SR npn R T F NfAfeT &=l A T pop mﬁﬁﬁ%
% Prifea SrEas B Fafia T | $9 TR AR T B (full cycle) B
T 2 | ‘

I 0, T 0, ¥
action TF T * &
(complementary) g aw
9fiqq symmetrical 2, I,
g complementary
symmetry  push  pull
amplifier =&l STdl 21

fa7 2.18 @I modify
W FAG TE TR AR
qwh complementary
symmetry push pull bR =
TR I G & (e 2.19) | for 2.19— A G VAR TS NG
T M o_.mnuvl Complementary symmetry power amplifier

1. W& center tapped ZIAGHT AT FRA FI SATGTSHAT &l Bt |
2. Transformer T Y€ el fa9SH (phase splitting) 31914 input signal
1 & FuRa polarity o signals ¥ a€e) &1 F wgd Sfeet QT & |
T &a favIeA Ft Savasar A€ at |
3. KC. (3 wite) ¥ e ST qeva 7@ 2ran | SifE 39 ek
T A R 3 LC. WA M € |
4. FEHER F AT 7 A A yadw N g e Iew @ St 2 )
W& (Limitations)—
1. T ﬂ%%&ﬂﬂaﬂﬁﬂcﬁ over distortion) I Te At § 139
YA A Class<AB HIEH SR F7 5 6H € | ’
2. AR AR B (d.c. voltage sources) ®I SA¥HAT ISt ¢ |
“The complementary-symmetry circuit uses two transistors with identical
characteristics. One transistor is a PNP the other an NPN. Q, is an NFN, Q,
a PNP transistor, each connected as an emitter follower, with the emitters
connected. together. The load Ry in the emitter circuit is common to 0, and
Q2 The collector of Q, goes to a positive supply. The collector of Q, receives
its d.c. voltage from a negative supply. The bases of Q, and Q, connected
logether, receive the input signal from some external circuit.
Assume that the d.c. bias keps Qy and Q, just cut off. When a sine wave
is applied to the input of this amplifier, During the positive half cycle the base
of Q, is driven positive relative to its emitter; turning on Q,, the NPN transistor.

L
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60 TRl gRFEl @ TRy

Q, remains on during this positive half cycle, and the current waveform in Q,
is shown in fig. 2.18 (a). During the positive half cycle, Q, the PNP transistor;

remains reverse-biased and is cut off." During the negative half cycle Q, is
forward-biased by the signal and tumns on while Q1 is cut off. Current in Q, is
opposite in direction to current in Qy. This s so.because Qyisan NPN, Q, a
PNP transistor. The voltage developed across Ry is a sine wave, like the input.
Since the actions of Q1 & Q, complement each-ather and the circuit is
symmetrical, the arrangement is called complementary symmetry.
Complementary-symmetry amplifiers require very careful design to prvent
thermal runaway and destruction of the power transistors. Unbalance or leakage
in power transistors can cause multiple failures. Diode stabilization is frequently

employed as thermal compensation. These conditions are mainly found in direct
coupling from driver to output stages.”

§ 2.13. m»m-ﬂw.md &7 A (Bootstrapping) :

9 2.20 (a) 7 et sl % whv Srdw & v, g el far T

ﬁ&@mﬂxﬂwﬂ&@ﬂ§wmwgﬁﬁ&@ﬂ§mwﬂﬂg
T R S R

Ve =Vgp — Vgg

6 Vg 1 A A9 0-7 v FRI (Constant) 3 31 Vg  AH TRafdq
@wﬁﬁmﬂﬁ&%ﬂmg_ﬁaﬁa"qﬁvmwﬂw<w5<ﬂﬂ5ﬂm.

@ Ve FAA 13V 9.3V & 5w A TR e I AR I
Ormumom—@w | 38 NS & Operation wooﬂmﬁwuvmcmm&gwﬂﬂ(ﬂﬂm‘@ﬂ
T A TH0 Voltage T 3THWT T 2 |

972.20 (a) 791 2.20 (b) ¥ SRR Wt Notice F¢ | 75 2.20 (b) ® emitter
H e S e R | om emitter voltage FT W Y W e &1 13 | gqfvd

5 +Vee Vee
mn mO
V
<mw BB
VE
Re

() qeRfm (b) THE B spwafd s
fax2.20

i
,
,
{
;
W
1
|
|

i

|
_

# et T AR ¥ R T R

it snifed wfs sads 61
I T T 0 | 3hed, e 2.20(b)

§ 2.14. ZOGAR Ieq AMFEA Wits Wades (Transformer Less Audio
Power Amplifiers) :

L.C. SIS 3 ¥ TYaT ¥ IRYY 3 404 (popular) B w7t R

39 A § TREd F0 R ARy ®

¥ (inductors) T ZHEHCH AT 7 BT A | T9H THA FRU TR 2 FHLC, F

3t T T PR (fabricate) FT W T R |

T I AR 7 SEeyE ZwHCR H ws i A 2t # AR
ST F A N A A R | AR T AR F WH WO W W
(emitter follower circuit) T ¥4RT o I, & TG Fed [ Yo Nades 1@

AR
J;lhl... <OO¢ =20V
mmﬂ‘_b
v L
— Re=1Q T. =
O =40 v——u Jn <00N = NO<
!

R25 1000 — — < °*
: £220 | 4160

i § P
22uf m...mwwm

i

Qpﬁl«:@aﬂﬁﬂ%ﬂﬂ%%ﬁu%mﬂmﬂ&ﬂﬁﬁ

fax221 & %A@m complcmentary symmetry I Y& §fdhe &1 U=
FERE W& (practical version) fa@mar Tar 21 36 gifell ¥ wW W
darlington pair # ST AT T ¥ AT SReYe Wik WeleR A Wa & W 2

Trfemea Ay (Darlington pair)—3fg Q1 Zifw=ll = fax 222 (a) &
SFTA g fean ST @ e e o A gifrer A are R Wt # (2.22 (b))
TS ST ST (current gain) By A IFerT-3HeT TR F oW AW (current
gain) B; 3B, ¥ TR 3 T A } By = B, B, |
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(b) TUEET Zitw=T
fax2.22
TF SRIETRA iR 440 A Igd AfUF ¥/ &1 (current gain) 54
THT } (38 €90 | TW FHW 36 e AYF UK AV (current gain) TG F 1
T 2|
TR BRAE—TAIE F T Fela & AP VA 31 T2 | WHiee wraat
N ABTYE HAT qga 9 A1 € q91 I8 NS F AT J et A AN Asmar

mn.—?dﬁ%ﬂ@qgﬁ&mmmnm ﬂde:_So::ou of

Some Popular Audio Power Amplifier ICs) :

T At yada A 3ifed famaet % wada g 5 v str @ | oiat em
FA T G F ATAN AR Yt A Freraq aiifea g F—

(i) 9= R 50 mw

(i) wifeaq vaT-50 mW A 500 mW

(iii) EE-9TAC-500 mW ¥ 3fte

3iTEA G YT ICs F1 =AF AW fad 2.23 % wefefa 1 o wefaa
HTEA 9iaT ICs FI quI Finraq 3—

+o—

r N o
Input Gain Emitter To external

Input stage stage follower qw Mﬂwoﬂ

—-oe

farx 2.23 31Tt ot wais 1C &1 weeltga s gramm

() 2139 LM 380 3ifedr i wads (Type LM 380 audio power
amplifier)—2139 LM 380 3ft T 3iifed) v7an sada 2 forga) e anitaeaet
&0 Fafifa e man @ 1 qEa 8 2 B B T 2-5 W (rms) e FEH & g
fesme foran T @ | 3wat W@ fadiward Foraq 8—

* 9B fixed gain (50 31 34 dB) Ya¥F 2 |

« ¢ afdz MRFA (short circuit protection) |

« 3= fer@? 97 &9a1 (13 A maximum) (high peak cutrent capability) |

Zifwx aifed vis xades 63

.E§A§5vg§v_

- 100 kHz defaga |

fad 2.24 (a) & LM 380 %1 R srqwm wefvia @ fred we 2 05 9 14 RS
U-mwﬁ».%@ﬂmyaﬂddﬂ%+—\nnw§1nﬁwwmﬁ§

WVee NC A NC V
14 13 12 11 10 9 8
i T o Y e S e Y o O o M

w LM 380
U U OO OO OO o0 1o
1 2 3 4 S 6 7
Bypass Non-inv ™" Inv Ground

input Ground input

(a) IC LM380 &7 fat sum

(b).IC _.:umoﬂ%_w%aﬂﬂﬂﬁamn&:
faw224

et TRTW i BF 1)7 TR= (@ 7) F 7o w¥ee R S R | RA 34,5
T i 10, 11, 12 TRR fefew fF ¥ 1 e LM380 Sqae-39-a157 33 o 2,
3T, R S AT FTRE A wieefte- e Srgw de-fm ¥ w0 § wqw
o STt R 1 LM380 W 10 A 22 V WA AR T 3R e 1 w2 |

fot 224 (b) R LM380 T AT ks & wv & WA weifa 21 vl
Yavs @ non-inverting mode % WAwa fovar war ? | Inverting A 9 ¥R
A wafe frar R

LM380 1 AT sava & ifaftes 31 Iqwant I v yavs, i,
A R, A, JRETE R, Do e TR RN AM-FM e, wall
IR 31T it srdm e o @ )
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64 TRRIFE gl @ IReE

ii GfaR Y8 (The Type LM391 Audio Power Driver)—
sﬁ%%wmw&mﬂﬁjhnﬁggﬁnﬁam | ATHIE:
ﬂﬂaﬁ»oégw_ﬂw%ﬁgwmoﬁaaﬁﬂ_ﬂﬂﬂﬁ
£ 9 ¥ 1 LM391 T ¥ @ L) F1 3T 2, 6 external Wa FRRTH
mﬂﬂgm_ﬁ%w%mﬁ@ﬂmlﬂﬁ@ﬂﬁ@amﬁ_
%@ﬂﬁﬂvuv%nﬂﬁ%w.ﬁ@ﬂmnm% I
SR P ST & SR BT W THeT WS A & |

@IS Y9 (Numerical Questions)

TH1: U G iR o s Fom A W ¥ v R @«T@n&&ﬂ
FeRRYR 10 W 2 1 If2 a.c. Ul o192qz 4 W § 1 Soraet 381 [ &L |
& YA foee o fflem, Py =10W
a.c. UaT 3¥TYL, Po=4W
FHEROT 2.2 F ATAR FHefaed &l
?M|mx§@n%cx§$n$&
TH2: U U iR 4 W vt i wm @ 13l 1), = 90°C, At e
F1 o ATHAW AW FW BN, AN W W ARRA B 3w fEm S )
@ =10°C/W1
B Piotal = 4 W
Trmax = 90°C
6 = 10°C/W

10
3I: T,y = 90— 40 = 50°C.

T3 : T §Q ARSI A% B 5 kQ AR foar a vads A N FH |

¥ g ez B S e A ai
T : T F ITAR RL=8Q
Ry =5KQ =5000Q
N 2
WHRT21F AW Ry = mw RL
M RL'
- VR

e

e sife wie yads 65
- Bl\luos
7 8

- M). - 26
=
> Ni:N2=25:1
310,25 : 1 ratio 1 FAGNIT (RY 3137) ¥4 FET 73777 |

TH 4 TE THGHR @1 agU 20:1 § 1 9 36 8 W 12Q =1 A
T 3, /& wEnd & 3 A I@Y W effective resistance FGTT M1

: TH & IR

THIERT 2.1 & AT

N1\ 2 2 -
RL= @ X RL=(20)"X 12 = 48002 = 4-8kQ2

% Ny
Re =12Q, 3=

VRS U U adE ¥ weaet 3 15 % 41 9i w9 ks § Voo = 10V
A Ic=20mA & & a.c. e ufaw 7 Ffed |
T : N & AR 1=15%
—\ﬁﬁ":u/\
Ic =20mA
FHI 2.2 F IFER a.nwhwﬁx 100 %
.C.
9% Pac. =10V X 20 mA
= 200 mW

i ac. ML Po= 7L x Py,

u%ﬁsaiuuoai :

W6 O IR v 3 e R ¥ grwwhi g v fean e 41
Fifoe 2 ameeye Wi 1 ke & Ao vt = wRRY 10 Q & 2 dre @ sfsm

Ve TEARE S ¥, ZEEHR 3 o SR (turn ratio) waﬂﬂaua.ﬂw.

Ns

T : SYHTH T T ¥ T ) aseye R #1 4 Qe Shamr S
AT T e |

%wiw%%ﬂﬁiﬂxﬁ%ﬁzﬁﬁnﬂi

¥ 8 e |
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66

TR IR & TRy
2
Mﬂd_ﬂﬂwﬂw. Ry = thu RL.
% ZM.
9% Ry = 1kQ, 3@:R;’ B 9 1 kQ o1 T1fed |
Np)2 -
- s
1000 _ (Np)?
h ﬂ.nTL

3 G 10 : 1 ST S AT (step down) ZIHGTHT S el = | |
W7 U O A 2 U gEA 20% B 1 W Ut 2w el i
w5 fosan v &, forrent aMms2gE 500 mW 3 | §EE & G i FR |
T : WO & IR Ferrl QHdl g = 20% 3T

Tiet Py = 500 mW

T AT € F ol <&

Pac
=—=20%
g mun.n.

. 20 _ 500
Fa: 100~ Pgec.

ar Pgc. = 2500 mW

Y d.c. T W& = 2500 mW

IMEYE a.c. Tl = 500 mW
3d: THTES &9 1,

Pyis = Pac.—Pac. = 2500 - 500 = 2000 mW
Ira: Pgis =2W
wyTaE -2

dreder A wfs s 3 FA W R |
u@!ﬂmﬂd.ﬂﬁ_iWM

7ift S A e S Ol 2
Aﬂaﬁﬂaﬁﬁﬂﬂlﬁi%_

ﬂ?ﬁ&ﬂﬁ%%_

¥ wew & WE Ffd |
s sl A € (e frr w0 g v e

NS w N

mﬁmﬂﬁi&ii@ﬁ%_ﬂwﬁﬂ

10.
11
12..

13.

14.

15.

16.

17.

18.

19.

20.

X ATear ofts yads 67

e S faeyu #1 3 wond |
& wRfiafa o ge yas & St @ 3ydn fafed |
Zrawii W ufts wads 1 fax T3 qur sua vee w9zl |
frdt u 2iifedl yads L.C. # a9 Fifd |
wifs Yae WRag % S AR (heat sink) FFar ST 8—
(3 wifw Frfa a5 g
@ ziforet &1 ufe g ¥ &0 T
(@ ol sers &1 Sieedn 5o B ¥
R TR Fi Foaet & I8 g9 & TR aH ¥ | (UPBTE 98)
& fo e wards & ameewiia & fl W To o uifts 3R 3w it 2 2 wogmd )
7% it g o wift wadel 9 geq wdha wads i 53 §? (UPBTE 98)
FHfa 353 agwam At yas & o, aft wis Fofa & smam w sfvs w4 foa
AR A TS w1 S a1 e 9ifed ’
@t A @ FB
(® =it AB @ =ic (UPBTE 98)
s 1 it A | arEha A savs w5 Al ¥ s 2 o i
YaHE A ¥ Wit F JadT T € 7 H9 I H qrafaa fada it
4 (UPBTE 2000)
@ ufe s I iy Rm A d?
@ OIS YadE & o o ol ), @ e ofe sads @ gorn 3, gee
(UPBTE 2002)
(@) dicean qun i wausl & 9 & TR T | FH-B [O-Ye Nads w1 IRew
G AR a1 WA A 3 T | . _
(® A U (single ended) FRF+A ifeh s@vfes & wRyg s@ @ifad am g
7 el nRd | A (UPBTE 2003)

T HadE A faer TR | @ S il sadE & e I

o R ?

IS ave # wRew s it qun s auened fe—

(30 3fa Il 3 o & o R 2

@ TR | g o Wo vifw IR e F FRITA AN ?

(UPBTE 2005)

@) oRonfiry fad i Wi 3 TR T gEE T ST AR |

@ & 7O v waeds N Frifala wEed aw w foln ) sitey fafv @
TR AT St THREY | (UPBTE 2006)

(UPBTE 2004)
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3 . | &%ﬂﬂmﬂ

(FEEDBACK AMPLIFIERS)

§ 3.1. WR=A (Introduction) : S
T e Fads it 1 7 ana A ¥ e e TR FH Are

T R R | SR, 9 $99E & €6 W disturbance TR F€ ASeGE Wy

G ¥ T & A 134, A9 F I NEd RIS T RATE e

% FROT YA F AR W AOT M (hum) S AT 1 30, WF =y

T FAEF F ALY W RS F GG noise IAT F 3 NGH ot ¥
HITYE W IGA T€ Noise IATSd (undesirable) Bt 2.1

TaUH! & AMBTYE W Noise F & Ffea Fleas (Negative feedback) it |

TEAAT ¥ TG T 1 T @ | 79 TR F A Wedw w o it

% A9 & FAeg ¥ FaE @

‘A practical amplifier has a gain of nearly one million, i.e., its output is

one million times the input. Consequently, even a very small disturbance at the .

input will appear in the amplified form in the output. There is a strong tendency
in amplifiers to introduce hum due to sudden temperature changes or stray
electric and amgnetic fields. Therefore, every high gain amplifier tends to give
noise along with signal in its output. The noise in the output of an amplifier is
undesirable and must be kept to as small a level as possible.

- The noise level in amplifiers can be reduced considerably by the use of
negative feedback, i.e., by injecting a fraction of output in phase opposition to
the input signal.” A

§ 3.2. WISA® (Feedback) :

ft gfts B FMeege (AR T OW) W FS IW (fraction) T ¥ AW
w.ﬂa—ﬂﬂ-w@”—&ﬂ%gﬂﬂ_wv (injected or feedback), A W dreds FTW
¥ | Sreds e M w0 T Yads WHeds ads s €

“The process of injecting a fraction of output energy of same device back
to its input is known as feedback.”

§ 3.3. Wgd® % YR (Types of Feedback) :
CrEda BT TEE FlH0r 3 AR W A § f5 orede foverer (e Imsege

wgﬁm«%.maawuﬂgvﬁmmwgﬂagasmmﬂwa ;

forrfiy e 3 | 39 MUK T wieas Fret < 5 3 8 §—
(i) TE BYEAE (Positive feedback)—3f% WEaT g%?ﬂﬂwm
FATA el (same phase) 3 20T 3 (A IR aid FA) AW T PrEAT T

|

—

Vedw yads 69

. YU g e 3

FEAR gg#ﬂ%ﬂ»ﬁfﬁﬂﬁnﬁﬂwﬂ.ﬁmﬁa@ﬁ
31d: 9 FI T phase shift Hmo.+wmcouuoo.,m.4¢$wgﬁuw?ﬂumﬂ
e v ﬁﬁgswaﬂgm@awﬂﬁigaegw

A&Aﬁuﬂﬂmgw%ﬁﬁﬁi@wi%%ﬁaﬂg

Vs Introduces 180° . Vop -
phase shift I?Dv
—

ﬁ — | Amplifier (A)
Input signal
and feedback h
signal are in _
same phase | <— Feedback
Vi network (B)'
Introduces 180°
phase shift
(a) Tifafea wizdw
Vs Introduces 180° Vo
phase shift.
1 —> | Amplifier (A) |—=—
Feedback signal .
and input signal e
have 180° phase ;
%wsgwm -« Feedback -
7 network (B)
Intraduces 0°
phase shift
(b) Fritfea wreds
. feaa

IeorEHTY € o NIRATES reds s & i ot e 3 € | g 7o) e
T e g ST R |377;, Wifvfea wisds @ wadwt & wart @ faan v | wifwtea
Frgatsh i & ATTANT ATl (oscillators) & & FIG=T 1T ey 3rsar F w3 |

(if) Fifea dredE (Negative feedback)—3fe g fe F1g2 fmw
(input signal) % RIGa e (opposite phase) 7 8T} (31l Fge Rerrer qan
Yreds RAE F WS 180° F FEMA (phase difference) T ), N T TS
Freds FEn-€ | T faT 3.1 (b) ¥ wefdha R e @ | vad wqw 2 6 s wye
Fere 3 180° S el FHTeE 2T & ks WeaAs Yo S b fire e e
2| o, Predw fae $I9E R 3 Pl e 3 (180° out of phase) BT 3
o1 s 3 ST Y A W AT R | Ay AN Ff e s & e A
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0 WRTE IREE @ Ry

R Frwor 31 3 A, A ¥ e, efrew @, a1 TG @ SRy W

# R A | T O 6 e e e o s sl fera S R 1
Preds w1 wifEw W AR W @ fam w v @ fs deds @
(feedback signal) 3T32Y2 AT (output voltage) ¥ AAFIE! & I1 AL AR
(output current) ¥ T IR WS ) TR F N -
@) AR Ereds (Voltage monagnrv.l.ﬂﬂ AT dha gwmmmw_@ﬂwm
AT A 2 A R AR WekF T ¥ | T H T weAF weye it
¥ TR feran S R (R 3.2 ()|

>

Output Output !

Signal Ry mmo_ﬂ_ w

J

ol — Iﬁ
Feedback , Feedback <—

Signat | Signal
() HreAT Giets (b) SR GiedE
fexaz

(ii) T Breds (Current feedback)—3aR Yieds fme IR U &

TR B R | T R F G R deye d Ao # A e e @

32 (b)!

i fare S99 3 WAWRR 3 a1 A 3 fean o A @ 1 FORR WeAE

T WK ¥HR Y fear o1 g 8—
() 3ot AR FredF (o 3.3(a)) |
(i) TR A e (733 (b)) |
(i) Aoft aTT FrEAs (a1 33 () |
(iv) FHET ST Hieas (T 3.3 (d)) |
Weaw ¥ gy ¥ P qeay fagalt 1 = w@—
1 FifE AR feds Y afs T s am R |

2. %&@Q%ﬁﬂ%ﬁ@ﬂ@ﬂ%ﬂi@wi%%

AR A AR F FIH FH AR R |

3. BT T AC W FIX TR A WA e o R, Wedw B p |
(feedback fraction) @ 2 | Friifed AR Wsdw H faf A&

TARMO A1 FAARIMR (0 <f=1)|

Wredw % T Y F A7 3 3 q0 M (closed loop gain) i F

gw.ﬁ@%&ﬂﬂ?ﬂ%ﬂi%ﬂ%f?ﬁn loop gain)

|
|
:
)

+
Vi=Blo| =1 p=t
= g o
(c) 8ot ur wiedes ~ (d) MU 9T wisdw
fax3a
Feardt ® | Y gared s ks qu weds vy oF oy A ¥ |

IR Greds TR9Y F disconnect & fear IR, & 9 open & A 2,
TN T FAGF H AT A B 3N ¥ T T A0 R | I HaAF Ry

%mﬂm&ﬂﬂﬂﬂaw&mﬁamﬂ?_om&@iwmﬂwﬂgmwu
F TS U AT A, FR IR |

§ 3.4. Fiifea Wieds &1 wade ¥ A W YW (Effect of Negative
Feedback on the Gain of Amplifier) :
fex 3.4 ¥ Wefifa ARV ot vieds vy &1 @F F J=5gq ¢ 79 @oH
F o1 wleas ¥ A ¢ | 3 yads §
Fieds v g a1 Frilfea sas @
W (9 M AR ¥, F § 9
el ARA fr, N AR AN F

falia o % weds T W) yads @
A, @ e R | P Wedw I W :
YT F Y A T A el AAEE
AR apply # T ARA AT AN R | fam 3.4 —zeea ot disds
FeAF T O W s R TR R NG AR _G
Vi=Vs (i
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72 VA gl o e
frifea Fieds T TS F T B N TRATTH Qe
Vi=Vi-Vp=V,-pVy
» Vs=Vi+ BV ..(i)
o e Ree 7 R A s ey

{(FF V= 0} ...(iii)

A==

Vs Vi
A Fedw Rerer o A s WY (FeaE SasE  amw),
Vo
\A\“N
Vo .. .
Af= Vi BV, @ (i) B) ... (1v)
HHHT (iv) ¥ RHS ¥ numerator ¥ denominator V, MW
Vo
v
\A\" Vc A<v
1+
iR (v) & T (i) 1 AE W@ W
Ap= HME ..(3.1)

W gl A we ¢ 5 P dieds wm ¥ vads 1 oaew |
1+Af) TIFAAI@R | o
T : T fed vads @ e dieds A W 90 } (a4 = 90) Ak
o Breds Bavm 0-1 § (g 8 = 0-1) A wisds ¥ Wra IqST AW BT,

e A 100 10 _ o
TS1+4871+90%x01 1+9
o : 3R BT Weas @ FaUF F A FH 8 I 8 A R s ws -
gﬁﬂﬁw%ﬂﬂﬂﬂ@hﬂ%ﬂ%?ﬂﬂd@n%ﬁBuﬁn&ﬂﬂﬂ?ﬂ@%
TR | FaYF H Gain B A AHF R A ff TFTET 1 THAT € |

FE : TF TR WS F Fe @ 140 B 1 AR 30 vads W Frifea wisds

apply 3 IR ¢, A FAST TV WA 17-5 | IAT § GEAF BIvVE g F A 74

1

™ N & SAER A =140
; Ap=17-5

- Ffte 3.1 ¥ TR &upn%

140
1+ 1408
> . uul..%.ﬂo.a

§ FEFrifea Breds ¥ o (Advantages of Negative Feedback) :

T W1 5 PR wieds o & Fads w1 o it ve S R | Reg 5
Fma W ek Fifed wiedw & as A @ R R g i—

(i) @ # e (Stability of gain)—Sad® ¥ deear @y (voltage gain)
1 R (stable) AT 21 Irefq Wit W S (power supply voltage) T
T & IRHIT (parameter) m@m%ﬂg%ﬂﬁﬂguﬂ
BT | TN T qgaT 7 X F w2 | |

(i) fawqor & FW (Reduces distortion)—F®IW (distortion) T4T WX
(noise) F1 T FAT ¥ | ¥a¥F ¥ ARG WA F7 Y A adw & e

= 17-5=

' (performance) ¥ §HIT 3T : A

(iii) ¥79e Sfe@TEn H &G (Increases input impedence)—IrwS ot
fifea wieas g fama (input impedence) ' FFET | TR NIUF fUSer
R F1 T T F I (3747 TR TG (loading effect) T q G ) | WA
Ft §TYe Sfiramar Fat sifhes A, TROT A9 (loading effect) T WIE 3T & F1
o g :
(iv) I3eYe WicramaT &1 &9 AW (Reduces output impedence)—arees Aot
FIfeq Weas SMeege SRHETeT (ouput inpedence) T T FT 8 | 79 T2 19
B 2 fof S o e 1 oty ot 2 F g A .

) wﬁwﬂﬂ BT qG (Increases c.mn%&%rvlnmﬂ m_J.w_.m (bandwidth) Y
T3 R | 7O FadF aifys Smgft W (frequency range) i Saf¥a & a1 8 |

| §3.5. P viedes w1 oW % TR W (Effect of Negative

Feedback on Stability of Gain) :
St T AT g R ot W e % wee T g ¥ i

(R T F T § TEE F A (gain) T TR | TR AT 7

P (performance) W Tl w1 ver ? | afk W @ @y Rerc @, @ 4w
T (<31 YAUF N1 S Wb § | |
frifea wigate yaus 1 17 Py 7 g fean s @ (e 3.1)—
) | |

, YSTyap . _
A AP F1 AF 1 N g 3feF TR TR (48 >> 1) A 3 o 7
%ﬁ»ﬂaf%ﬁwa@.ﬂﬂgw_ﬂaﬂﬁsﬁ&nﬂmgﬁ
W — .

h\ﬂsﬁhvm" W . “ . (32)
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74 &ﬁﬂﬂﬂﬁﬁﬂﬂ

ﬁmw?%v‘va@wﬂﬂﬁﬂiﬁmﬂwﬂwﬂé R et s
w.ﬂumﬂagﬁﬂﬂm"ﬂ&@ﬂgﬁomw%o network) T 8 S iy
mﬁmﬁ.%ﬂiﬁmﬁmﬂga@ﬂw 3T T R | a: Prifg
WA A ¥ 3 ¥ sreafe P a1 )

wﬂﬂﬁmoo:&no: B >>1) T A o 3t B, it 7 & vnfae ¥ qug
Al & |

A ST # A4 R aon 3w a4 RadT A SUELECE
?aﬁ#@ﬂﬁ\%ﬂ& nﬂm..?:_ 3 T 7€ 3EN 6 W vadw A sfww

mﬂﬂ%p%ﬂﬂﬁaﬁﬁmﬁﬁmﬂm@ﬁﬂﬂg_

Ay
. PedE T AT, 4= HM%

TEH A F WY (respect) differentiate T T
aay (44 2 @-a- 2 (1 +4p)

A (1 +4p)°
@n~+\ﬁ|\ﬁu 1
4 a+ap?  (1+ap)
“r 1. A4 1
dA ~ A 1+48 1+A4B
&AxIH. o1

@ Ta Y 1B

dAf _dA 1

% T .(33)

ﬂw»ﬂwmﬂﬂamnaﬁﬂmm%.

&\QI&. 1
ﬁummwﬁa%w%amﬂm;ﬂn; T AP

T, ST e T FIEaE T 8 6 S | T o 3

fer & s 1 | .
FIEW : AT FAH (4 = 900) ¥ sherer s (B wisaw) 209 & ¥aiq

4 _ 2 3\ af 5w 4 § = 0-01 1 Ve e S A ek wad

l.nb
A 100
% wgag,
nlmhn!p-xgul.uol.nlwlum&
Af T 900x0-01+1 100 10 x 100 _ 100
q wfav TTaE 209% A 7 2 Whed ©@ T

Weds vads 75
w.u.a‘m_wmmﬂﬂﬂﬂﬁ@ﬂ%ww&waﬁﬁﬂanﬁa

Negative Feedback on Band width of Amplifier) :

f = o Sieds & e 32 i oy
f2= T Wieds & 31 7 a7 omy
fiy = Wed% % w1 i 32 a7 iy
fof = W% 3 W9 37 72 37 oy

Lﬁ R Hede

"oty fa fa
Wmu.mlﬁﬁd!&u&«aﬂﬂﬂ
| R B T2 301 A A o e e § (R 3.s) | 3 e s
3 negative feedback ¥ (1 + 46) T 75 St § |
fo = (1+4P)f, )
Fra %z 3w amfs fritfer weds ¥ 1 + 48 T A o 3
[ .
fr=Tiap (i)
Wi Je isE (wieds ¥ T BW)s=for-fiy,
e Je Sterd form wiestw e 3 sReT e (14 .48) T fE AR R |
g (BW)r = (1 + AB) BW. ..(34)
R : At s F vaeT @, 4 = 900
B=0-01
.\.H"HO:N
f3'= 100 KHz

fon deas % 9% e, £, - f; = 100KHZ - 10 Hz = 100 KHz (&7

0"
R Sy = o x 00~ L

for = 100 KHz X (1 + 0-01 x 900)
= 100 KHz x 10 = 1000 KHz

1
)

—
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76 FRTTE iRl v§ ey
T, (BW)r=1000KHz-1Hz .
= 1000.KHz

§ 3.7. FAfem el @1 farmuor W YWIE (Effect of Negative
Feedback on Distortion) . ; _

ritfea Wieas Yads % enseye ¥ frevor @t o 7 =@ § | 7 i e
P 19 4 R, fr Weds A e W AW D (distortion) I e § 1

ﬂwﬂmﬁummﬂ_wwgﬁﬁﬂﬁéwiwgiﬂgbx L
ST R | S ¥ D, D & o ww | i Wedw N Woomege wawy
Pt Dy R, 31: Dy 71 B A7 AT G A WA A (WeAF Wog Fqw))

I WeAF HR F A S R, @ D, 74D, W FE H Fedes A | 7

Hﬂsﬂmﬂﬁﬂa;uﬂﬁ&a@:aﬁ;u&@a@iﬁﬂﬂsmﬁﬁm !
, Eﬂaﬁbﬂwﬂﬁqﬂmw@ﬂﬂﬂwwﬂwmoﬂu_muz.y.::nnwmm,\omnoacmnr *

W) TYT 3 NTYF F 3MITYE W o9V Dy = D - 4 Dy T N |
3T, D¢ =D -ABDy

D
h bslpf»u

3% fvcmor § T R e Fritfew wieds sds ¥ smeee WReT R

FLATR |

mu.u.%&%ﬂﬁﬂﬁ%%mégﬂg

(Effect of Negative Feedback on the Input and Output
Impedence of Amplifier) :
frifes Feas a0 sl 3t FyE 9 arsege SREHS ¥ T e
(desired modification) T ST 7T @ | Frelt Feate: yads 3t {9 amege
TSl W frifed wedw w1 v dmfer 7 fafr 3 RN (methods of
mgngmgmﬁgmvﬂgﬂﬂw_wﬂmjﬂiw@ﬂmwﬂ&@ﬂg
Pean <1 @1 8 a1 W R e fferer o A @ 6 e R T ¥
YRR & e 1 @ @ a4 Aot # ) e & fe—
@) 3R Hedw Fge A doht ¥ frar o1 w1 } A v hvame A o
gwmﬁwmmﬁﬁwﬁmﬂaw@ﬂﬂﬁw&ﬁﬁﬁﬂaﬂ
STt 7 |

(i) IR AR Rerer Pedew fvar I R & I Shrarer 52 IR R,

mﬁwﬁggﬂ%ﬂgg_wﬁﬂgnaﬂaﬁ
STt 8 | .

T s & Pritfem Peds Favm &1 yads 3t g2 7 angege wR@m
T 9 aifern 3.1 A effad— pas

ﬂ@!u._lﬁumu FAR 3 Y # $gE @ Fseye yhwEr ® ww

Yiedw yads 77

“Voltage series | Current series: Voltage shunt | Current shunt
Zi | Zid+pa) Zi(1+BAy Zi Zi
increases increases |  decreases. . decreases |
z ~ 2o Zo(1+B84) | - Zy - Zo (1 +p4)
of T+A4 T+44
decreases increases decreases increases

igﬂgﬁﬁaﬁﬂﬁﬂﬂm«?ﬂgaﬁn of
voltage series negative feedback on input impedence of amplifier)—fa7 3.6

A e Rllsr el 1 il STawm Heia § | o wede 3 v v 91 g

sfqarar
Vi .
N..nww &V, =0)
I Ro
+ o+ + . YW +
Vs Vi . mn ><_ Vo m_r
- - Vp+ - .l‘ . -
B D
fax3.6
WIS T ¢ 7 e F gge S
-~V
NQ,"N,m
, Vi
= N—. A... w\n"x.u.lw\.\.v
Vi + BV,
-3 .o (-~ Vy=pry)
Vi + AV,
= I; } (- Vo =A4V)
Vi
=5 (A
. ¥
= Z/(1+ ) 7

| H z=

.
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78 wegiP gl @ TR
' Zip=Z; (1 +pA)
Hw@%i%%ﬁaﬁﬁﬁ%.ﬁgﬁ
A~+nAvqﬁﬂﬂ~%w_ﬁ%d%awmmmamﬂﬂﬂﬂmﬂa¢m§W:&?Nma
T 4 8 T & R s it FHRET W & ot 2 |
AW viz Fifea disds @1 vads @t gAge wfvann w W@ (Effect of

voltage shunt negative feedback on the gain of the amplifier)—feF 3.7 L]
S W2 FEAT T sl SIAH VeIV € | Bieds & o yads @t grge sfamn

!

7 V,
=7
Is Ji Zo
> > v A
+
ﬂ)v Vs NW Am,”\“,s Vo W RL

Iy = BVo
B |"vo
famar
Weds T W FadE 3 392 Sfaner
Vs
NQ.".NM.
¥ ) |
Y (- Li=kL-Ip
¥ o
Ib+h~\o Q\.lu 0)
__v o |
IN...T.%\—N_. Vo= i) |
Vet AT
=7 [+ T..-L
2o Zi |
if = H+u\ﬁ ...Aw.d ﬂ

wWE 2 fF AR U2 WedF ¥ wads %1 wge yfwErer w0 @ 9 21

A it Frifen disdas = vads @ ameege wfwwen w WA (Effect of “

voltage series negative feedback on the output impedence of amplifier)— |

‘ Treas yauE 79
T3S TR I F ¥ AL WA I apply #1 9Tt 2 (& B, P short

#TF) T91 9RT I measure A 2 | a2 W A1 AT AR R |
R 3.6 ¥ V, T2 791 AFTE AR ¥ o W e 3.8 A A 2 |
+ pe D
Vi Z; AV, \"
+ <* - - T
‘ B
femas

fax 3.8 ¥ 3Meqe U F FFETE AR FEH aT W
V-IZy-AV;=0

(& Z, T Hreds & yad® F AT AR )

V=081 &RV, =-V
Y —1Zg—A (V) =0
V=12y-AV;
V=1IZy-A@BV)
V (1+ AB) = 1Z,
14 Zy

% T 1+4p

3(: Frgaeh oA, W o 3 3seqe Shme
2. V__ % |
&«IM.IH+\~b ...(3.8)
5 ﬁww@&@ﬂgﬂﬂaﬁﬁ«wﬂ%wﬂﬁ%@aﬁmnﬂsﬂ
STt @ |

(- Vr=pV)

8y 'y

Heew v
r@ﬂﬁ@&@ﬂgﬂ@uiﬂﬂgﬂl

@) Ziy = Zi (1 + 4P) ®) 2y =0

2. fog X fs AR vie ffen disds vy -
(@) Zy =5 +Nvu ® Zo = w.,\ﬂ

N
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80 %ﬂﬂw%ﬂ&ﬁg

3. o =t F5 wie fotr T e s W

(@) Zi=Zi (1 + 4B)

».?Hﬁ%ﬂmﬁ%&ﬁm%ﬂl

Z;

@ Zy=1728

(b) Zos = Zo (1 + 4P)

(b) Zos = Zo (1 + 4B)

afe 32 | e W wais it faf characteristics W Y5 fean

R ,

aferan 32—Fiifea Greds &1 yad® & Characteristics T W&

_

Type of feedback1

Characteristies Voltage | Voltage | Current | Current

erie shunt series shunt
Voltage gain Decreases Decreases | Decreases Decreases
Bandwidth Increases | Increases | Increases | Increases
Harmonic Distortion or Noise | Decreases. | Decreases | Decreases Decreases
Input Impedence Increases | Decreases | Increases | Decrea SES
Output impedence Decreases | Decreases i Increases Increases

§ 3.9. TS NS WisAE U ¥ AW (Examples of Some
Typical Feedback Circuits) :

.
(i) Zifowet vadss famn TR AT W (Transistor amplifier without #

emitter by-pass capacitor)—Te 3.9 % Ziforex wads fa@mar T @ qur FAISE o

N CE 9 (mode) ¥ s i o 2 |

T s ¥ TR ac. AR
ﬁﬂmmﬁ%#&d%ﬁ@g
s R AR i TR Gt
An.vgw_ﬂw@?n.mv_@ﬂw
Em.ﬁmﬂiﬁﬁnmﬂm%m
(short. circuit) F FH T ¢ q°
a.c. AR W GURE F wrew A
AT N S R | Tl AW wiew
RS V,, W AH FR e
AR Vg & THH & S & | ety

ﬂ@&wh.&@ﬂ%%mbm
F Ty { I | g adE &
T FR V= Vs-iRg W
R |

RiZ Re Ce
i A
+
Vs <cc./.7l i
. ~m !

Wmu.elﬂﬂaggmmgﬁﬁ

g
f
_
|

|

: 1 *
P2 s
. 8i 3 b} 0
¢ Vo K
] L - - L -
| (b)
?uu;eiﬂuw%&unﬂjiiﬂgryﬂﬂﬂwé wauim &7 qhey
(b) o iredes (2raiey wrawrr e sendas a7 g afw)

s ads 81

ft 3.9 % ferard i 4% W 1 ¥ Rl w1 AR PrRW TR W T @

e R N TER | ac. F A . TN (short circuit) FAT 1 T E | I:
Vs—Vie—iRg =0

Vbe = Vs -iRg
R AR Vg F T A48 (positive half cycle) ¥ s RiHe Srdw
73 T At B A Wi A S sHfw o A A W @ (et S a oW
AW AR 9g I ) | T TR G AA T § 3 PR T SR A
T G F A T GHA B R, [ T q A 997 ¥ T
ST A o G § | T AR Ry Wac. AR iRy 30 & It ¢ | vt
mmﬂ@&&@ﬁﬂ?ﬂmﬁﬁawggw—

% Ve = Vs—i, Rg, TR Ry W 3O ac. AR i, Ry NWH W
&@ﬂwxﬁﬁﬁgm_. : _

ﬁ%ﬂ%ﬁﬁﬂi%ﬁ«»ﬂ&@ﬂ?»ﬂﬁﬁ&@ﬂw
W W A ¢ | 5 PEds AN i, R U (i) % WA ot
R @I i, = i) 7T T8 aEeqE @t Avi X W B B, 3 ¥ TEHE FredE R
wiz Rl WEes (current series feedback) ¥ 1

e T e, 20 Ry, aar €A Qe ¥ ¥ ¥ ¥ Pt weds
Tads & AT S ¢ .

T ampare ke 3 ifwe wardss ¥ farfr dnlient ot vor (Calculation
of various parameters of an unbypassed emitter resistor)—fRAT T I}RveT
F PR (Fie Rl vieds savde) ¥ frfes dnfied 8 o ¥g ved e e
Wrsate (i e SR g vads o R S5 aur R s i
S T ¥ weds ks  dofied 3 omr $6Y | 79 3.10(a) ¥ R AT
SR iR e s o e § 1 v e 3, 10(b) 3 e ¥ Rrec e
A T (i, R e 3) giforet e o ge s feamar |

+<O
Rg
C,

Ty

+
WV, +

= -

(a)

qa
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g2 FRwite g o R |
.. .. XyEdw 7 87 v (3raiq faT 3.10b) ¥ A T 3.3(c) F FEO—

BN

meisT uuWanwﬁ nulhﬁ )
1§ e
Zi=PRy || Rz || hie Zhie, @R hie << Ry T hje << Rp) ...()
2 AN
e _n..a.ﬂwNolwn ...(ii)
w5 M Yads (aEere Rt er 1 F N freae &
¥y 1 Vi =i .
fEBE 15" uuw%ﬂﬁhlxm (e =(ic) - (1V)
- I A4 —hp/hie
SpF¥ fems .A\IN|H+%|~+H||}$A»V
. | (4Rg
* Bhfe vy hie
55 g “he
5 whefp s _ hie
hfe
] 1 R
Fhsly BT + H L £
—h
aameu_.a@ Af= ﬂ_wﬂ ..(3.9)
.m.nhmw._ w e = .
R P5 B3P Zy=Zi(1 +;.8> (aferar 3.1 /)
PR 7 wTRTe 1 = v ZAf)
g e [ o)
5Is TFET &
¥ J_—
TR meeding
Zif = hic + hfeRE ...(3.10)
. Zop=Zo(1+AP) (i 3.1 /)
D~
il -h
SR e (L
V -A< M._ N} h
VRS et Z=Re TJmi .(3.11)
YT i ARw 1

Ag=——tR  apmmao ) e

oty s ol hie + hpe RE

(i) TR wiarr Wiz
(Emitter Follower Circuit)—
gfE FHA T Ta4F F FAFRTC
Y Re B & fear 9 aw
HEE TR AT AT F
g Wi e 3 A o I,
A T TR H G2 T W
GfHE (emitter follower) FEaTAl
@ 3.11))

a.c. FA¥aNY W@ 99 C,
' oy a1 g g M 1 &
fRFTaTs &1 Arees F1aH T W—

Vs-Voe-Vo=0
A Vee=Vs-Vo () fom 311 —feT TR

I TR R T R AR @ V-V, | T 3d g gan fs ool
AT FRA V, N F7GE F Fredia wem & reds & Rar mar 191 2 n el
AT Vp = V, 32 AR F WHIFIN § 71 Fge 3 R ¥ (rar fredra e
# negative sign (- Vo) ¥ TWE ) T I1-T 2, 3T, THE TSR TRIY A
i frifes dieds @ W R @ Nt =wH T B wWedws dwE
uuﬂ_‘\wuw”uu ﬂaﬂmurﬂauﬁ:n&nnoacsorw_i»ﬂ?a&ﬂ»ﬂ.
Yt & ST T (voltage gain)® T€T F9 & a1 € | AT ¥ Wrex

=

e FART A F A A T FA AR | .
A "G" A
! Vs 14f4
A
“1+a (- B=1
=1 (~ 43> 1)

Af <1, Af =1 0 AE AR AT FA AR

A AT 77 WHTF N F1 0 79 N AR Y IR A F F]R | AT
mﬂ%ﬁ%gﬂ?ﬁﬁmﬁmﬂﬁw?ﬁﬂﬂﬁnﬁgé%mﬁ
HRTYE yfoann Ia 9 A R | AT T Sfverer ARy ¥ w@v frm S )
e N vge! T HeraT TR X 5lrs Y TS Sl S S HIT S 2 g e
YA F NI H B W Q1 ST TE URTT YIEHT (buffer) 3 TR 7 w1
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84 TR il T TReY
¥ WRYY 9 G @ o 78 o R R 59 I S 9 § Al @ aneege
ot e 6 ¥ Aft } 1 a9 oF YR B F At R A g ft Prifew wm

At ¢ e T ART TG AR F ATA (Follow)F 2 , 4T TH ot
msﬁﬁwﬁﬁsﬂﬁaw.%ﬂﬂﬂﬁﬂ@ﬂﬂaﬂﬂaﬁf

Y2 T91 HBTTE AR 70 WYY & §HH Fal (same phase) ¥ @ ¢ |
A =t f5—
- QI wArT TR ¥ 7 3 St af frar 2,3 @ a3 qor

| AR M T SR R
« 1% 70 TRYY & AR a.c. TS AR, 3 92 F77 T Yo

(common collector amplifier or CC amplifier) /*ft &g ST R |
- T IR il friffer wedwm a2

o TR ARA A9 1 X T @R T 1) B R qw YR W 35T T R | ]

+ TOH! I T SR @ fiet aiaeye SR wRor e s
% g o ST 21

T AP TR ac. AR TOH FaA1 F 2t 3

§ 3.10. TR Wicltat Ufaw 1 A SV a9 $ye whEmr 2

TUHT &3T (Calculation of Voltage Gain and Input
Impedence of Emitter Follower) :

Fo3.12 (a) # witet Wit wRtye wefiefa firar @ | v S vy A

TG SR 10 A % P et Wil o1 a.c. qoq qhée TR (R 3,12 (b)) 1
¥ At Wena 7Y TR (short circuit) FT Y | e wd Wi Y “fyfed FT

& | T Y 36 h-TRE HiEw (h-parameter model) ¥ SREAMRA (replace) |
=&
¥792 ST (Input impedance)—Fa7 3.12 ) ¥
Zi=Rg || 2o
9 1 % fereie AR fram a1t
Vb = hielp + Rg (hpe + 1) I (i)

ans«+xi§+ 1)
Ve
. %anﬂ”ﬂ?wnvuaw+zi§+c
i hee >> 1
: % Zp = hie + RE hfe
sk REhfe >> hje

C e Zy = Rehfe ™12 = Ry || R hpe ..(313)

Yieds wads 85

Vee

o '
S v
Vg(~~ Ry Re W ,?o

|

.

A_.Zumﬂ WA
I

ww_ £
m(u,,<m , Ww./\_ua,mz : @M:_ .
. & I3

Ie=(1+ _.xav_v
Re Vo

L

(b)
fewan2
A=A T (Voltage gain)—73.12 (b) ¥ V= I Rg

.—\c = Qw.n +1) szm ...Ammv

I
I Vs = vy, o e () 9—
. Vs =hilp + Rgl,

=hi. Iy + Rg Q-.‘m + 1) o (i)
FHIT (i) AT (i) A—
e Vo _ " (he+1)Re

I, Vs: (W + )R + hic
wifs (hge + W Rg >> b,
o w =1

. = ..(3.14)
T, Tt ST #i

S
AR AN @ Y AT AR | _
T BT & JTWNT (Applications of emitter follower) —
(i) yirdw A (Impedence matching)—® @ i Tiet Wi #t 3=9
TR SR 7 fr arsege st @t } 1 o, wier v widy e ¥y
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8 TR ghe T Ry

ﬁsﬂ%ﬂw_ﬂmwmm@ﬁa@ﬂg%ﬁ:&gﬂaﬁ
w.ﬁmnaaaaiusgﬂ?%gSom_ﬂﬁiﬂ&ﬁﬁ
SRTY 100 kQ T AP MM 20 ¥ | I, T WA 1 8 7 g

T AR TR WS R A0S W S R |
K Source _ Buffer Load
—0—
ASN_M_W m_mouro ww:_,m% Wmo_ﬁ |
—O— 1’

. fawaas

RARUILRUS DR ot SR LR TR TR U Gt p——
(buffer amplifier) Wt 53 2 |

uﬂ%»?ﬂ?%mﬂ:wﬂﬂ&ﬂa&%ﬂiwﬁﬂzu.
dﬂﬁm@aﬂmn&ﬁﬂ%_ﬂﬁfaﬁ:%&ﬂ%w%ﬁ%
} aif e B R, v M o ZewR Y A A § a T
1.C. Y ¥t aftdve R 1 warer R (it i L, T v T8 el 1 ) |

(i) fE AR v ¥ URT W4 WA ST (Current amplification without
voltage gain)—¥ a1 i Wit Wit ¥ awr = R 2, g Aot vk
TN (4, = 1) | Rfee QR ¥ W = sgpEm § we o o @
T At (T AR v ) | Y feafr F et wiaaw w1 A frar
1 wwHaT 2 1

3001000 ﬂﬂu (Numerical Questions)

T 1 : B Vi o1 AR WM 100 § 1| [ Fifag WA (feedback fraction)
B =01 %1 HE EIEAE TN T AGT T AT AN BT B A |
™ A =100
HeRs TN W AR A1
A 100 100 _ 100
AT+ A~ T+100x01-1+10- 11
3qd: \n\"w.s
T 2 : T TGS &1 ARA §I 200 } | HORRS Sk TR W ARy w1 20
@ 3o 1 Jr FfaE WA B (feedback fraction) %1 W WA &Y |

™ A =200
. \n\.“g

ek ol
™ I ¢ ;\num% fr
__ 100
N 81?5&
a Nc.fgﬂﬂs FE
kU 20008 = 80
ﬁuﬁnﬁgum%uw

3[d: h =0-04

fsF
§u"ﬁiumo.u<a§§w£8<§isa?amﬁ
gﬂuu~§!§§§ﬂ£ﬂ@&§8<!§a
&0 & fR fason Yage sem e v 5

P
W NAdE F AR ai (R weds)
Vo 50
A=—="—=
Ve 05 100 T 2R
WA s § = 20 HWMH
Tedw T W AR @y P
4 100 100 )
éu?%u:soxmnﬁ
100
qMo7 A2 Vy = 50 V
% 21 5adF F A Ay ~fF
h
\n\lu\- =
I 1o _s0 fp
21 " 1,
3
a Ve=XXA_ 145y

- ‘e
uﬂfﬂxnmwﬂﬁma!nsmaamz;sgmﬂ.umﬁmwﬁ

gasEaaﬁru_am!Hqunc.s!a}ﬂm

() dieds wfgn v wen 5
(i) T &g g (with feddback) | 53 P
™ A=400 fy=15KHz £

=001 f.=100Hz
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88 YT IRl T TRaT

weds w4y = A

“I.IF“WB“@O
1+400% 001 5
TR AT FE A AR (with Teddback),
fur=fu (1 + 4p)
= 15 (1 +400 X 0-01) KHz
=15 x SKHz = 75KHz
Tt M2 T2 31 AT (with feedback),
\h\“%&\wn%ngmu
ra: 7t &5 T (with feedback),
(BW)r = fur-fuf = 7S KHz-20 Hz = 75KHz

5 : U Yads &1 Anw v 200 # | Y yge Wi 12 kQ A AT
?ﬁu.ihﬂ?ﬁﬂﬂﬂﬂ&@ng&iﬂ%wg
¥age ST e aws2ye NRver % ToFT B |
™ p=0-02

A =200
Z; =12k
Zo=1kQ

FrEas T & TvEr ge Nia,
Zig=Z;i(1+AB) = 12(1 + 200 X 0-02)
T Zyg=12(1+4) =60kQ
Hieds S ¥ Tverq ey Nfwa,
Z__ 10
[ A NQ“H.T\A.QN 5
Bd_" NQHNQUD

T 6 : TR qAfg v u wie 100 # | g fan o ey @ 3
¥ frd farn it % wads ¥ S0 mV w1 ¥AgE Ha ¥ oy & v s S
wft F cr a3 % fAl 060 V w1 yge st e e § | s & v A
i =1 WA Fraferd |
™ [ fifay vods @ wfe (1) =100

1: fafe Y & @3 =060V

3, [: FifoE yas &1 3@ =100 X 0:60 = 60 V

ﬂm»mﬂmﬂ%

RS AfENFR  =50mV
for Tt PR & wads W ARG =60V

3@: s 1 (R $5ds)
mnmwoa<<u8uﬂo.un58

Fleo 3.1 ¥ SgERY &u?u%

Dele: HSHH+HNH8~§

1+ 12008 =12
12008 = 11

=1L _,.
B = o5 = 0-0092

374, Frede @t "B = 0-0092

8 44

| WR7:afEA =100, = 0-03, T A, AR WO |
W T F IFERA = 100

B=0-03
4
W E $|~+% |
100 _ 100

“1+100x003 1+3
q: Af=125

W 8 : U Wireds yads @ wfe 1 vmR -4 = 100, 4, = 9-1 Grsis uifafa
? o fAfea 1 g =t A e A

| & 94y <4, weiq weds o A I = TR, weds i}

A =100
.A\“Ow
4
I E éui%
100

1+ 1008
1./{100

A:geflohi )
¥4 B=0-1

W & AR

d: 9:1=

=

; nﬂf@w@u&iﬂﬂ&umiﬂﬂ%ﬂﬂ;igﬁu%?%

A ¥ HH0r yagE w5 w3 20 % SR B A 6 e dizde ¥ awo vads

| % wu wie ofted & woR SRR

—
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T : T F AER A = 1000 \|l+
_1 Vi=6mV A V,
F=1 - "
, A 1000 1000 +
A—udﬂ.ﬁ.ﬁﬂﬂy sA.ﬂ" H.TE“H-TPXHQE“ 101 <m|\.( ||||||||||||||||
| 10 i
I Af=9-9 _ Vi Wdﬁ%b m
(i) WY 3 HROT qo1 FGE F wfed & wfere EdA— = L=
%nuoa\m ?w.mmmm@d_ﬂﬂ . ........ ufige
4 Peds adF ot afey ¥ vy wREdT— forw .14
20 , _ 20 _ 20, (b) 3.4 (a) F sgER
A5 T+ " :%xBS& 101 7 gy Y_2v __ 2v ,
a4y Vi 5mV o sx10v 9: A = 400
w  —L=0198% () wWIMIfF
W 10 : G W6 1 WA 79 60 dB # 1 8 = 0-01 T Fifen wireds w w T4~ | 1 T T+20" 21 Ar=1905
B9 3N Yads &1 @ fEa dB g ? 4 27 T
T ¥ ¥ SEN ¥auF F dB M 4,5 = 60 dB,S = 0-01 T I § IF (@ A A vy = g, .
Agp = 20log A | & Vr=5%2 A Vp=0-1V
¥ 60=20log A R T1 IR Y S ———
- A = Antilog (3 4 i ik Sl S & St Ui Al
| T TS 8w e RH a0 i
> A = 1000 | c.~m<«ammﬂwﬂﬁﬂﬂh_gw_ﬂaﬂwl
A 1000 _ 1000 _ o [0) etz ¥ ww
WIRER A= = T xw0 - 1 = %00 s .s%_v disis et
a1: Ap=90-9 L RRAR R L A=gey =2
vigas sadF 7 dB M AoV
1\&&&"8-0“&\"8?@@8.@ |O.&M<"
a: Ap(apy = 39-17dB 39 farm edw ¥ w4 =40
w11 : B 3.14 (a) 3 Wi Siehs vads ¥ Fio & W T SRR —() Ges q Ap= TW\E
dazt 8 (b) fir Sisds yads &1 AR FIV A (c) HISHE Yads B A wW - 20— 40
\n.\ An—viﬂm«-@.ﬂ—w\._ . - |H+S~®
¥ fa73.14 (a) F STINY,; = 5mV, V=2V 1+408=2
(a) fod 3.14 (a) ¥ TeRia wisda s F1 wreds wiee (R froes 0p=1
uftyg) (R 3.14 (b)) 3@ X W R - uu%
Vi 1kQ 1 \ :
f=v-Tmrv@-m A M LI
)
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92 YRR gRFEl @ e

10.

11.

12.

13.

14.

15.

@ foet w@ A

THEEA-3

eds w1 e & 7 THE i e | |
%&ﬂ»ﬁ%@ﬂnﬂw%ﬁﬁ_gﬂa?ﬁ

A
%N.Ih\ﬂunlnw. :
g@mﬁﬂﬂﬂuﬁﬂwﬂﬁmgﬂﬁﬂaﬂﬁ_ggww

' e Gt qRw S wER—

(@ Rc %nmﬂﬁﬂmmﬁﬁsﬁa%ﬁmsﬂw:
(b) T el |

iR Bl ¥ ST TR |

frifea Geds @ A YAk & I w1 w0 8 W |

Pritfra Fiedw T & s 1 A9 & @ o &, 7w o Fifea wisdm A S

3 s foraT ST §— 0 FO W S R 1
SN 9 A TS qY N H SR T | .
60 dB ifeE ATy Narties 1 4 = 0-006 TN T: Frare ges e 7ren R 1 af il

sads & oo B 15% & A [RRAT s 3 g afe ¥ = Red e
(UPBTE 98)

HOEH AT yads ¥ 4 (@2 ¥ wiada 8 & aovg ft vads & afe |
i ¢ (UPBTE 98) |

s fee Tet @ 1 T Fafira Y ¥ e @Rl
(a) %ﬂﬂ%ﬁﬂﬂmﬂguﬂﬂaﬁﬁwmﬂiﬁmﬂﬂﬁﬂm

(b) e el 9fqw 1 SR TR 7o Ay Fe gl S & e W wER

dare? (UPBTE 2000)

@ﬂﬁ%ﬂ?ﬂﬁﬂ%%?&ﬂ%ﬁ”ﬂﬁﬁ

i ® (stability)

o @ FEwH |
%ﬂﬂﬁ:%@ﬁdﬂ»ﬂg«&gﬁmﬁm@aﬂﬁwg

4
ee ) ol (UPBTE 2004)

e G et e e 3 o R e A = 1000 T = 7o 1R
G B o8 § FAGF = wifo 3 Reade1 20 3w R A aE e T FANS |

Ty e & g T wfe gRad @ A SR (UPBTE 2005)
(a) ﬂuﬂﬂﬁwgﬁﬁﬁﬂﬂa_%ﬁﬂwﬂsﬂﬂ%ﬁﬁﬂaw
TH WedF a1 IR |

(b) o Wigds s = ofe g et W Rifea deds & wwe & T |
: (UPBTE 2006)

|

4 = AR yads

(TUNED VOLTAGE AMPLIFIERS)

§ 4.1 IGR & ATYR W TGS &1 FASW (Classification of
Amplifiers on Basis of Frequency) :
Yaue! & yEeE g W (Operating frequency range) ¥ 34K W
yave! & fra w9 Teifed R o wwar 8—
1. o o yads (D.C. amplifiers)—3® 1 amgfdt & sadq & fad
i_dwmm_wm&w_ T & 0 Hz (319 d.c.) ¥ 79T 10 Hz 7%
At 21
2. offedt amgft ¥a¥%F (Audio amplifiers)—¥=1 GRAT (Audio
frequencies) % Y94 & ol e gl wads F1 @T RS § | T
W (range) 30 Hz ¥ ¥T97 15 KHz % 2t ¢ |
3. difsd) a1 forqa e @ (Video or wide band amplifiers)— T
TUH (range) MQZINQ&%W_ ,
4. Mo Tho XIYS (RFE »BEEQ&.I#W& amgfa ﬁwﬂ.__ﬂuﬂ# gt
mqﬁuom KHz ¥ {58! MHz 7% Ot 8, 3R Tho TG gRT Yt
fR wm T .

“The transistor amplifiers can be classified in many ways such as on the
basis of output, frequency range of operation, coupling methods and mode of
operation.

Oncthe \basis of output, the amplifiers may be classified as voitage
amplifiers and power amplifiers. The former primarily increases the voitage level
of the inpu:t signal whereas the latter increases the power level of the input signal.

On the basis.of frequency range of operation the amplifiers may be classified
as d.c. amplifiers (form 0'to about 10 Hz), audio-frequency amplifiers (20 Hz to
20 KHz) and radio frequency ampiifiers (a few KHz to hundreds of MHz).

On the basis of coupling methods the amplifiers may be classified as RC

\xn@ﬁﬂaﬁﬂﬁy transformer-coupled amplifiers, and direct-coupled

amplifiers.

On'\the basis.of mode of operation the amplifiers may be classified as
class A, class B, class AB and class C amplifiers. This classification depends
on the portion of the input signal cycle during which collector current is expected
to flow.” :

§ 4.2. 9uft IFARIT GRUT (Series Resonant Circuit) :

A (Resonance) @ ¥BFaT 8 S fif 39 a.c. TRUGY I @ &, Rl FeaeT
T Sy AT A € 1 T R A —(a) Eﬁgwm@ﬂﬂm%_
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94 TR Fiww @ Ry
Pt 4.1 % T 3h SR TRuw R T 2 | O TR, T 3 9 O

Wi Y 3ot 6 3 Slrer T R | 79 vRvw 3 e F G 0 S S wd
| Z'=R#j (XL -Xc)

Z # Magnitude, | Z | = VR + (XL -XcC)

2
VAot o

ﬁ,ﬂmﬂnﬁﬁ 95 -
- fra_1
an’LC
- I =i - (45)

9 4.1 (b) % AR s WRew 31 S T e 21 o O P
AT SR T A 791 B TR e & @2 ¥ (T 4.4) |
ot 3FFIe, URe Bt Frdrard (Specialities of series resonance circuits)—

2. AR AW F amafy Rew W oA AR g ¥ F R A

R L ¢
F— Vi =%, Xc > Xy, | 70T wRyq 1 =gaew aiftety &
Va=1R" u.ﬂﬂm_@ﬂ%%sﬂaﬁﬂﬁgﬁ_ﬁasﬂahwﬁg&
1 Vs X, =X T Z =R.
70\ H< " | ¥ feaftr & Rew o SRY 3 e wwe wom | w9 Ry ¥z wAw
Y c=Xe | A 8 e wRew ¥ afean SR YAt en |
(a) vt s whaw (b) ¥R T ! anfa @ umﬂ,-ﬂwa UST W WS (Graph between frequency and
gy | impedence)— T W1 o6 Aot A1 WRTS F SfTen AW <[ q o d
o x S A e AR St g O R (2 = R) | B a Ay
Nmﬂ.ﬁrnmnhN“ngl hx nu ” Zs4
1
@ witww # A X, = X A i S R S w
~ 2fC fi ™MZ=R
BY 7 e fax 4 2—smfr-sfmmras
. Z|=VR"+0)
31 __N_ u,z | .(43) | P TR T A S A3 Rt :
_ oy Rfe@ren 1 AW 77 IR (T 4.2) )
a4 LZ=1tan hmu A amfe @ e § RS v
-1 ‘ 9T (Graph between source frequency
=tan "0 44 and circuit current) 3R AT T
=0° ot : @ﬂangum_ﬁgw%na
T o WX, 991 X F AH T4 (equal , ¥ ! Vs
Aamougomuwmnﬁéﬁwiw_nﬁ f W Z WA T @ aw 7 | ewam @t 1w o ¥ e g = = " q
iuxwﬁ@ﬁw_%gﬁbﬂﬁuxn % g amaft W (2 = R), ToRT 3
3 wfl =50rC fom 4.3—ampfr-ar o

66 /234



96 AT ghral @ TRYY
u.ﬁm_gﬁﬂﬂnﬁuﬂwﬂiﬂaﬂiwgﬁ%naﬂﬁ

43) 1
! @Hﬂﬁa (Selectivity)—3rof 3T TRYL 1 7€ TV (property) T T3
ww BT STaRT 1 TR (sclect) F WhAT @ AT I MR T ITH W FR
feh At 1 A Rt A A8 SREAFA (reject) AW L | TW 4w B Ty
F T (selectivity) ST ST |

= % B e sl ¥ v R e R 6 A o Rl s (e
W¥e amff) = ReAe 76 TR9Y W apply R SR A sfveen SRy g
i | o ot s st 1 RaTE apply AT SR, & 9 SR YAt A
aa:, fret wftag 3 o R emafv @ w59 S0 ) ST S ST e R |

it SrpRe e ¥ wfede &1 WM aEEY 1 O W W (Effect of change
in resistance on current in series resonance circuit)—97 4.4 % Y 79T W™
¥ e 7 fewman w1 3t 79 9Rew A R F1 AE 79 R SR i % O
3 47 H A A5t A AR R (the |
curve is sharper) | @f%7 afE R T ;:
T 3T § A 78 T AT T &
R (curve is flat) |

e o s AT (sharp)
B A& I IS gt F Tafa
N FT &A1 ATEF ARt reiq ITH
St aiftees A | ¥ e m
T € fF R &1 9F 9 93 Wy n -1
Mﬂ?ﬂx%%yﬁ% farx 4.4—aa T SR ofEds &t e

T, A TRae & SRR A} TE o1 I | e T I
sﬂﬁﬁwmwﬂm@a?ﬁﬂzﬁm_mﬂﬂ&mwﬂmﬁﬁﬁﬂw
fig R &1 WIW 3(eT & @ 371 TG 0 (selecting property) 3T 7T (v
ﬂwwﬂmﬂmﬂﬂﬁmﬁwﬂaﬁaﬁﬂw&:ﬁﬂzmﬂ&ﬁ%w
IqSH (quality) 1 guifar 21

ﬁmj (Quality factor)—Fveelt § ¥t & whwr aar S0y & mﬁag
el OIS (quality factor) T ,

. =2 (44

aﬂgmﬂ%ﬂiaﬁw&ﬁﬂuﬂgﬁﬁn&ﬁg_@
% & fadiw angfa &t 9afia (select) & .a97 It & im,d?o_.nocﬁw
Fd S YFT Y FT IR T4 IEAG (selectivity) FgaT A |

LowR

Medium R
High R

< AN 9w 97

- Sl SR wie ¥ fawa ¥ o v f
* IFATE F e ¥,

Sty i (X1) = =iftdy wfawma Xc)

0 gu%

TR 3 fr = Q,\Hﬁq

e z = /\ T.N + XL ukn&

+ R Znin = R (- X1 = Xo)
« IR W O F Aoy 7=

Vs
N.:nxﬂﬂnl

« I 9T A FHF € Felr 3 et R el o R F o1 1w

e

At frequencies considerably below resonance, the circuit impedance is
high, and is determined mainly by X¢. As the frequency increases, the net
reactance (Xc—X)) goes on decreasing. Therefore, the total impedance also
decreases with frequency. At resonance, the net reactance Xc-X_) becomes
zero; the impedance Z is minimum and is equal to R. Above resonant frequency,
the net reactance (X -Xc) again starts increasing. Therefore, the total
impedance Z also increases. Since the current in ‘the circuit . is given as
I'=V§/Z, the curve for the current will be inverse of the impedance. curve.

It is clear that the current in a series resonant circuit is maximum at
resonant frequency, and it decreases on both sides both of the resonant
Jfrequency. Thus, a series resonant circuit has the property of selecting signals of
one particular frequency and rejecting those of others. The rate at which the
current decreases as we.move away from the resonant frequency depends upon
the resistance of the circuit. If the resistance in the circuit is low, the current falls
very sharply as we move away from the resonant frequency. On the other hand,
high resistance makes the curve flat. In this way we can way that the circuit
resistance R plays an important role in the selecting property (selectivity) of the
resonant circuit. .

Howerver, the resonant frequency.of the circuit is not affected by the
resistance of the circuit. Generally, the resistance of a resonant circuit is a pan
and parcel of the inductor used. The coils of same inductance L but different
resistance values will have different selecting property. Thus, the resistance of a
coil determines the quality of the inductor used. In technical terms, this is
expressed as quality factor Q of the coil.” ,

|
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98 TR IR T vRug
§ 4.3, TR TS 9L (Parallel Resonance Circuit) :
T WA A WY .00 GO o T R TR X 2 R E

TEF: Foeclt & FB SRl R e e @ (a1 4.5 (a)) | 76 WRY B A
ﬁ.ﬁ?o_.wmo source) Vg waﬂﬂﬁﬁw_

~_l ﬂO A —0
I, cos Gr

‘_----"F
(a) FHMIRR AR (b) VAT AT Rty
ufrag & HAT ARG
faxas

f1 4.5 (b) # TR9w A 920 St Rewran e R | wehe ¥ e W

(Ic) I Breedr ¥ 90° st ardt 3 1

il g

T THR FUSEH G0 ¥ 2 wew 9 §—

(¢)) Nhgmﬂh&giwﬂ%gmw_

(2) Ip singy S YYE AT A 90° TETHR (lag) DT R |

¢ FAAFR WYY T TS (resonance) TN T& N4 Qe q91 X
U 99w X @ | 78 99 §9 § 99 WA 5F (reactive component)
TE-gH @ o w0 E agfq

Ic-ILsingr =0

Ic =1I_sin¢g ...(4.5) .

i, et 4.5 e TrFw wfde & ke 81 2 condition 9 51w F
| 9@ 3R 9RI /. 79 FOEEH I I, F (reactive component (I, sin ¢

T & T T4 O W R FRA I, 79 79 UG X QWS =i cos gy, @

1AM | iy cos ¢y, in-phase com uouﬂhgiéwg%&@ﬂwﬂdnﬂ
oo & dn 1 3, v feafr ¥
FOT | 7§ oM@ # 3C frdvw & % o wamr s whey ¥ Yk @ fafrd
2w A0 ared gt @ (arefq Rew W¥e ee @ Rl Wk amft @
sfram A )1 |

Freh T TGS A 3 o, [, = an L) wh ug) |
|

#) 7 vivy @ Y SRy @ wify e

T IRA aE 9

Qmuﬂuﬂm_?ouougoomnnﬁuvlﬁﬂmmﬂm_ ﬁ%ﬂwﬁa%
¥ ST BT 8, I S mﬂﬂﬂwnm_
ﬁﬂ%ﬂ%sﬁﬂ%m AR A £, W et F1 wiwar z, ¥ =

z, =VRT %2

far46 9 singy =35> (V)
FAAR 3R wRee 3 e 5 Rfr & (et 4.5)

&0 "Nh Mmbﬁh v

FHIFI (vi) & Wt (i), (iv), (v) 31 AT @Y TW—
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- Twa\ ?,mv (46)

I THEW ¥ FHART STATE TRUG & SIS 3gf S 0T o1 wawet
1 AR guesh w1 Sy IEF R @ qad N 98T $9 & (R<< L) A

HMAA Hummﬁkvvxhw T

h hﬁ h~
1 1R
Uit fegfar o =g ﬁ..hnvv hng . (4.7)
VAR FTAE Uftee &1 fa9marl (Main Features of Parallel Resonance
Circuit)—
(i) TR e qReg 3 IR I ® wfeara (Impedance of
Parallel Resonance Circuit at resonance frequency)— 38 TRY Ft Sfqargr &
V.
A WA A A Y A A P 1w @ vy z =

: mmﬂ TG g (resonance frequency) T 9T & HF ~AqH @ﬂw.%
sfoaren sifeean Bt # | TR0 ® 76 AR GRug F eI T SR AT A
a0 s et @ g ST SRy § e faeda e

2

sferaren smafe 7% fax 4.7 3 sefdfa fear mar o YT a4l (impedence) |

arfere At } a4 £, 3 A1 3 ARETn IR A v R} | 3 NI TE RO IR
gfa =t T4 (select) T a1 I ARt F r@igFa (reject) T Ft &

ware | Z/
7 ff 38T amaft woIw 9Rey )t sfmEmer -
z2" . B “
SFAE (resonance) W A URT— m
I, =1 cos¢y, m_
a L] A !
1, i > f
77 Y _, Frequency
Zr for 4.7 —nfRrwmar
Vs .
Z,
Vs
'z

3. 8 A yads 101

|»

N
(]

~~la 5

(21% = & wow (vii) ¥ g

N~ Nj= N|=

r = hlﬁ. ...A&.“V

370:, FHATGT 3(T1E IR9Y St FAIE A f, T Afqarar—
z,=%

IF @ fagg ¥ 914 3@V = W—
@) Nau%ﬁﬁ%mw%ﬁﬁﬂsmmmaﬁ%ﬂ

aﬂéi»ﬁﬂﬁﬁmﬂ?ﬂ%ﬁ%ﬁ%%%
@ SFER F4T |
W)z, 71 o Tg7 7= e & s TR SR = 1 I T

3 BT 8 SfF R F 9 9gd FAAMR |
(iii) WRYY 8T (circuit current)— :
Vi s L
N~IM~. S N«HG'N
SAF Z, FLAF Tga AT S ¢ IR 9 HH B Ggd FH AR |
(iv),¢ O (Quality factor)— ¥ 78 T&Y ¥ % FHFR 1E VRTY
%1 ST (resonance curve) AT Fere (sharp) & R T8
S TAGT (selectivity) 2 T | 70 7 WFTeT F1 AR AQHT
3 QL 3 oft & o @1 aTeeAta @ | o 3 R 1 A R 9 A,
IR 6 I € YT (sharp) AT
wﬂﬁﬁﬁmﬁﬁiwgﬁn&&%ﬁgﬁﬁsﬁq
mmnsavm.ﬂ_.m:m:w_

Q== ..(4.9)

R - R
HHHAAC WRYE QUi qGE HEATH AT @ A T w G
(sharpness) 3 Faferd wRww 5t st (selectivity) T Wit & | Q 7
ﬂaﬂ%@ﬁﬂﬂaa@_a&adiﬁ it Bt | R 48 Faw &
AT T ARAY R 1 5 R T | TR F A T g A
wgﬂwqﬁﬂmﬂﬂﬁwﬁ%ﬂﬁﬁﬂfﬂguﬂni
FUSH F1 ¥ T YT F AT F TG 1 TR |

P
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102 TR gl T TR

“4 parallel tuned circuit consists of a
capacitor C and inductor L in parallel. In
practice, some resistance R 'is always
present with the coil. If an altemaling
voltage is applied across this parallel
circuit, the frequency of oscillations will be
that of the applied voltage. However, if the
frequency of applied voltage is equal to the
natural or resonant frequency of LC circuit,
then electrical resonance will occur. Under
such conditions, the impedance of the
tuned circuit becomes maximum and the
line current is minimum. The circuit then

SmallR

f,

fom 43=STR 75 & TEAH
TR FHIAVE

draws just enough energy from a.c. supply
necessary o overcome the losses in the resistance R.”

§ 4.4. T YAUS (Tuned Amplifiers) :

MY 9K AP (Communication engineering) ¥ wqr 3 fF e
QI (broadcasting) ¥ e Farer 31 e RerAet G101 Agere F WS
31 T Yl R -3 SRAC AR TSR e € 99 et B #
SER 3MgRT 1-17 KHz & a6 921Tg W ¥aRo 3 1431 KHz |

w4 72 e T el 9 W g ¥ A O QR adE F A el
3 S o R AR B Tah a yatda U A A At w1 srlig
(reject) T2 | W1 €9 3 A W et B R w9 @Rd (Tune) 3 7@
R YEET et 1017 kHz 5 G (A 3AgHT T Ree B R SRV @ )
) TERE G T FUT 997 T RIA F Gha B A F M A T et
frelt B XFed R Y SQIRE FRFT GATE 2 | F T FH FTHF FHEERA FA4F
(tuned amplifier) FEA € |

afrar—ag YadE 9 e favm Sgf @ il % T T 3 @t vatdd
0 § wwafm ads (tuned amplifiers) HEAN § )| graf@ i § &
W@ (tuned) IR9g a0 ¥ ' 3T (resonance) % F TF faRy AR H
TaFTa (select) FA 7 WEH AT R

g YUt a e st W ¥ qEr S A 4.1 % wefeia €

“Amplifiers which amplify a specific frequency or a narrow band of
frequencies are called tuned amplifiers.

Tuned amplifiers are used in those application where it is desired that an
amplifier should be selective, i.e. it should select a desired frequency or narrow
band of frequencies for amplification. For example, radio and television
transmission are carried on a specific radio frequency assigned to the
broadcasting station. The radio receiver is required to pick up and amplify the
radio frequericy desired while rejecting all others. To achieve this, the simple

\

]

TGS IR Ads 103

resistive load is replaced by a parallel tuned circuit whose impedance strongly
depends upon frequency. Such a tuned circuit becomes very selective and
amplifies very strongly signals of resonant frequency and narrow band on either
side. Therefore, the use of tuned circuits in conjunction with a transistor makes

possible the selection and efficient amplification of a particular desired radio
frequency. Such an amplifier is called a tuned amplifier” .

A 4.1 Tadat 7 fed R wadei § I
g S st I vt
(Tuned amplifiers) (Audio frequency amplifiers)

1. 3w ferire angfa o gfodl % G vaa | 1. 78w Afsd srgfa dagw A1 wafda
&z %) waftia = ¥ (Amplify a specific] #@ §1 (Amplify whole audio
frequency or a narrow band of| frequency range)
frequencies)

2. Sre % wv o T TRew & 5T 81§ 1|2 e F w3 wferdvwr w1 S ] (has

(has a tuned circuit as a load) | a resistance as a load)

3. defagy 37 it # (narrow bandwidth) |3- ¥efagw fer &t R (wide bandwidth)

§ 4.5. T 2g= Tats (Single Tuned Amplifier) :
T 4.9 (a) ¥ T 2= AR yaHT fe@ra T e |
Vee A, 4

Vs AR —1
fL = Lower cut off frequency
fu = Upper cut off frequency
f, = Resonance frequency

(a) W& TG waLE® (b) Thet TS WAt w ghy
rgferar am
fama9
ftaa—3@H R, 741 R, I SRy ¥ St fasa frroes (Potential divider
%%%mmaﬂgﬂwﬁgﬁvﬁwf v

Rg T SRR 791 C; T WEIRT R | TRUY F qard weeqol wmAmn
T Y (parallel tuned circuit) ® St WIS ¥ T T AT T R | §6 JX
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104 T gRRE T TR
%wﬁs%ﬂﬂﬂﬂgﬁaﬂmﬁmﬁ%‘ﬁﬁugvﬁwm
T RAM e

ST —HHIT YR9g F it § o9 9¢ Tor.fF 3@ yRey S wfearer
e AR W waife A R | B, % A 3 T farer 30 A
wodt 21 5 g TRUE B e Fww X @O T R W FA A6

?u?&w& T Sftran SMSTGE MW Al @ | W, 36 R F ¢ AR

TR TEE [, B AT R ¢ a9 S g $ e W aRed # Tune W
TR L
o, e 39 T 3§ TF complex e s i, Rt 3 st &,
A o TEF 29 YRYY F IEAT SR A component T AT ®F LT
TN BN | 9 A ST F (reject) & A | I T N AT
ST ¥ select F TaRT I 2 791 AT AGRAAT I reject FAT
% e (Frequency Response O:E&ll&#%hﬂﬁmwﬁ%

¥ w7 TF GAAIRT 248 URYG o QT 8, 3: T ST Afohal F6h FHHIRR

SIS, TRY ¥ SearaT S o 3 A A AR

a1 6 i 49 (b) ¥ feaman T R, Sreear WY O R Sl £, W AR
aiftr 3 7 3% 2T I TET T ¢ | 9 YHE T TALF Fae q€ A Farig
T & frad fad 39 tune faat T R |

374 9T 39 ¥AYF ¥ A v # amaf 36 s F o g ey 3
ST AR F WHE TN AT TAEF B A Afewe

gmﬁm%ﬁnﬁﬂwﬁmﬁgﬁ&% zﬁﬂg i

(selectivity) 39 U9 # @it |

% ST, P O ATeRd AT 6 A A AH F 70-7 % F IR A

w.mﬂ%%#ﬂﬂ@wﬁﬁm\h mwﬂ.ﬂﬂm.m#ﬂcoina cut off) AR 9T

\:%-mﬂ,mﬂ.ﬁ.ﬁ.ﬁﬁcmﬁn_,nﬁ off) ﬂ%&ﬂww_%ﬁ%wu%&mmﬁﬂm_ |
Yo 2t & fortl Areean A &1 O AT 7H ¥ 70-7 % ¥ Afaw g g dAd

wx\".ﬁ.ﬂl.\h_
T % @ FER ST Q TS AN £, T4 Jefaed BW (band-

width) T 39 8T 8—

nu%_l\ ...(4.10)
TS Fi Q I HSHI (components) zra Freifia 2t @ | AT R wEEE:
T4 AT A Q FAF 10 ¥ A AR

%w?i%ﬂ%gﬁiwﬁmﬁﬁawﬂﬂﬁ
37 9T ¢ | e Yads @i Ween (20 Hz ¥ 20,000 Hz) % major portion @
waftha F § (araiq ot Fefaga aifes At 3) afs =g Yaus RF ARA S |

9a% 48 (narrow band) I Yafd F ¥ Tor Ay gt A fow F@ €|

"~ oftedt @ A o ¥ | TS AW c

TS AR T9HF 105

“4 single tuned amplifier consists of a transistor amplifier containing a
paralled tuned circuit as the collector load. The values of capacitance and
inductance of the tuned circuit are so selected that its resonant frequency is
equal to the frequency to be amplified.

Operation. The high frequency signal to be umplified is given to the input
of the ampiifier. The resonant frequency of parallel tuned circuit is made equal
to the frequency of the signal by changing the value of C. Under such conditions,
the tuned circuit will offer very high impedance to the signal frequency. Hence
a load output appears across the tuned circuit. In case the input signal is
complex containing many frequencies, only that frequency which corresponds to
the resonant frequency of the tuned circuit will be amplified. All other
frequencies will be rejected by the tuned circuit. In this way, a tuned amplifier
selects and amplifies the desired frequency.”

§ 4.6. ST TGS Y4 (Double Tuned Amplifier) :

“aftge—fe 4.10 & 53 wHERAT
dieedl  ¥g¥%  (Double tuned
voltage amplifier) %7 99 few@man
T ® | 9% Yad® S <4< (Tuned)

(Load) ¥ ®Y ¥ L, T91 C; ERI &1
T Tg€ (Tuned) IRUE ST TR0
w_hgmm:é ¥ gfma (Couple) AT vg
T ]| Ly 91 C, T8 TG TRy
(Tuned Circuit) T 2 L, 9491
L, Wnﬂwﬂuao:umnmv ) aqA
39 Ya¥ F AGN AIHEAT I
) TEwT ST qT ¢ |

FRATA—TIY &l L, 991 C; T &Y T4 YRYY (Tuned curcuit)
AR AMfA B Wk I (Signal frequency) F T FRAT F@T & (L, A

fort 4.10 58 275 WEE

¢y TREfia =) |

@ foafa § L, 991 ¢, S0 TR TR wika ¥ AR F FRT S F AR
qgq HHF Q 91 € | A YAERT TRYG (Tuned circuit) L, ¢; W 3= frfa
(high output) < Af }1 T A=A (Mutual Induction) % WTegd
AT TRYE L, C; 3 a8 Tt R

amgfa Ifean 3% (Frequency Response Curve)—39e AT ferdn ah
TEHHT (L, 991 Ly) ® Foeferdt & .ﬂ.ﬁu_.ﬂﬂ Y4 (Mutual coupling) T it
Far ¢ (e 4.10) |
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106 T ghra w o

® T (Loose Coupling)— Gain

T WO W NEMF (primary) T | Loase
o Amoooﬂgu mvﬂw. M.&QW N Coupling
W e T (Loose coupling) Feq ¥ | Tight
W Tl & sraftrd Foeeh (Primary coil) Coupling
U T Fiedtas Foeeht ¥ {9 (link)
8 9 T | T o R (3rat A Q) -
TRafda (reflect) T T Wiy 9gd 9 f Tmach,Q
BT 8 | 3 TRYY F Q-TUE I BT 8 faman
A1 AFATE W T (sharp) AT 2 |
) (Tight Coupling)—f% TR 7 Yhed Fvefimat srcia wa

et & A FG L (Tight coupling) Fed ¥ | 6 Nufirs Fueeh 1 W (flux)
ficfta gueeht & e (Link) & Sman @ 7er wRafi SRR (Reflected rsistance)
. o O T R | 30 URYE 1 Q N & St ¥ 1 7 ¥ QA A (peak) AW A
T 3 g 1 3 i T I, N eRwy w7 S 9% QAT e % T
flat response &ﬂﬂ@gw_
mﬂwawﬂﬁﬂ%%ﬁﬂwﬂﬁﬂm%ﬂgﬁcnﬁgg
8=v=nmvﬂ@#aﬂmww_m%ﬂ.:mw@ﬂﬂwﬁwrﬂmwim_Ed"_wmﬂw,.ﬂ.lm
vy % Jefrgq @ W T i Fferm W AR A } | 3a TS TRw =R
Tefaga—
(BW)double tunea = kfr ...(4.11)
W& k =coefficient of coupling

fr = resonance frquency.

FETE:, A & S 246 URYY Fagat SAIe Smaft 10 MHz ?, ¥ 300 KHz
&t mﬂunw,m NI T 8 @ coefficient of coupling k &l AFM—

- (BW)double tuned - 300 KHz —
fr 10 x 10° KHz
3, k=0-03
“4 double tuned amplifier consists of a transistor amplifier containing two
tuned circuits: one (L, C,) is the collector and the other in the output. The high
frequency signal to be amplified is applied to the input terminals of the amplifier.
The resonant frequency of tuned circuit Ly C, is made equal to the signal
frequency. Under such conditions, the tuned circuit offers very high impedance
to the signal frequency. Hence large output appears across the tuned circuit
Ly Cy. The output from this tuned circuit is transferred to the second tuned
circuit Lo Cy through mutual induction. Double tuned circuits are extensively
used for coupling the various circuits of radio and television receivers.

k

< ARS @S 107

The frequency response of a double tuned circuit depends upon the degree
of coupling, i.e., upon the amount of mutual inductance between the two tuned
circuits. When coil L, is coupled to coil L, a portion of load resistance is
coupled into the primary tank curcuit L, C; and affects the primary circuit in
exactly the same manner as though a resistor had been added in series with the
ﬁass coil NJ..

When the coils are spaced apart, all the primary coil L, flux will not link
the secondary coil L,. The coils are said to have loose coupling. Under such
conditions, the resistance reflected from the load (i.e., secondary circuit) is
smail. The resonance curve will be sharp and the circuit Q is high. When the
primary and secondary coils are very close together, they are said to have tight
coupling. Under such conditions, the reflected resistance will be large and the
circuit is lower. Two positions of maximum gain, one above and the other below
the resonant frquency are obtained.”

§ 4.7. TR TS Ta4S (Staggered Tuned Amplifer) :
R g Ve T 21 & A T 29 AT ¥ oY ©F g R 9N
T o 4.12 (@) |
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108 TR IRFET oF TRey
R TR aF § ¥qR R Y Wt o T e w3 sted ¥

a e forg ¥ waat ARG Sﬂﬂ& (Resonance frequencies) % 93T =T LG
R Y R T O TF T W R SN Safrdt ) g ST A e

T } 6 37 amafRrdt F e s R a1 e e 3 wEc A 2 [T

&@zmﬁ%%ﬁ.gw%ﬁmaﬁﬂdﬁ&gﬁéﬂ
3mqferat fRenfid (Displaced) Bt § |

@R YT Wads w1 I F3feq a® (Frequency Response Curve of *

Staggered Tuned Amplifier)—7 4.12 (b) % 3 fETe Tg= sad=! #1 amgfa
IR T SR e T ) R Y wER i QAT 2R yade @ R
SR ¥ F8 3R R | 78 3R T A WA a9 ¥ st @ f ot
TSt F frd W ?) F qoac |

W & Y= XaUH F WeRd ¥ a9 T D-Ig= g F g
ﬂmﬂuﬂmﬂﬁﬂmﬂ%ggw_gﬁdﬁagﬁmﬁmmﬁ tuned
amplifier) T 3 T TFa 2= adF ¥ 3y A 2

¥ (Merits) —

() ®R = Ry ¥ sfvs Tz Sted @ At 21 arACH Toat e

e e 2= yaE @ g ¥ v A R
(i) ¥ wdH F AH-IS IR T (Gain-Band width product) St

It AT R |

(i) dF F A WS R AR e F Aver 3= A R, 34 T H
form § gur A |

(iv) =9 ZF=8 WiF & W@ (Allignment) I FoA a1 8, Fafh

Wid ag= (Staggered tuned) Sfwdt & gz goe T4 A |
(v) TS99 ¥T TH (Band pass) R R wwet F qer § st wqva
(flat) BT |

§48. TS vadE & ﬂmqmw_d (Advantages of Tuned Amplifiers) :
I I AT X, 5 T MG 1 T47 X IGH Faftiq I a a9

AT gt A ot F F v et €, 25 T g Y 9§ | 2= |

yadE! & o ffrmard et §—

(i) FWUlER &4 (Small power loss)—dfF 48 Fad® L 9 C g2 1 54T |

F 2, oa: T 9 9T &g At 2
(i) 3= TR (High selectivity)—ZgrS IRUE ¥ S4=T4aT (selectivity)

F1 TV 2T } 34T AR W G 9 FE G apply 7 I N T |

ﬁ%@mﬂ@d%mn_oonﬂ@mwsvm@ﬁﬁm&w_
(i) =W WH B FEFX TAR IFRA I AEEEEHA (Smaller collector
supply voltage)—2g€ Yata®! & LG 24 IR9Y ¥ low resistance

%W%uﬂ#—oﬁ<&:am&ﬂﬂ&&.®ﬂ—\hﬁﬂ§@%? “

R iRv ads 109

§ 4.9. IR ofieg (Neutralizing Circuits) :

ZIfR &t §f =t W 3989 7@ (Depletion region) ¥ HRUI B HIRET a4
At } | F IO W (Inter electrode) ®itaralt #r fax 4,13 (a) ¥ Wefifa
P T } | ¥ eRanalt @Y firg Y ¥ (Dotted lines) ¥ v eyt far mar
2 i 3% e ¥ afa (Connect) ¢t fFar mar 3 | 98 =T (Inherit) Bt
¢ 791 7% € e e e |

C

. [
AUUO -~ - ~o O
p a'/ _l. a

\s\ —_
K l.ros _|N
. - C, m n
\ 1 .
\ /

\ ’

AN \ r

R \\\ b Oc
be E (i

(a) 37 YT wfeary (b) 3= yAYE YW SERfrEOT Afeay
fax4.13

%W%ﬂw@%#%ﬂﬁ&uﬂwii"widﬁnﬁn
clectrode) g&%%iﬂ%ﬂﬂ@ﬁwggmg&ﬂu%
T NI raferdt WA Ao wR A9 oy ¥ 1 W g gt & @
&m&%_dﬂw@ﬁaﬁs%ﬁzggﬁuw%n&@qﬁﬂwﬂ?

fa3'4.13 (b) ¥ farsr wRye framr mar @

TR MR & p 7q 2T qu1 ey 9 % m 3 1 e w3
Fafeeor & R 9T Y ¥ St farer g @ e @ 7w,

La Ch

Ly C,
T8 Hger YA et ke Tl Far d | T SR IR (Neutralizing)
SRS} ZRT 317 FARE (Interelectrode) ST 1 59T T Fray TRFAR |

§ 4.10. TG I & VA 1Cs T FIAT (Mention of Some
Popular ICs of Tuned Amplifiers) :
& 2 Ya4S WA externally connected LC T YRy ¥QrT Far
@91 4% T frequency-selective 31 ¥ o= RNT@FE F@ 2 | T mw?ma
T Bt R | 3 et Y WeR Ao Ao gy 3 HIR YRR ¥ e st (RF)
T eeitfses st (IF) st ¥ v ¥ wqe fpa s | TG YadH # U
¥ 39 weeagt Igrer —

(i) CA 3002 (IF ¥a4=) (ii) CA 3004 (IF ¥a¥=)
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110 TR gRRE o TRy

(iiiy MC 1350 (IF ¥a4) (v) MC 1355 @aRife FM, [F Tavs)

(V) CA 3012 (aigeds wad®)  (vi) LM 172 (F ¥a¥&)

(vi) LM 3082 (FM IE Yau®) . (viii) CA 3005 (IF ¥oU®)

ﬂﬁ.:m_ogusmﬁﬁzawmzwwﬂwnﬁﬁﬂﬁwﬂm%
ﬂaam:mﬂma,s.qzﬁw_ﬁﬁaﬂg?qwiﬂﬁi _
TAF A I 25 dB R | ZEHHR T O TR g} S e CA 3005
ﬁﬁaﬂ&mﬁ#ﬁﬁ@wwgw_ﬁaﬁn%mﬁfémw%mﬂa
Bieckcus Jl

To mixer oA chﬁm: T Wm \

output

\‘ ‘
12 IF
« _-ol_M dJ\% _ m output
01uF H 9
= 01 :._u% Ho.d pF
AMA—— =
1kQ 1
2k 1nF
Pl +9Ve Hﬂm

fT 4.14—CA 3005 %t WETTAT A IF AU W

HHAT® T9 (Numerical Questions)
W 1: @ it I afae § fre arl ¥ e e -
L =220uH,C=300pF,R=20Q
aerg A sv § | fre @ orn Hfe-
() IR Awgfe
® mﬂnwmﬂﬂ?
(c) FPR W
) ﬂmﬂnaaﬂiaﬁawhﬁam@a
a"ANV Q«Nﬂﬂﬁja. \w"@n(ﬂa
L=220x10%H. C=1300x 10 2F

1 = 620 % 10° Hz = 620 KHz
27 v(220 X 1078 x 300 x 10~

A fr =

12
(b) zﬁazﬂ?ﬂéﬂaﬂﬁn&:wmﬂ@afﬁﬂﬂ |

200QR

.

W< AN [\EE 111

(c) IR Iqfe | &,
“Y_5_,
I=5=55=0254
(d) ITR AR TRE F G AR,
Vi=IxX; =IXawL
=1 X 2nfL =0-25 x 2 x 3-14 X 620 X 10° x 220 x 10°°
=214V

TR AR W HART F G A,

1
Ve=IXXc=1X%
c c 2f,C
- 0-25

2 X 3-14 x 620 x 10° X 300 x 10712
IR MR W ARAY F Gl A,

VR=IXR=0-25x20=5V

=214V

wH 2 : @@ &% 9Raw ¥ 100 pF @Y Wt a9 150 «H w6 poseh wh § 1 Aok
g 15 Q 1 fr ¥ v w HfR—

(a) R A (b) IR M T whw
(c) ¥g shyrd (@) Q-TuIts
B TR W L=150x106H

C=100x 107 2F

R=15Q
(a) 3 3R amgfy,

1
"= 2vTn

v 1 1
27 V(150 x 10°° x 100 x 10 )

(b) A S T, 2 = L

_6
150 x 10
- =10°Q = 100 kQ
100 x 10722 x 15 =

= 1303 kHz

(9 oS, @ = 2L

—2%3-14 x 1303 x.10° x 150 % 10°°
15 =816

(d) ¥ s mx\umu Gﬁﬂ%%uﬁ.&xﬁ
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112 R ghw w ey

R 3 : Fom 415 3 v R vt & F) e e R

(a) FFR R (b) TG uftae = Q-uim
(c) vads % ¥z Shygrd

W : T ¥ RN C=01uF =01 x 10°F
L=33mH=33x10°H
R=25Q

1
20Y33 x 107 x 01 x 10
=2-77 x 10’ Hz
¥q: fr=2-TTKHz

® 0="F="2 33 mH

_21x2:TIx10°x33x 107 ==01uF
e 250

JT: Q=23
© m«?ﬁm%uw =
3 BW = 120Hz

2-7T1KHz
23

fexm4.15

T 4 : U g VA6 I FAR AGW 1000 KHz T ¥zfagg 40 KHz # 1 7@
weE & Q W1 AH W |
W TR § JJEN fr = 1000KHz
BW = 40 KHz
__Jr _ 1000KHz
0= 3w = 40 KH:

a: Q=25
W S : TR W TAW 79 W & wea ¥ 12 KHz dsfaga aw 800 KHz
I amfe = wads ' R, & gum Ui = e el
@ T AR BW = 12KHz
f,=800KHz

12.
13.

14.

15.

16.
17.

= AR @dF 113

TRTEe -4

vada! & 3mgfa & UR w At Hfa

Rt @t 3T WRadl & sgfe-shrarn am R 3@ we B |

LRI R R SO A A U G ——

srfeean @ g il )

B 2q= vfryn w oo fafard |

g wftadl & Sy wad

qrefta areed wavs 1 s 7@ f

(3 WETd W& yored

@ e sfvrd A

@ el angfa dvg &1 w47 & I @ F P

@ g sifvmifidt 4 (UPBTE 97)

wreafid dveean qar ser Agfa Ao wade oftedt & g ¥ qea s @ T |
(UPBTE 97)

ush 2e ufuw ¥ wuIfts & 7 100 pF  qw SRwer F OF 100 TR 3 4, S

sl &1 1A 150 3 } A 3w ww-wfa g @ 9f@e Q A &g ww y@

aifaa | (UPBTE 97)

FAARR 3G TRy R s dfad aar oftaw & sgfa & | aw gfada & @

s s wifead | g8 uftad &1 wera ) (UPBTE 98)

&4 afyge 3 wah 9 AT FuEE & Q- ToiE & SREdT W AT WW WA A A

€ HTHARY | (UPBTE 98)

(a) %o wEafta ofteg @ifad aw aua ofe smgfa sifvegw @ avia *ifed |

(b) T o1 aweafta yaris &1 uftow s wifad au 3 w1 qonel & aogmRd |

(UPBTE 2001)
RE T vae o feogont firfad | (UPBTE 2001)
(3 2Zg= yada! § RERA F fog anemy |
@ Tg= vada! & HTwEn & TR | (UPBTE 2002)

T 2g5 a1 fafir 25 wads ¥ 9% R a5l | v SR W Al |
(UPBTE 2003)
SREE qTEa saE 51 w1 aeerd i IS VM T |+ (UPBTE 2004)
aaafta dieear qfvy # ¥ vy &1 w4 w69 F qHEY | (UPBTE 2005)
fe-wraf wads & s fagrm & wfaa wiwy fax gm0 awgmd
(UPBTE 2006)
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5 Qe

© (OSCIHiLLATORS)

§ 5.1. UR=T (Introduction) :

Fé TR IREA B WY a.c. Iuit AT ST A R S i ity
AN H ac. T Tem o % | 35 fod, e &1 @ favar s 1 Qe
F9 Hz ¥ F3 KHz (@91 MHz) a0 % femee 36 & 85 § | 3grewms: Yeay
T Ro Ho FAR H Afew 3ow g 77 GRaw o) s Fc g § |1 el Ho
&odﬁﬁw@ﬁﬁﬂiwnnﬁmunw&%%mﬁgig
F AT B 2 |

Afer T (sinusoidal) 31 TEHA (non-sinusoidal) 0T I HW
A T | 39 AT F 7 ST TN IO FO A A e F |

Afem U= AT ofae B ® S aifod g (desired frequency) 3 @
T 3 FA 2 | a.c. IBIPE WA FW & ol @ifoa I 3 W@ d.c. BAH M@
AR

“4n electronic device that generates sinusoidal oscillations of desired
frequency is known as sinusoidal oscillator.”

“Many electronic devices require a source of energy at a specific frequency
which may range from a few Hz to several MHz. This is achieved by an
electronic device called an oscillator. Oscillators are extensively used in
electronic equipment. For example, in radio and television receivers, oscillators
are used to generate high frequency wave (called carrier wave) in the tuning
stages. Audio frequency and radio-frequency signals are required for the repair
of radio, television and other electronic equipment. Oscillators are also widely
used in radar, electronic computers and other electronic devices.”

§ 5.2. AfeTA &1 TG (Classification of Oscillators) :

v
)

(a) agf ¥ (frequency range) & 3MaR W e Fraq it s

() ofed weat Afes ;20 KHz T

(ii) Year Haa=ft fed ;20 KHz 930 MHz

(i) 30 o W= A ;30 MHz ¥ 300 MHz

(iv) 3yl e =t Al 300 MHz ¥ 3 GHz

(v) FREHRT Hea Afe © 3 GHz § &1 GHz

(b) e afae L TG - J@@ai (Components used in oscillating circuit,
i.e., the frequency determining elements) ¥ 3MER R AT 1 FtehTo A
5.1 ¥ wefvia A—

4,

AT 115

LC Qe wo&m_m

T

e FRAAM Fafe RCI  dehiw Eﬁizﬂ
Q&M A e Afem A

§ 5.3. fe= =t ﬂmuu,j (Applications of Oscillators) :

1. 99 SR yefat i (In all broadcasting systems) ldw.& o
o A ¥ 3= aafy 3 e R B s At 8, R
W Y&l & 550 KHz ¥ 22 MHz 7 a1 R0 o ¥ 47 MHz ¥
230 MHz ¥t ® | 30 YR ¥ frrrer Qe gra sma fed sy ¥

2. WA yadst ¥ (In stereo amplifiers)—3aH AR I (3rafq 20
Hz ¥ 15 kHz) ¥ femma sTavas 2 € s Qi 310 e Ry s ¥

3. WArTHmen ® SRl F e s (In testing of laboratory
equipments)—3J¥q: gmgﬁﬂgga&mﬂwug%
.mwﬂwmuwﬂ._ww_ g TV |Wh (test signal) QAT TR W o
Nl e |

4, wﬂmwmcu Faﬁ:.ﬁ&ﬁ YR & T (materials) m_wi?nwo
Y ¥ I g Rer 9t aravaar St} SR o war R
A9 (Induction and dielectric heating) | T8 e QAfeEt TR0 a0
R ¥

§ 5.4, UIRATeR WigdE &1 TANT & QT I BT (Use of

Positive Feedback. for the Generation of Oscillations) :

ATy 3, Wi 31 ¥ o yar fe Al

foret srandes & Frdifes weas et o (R 5.1)
A Heas T A e AH—
A
RIS VS
(positive) o faw 5.1 —vads
Fieds yaus H Greee @ & Im— ﬂiﬂ&usﬂwﬂ
Ap= ulum;lu (5.) AP S &

76 /234

Scanned with CamScanner



116 TR It @ iy

H_.WA\AEHHMW— \&H“HI\M'H"\W."

T SH FAYS B A 3G AT T e et Y T @ e
fame ST & IR | T TR FadE QA & SR |
§ S.5. mwﬂuw. ww = ﬂ%m._.dﬂ & wvaw (Barkhausen’s Criteria for
“ Oscillations) : \

T @1 FF Qe T W F e 3 ant (@ 1) SavEs At §—

(1) AF WA, a9

@A4B=1 T ==

Ifz 7€ A a1 [ & AT A T AeH W W Ghad- ¢ | 39! Al & o
mﬁﬂxﬁnﬁﬂaﬂw?ﬁ&iwﬁ@wﬂﬁﬁ%wﬂmﬁ%%
TR |

A §5.6. 2% uf&e (Tank Circuit) :

o a1 gike, fai & eE L 99 S ¢ eEeR 3 93 €, 3 wide
FeeTaT 2 (FT 5.2 (a)) | 76 Wike  ifea amaf 3 e e fFl S W € | wad
Tee e ) fag 1 W Tar I € | 3R A, §aie ¢ A o R 9O
FIfE, 2t 3t AR 1/ 75 ANV & 1T 2 A G WAeear v 3@ & St
3 | 39 yFR A T 39 hhe ) YT 3 SavEE I NeH FUE St ¢ | qg A
I g & wﬂ.ﬂwﬂm St (electric potential energy) ¥ & i g gt w..mm —

1.2
NHMGA\
AT GURE 1 390 Qe YA a0 Free @ BT ¥ St

5.2(a)) |
) a1t Pearr Y fareg 2 T STl RN & (¢ = 0 T P et wfebe 3 e & <

252 (b))

t=0
2 N1

i
Vi L .
—T- Battery c J vV

fiad 5.2 (b) VTG T AT

2

F

r 2

C o

Fet 5.2 (a) Wt grT e 3 3 A HT

AT 117

3 gk § BRI ; SETTed A wret & w7 e SFrATE
i %%mﬁw%ﬁyﬁ 39 AT  yarfeq o areft AE@WMMMM%
forre AT R | ST I ot & ST QAR (¢ = ) i A I A
(5.2 () T T 5.3 3 | 7 v e ot 0t o e et 3 e Q 9IRS
it wifed o, 37 A R | R e i T8 Il g ey & I
(magnetic field energy) m%ﬂm@iaﬁwﬁﬂh ddafga @, w

)
E==
mt

HURE & T Te ST 3 ¥ vy Ty it w9 A ot § | S
& 74 f9o o Fo (back e.m.f.) & FTT G F feran 78 ageret ar4fq oS F TOH
Tedt @ | TE AT W Y R Y e w3, g ferwdre iz #; arafq weifa
F Frael @ SS9 30 DT FTEE 2 a2

5.2 () M ¥ =t w1 fam 5.2 (a) Tawdia fegn & vy =t
=1 AV B (¢ = 1)

S I U 7 A O AT € a7 G WSS agdt s 8 et
A Y ey St feew 3 qRafda & St @ fred g fawda fren § dew
V q 9191 2 ST 2. 997 5T Y € S R (¢ = 1) G 52 (d)) |

I GuRE R X SARfYE 2 ¢ adr §RT i R sarfed Y W @, e
faudia ferg ¥ | o TR AT e & T R D GORE W AR I & T
(t=1,7) F&F52 ()

TEh YT A Q IR < 81 ST @ T e et RRT A ot
R (t = t, W) (R 5.2 (), T2 W0 <66 AT & I R | qg SORA Tl Tt @
mﬂqﬂawﬁwiﬁm&ﬂ%w?ue_ﬂiﬂ amgfy frer g1
TR € St —

1
.\.“Ia ...AM.HV
L : Tt %1 3@ (Henry ¥) C : ¥UIRA F €1Rar (Farad )
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+
0 0 Jﬂl \"
fa 5.2 (e) Y= ¥ fadie fagm fax 5.2 (a) vwnfex &1 fe @
% Ft T T (¢ = 1) AV (¢ =1,)
Voltage Capacitor
Lﬁ Omnmoznvq <O_nmom =+V
voltage = -V
+V .
Capacitor :
/w:mnm =0 i
Capacitor ta i
voltage V, ty! to! " F‘vn
. m Capacitor
-V} ! . i voltage = 0
(a) Fifrer AR At
YR 9% | i =maximum ! “
V| @t wmEmaw@t |
5 g . _ i=0 _ “1i=0
urren | ! :
I O & % .V\ > t
i=0 t4 ~N ~m f
yr fagdta fem o
U 9 H 8 @ R
TWE L | = maximum ¥

(b) &R AWM
faxs.3

% TRYY ¥ weF Ak A (ideal) B, T AeH FT AEW THY F WY few
R, i wfhe § I & g9 T DA | W THX F QoA AT A
(Undamped or Sustained Oscillations)  FEe ¥, 716 T4 & W19 T Tl
) ﬁﬂggwaﬂﬂu.b Amvv_mdﬂ%ﬁﬂﬂﬁmsv.smvﬂﬁ@ﬂ:

fifrg AT o QT A B | HAF AR 91 ST Jueet F PR F wE
cycle & F 1 F0 & v € ¢ | P g At % w0 ¥ o o 0 4@

AfT 119

(loss) .wm:w | g 3 e w«mﬂ,ﬂdasvo& .mﬂ#ﬁﬂ@wwwﬁﬁ I

o % W19 F R R 5.4 (b))

oA A
VAVAVavS

(a) 3meyi ¥ aftqw it anseye ( FRETfEE A )

< VARV —an,

(b) EETE ¢ uRua @t 3Seqe ( sramfaq e )
faxs4

T TR T A 9 3 ¥ 7 vls o °§ I ufke ) st ot 34
¥ R Tt for St otl 1 7t €1 @1 & 1 7% 3t o e 35 et 3 o
F R R e T A W Hen ¥ e ST e |

§ 5.7. e Wi T (LC Oscillators) :

LC Afed I wfe 7 weradr A a4 I ¥ | 36 e angfirat s w0
& SR o ey 3 g et ¥ P e S A §—

1. |9wEfd §ymes Afer (Tuned collector oscillator)

2. ¥R AT (Hartley oscillator)

3. wafye AT (Colpitt oscillator)

ot A ¥ FF Ak A @ S At gt At Y ¥
(Produce) Tt ? | AfeT 7% kA (damped) QTH B € | 30 T Hade® F
T T ¥ N 37 et A I T I AT Fraq T a9 I o e
(sustained oscillations) T R | 7 W Aol ¥ S Heas € |

L C 2fer 1 sifer ST (block diagram) 7 5.5 % seffa frar | gt
RN e e 3 Ferd o e, BT WS e 0 6 Y o e widhe
U ok 1 B R 3 a7 TR Y 3 o e wReg A Ak |

.’
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120 W gfwEl o e

- - AE 1w
W Ty § B ot 9 om s & qfew
¥ . . ﬁﬁgwﬁwdwwﬁwﬁw . —S
() wgfrecmnim - i T Y i T 3 S x
proper positive  feed- T | ¥ IER Qe tfigy bEIr Ry ! c
back W &, Afew a1 =] | WIedF AETEF ¥ | A -+
FTd | AT 5 o Fedw ¥ ol T Veo
(i) 79 WRET F start FQ . ) . %gmﬂﬂwﬂg I_I .ﬁ
wﬂ@wwﬂﬂﬂmﬂninx fort 5.5t o it ot %gm@wmﬁwﬂﬁﬂl C.2R; :
ammnnmmmam_mwwﬁmuggw_ﬂmﬂmﬂ&ﬂ#a@wwg 91 B 1 o B 9 360° o l_l Re I_lOm
et MMM:»_ signal source &I 3FvFHAT T Bt Qmﬂmﬂu g e | TR yads =) CE 1
TR | e Y R =
@) M condition 48 =1 fulfill ¥ R, N R ¥ continuoys | a1 3T FF CE ﬁmﬁa B_MMM . ot s6—weafo wes e
undamped output ¥4 Bt 8 | . 180° T el T2 (phase shift) ¥&H Xl } 991 Zrgwnk et 71 Rad
T T ST I & 71 % 3341 } % AR oscillator 5§92 R e fey Fseh 91 180° H1 FR (phase differcnce) BT 3 | 78 T ot FEIRR (I
ST A AT I MG A TE 21 I oscillator F adErT-A 3 (positive 9T Fds AT F &) 180° + 180° = 360° T BT 2 | 3: TG 74T P
feedback T A4S = 1) [0 I wirelt }, 31 YT 9 infinite gain (31 SFFEIREH AR

aﬂmﬁaﬂi%ﬂﬂa%ﬁ@aw_%ﬁﬁﬂﬁ&ii
FEASH DA TR | T SR self sustained oscillations maintained T8¢ § g1 TRt 2 | 3% s TAHIT F Joed FUSt L, 310 Y fra s er | 2@
LR foe it enervasrar 76 St | 58 o7 initial starting signal ¥q 39 tRyg &~ ﬁﬁwwaﬂ%ﬂ&&m&éﬂwén 1 F &g s @t 9% wiey @
¥4 TUI9RT noise signal A capacitor T3 stray charges TS 81d €, 1 fi AT I FA T | Ry, R, T41 R ST ity ¥ | S feamet amafim
ﬁ:wamaw%m_ﬁ%mmb&ﬂ&y@%ﬁmﬁab&&ﬂﬁﬂmwﬁ | (biasing) T PR d.c. T A A gt F 0 F e J 39 B 7w
HT R | 30, ARFT B d.c.to-a.c. convertor i a1 s TFA 2 | TEAAI T R | Cy, C, FFH: Ry, R, F AR HA 3 w9 F vt fopay
I F9 Tt 3y fafm LC fert F farwa F srarar s | 39 Afert wﬂiﬁﬂwa&ﬂmﬂppﬁmﬁimﬂaﬁ@gwﬂ%ﬁ%
%ﬂﬁig?i?%ﬂﬁ@ﬂ@%gﬂmﬁw@ﬂa TET U 3 T AR g9 e |
SR 3 TRevw 3 Ao 3 A § 1 o A g 2w d 6 w3 el & _ HTA-SOTER (Working)— e s 3 7 Fear 9T 3 21 @ 5.6 & 7
proper uom:Wn Fredw @m 2 M“.F 1 n_meMuoov ¥ R (4 B R T TR % SRR I wike ¥ Qe s o ¥ A% A ¢, TS T &
faerR) 360° @ o6 & ) e T & R 360° §YH WA proper positive mﬁw._.,sdA : . AR
WEF } | 4B F1 A PeF components T adjust F 1 B 1 wwar 12 | NP2 g s o d & % et L, g

ST 817 T} 1,36 ST 78 IR (charging and discharging) SfFaT
T T S A A S A s o C, T T ¥ e ¥ A 3 A R 41
£ RCHTR ! W. A F s w4 T o g
§ 5.8 TYT FE AT (Tuned Collector Oscillator) :

Ly T8 L, ¥ TR 7 ¥ S 3018 3T (mutual induction) 3 T
fam 5.6 % Tg= Feaet Afe F1 1iwy wefiifa 2

. Ly B o e 3o & I R 1 g o e % St 9 sy & @
F9H Tuned collector oscillator FAFAY F&¥ 2 i, T0F YTEF ¥ = | gw.ﬁwﬁﬂnﬂ FNWWQQEEV mﬁhpmﬁhNWﬂﬂno__Eimﬁﬁﬁ
%Qwﬂ.ﬁmﬁrﬁmﬂ@sw_

U HIR | L, I 7 Aest H 30 997G et 35 o F e o § 4
ZEHAT H TR oSl L, 791 H9RA ¢, P 0w 2= afbe am § |

7o Tt Sk ﬁ&gwﬁ@w%&m&ﬂsﬂaﬁﬁiﬁaf o, | e AN, St w9 X, ot i A & 2 | 39 s gt e

_ ﬂdwﬂﬁmmwm.m@ﬂ;mﬂﬂ%?oavgmuzoavﬂmﬁiw%g
¥ R § 1 e st 1 “ proper vrmmomwﬂ%m%_&ﬂ@wnvo&:ﬁﬂwwawm%v_
f= @S\ﬂ :.Am.c,_

|

791234



122 vl il o T

¥ e ¥ At ¥ o 5 & g I 4 R F HEaF T A

9% ¥ 0 W e I % FRO, ARAR W A e (sustained oscillations) FHt
wifa Bt

“It contains tuned circuit L1 - C, in the coilector. The feedback coil L, in
the base circuit is magnetically coupled to the tank circuit coil Ly. In practice,
L, and L, form the primary and secondary of the transformer. The biasing is
provided by potential divider arrangement. The capacitor C; connected in the
base c¢ircuit provides low reactance path to the oscillations.

Circuit operation. When switch S is closed, collector current starts
increasing and charges the capacitor Cy. When this capacitor is fully charged, it
discharges through coil Ly, setting up oscillations. These oscillations induce
some vollage in coil L, by mutual induction. The frequency of voltage in coil
L, is the same as that of tank circuit but its magnitude depends-upon the
number of tums of L, and coupling between L, and L,. The voltage across
L, is applied between base and emitter and appears in the amplified form in
the collector circuit, thus overcoming the losses occurring in the tank circuit. The
number of tumns of L,-and coupling between L, and L, are so adjusted that
oscillations across L, are amplified to a level just sufficient to supply losses to
the tank circuit. .

It may be noted that the phase of feedback is correct, i.e., energy supplied
{o the tank circuit is in phase with the generated oscillations. A phase shift of
180° is created between the voltages of L, and L, due to transformer action. A
further phase shift of 180° takes place between base-emitter and collector circuit

due to CE transistor amplifier. As a result, the energy feedback to the tank circuit
is in phase with the generated oscillations.”

§ 5.9, B QT (Hartley Oscillator) :

fat 5.7 & e Afer &1 oRoy wefifa B 1 @ A AW L, dAL, N T
FIE RARFT € F THARR T WA Frr Iman @ a1 feaed & centre ! tapped
T fean e @ | g e F GeIfE ¢ 9L, L, e O 3wk a E

7 ke 3@ e A W9 A AT Aot F ghn o P wear 1—

1
f=
2t V(L1 + Ly + 2M)C

€1 M = L, 9 L, % 7% mutual inductance. :

T T ¥ Wt 9T Preds Fer R A R | CE Nl fyve # 180° @
e fI (phase shift) SaH T 3, W19 & L, 791 L, T-F8 Y g 8 § a0
S ZrAET T 1 F &, 7aferd farg P qer Q 3% W 180° W FATATTEAT R | IH:
TG 9 Preas AT & o e Seliat 180° + 180° = 360° T €1 € | TH 56N
T 8 WA § Fo6 Qehe & ST Wieas Qa1 § S i Qfe TR99 ¥ Mavas v ¢ |
Ry, Ry, Rg T8 SR },Cp T WA R 71 Cc e i € |

(52)

AT 13

fam 5.7—gRR Afew

RFC 34iq &a mgfd A% (radio frequency choke) AT AIEM ¥ Faa
dc. ST Y AR A 20 R | ac. O F Ferd gt ST qgd ET A 2, I
7 399 R TS N d.c. ded Faw A s €

T GARA C- d.c. SR & o Witk 3 oY A I R 1

FT-YOME (Working) — @ faw § 1 oz fFar s @ (R 5.7) & danfi
C RS U ¥ AR A IR | I qE [0 @ A & e § A peewt
L, @912, ¥ 7reaq Q SATE 8 w0 8 | 3: 35 ey § qai ke
91 ST ST ¥ PREC e A Ly, L, T C WU T 3% ke ¥ A 3o
A I ¥ 157 Aot T Igh TR 5.2 TR TE H AT qebdt £ |

L, ¥ o 2 # dw—aie

+Vop
¥ (base-emitter ™ junction) W
IR (apply) FoFaT T 2 | @ Ao RFC
YA Qe weree W e, B ¢ | .

Fewe e T WG, I & L, T, Co "

Ly @1 [, & 9 yEERes FH | ..x._u._._
$Rg
=

(mutual inductance) % FRI ¥ wfhe
N AT T R AR R | 76 T AT sra o
T ¥ g g I ¥ githe B @R LI - 2
R Bt @t } qer R @R W c

W fa% 5.8—FET ¥a Aferr

TR AR FET YT &% ot @ ¢ aad € (et 5.8) )

“In Hartley oscillator, two inductors Ly and Ly are placed across a
common capacitor C and the centre of the inductors is tapped. The tank circuit
is made up of L,, L, and C. The frequency of oscillations is determined by the
values of L, L, and C and is given by equation 5.2.

L
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Circuit operation. When the circuit is turned on, the capacitor is charged,
When this capacitor is fully charged, it discharges through coils, L, and L,
setting up oscillations. The output voltage of the amplifier appears across L,
and feedback voltage across Ly. The voltage across L, is 180° out of phase with
the voltage developed across L,, Voltage feedback (i.e., voltage across L,) to the
transistor provides positive feedback. A phase shift of 180° is produced by the
transistor and a further phase shift of 180 s produced by L,-L,, voitage divider,

In this way, feedback is properly phased to produce continuous undamped
oscillations.”

§ 5.10. HATGE AT (Colpitt Oscillator) :
et 5.9 & wiefe Afert =1 vitwy wef¥fa @ | gt ARt c, 3 c, B aw

w.wmﬂhwgm%ﬂgiwmﬁﬁms&wnﬂﬁads%&ﬁ
e e ’

. | (51T 5 gt e & wRoa § 3 L, L, BsmwgaiE cy, ¢,
TG C F1 30 L A replace T Hefe QAT F1 R4 51 T 91 96a12) |
TN 34 C,, C, T L f7era weh 3 afthe s § St g wihe 39 dfem

| G T ATt Aot A Pt e 8,9,

f= ]IH .4(53)
z hﬁmﬁwb x L

W S ¥ it g Fieds w1 A A R W€ 180° F FATR (phdse

shift) CE ¥a¥s 30 foran S ], M9 & ¢, 791 ¢, S foois =71 7k ) ¢
97 fag P 99T Q F S 180° v
HETT & ST 8 | 39 T e o \H o
e fae 9 WA fama &
T Fe 180° + 180° = 360°
HATT AT GTF Tl @ 9
W T QAfed Igg g F
FEwEEs v Oqd e R
Ry, Ry, Ry FIfG sfee ¥ |

RFC (aif1 e smgfa
W) 39 /e | Fa d.c. UN
mﬂ%@wwﬂwb.n.gwﬂ
ford saet sfoame sga ofvss @
ardft #1 e Mw%ﬂ sty
g3t # dec. R ik <
NS fom 5.9—&TeMe ifer

F-JOTER (Working)—v fawr § 1 = Rean wmar @ & dwife ¢,
nNﬁammaﬁd%a@ﬂam_ﬂﬂw%@iwgﬁ%

AfeT 125

SRR 87 T T | GO F e T \
wnm_qnc&mﬁhﬂamwmaamm S 5 e

4 2 3 A I ¥ | Qe +<8H
sy T 5.3 B0 & St 1 S RFC
ﬁuﬂﬁ.ﬂi%ﬂﬂﬂ.ﬂ% T I Vo
Y e T WS e | o 10
¢ 3 TaHd A FEERT | I o Wli_u ¢
%mgmﬂ%%—imﬂj rm I
FAE , = ¢
w TR & Wb ¥ W A S ———
et =1 ® WadE T afagfd L
(compensation) T & STt R FAm i 5.10—FET ®ieie Afem

fe et F A A 2 1
Fidfte AT FET ST $ St 914 $ a8 (a7 5.10) 1

“Colpitt’s - oscillator uses two capacitors C, and C, placed across a
common inductor L and the centre of the two capacitors is tapped. The tank
circuit is made up of C,, C, and L. The frequency of oscillations is determined
by the values of Cy, C, and L and is given by equation 5.3.

Circuit operation. When the circuit is turmed- on, the capacitors C, and
C, are charged. The capacitors discharge through L, setting up oscillations. The

_ output voltage of the amplifier appears across C, and feedback voltage is

developed across C,. The voltage across Cy is 180° out of phase with the voltage
developed across Cy (Vo). It is easy to see that voltage feedback (voltage across
Cy) to the transistor provides positive feedback. A phase shift of 180° is
produced by.the transistor and a further phase shift of 180° is produced by
C1-C; voltage divider. In this way, feedback is properly phased to produce
continuous unidamped oscillation.”

§ 5.11. Rc Afe=

frelt wit ifea 3% 7 Savas § Fe 3% TReg § A At I & = afrfd
#ﬂwﬁmﬂq?o:onﬂ urwm&mmﬂdﬂﬂmﬂgﬂﬂﬂ»ﬂ@u—%_

I TF AT LC e 9w 73, Ft o o vftwe g et I R S

IR 180° &7 HEAW NGEIT, A1 GUFEE A (inductive or capacitive

coupling) TRT 4T 180° 31 FARR ZIRTET S R T § | fieg LC QT A
TS T At ¥ | e, g AT AT @ 9 SRTYE AT H ot Fereyur & e
90 v, Pt st s Frd e T L ey e R P st
ﬂw%ﬁmﬂﬂmﬂﬂaﬁaﬂﬂﬁwuﬁﬁmﬁﬁ@“ﬂm_gﬂ&
ICs T apra <7 e 4t §@HRXUCs W T R ST A |

e ST o 1 et ST T AT 3 3 e RC A
R o ¥, e Rl e et o @ § | TR o arafirdt S W
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126 Yo gREl w6 e
TH T | A 37 70 ¥ Y 3= wike 1 o Pt T R | O e &

W g & o, D I wRug e o e W BRY 91 W ¥ | RC wyp

faeaTe QAfe (RC phase shift oscillator) ¥ % free 9iue gRT 180° 1 % fige
YeT T ST R | R 180° L F0 TR T e T 3 @ |

§ 5.12. B w2 QARAT (Phase Shift Oscillator) :
T e q€ §9F o fF oW AR

Fihe o 7 R ? Fge g i c
3T W1 &M fF RC wike ¥ e s11) Vie——]

TR R W IW AR ¥, F e Q,
I ¢ ¥ IR (lead) LN atq RC
githe F I T AR AR ¥ FaAraw
(phase difference) ¢ .@ﬂw.@ 3 9E

o A AR e—

ﬂ.EﬂHLI

fa=t 5.11 -8« e RC withe
> ¢=tan! A%dv - (54)
TANFA R (AT C) % 9 H qRafda C c [o} c
T Wep H A WA MR | ¢ F 7R ,wl__ I} {-
FOTMIC FAafeft F oA -
fruifa fFT ST asaT 2 | AR R AWM C F

i i,
9 Y 39 YA W@ T EY ¢ = 60°
R S 997 T FhR F i oRwg Jop § T

S fgd I (a9 5.12) @, St vftey s
am, 3Ed 60° + 60° + 60° =

180° T FeAaT ST 8T | 36 B

TR Tk 1 weas TRyg F w9

¥ W W B IR Qe a

foar ST € 1

FH-NOER (Working)—39 ‘L

i & s ieas TH 3
¥ ol o T Jeash s T
? (Fag 5.13) | ST 3 2@ fe
g g faTe H 180° H oW
TP g T @ 3R 99 180°
9 iR CE et wads a1
Yo & fEar 9 & | 9§ YEW

Wmm.:lwwm_ﬂ&?m

- Ao I FA o T e s

afs 127

gz 7 ML F A T 360° F 9 e 9 ¥ vor e e A 2
M%%Mﬂnﬁg_mﬁmiﬂgwﬂﬂﬁmw?ﬁéguﬂm
% [y
uﬂ%nﬂﬂgguwﬁ T8 (satisfy) & STX A wiFhe ¥R
2y T A S ¥ R s, T ()

1
f=snrcve He (5.5 .

ﬁﬂﬂﬂ%?&ﬁiﬂ@wﬂmﬂigw?uuwmﬂﬁﬁf
T IFLAB = 1 FA ¥ 7 7% 4 1 7 29 31 =1 |
;. AB HTHH 1 R F3 AYH TG I 2 997 4 FIAF 29 J Afym AR |
JreAt 1 I F & ordl Pt e et 9 smereara T A | T Rl R
Freed (noise voltage) %ﬂﬂ@%w%@%%gﬁﬁﬁvsa TSR At R |
RC ¥ TR (phase méﬁm&gﬂﬁ%@dﬁwg kHz 3 %

o} 3iifea amafer t oft wiwfem @ | ¥ e
Yook F oEddl W AW qo F WA Aol A IRafda F o TEA R 1 AR
amgfa % srcafyen TREd S &, R AR GerEt @ WY et fea e |

“In the LC oscillator circuits, the tank circuit employed inductive (L) and
capacitive (C) elements. In such circuits, a phase shift of 180° was obtained due
to inductive or capacitive coupling and a further phase shift of 180° was
obtained due to CE transistor amplifier. In this way, energy supplied to the tank
circuit was in phase with the generated oscillations. The oscillator circuits
employing I.C elements have two general limitations. Firstly, they suffer from
frequency instability and poor waveform. Secondly, they cannot be used for very
low frequencies, becasuse they become too much bulky and expensive.

Good frequency stability and waveform can be -obtained from oscillators
employing resistive and capacitive elements. Such amplifiers are called RC and
have the advantage that they can be used for very low frequencies. In a phase
shift oscillator, a phase shift of 180° is obtained with a phase shift circuit instead
of inductive or capacitive coupling. A further phase shift of 180° is introduced

due to the CE transistor amplifier. Thus, energy supplied back to the tank circuit
is assured of correct phase.”

§ 5.13. § fow AfeT (Wein Bridge Oscillator) :
& ¥ T A1} (What is a-wein bridge) — 99 &t TF R =71 (four
M:av Yead B ¥ R left ¥ we-oT Feah 9 right ¥ AR feamget @ A
|
Am-efe Yead (lag-lead network)—Fd 514 (a) ¥ T w-efe fig
fewrar e | wgg v emafn WAk wu ¢ % et open 8 F RO
ﬁgﬂﬂ@ﬂw | 7gd 3fyeh ﬂﬂﬂﬂdﬂﬁﬁnﬂﬂuwﬂﬂﬂﬁﬂ?rgc

».”

‘ |

82/234

ed with CamScanner



v = Vout'Vin 4
_ |
Ry - > f
(b)R; =Rz =R @41 C; = C, = C W ARSI
Vin

o4
+90°
mm OM <05 l/
— =
-90°+
(a) 31 ¥ftT d=ad () Ry =Ry =RAATC,y = C, = CU &7 forwe
faxs.14

2 ST 5 T TG FH IATSTGE N AT 8 | 7 AT = Gl F e oma s
T AR W T T A1Seye SifhEan A € fad 5.14 (b)) e we e

AR f, FEI ¢ T FHH A AT 83—
1 .
. \anma<MNHMNM ...(5.6)
AfER; =R, =R '
A Ci=C=C
1
@ /= 2Rre @A

Tt e gRT 98 fuw fEa o1 wwar @ fe 3@ fefa O (i .

Ry=R,=R T C, = C, = C) AN-Tts Fead F 1 FTe Il W 3
V. 1

ﬁ?ﬂnuﬂwﬂ&mﬁw (e, -2 = Zatf = f) (4 5.14 (b))

-t Feak # phase E._m__znﬁ i sl W eie Fw@r € a3
gt € ah a8 1 fad 5.14 (o) § A-elie Aead F A ao B & A

o7 wefefa 2 | e 2 fF A f, W o freR A |

3T, WE 2 ff direfis et @& TATET UG (resonant circuit) t s .

Mg f, WA 19 ifram 79T B A% Y[ (zero) & T # | FW FRVIf,

# dmr-aie Fead @t AR aﬁﬂﬂk nnnnnnnnn frequency) ¥ Sic A
fava fawras 9fad (Voltage divider circuit)—S9 far 5.15 ¥ fegman mar

3| v o o sy favra s o e FR

3
_ &,
ﬂ mw OM
Vin "
4
Rs v, R,
_ B

Cy R

feawt 5.15—fava favmre gftag fes.16—a Ay

¥ 1 U9} F combine FA ¥ (wein bridge) ﬁﬂﬂﬂqﬂaﬁw..@
fe 5.16 7 Sref¥fa B | 36 ATt 3R lag-lead network 9T T 3T dreew fyerars
(voltage divider) T 2 | 59 AF * Sfert & ATARH 37 ATwAT ot A ¥ |

FH-OTeR (Working)—Fa¥ 5.17 & &i+-fast e &7 vy wefeia 31 39
wfteg 3 vifafea 9 frlifea 1 wor #1 Freas yqw 1 T8 2 (G Hieas dem
wﬂ&ﬂ@w@ﬂ%ﬂﬂwﬂiﬁgﬁgvmamnv fe a7 ¥ | wiffes
ea oSt Yead T Priifed Weas Ao ReaTEet BT We @ S # |

Hf 2 M W A-ae dead B b v wem A€ aar (R 5.14
(c)), 31 FTYE 7 Wisaw T F e 360° B foree (orafe] AOTF wied®) g
< CE e 7w R T ¥ | 3 s wod 1800 1 % IR e @ A 5
180° +180° =/360° 31 % TR §IE T Feash faHel § (3rafq ST wigaw)

AR
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130 TR gfrEr o aRuY

ot T A F W OAE Geds ¥ F vk ¥ AeT I ¢ ¢
Rt aTafir GRS 5.6 TRT SR S W € |

Ay feaRet § ARRY ¥ TH W ETRA a9 % A R m R | .
yfadig @y & Xf YIS (temperature sensitive) AT ¢ TG1 1Y TGA T FGH
SRR wga & | S ¥, T S w6 A & qun e Fifea dedw wem

T8 e | T A% FGE T AW TG & AN A Lp F A AR R A IqH
sy wgar 8, fEd

1 amplitude FT T 2

c,C, T wufa
(gang capacitors) ? forax
T N T WY GG S |

CINEC] sads
(op-amp) F AT F& FH
¥y Afers fa7 5.18 & wefva
frT T R |

o1 (Merits)—
1, g A ST 7T 3 w0 3 R e TRnh | g T
5 Hz ® @97 1 MHz 7% & 3191 30 &I o1 9t ¢ |
2. YA F AW F AR fEaEeT IRYYT TRT a1 1 {Ha € |
3. T EfE ¢, 997 ¢, ¥ WM 95 F G B TG 1 Febell R |

& 5.14. foreee AT (Crystal Oscillator) :

LC Afem 7 RC Afea & qer e 98 At } fF i o weat (g
R,L & C) % °M a9 T Pl aar 2 | St 37 el #t oy swest w ke
A 2, 34, 9 A REE AN W3 weH F 7 & wRad A ¥ ik wfom, dem
amgfa ¥ wRad & et @ 1 3@, XA srpdt ¥ (R graie) s et R g
yarfta amgfi ¥ weTeierar 0-002% ¥ 3ifks et «ff wrew ¥ 7T v sfrard A
R, RCa LC a7 wwat 7@ ¥ | RC a LC Al ¥ s ¥ farftem & o Frw
i §—

() BIT ¥ Nrefted & a wiaw g & frf |

(i) Pifera w2 I/ R, L, ¢ O T A s finft wedt 3), % wE @

A9 F FO1 REE 1, R Ao g w1 S e |

fer 5,18~y vavi® g 4 A Afem

AT 131

@ ol ¥ farm ¥y fees w2 Af| (Crystal controlled
scillators) YT PRl I ¥ et AR (piczoclectric) (3 Tm-3q®)
mﬂﬂ‘mamﬂﬂgw_

FEI W@ (Quartz Crystal) & fdmadi—afz fft Fads W@ (quartz
crystal) F TR W A0 e e e A 7w R W (opposite faces)
wnﬂnﬂ?ﬂﬂﬂﬁuononn&&mﬂggvuﬂm&ﬂa—w_duusﬁﬂﬁﬂdg
Gmoson_nnﬁn effect) FEAEI & |

Ifz T (crystal) T NAEA SIS T (apply) # I, N 70t s F91
e € | AT T A I6 W ATeHaH B § I G ac. e
2 sty BREd 1 e i F ot At @ | e BeRw 15 kHz ¥ 32
MHz 3af & svem ¥

feea =1 79 faqe ofwg (Equivalent circuit)—Fafy W@ (crystal)
se faga AEFE  (electro- a
mechanical) F&¥ 5.19 (a)) & 4

A TR g fagm mﬁﬂa a
TRy IR ot Z9ET 1w ¢ R
519 (b)) | ¥ X& L 991 wuif

C F9Y: R # T (mass)
qq0 Ewﬂlﬂ (compliance) weffq

FA &1 AT R W (crystal) =
et 9497 (mechanical friction) 1 _ |_| c
foeea g7 1 SfF (crystal) ¥R b

SR A Q) Ag @ e 1,
W R, FONE F W wia D )

®) ®
fox 5.19—(a) Firgfegs fisem
(b) T Tfaw

shunt capacitance C,, T &Y
ferar man
L = mass of vibrating crystal
C = mechanical compliance (elasticity)
R = mechanical friction
. Cm = shunt capacitance
9% @ Al (crystal losses) &?nﬁ&nzﬂagw&wiw.ﬂwﬂ
F A ¥, TR A (crystal) F T IO0E U (Q-factor) TEA 4 e
(ST 20,000) | T (crystal) 1 AT T Q F HH 105 7% W ey o1 wwar d |
Tr-faga 7@ Piezoelectric crystals ¥ SZwtu—
1. TR (Tourmaline) —37# gaT e gw.@?ﬂﬁ#dﬂga

| (piezoelectric effect) TET FH Tl N AN
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132 TR gREr & Ty
2. A& W (Rochelle salt)—F7 3ifbs ASigetfergs 9 (piezoelectric
effect) raT g 9% SMYTHT FAIT B
¥ am ot ¥z IR | wmem, 2
TREEIFT T 3 FHHT 5T fehll et € |
3. ®RA (Quartz)—3edl T

AgfEF w99 R T T g S
T e A fRar e @ | RE Qs

(oscillators) ¥ FRS (quartz) fFea = - i
& A RRT ST R ' +

fora & AT (Crystal
Resonance )—39 g fag@ wfog § ferr 5.20—argfir e foreen
3gATE srgfar At § (Fe 5.20) 0

weraman & wer ae

(1) AW IR (Series Resonance)—Fd AR W L 741 ¢ F1 Sfawm

GUEEd B A1 €, 3 AR I AR () FEd € | TEH X, A9 X F T Ch@

1 FI5IE (cancel) FT A ¢ a9 N4 R % WM & qod & ot € | ¥ fefa .

Z &1 9A Jd< FH QA R, (Z = R) |

A SR, = g -(58)
(if) AR ST (Parallal Resonance)—38 SR (f,) W &l 2 | g8t
e GHMTIT 3ATE YRUY 1 91T SHaer Ul ¢ 791 $6e! Sfaan agq e
o STt 2 1
1

ST AR AN, S, = 5= (59)

© IO.XDS
ek ﬁ.ﬂlﬁ.+@§
Pt farmg it Y Az FET A IaATEH T—
$fF Cp FAR C A F 8 R, fp F AR f5 § e B R |

f5 T fp T A THER H Fe AAE |
groft wrg ¥ wEe (Operation in Series Mode)—3it Arg ¥ s=re & fer

@.ﬂﬁ%ﬂuﬂﬂanﬁnnacmnr uwﬁwvmgmﬂm%ﬂﬂﬂw._gﬁwﬂm%
o e F SR AT A & 79 79 FO Gead v A e |

R 521 3 T it FPredtes e Qe wefetd o T R | T fireedl
3ot wieds Tg F s e mar ® 1 i Aol e ST W R s
éﬂ%w.ﬁnéﬂﬁaﬁ%wwﬁm%imﬂa%&a&ﬁﬂ
At | %m?.?.@ﬁ&@a%ﬂﬂ%mﬂuﬂ&w.@%@
%wm.o.&ﬁﬁﬁaw_gﬁa&m@ﬂemﬂ%aa&&%.

At & Iy & A B

Cc
|y e TR Sl aww ¥ _L._l_
' fada, dfeet Tl § oiedw c

| 1f o Y, FifE 98 fFed g
e R I R ME

edr =it 9 (RFC) 3= Vee
. amafa ot @ de. T ¥ 9R
- A RFC
HARRK 3] (Parallel R —1—oOoV,

)y

AfeT 133

gfthe F AT A Vg werfen (coupling capacitor) C- % SfasTa
nnmnﬁgoav g @._._._. @.ﬁﬂﬂ, e %/\00

Mﬂmﬂamﬁwﬁwm%a.n.mwnmﬁd

2y #Y g A <M
Wﬂ%m@&ﬂuwﬁﬂm—g RFC
zﬁnmmﬂwzﬁzﬁwi MP

rystal

7@tz aRug & AR W HE T

R Ce

T

TR W § SfTvR— E
AR Are § fred @t sfwarar
sfEad A F FROT I FAR F |_|
et o & (a9 5.22) | R, TAR, =
AR feamet aFH ¥eH W € |

o 5.21—9i Bie Aw fres A

resonance)” IR W fFew & |_|o

R SR AR I 2 Sl 1

W AR H GufEr ¢ L Ce 2R Il Crystal
G T Y W T A |_|0~

A (voltage divider), R9™ 1

T X Y e (feedback) =
e e 21 fem 5.22— e Qfer TR AR

HNYAR vadE &1 YA & feed Qe & (Making Crystal
Oscillator usig O p-amp)— s S, HTRAF TTF (op-amp) F1 TN FF
St T S wahar ¢ (R 5.22) | 991 @ (crystal) I [AFATE 19 (feedback path)

! m%ﬂgwmﬁﬁgéﬂﬂﬂaﬂi?vﬁ&&gw.wﬂnﬂﬂ-%

% (gain) TET 3T A 3 FO FTa(utput) T FH AT St Bt R 1 ST
ST (Zener diodes) 1 WANT T ATLGS. AW, H S AT V7 (zener
<o=»m&ﬂ@ﬂﬂﬂﬂ§ﬂﬁgw_ .
T (Merits)— i s 2t 2
1. frew Qfes w1 amEi (frequency stability) Sga I
AT 3fe 3 o J SNgRr F AR A 0-1% W ot T TR @
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W U

(@) ) (b)
fa 5.23—op-amp B WETGAT } a1 fiwew Afew

2. A RS 1 Q-TUIE agd 3T Al € (Q = 10%)1
3. fFed # IS MR (resonance frequency) fored @ &.ﬂm *
fasFHIITY (inversely propotional) Bt | FFRS 1 qaen B IEH
S AT N TG A Fehl § | R N 15 kHz ¥ 32 MHz T6 H
it ST 3 1 g € |
S (Applications)—LC 741 RC AR F L, C, R F 7 RIqH 3ffffe
% Foretor e ¥ | g 19 % WY 3% A TREfd A F FO 3l F A
tfafda & Smr 21 feg ¥R T&ffd (communication systems), SHRU
(broadcasting) 31f& ¥ 3Mgf (frequency) F1 A oot TG it ATavEHaAT B
2 ﬁnwﬂﬂ%ﬁ%ggw.g?npcgn« mSUEQ%&m#&w |

§ 5.15. 38 vafed Afes ICs & JUH (Mention of Some Popular
Oscillator ICs) :

(a) SfRTFR aEE IC 741 Ft wgram A Afew ftwe aF (Making

oscillator circuits using operational amplifier ICs)—3us 3w &

FFY YT TR Fade IC 741 F AT e i dg Afer A1
1w & (R 5.18) | T FRCIC 741 3 W ot faree e o
ST T & (R 5.24) | TR SRS N R gafen A A TqE
Rl T R | TR YA F 3 I e 8 A R

i

. fam5.24—IC 741 =t wgraar ¥ i free Qe ww

r

AR 135

(b) IC 8038 M YHH WX (IC 8038 audio function
generator)—IC 8033 %M TR T specially designed Fef¥ed IC
A&mww_ integrated circuit) ® S S T, AR T At PR
T I HOFHRA § | 0 il ST & R e o 5.25 A e
? | 7% T ARt $89% YR9T (Monolithic integrated circuit) § |

6¢Vee
Current
source 1
« I 10
T 21
Comparator 2
—C
Current J Fiip

source

Comparator 1

Flop |e
uod - Vgg or
Ground
Buffer A|_ r Buffer Sine
b convertor H
o 3 a2
JuUuL BRAAAY AVAVAY
(a) =TTh STEUTH
Sine mncm_‘w FM

wave —Vge Timing wave sweep
NC NC adjust GND capacitor out  input

] [ [re] [1n] [10] [e] [e]

8038

] e o] Lef sl Le] L

Sine Sine Trples “———— +Vgc FM

wave wave wave Duty cycle bias
adjust out out frequency
adjust
(b) et =™

fia 5.25—IC 8038 T I

86 /234

Scanned with CamScanner



‘]J

136 FRI IR T g
A 97, QA AT (comparators), 3 6, T P Flq
TUI TF sine FAA BT ¢ |
IS 7T (Triangular wave) 3@ 3 ¥ aTedt 3AMFT A alternately
TF ST BN ER 91 T 6 g st Fam ST 2 | qerrent F Ry Ty e
triangular wave F square wave H 9G 3o 8 991 sine converter triangular wave

F sine wave F TEA € | TH! 9 2 W sinewave output, fT 3 W triangular
wave output 791 7 9 W square wave output I Bt 2 |

TS T (Numerical Questions)
R 1: U 3% qfaa § L = 58-6 uH 791 C = 300.pF &1 54w fvan war € 1 aftay
& IR gha = Bt ?

@ AR R fy=

2t VLC
L=586x10°H

C =300 x 10 2F
a: f= 1 Hz
2n V(58-6 X 10~ x 300 X 10 **
fr = 1200 kHz
TH2: @ oA R AR AR =R, =R;=1M a0 ¢, =C,=C, =
68 pF 2 | uftaa = e 31 (oscillation frequency) T &Rt ?
1 1
Nzu \.Q" =
2TRCVE 97 x 10° x 68 x 1072 V§
TH 3 : UH 49 &g AfeA ¥ R, = R, = 250 kQ A C, = C, = 20 pF. e
(Oscillation) G &1 9 FIA A | .
™ Ri1=R;=R=250x10°Q

Ci=Cy=C=220x10"%F,

Hz = 955 Hz

Ed",w_mu I,
1

fo=2.rC
fo

1

27 X 250 X 10° X 220 X 10
T 4 : U geA Afem (o 5.6) ¥ L, = 100u4H, L, = 1000 «H, C = 20 pF
o FUSFeRl F TeT SR RO M = 20 «H R | ARfEN Imgfa aon Wsds wavE
T AR FA@ B

12 = 2890 Hz

\t‘(

AT 137
mmum.ﬁwmw.mﬂ L1 =100uH L2 =10004H, M =20uH
s, L1+La+2M=11404H = 1140 x 10° H
C=20pF=20x 102 F

_ 1
m«ﬂéﬂﬂ% \wl@n<ﬂhu+hp+mi
_ 1

27 V1140 x 10° x 20 x 10 2
nquuo;

e B, " Ly 1000xH

o 5 : @ Hicrue AR (o 58) ¥ €, =0-014F, Cp=0-0014F e
L = 15 pH. | IR FgFt aa Greds DR & AF 7| L |
@: T F AR

C1 = 0-014F, C; = 0-0014F, L = 154H

croC1C2 _0-01x0-001 _ 107
T=Ci+C - 0-:00+0-001  0-011

=9-09x 10 yF=9-09x 10°°F
- m«% 1
°T4: 3 fr= Naahﬁ.u.

= 1052 kHz

1

2t V15 x 10° x 9-09 x 1070
A Cci 001 ¢

TH 6 : T Yead W0 -5 A G W W 0-025 V ABYE WA A § 1 ARy
ek B et Qe ¥ i dead e ¥ w0 A A fem oy, A e

T E0 ¥ vads e A e fe e |
T F IR Hreas Feah & i,
AEE AR | 0-025 _ 1
P=fgwaws 05
I weds g AB=1
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138 TR Rl o TRaT

qyae—5
ﬁmﬂ%m&ﬂﬂﬁﬁzsﬂ@wf
&m&w@ﬂﬂaﬁﬂﬂi_
nﬂ&?&.w%ﬂﬂgiﬂimﬂﬁl
(a) TG FeRR Qe (b) W A
(c) etz e (d) S feree Qe
(e) 91 g A () foveea e |
ﬁnﬂmmﬁﬁnﬂm&m&mnﬂﬁm@_
et 3 st aRd |
L et &t g @l | .
@@mmﬁhuum_nuo.anm.xnuxnmﬁoxn_ovm.wmmﬁia

resonance d parallel resonance gt & T A
=T : 411 kHz, 412 kHz
et fereenTe e (phase shift oscillator) F WRTS ik wen fareumem aRaw &t

quTTelt TR | (UPBTE 2003
%ﬁwansﬁ%g&@mﬂﬁﬁ%ﬂﬁgiﬂgﬁ

ARy | (UPBTE 2003)
%3%&%%3%&15@_ (UPBTE 2004)
Amvﬂmm%@ﬁﬁg%_
?Vﬁﬂﬂ%ﬁmw?uﬂ&mﬁﬂ%%a%ﬁwg?
(UPBTE 2005
ﬁ&%ﬁﬁm&mﬂuﬂww&mﬂ%ﬂmwﬁg?ﬂ&ﬂ%%_
(UPBTE 2004

—————
——

6 a9 Vit uftae

(WAVE SHAPING CIRCUITS)

e

§ 6.1. 3 Nt ufiew (Wave Shaping Circuits) :

g ufteg, S I A ¥ A A
3 i e v e £ R ¥ ufafi & W@ §

“Wave-shaping circuits ] ]
waveforms of %ﬂ.&w& e change the shape of input waveform into

$U (Integrator), RN (differentiator) FFAT (clipper), AT
(Clamper) 3% Wtwa 3a At vy 3 32w |

TR FYE AT H KkLCES A1 8 T RN (diferentiator), ¥1Y2
T 1 S 2T 8 | PR ued g 0T F 9 9 B Fie 1 8, S
Tt e, T e & So o WX (D.C. level) TP o 34 € | T T
% gt %ﬁﬁgﬁﬁmﬂﬂw.gﬁ%ﬂ%%m_ﬂﬁ
g aRkee FIRR Fed € T, I8 FYE T (waveform) HI R aRafia
(shape change)® & W& ¥ | R, ehife, FEH TS Iyt ¥ fafv
7 it S A € | wuﬂ..&%qwmw_ﬂd?mﬁ shaping) gt g

foraqT ST WA Q|

§ 6.2, fafora &l & WER (Types of Waveforms) :
fag 6.1 ¥ (a) Th) ﬁﬂﬂﬁﬂﬂ%ﬁ@j%iw_%ﬂﬁﬂm

e i, e i, PSR T a -39 7T periodic ¥, unit step,
unit ramp, unit impulsé, ¥ staircase function non vono&o.m |

V)4 v(t)4

+<3, +<=_ |I|_ —-J .
oT . 2T >t
t »
4 il
V1
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140 TR gfval wd oRey
v(t)A v(t)4

> +Vmi
—> 1 —>t
< < T 2T 3T
Vi -Vt

(c) PR o
u(t) 4 r(t) 4
u(t)=0fort<0
=1fort>0

1—

(d) Bi-Z@ wWn

ty=0fort<0
tfort>0

—>~t
(e) gfe Bu wag (N e o w=er
a(t) 4 x(t) 4

3t)=0fort=0 j_\-\_Ll_lj

@
and /8(t) dt =1
and /5(1)
1=0 —>t —t

(9) gfre yueq dram (h) gfre R &w v

—> t

faxe.1
§ 6.3, Zifydie 9fhAT (Transient Phenomenon) :

e et aftwy, s st wfm w0 A wes QR Gofe a1 3w o 4,

& I & & qH e @ Rafdq 0 e ), & Ry #7139t ®W (energy
level) farafe (disturb) & ST R |

3 Ifeqer B S v Tt s ¥ gud v s ¥ e § 59

WA T R | RO T S au STeht Wl s ¥ 4t 5 qny i,

&I §9Y (transient period) HEATAT | gifWd2 @MY (transient period) RS
aret o, ZifwdE ar A AR, zifde AR weArd € |

gifwdien = i ard ¥ wite | I B F A ¥ s ek @
TRty % gifvrde SR/ Arees w2 & ST ¥ A9 Fo W A W @ s § | 7€

WY IR9Y F g2 & AR W AR war R
WY WYL (Step input)—giTwde wfmam &
ey F0) ¥ Uy ¥ RY g Faa6.2) W T |
% 78 W ¢ = 0 W # o R &y o7
FT2 § (01 O v @ gEd i @ e t=0
Fa ¢) Fred |ra drees g ¥ i (apply) fort 6.2—Rv e

35 A fer 141

AR =0F TR A T =0 F T I ¥ TR FAG < 0 T
;= 0" ¥ whea o S 2
el @St & & M frvdrawr # ey At @ mw @—
() HORE F AR ¥ s MG T TN A A ¢ = 0 T
e o= a1 91 (@1 Gt 9) @ ft, G A faw w8 (@
Fret 1) F T TR a9 e 9= 2 (@1 @t 9) F @ W 99
wdt § a1l
ve(t = 07) = vt = 0" = vt = 0)
Rl ve(07) = v (0%) = v(0) --(6.1)
(i) & H UK A JFE IREdT € @ GehaT 4iq 3 ¢ = 0 W &
=< & 9 (1 Qe 9R) @ off 3 9 few 92 39 (@ @ 9R)
& I Tt ad1 feaw 9 8 (91 Qe o) & g 9IC 99 @ @
3ieiq
iL(t=0)=i(t=0") =i (t=0)
71 iL(07) =i (0%) =i (0) ..(62)
§ 6.4. RC ulug ¥ gifide wfwar (Transients in RC Circuit) :
fa6.3 (a) % RC e wef¥id fF TR AN R IV E F Az
WA = 0 W RE" § @ 3T & § Fad 9l £ fwe ¥ g2 aidt @ A
TRag @ w9 Y fire S @ | 3 TN 9T i(e) FEIRE A Al @ (e §

R <33 _ Mocv

oo
=y

(a) RC Uftag R RT AL I (t = 0 W = wt g =)
Welt)a 1(t)
E/Rf+—1=0,i=ER

t>wov.—2E
ve(t) = E (1 - e7¥RC)

t— o, i(t) >0

—» 1

1
V=0
(b) RC uftqw ¥ Wug @ar
Huifiy areear & W@ WE

faw 6l

(¢)RC uftuy o Zifwdz ura
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142 TR qRFET @ TReE

¢ ¥ e & T 9% T, W S W oRafta Rt R, spafq sw A e W Pk

F@ )| :
I i () SRR C W I FA R | AR W ¢ WHARA A AW g (1)
Wi o T A—

q(t) =Cve(t) (i)
T (1) T ¢ T ST F GG et 2 |
Ia: TRuy § yarfeq 9w,
i =40 - 4 (¢} = ¢ 20 i)
¥ 6.3 (a) & RIS A fram @ w—
e VR(t) + ve(t) = E
fe vr(t) =i ()R
i(f).R+v(t)=E +~. (i)
i (£) T T QT (i) TR (ki) § TEN W
RC %M_S +ve(t) =E
dve(t)  ve(t) _ E

q + =— ..(iv)

dt RC RC
TR (iv) FePea Qi (Differential equation) 3, o o
Ve () 1 T 1 TR S b1 8 |

Tt (jv) T SARFET BT (LF)—
1
&_. N&u = Qn\xh
3(q: T (iv) T &=
the _ (_E_ /e
SHQV.Q = .wﬁ.m .dt+K
v/RC _ E [ ke
ve(t) e Ihn.._.a d+K
/RC
wre _ E_ e
ve(e = RC 1R +K
aa: ve(f) =E + Ke K¢ )

. %ﬂﬁm&ﬂsm+§uw£«m
x(F) = [BUR & +K

e IF = e} 4% e K = fruis

g AT Ruy 143

g 6.1 F AT T
vel(t = 07) = ve(t = 0%) = ve(t = 0) |

S ¢ = 0 W (39T e ) Femiy 5 it dvedst 4 ot |
od: THE (v) ¥ ¢ = 0 W@ w—

ve(t=0) =E + K’

0=E+K
- K=-E ()
K 1 W GHER (v) ¥ S w—
ve(t) = E (1- %% ..(63)

Tt ST (steady state) ¥ HAIRA F GRE AR (V,,) F1 7 TR0
63 % (= co STOT T ToIEHTT T Tahe | 3T
Vis=v(t=o)=E(1-¢€ )
=E , ..(vii)
e Tl e i o, SR £ 9% SafE f |
TR 6.3, faa S & T Y ¥ TRE A AR v, (1) e weft
3, it £ i s AR a1 —Ee /4C gifwde deest 1
fad 6.3 (b) ¥ v, (r) 1 W% S FFar T |
GG F G () F A I FER Y T HEH S
i) = Q%MG =cLiE-Ee]

un.TImT%mw.mL\J

a1 i) = ma-sa ..(6.4)

@ i1 (Switch on) FH ¥ T o1& (1 = 0™) W 4 1 9M,
. . E o E
, EQHSHM« =R
W S ¥ 9w F HE,
E

fg=i((=®)=pe "=0 .. (vidi)

TR 6.4 F plot (8 T 441 & F 74 1) o 6.3 (c) H wefvia
o s 21
T 6.3 (e TWH plot P 6.3 (b)) 79T FHIHT 6,4 (791 3§ plot Fer
63 (c)) #r Fmaw iy ¢ e At — :
G) feam o) 3T 0 F §00 8 (Ui ) FufeeT A § wRada
T WM (v (0) = v 0*) =0) | _
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144 TR gRFTEr & Ry
i) TETF AT F & g arg =TRbT ¥R TR At @ ;ovuw | T

ARG 95 F T R (@R 6.3) et Ty
G AT R |
(i) SR-N R AR Fe TR § G 6.3 (b)), TAT R F 7y

FHAT AR |
(iv) e F =i £ iy R 991 € F1 IIAFA (el RC) T FNR Ty
2 2eiq g R 991 C & U AT 9 8r, T 39 @ ot iy
Y (gt F9 g9F M) A | RC & 3 AE AT o 6.4 F Rfrer 5
=it feamé 7?1 R v}
T C P OHRA N
9Ryg 1 g9 fadiE
(time constant) el
ST @ (=W 2 fF RC

TAea & fa

Ver(t) = E (1= e7/R1C1)

Vea(t) = E (1.~ eVR2Cy)

(R1Cy) > (R2Cy)

(dimension) ﬁMMwmw P

fam & wuA 3
et 6.4— e i wfvfT @ aiaw &

m«ﬁ.d RC & fam time constant RC &1 Y9G

—(1] .
(v) T 999 f7adi® 3197 £ = RC (one time constant) % T¥=Iq ¥YIRE

Freedr &1 7 (THH0 6.3 ¥ ¢ = RC A W),

RC
ve(t=RC)=E(l-e RC)=E(1-¢)=0-632E
397 TF time constant F T GYRE I AT A &
63-2 % TS & ST 2 | Atfert 6.2 F wa Fraaidt ¥ fafe qe w
YR AR F 0T F ¢ 8@ aife St TAT ¥ S S
e1=0-368¢2=0-135¢e> =005 e =0-02) |

aferest 6.1
Capacitor voltage Current
Time v, () = E (1-¢ %) i, (1) = Wm.&ﬁ
RC (one time constant) 0-632E 0-368 m
2RC ( two time constants) 0-865E 0. Gmm
3RC (three time constants) 0-950F 0.05 W
4RC (four time constants) 0-98E 0. omm

JT AT IRYT 145

(vi) T 6.1 3 78 o ot a1 e P e, SRR o ok
SRR ELE S LT E PSR o

(vii) 1T 6 R ¥ offy e} ¥ g vyw ¥ st wrr 3w gt
W J, 91 T S 1, o A At @ ,

i) =Is+1,
SftF T 6.4 F AR ..Snmnéa
T (vidd) F ATEX Iy =0
¥y gifde o L=i()-lg="Fe""_0

I=Ze e ..(65)

7
T SH FHIH (6.3) T T (vid) W Ferqar A gifrde Wfge A
¥ I T F ST A 8—
vi=ve(t)-vss =E (1—e ") _E
Vi=-Ee™¢ ..(6.6)
WE TR AR > 0 AV, >0 71,0, 34T F8 T9H7 TEq ZTAGE
AR TG G W GG & R ¢ |
Qe &1 JARYA (Discharging of capacitor)—RT 6.5 (a) T 3T
FRFY | 719 R for fae w19 a7 F AT (Position 1) W R | 31a: Wi oba:
ATV & U1 e e § R | 3: IqF Ghw AR £ ¢ 791 ORI G R | 3447
v(t=0)=E
i(t=0)=0
EfF ¢ = 0K g 3 ofve I F I 2, 3@ ¢ = 0~ Raw F Neiew I
A A I vet 7 Rewfir 2wTNR) | 3 afe ¢ = 0 T == F AT Position 2 W
R I A, A E qiter g2 st g GO serafve 8 @ | wRey §
@mﬁwﬁha:c%@wmi_ﬁﬂmaﬂﬁuﬂgmvg%ﬂ
T

vR(t) + ve(t) =0 ..(1)

o iR +ve(t) =00 . va()=i()R
c . dv,
a xn.mwwv +ve@®=0 - i)=C w.s
D dve(t) _ _ ve(t)
CQQV RC .

T dve(ty _ dt B

Rt : ... (i)
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:mmi%aﬁaﬁﬂﬁﬂ

8 8§ o o

E

IR (i) 1 (integration) FA W—

loge ve(t) = -% +K .. (iii)
t = 0~ T HURT % GHIY AR (voltage) F HHE 4T |
Iq: FHET 6.1 F ITER

Vet =0N =y (t=0)=v(t=0)=E
I (i) ¥ v (¢t = 0) = E T W—

log. E=+K
K 1 9 GHIRO (jii) 7 e W
loge vc(t) unmmm + log. E
loge ve Sl_omnMH|%
ve® _ __t
loge =%~ =~Rre
ve(t) _ e
E =e
ve(t) = Ee % (67
- 3 > oI, i) = ﬁ.&cﬁnwv - QWAMNL\FV
1, Rm
=E(-g)e
P E i
3d: i(r) =-R¢ ...(6.8)
qtE 6.7 T 6.8 F FH: fa7 6.5(b) T 6.5 (c) ¥ @itz R T } 1
ve(t) )

t= C A

i 0
2 R *
gwg §e<h@

t=0,Ve(t)=E
Vqlt) = Ee~YRC

t—> o

<HAc - ° lm\m ~ = O

(a) TR =T ammava  (b) WA W areear
fexme.5
T 6.7 (R 6.5 (b)) T FHIETI 6.8 7 6.5 () R Pt amy v —

ﬂﬂ%%ﬁﬁw%aﬁ%%mggi

@ o

7 AT ey 147

() e IR 3 R @ ety v @1 o @ e SRR
FewTsl 81 e # (arefq et oy A @Y R D)1
(iii) PRI vt % ft W i (time constant) RC W P
aw_ﬁﬂgngaﬂg~ﬁ§.%_giﬁmﬂdﬁw
(3141 fast) At | , , '
& ¥99 i & e MR AR (@i 6.5 % ¢ = RC T W)
inuxn.vnmm%umnunuo.u&m
39fq TF time constant ¥ T¥EN MR Afewaq RS £ F1 36-8%
feears & ST 8 | 9 9 IR time constant ¥ AT FTT Yota: et & ST
3, arafe SEF AR AT T A It § 7 fewErd www oft g & A ¥ R
6.5 (b) T 6.5 (c)) | _
A TH
(i) Tog&fefs Re = fmm () R
(i) S RC Ufag fF 63(a) B it T} 1 (R = 1kQ, C = 224F
_ @ME=10V)— :
(@) e =0 Wi FEMIRAL = dps w Rfex ARw

Lo
(b) R = 220us W fera @ 42 foom TR A« = 264 s T AR

| R TR .
(c) R fera @ ¢ = 500 s WG far I A1 = 510 us w Hfex

AR W | .
(iii) /&= FoMRC UG H R, = 10kQ, C; = 224F a9 JW RC uftae §
Eu;bassu{famﬁian%wwﬁmm%_s

<5g§i§§waﬁw§$e§13m
Foaeer-FeT GG TR ? & W AfeeR W A gem e w4 ?

(¥&a : RC amﬂmnw-wu*.ﬂﬂw_wmu.nso constants ¥ TR
WG T (A 6.1) |

§ 6.5, RL uftay ¥ gifsrie SfERaT (Transients in RL Circuit) :
fa7 6.6 (a) ¥ RL ofe e A & e Aot w9 ¥ b £ w@dfw #

he g ¥
o, R B 3 w0 3 T wRed A i) et & Tt R |
& T I A, .
vL(t) u% ve()
TRy AR, vr(t) = iR .. (i)
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(a) RL Ttfirer & €4 39ge &
(t=0 W fa= &t A )

vt 4

E/Rb-mmmmmememeeee t=0,v =E

i ER wi)y=Ee"y
i(ty=E/R (1-e-RLY)
t=0,i=0

(b) RL uftug & gy

fex 6.6

ey & faEie diees a9 T w—
E = vr(t) + vi(t)

t—>ow, vp—>0

> t

» t
(c) W& W Iq=T areear

a E=i(®)R + FMG (i)
. ai) R.._E .

Hd: at + 3 it) = L ..(iv)

%ﬂﬁféﬁﬂw@:wﬁe.my

R
m‘_,hasumcsuvn

3 FHIET (iv) 6T &F—
iy e ®M = | Wa RIDGy 4+ K
(R/L)t
. R/L E e
e = R
i) = m + KeCRID! ()

Y & T T AT AT A€ TG b (W 6,2 W) i e A
O Y TR U A G A D FeEe oA F F IO A< AR F A T

W | 3

+K

i(t=07)=it=0%)=0

FHEH (v) F t= 0 Wi (1) = 0 Ty e

E

HM.:n.mo q Nulm A...noub
K 1 |1 HE (v) § e we—

i(t) = m [1-e~®DY ..-(6.9)

oI T TG I9e § j (steady state voltage)
, E -
N.E"Rﬁ" 8VHMAH|& vum ...A&V

30 6N, i = 0 X ¥ o o i = £ wrngw a2
T A9 WA F A 6 B 6.6 (b) F St Fem T R |

I F G AR, vy (1) uhnlwh@nh d ﬁm Qn«.AEhJ

dr\R
3: vy (1) = Ee~ ®D! ...(6.10)
9 1499 6.6 (c) o wefdfa femr mar
T feeri® (Time contant)—3 U9 & q0g e T &1 9H,
: L

R
T8 WY & 98 W ¢ FE iR T9 8 Y ¥ A9y afusan WE &

67% & SR 2 |
wﬂﬁﬂﬁﬁﬁmﬂwﬂmiw

L
7] =m
IO 6.9 (791 3 Wi o 6.6 (b)) TN WHIF 6,10 (797 IS @iz fax
6.6 (c)) I @R P 19 W Bt §—
() FEga AT F T TG (rafd AHE) T 4 A yftad 1@
R (i, (0), =i, (01) =i (0) = 0) |
() wRyy ¥ yarfeq T o0 (@EE 6.9 T THE (vi) F AT ) |

- E E . ,
L=i@-I, = R (1-e “RILty R it i) =ER (1 - m-nml_;;
I=- Wmlb\hn (611 [T
A > oo, b.-o.ai?@d . .
Y Ty Zife ar e @ T R | i2t) = ER (1 - e~(T )
(ii) WY &Y Iy AyfoFHAH TH Lo/Ry > Ly/Ry
T g9t & @ el : >t
g wfog ¥ W Fer 6.7—¥waret are w wfeqw &

time constant ®T YW

93/234

ed with CamScanner

Scann



150 v ghREi o wReY
gﬂﬂgﬁaw,QAWQﬁﬁ%ﬁﬂ%nﬂ%ﬂﬁ
A T gy § 5wy v (e 6.7) |
wyufea ar (Short Circuit Current)—3f% fet RL WYY # €10 F 7
E/R & (X 6.8-(a)) (3rafq Raw ot awg ¥ WSivA 1 W &) da1 Wiy &

¢ = 0 W IR9Y F). Fqiea FT R 12 (3pafq fae & Weiee 1 ¥ 2 |
1) A yfteg ¥ syanfea wqufea 970 & 99, KVL (Kirchoff ¥ i fram) &t

Heraa A P 91 wwar 21

T

E?ﬂuu&.&ﬂau.: w2 (b) Tqufaa T
W HH RL vRae it wrqafaa e
v faxes
vy § KVL & wW—
hmumbf.s.wuo
di) _ R
o - %
T T W loge i) = - 7t + K )
kG i(=0)=x%
3 | h.aquu..quo.vu%usum
~ucﬂ..3umuawﬁl
K 1 913 g (i) ¥ @ w—
loge i(t) =~ 1+ log &
i __R
loge g =L
i) = ma-is_ (612)

79 et #) a7 6.8 (b) & 7T (plot) fRar T R |

{7 I w9y 151

AN 1

) Fo Rl s = ot fom () oo 4

(b) & RL ofwwa fiex 6.6 (a) ot wify wfm g (R = 140, L = 2 mH
AWME =10V W ¢ = 50 s W feevr wY ¥z fowar arm & A ofeqe 3
A O &1 UE e SRR
@) t=%2us W
(i) t=8%3us®m
(iii) ¢t =54us W

§ 6.6. fer¥Tonfém e e ofow (Differentiating and
Integrating Circuits) :
37eH W9 (Differentiating circuit)— 78 ¥ § e sz famw,
gE e & A% (differential) ¥ THITURY 8w & | Y vy , ¥ wE
wd € 6 ABY2 RFa Y2 Rive & 31 (slope) ¥ WU @ @ 3y
v,

GO“NMM

¥ uRe (Integrating circuit) 78 B 3 RreeT aaee R, TG |

fTet ¥ WAIEEH (Integral) ¥ WA Bver § 2ty
§|I..NH<..E

“In differentiating circuit, output is propotional to differential of the input
signal while in integrating circuit, output is propotional to the integral of the
input signal.”

§ 6.7. Rc' fewi9fén wRw™ (RC Differentiating Circuit) :

RC e (Differentiating) T fax 6.9 ¥ wafvte frar v 2, forgit
wfre e i Arof w3 g8 ¥ ) vw e i angege, WRAY R ¥ v T @
W@ } | 7T R Y2 W periodic 701 § Rrew o T T, 1

aft deftT ¢ w3 g 7 IR @ TN W AR,

=4
- or |
b _\numT& H...auTa_ +o|+._<_| > —o+
%k*%&.@ﬂ.fﬂ.ﬁ : +
2 ¥ (loop) W fmeals oy Fraw Vi VRZR Vo
Y — -
Vi=ve+vg W t..ﬂ%\_.&+5 -0— o-
fax 6.9—fea¥infen vfvw
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152 g ghwal T TRy
g oftyy #1 T feqtis RC FE AR F G99 F1A (time period) 3}
T 3 F7 R (34T (RC < < Tp) S Aenfex g e & Safiera qem Sraifir @y
T 3 WIS 1 9 0 WT&V Y THET A | 3
c..HWT& H %.?&VVSV
kLl covi=[ia
3 THIGAUT & QAT IS (sides) B e (differentiate) FH T—

If amsege el ol I @ R (v = vg), I,
guh.xumnw
Qs.
3d: Vo x =
I9 TR AP FATe, A F e F T § | Wi 39 Ry
# ReRAfET TRuy (differentiating circuit) F8a & |

RC fobfadfen wRug & fag & i o weaq i—

(i) € 9R9Y differentiator M HiTq I FTER FTM I components
values proper 87t | 98 3Ma¥4 ¢ % RYY ¥ time constant RC &
AF EE W F time period T, # TN ¥ FW F A
(RC << T,) | T0% WIE-T18 g Wt 3awas 2 i TR amgfi @

R ¢ F1 SREE X, Hknulru.iax F A F 0

21fC

s B =1fe |

(i) 3% 39 9R9T Wd.c. (31497 constant input) § A, A ARYE zero
M| (constant FI differential Vi
zero QAT ) |

(i) I 39 IRUT F sine wave input
Lk YL W cosine wave
(araiq 90° ¥ far) s At |

@iv) T square wave input a4 W
sharp narrow pulses (3gfq
spikes) 3rafa Farel @ T g |

! 39 A wRew 153
(v) ¥19€ Wtriangular iwﬁwwﬂ.ﬂammw Wrectangular wave e Bt
(9 6.10) |
FHR T $TGE (Square Wave: Input)—3fE T RC RERRAI | aiaR
o1 fad 6.11 @&iw&aﬂmﬁﬁﬂmg: (b) ¥ weffa st T 1
() TAARA=0W-V ¥+ V| e T
2, GO AT N TE AWAFA R +V ’ v
(o s wter e A F o |
wRed T R T (@ 6.1), A,
Shy dreear 93 S § andfy @ ¥
&Jﬂ <_."<n+.<h *
3(q: Av; = Av, + Avg
%_,ﬂ Av.=0
3q: DEa"DS.
Ag=V-(-W=2v "
4fr a3y WRAIY R F GRY oW €, 3@
ARTIE W + 2V Al A1a Bt 2 |

: B 1V — :
(i) o/ e STV Q1 TN FT ¢, 37 mEmokq_.ﬁw

TofE ¥ N AR Te1 @
Ty STy 3 Gh ARTYE YA A ﬂﬂMma Hm
3 | 5= G ol 3mafeE & e &R .
YRRIY ¥ GRE AR Y 8 S 2, 3F: Y ARSTE W At ¢ |
(i) o AR + VAV R AT R A, 0 #F Garfe wged 1 9@
HIET FT 8; ABTTE — 2V N At B |
(iv) GRS A T ¥ T FB T 9G2S ¥ B R 2
e W, e (RC) #1 WH $AYE TT & FA F1 T, (time period) ¥
ST F FT a1, GURT Tgd St AT & ST § 99T IPYE W THER
Tt (spikes) ST At € (7 6.11 (c)) |
a1: 8 WUy RERHReT i Wiy 1 & R |

§ 6.8. RC $ErAféT URUY (RC Integrating Circuit)
af% oF RC TRy § AT GORA F

R

@d%i%aﬂﬁ%ﬁnﬁm—&o& ]
TR 1 Fear ® (R 6.12) | .
e 7 IRy RN TR RGBT, FMERE . v Ve=—=C Vo
v @ ST A vRe & Rt AR T ..‘.
A.ﬂ,
<-."-.N.+.M.. -0 ) : . -0—
fax 6.12— RC ¥érafén ufqer
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TRRfET wite & RYY &1 m9.3%9 A o Wiy 9 i i I o

R vl Te W Rt R e TR
ﬂﬂﬁmﬁgﬂsﬂﬁdﬂﬁ%?i T WA ST R

3qq: vo ® .—E&n

| fF 3MI2YE, FIE F TR (Integral) F T 2, 39: 79 Wyg &
RN Wy FE AT R |
RC T witqw % fawg & Py o wrgergot 8—
(i) %9 99T F time Saﬂpu;nﬁnﬂﬂﬁmﬂw%%ﬁﬁﬂ
T Afew T AR, (RC >> T,) TR F1 A7 WA s
X, ¥ TE T A A A Afed Tt g v s =R W

R | oV
(i) 39 9RYT *F FEE WIMHR
W QX W AMRE W, |_ _
FreTeTC T W A R 1 ‘
(i) @ g F @R W (a)

rectangular T 3 W

HBTYE W sawtooth wave
ST et € | a

(iv) dE 7@ 99T F F|E |
d.c. (constant input) ¥ (b)

ﬂw. Mw gu.mmmﬁqmav
it T Bt 2 | >\

'aiER TN FAGE (Square Wave
;Eolﬁxn%ﬁﬂ& 3

R e (4 613 (2)) W WA L
—(a) Ve T (b) 3raege W
aseye fa 6.13 (b) A seffa A A R (c) RC >> T, & T T H32GE

n;rl,

€

AT AT WR9Y 155

§ TIRT+ VALV v s a1
%w%iﬂg?ﬁoﬁngvﬁw_

@) FARI-VE+ v A § d weha d st 3 A Gk
¥ G AR T (exponentially) 52t ) ,

(i) IR TRYT F T Reoid RC H W HYE T ¥ WHG FA (time
period) ¥ g7 3ifes & e R (RC >> T,) @ @ 6.13 (c) &
et 0T T AR R

§ 6.9. RL fewfrifén aft (RL Differentiating Circuit) :
fi7 6.14 ¥ RL FSWFREN (RL Differentiating) WRwe famar 7 § |

o v ae S A Aoit X e § 1 areen FeRfurdie T FO

¥ it TRTY ¥ time Saﬁs.mﬂﬂﬂﬁﬂawﬁo_x;& T, % ge

muaﬂa.m_ﬂ%mvv NL I
e I ¥ GhE A 1 St R 1 +
SR IR, =k . v 1) wEL v
redwEdRy, w=L2 @) B

dt o o=
qfiug § RRETE S TR T W— i 6.14—KL fectife ufaw
vi=vyy +vg
sunm+ﬁ
Vi Ldi . ..
Mlx&+. ... (ii1)
ﬁqﬂaw%?ﬁwﬁﬂﬁﬁﬁigsﬁioi#ﬂaﬁm

T, (time Rm&kuﬂﬁﬂﬁaﬁiﬂswgﬂwm%ﬁﬁﬁ

Rt
. W
3 W (i) & ..nm |
%ﬂﬁ.ﬁﬁ&@uéﬁﬁawiﬂﬂﬂﬂwﬁéui.ﬁ"
U F AERE ARA,  vo=vL
—pdi_ 4%
aa“ 51&1&»:»,.&

Qc..
A Vo & ——

' dt
% gﬂﬂ%w%w%».ﬁ.%%
.. (Differentiating) g Fe ¢
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15 ¥t gfEal w@ qftyg

§ 6.10. RL ¥2rafem uftaw (RL Integrating Circuit) :
o u® RL oftww B smeye wfiie & ofta o oad, @ sfen gy,
(integrator) ¥ we ¥1d waen } (arw 6.15) 1 76 wfwm ash vt ¥ Fom 2
L

* WYY ¥ time constant & H T AT ¥ time period T, & T B qamy |
i L

uwm%&%vvﬁu I

sfivy & ferais o fraw @y T
; Y YAZR v,
,..IP&%M...% tw ¢
Wm"&.\nmm.f : 7. 0~
R Ra™! (1) faw 6.15—R1 Y

afe oftym & i feedid L/R % 9 input waveform ¥ time period 3 ¥p

stus ¥ (L > ;| # 3w e & RHS ¥ Rt w2 ) 50w @ g

3 g = wad €

al Vi =

a —dt = di (&)
wHEF (ji) § T WE T THE A FA W—

[Fa=[ai
= L Jviai=i N®
ifF smege AT R & W @ W R (v = ),
¥R WFTYR ARH v, = iR = M T.s (W)

Sim vy @ ﬁ v, dt

qfF SIYZ AR & inlegral F WHAVA @t }, sm @ gdafn v
F7A 1
§ 6.11. famur wf&z (Clipper Circuits) :

faem 433 @ s } @12 | Faerve e 9tee @ ¥ S gy fave & g0
®) faery w22 ¥ siufq ave 23 €1 gage 91 9 W ey s @ & w9 @
arar B erave W et w1 wa §0d TNt uftey wre g sy € | faer & En
o d—

Y T o

¥y ¥R e 167

1, it RT3 § frrw wive d iy S s a w3 w02

2. FAAFT PR 7T § ferw ving ¥ g W ¥ v v &
il

“The circuit with which the waveform i shaped by removing (or clipping)
5 portion of applied wave i1 known as chpper or Limiter circuit ™

F7A T (Ideal diode)—fTT (cipper) ¥ive & awgs &3 ® WA
o a7 A 3OTEE 5 13 et ¥ e 2 oo @ ¥ (ideal) T @
w_mnﬂﬁw ¥ 5 a9 & AR (conduction) 79 T ¥ W IE wE wEd
#= A (forward voltage) ¥ 57 WATI I (potestial barrier) (FETR
I E R 3VIT AT TR iR ry drwm el wm w
& a2 § B s A=A T (forward voltage apply) ¥ W TEE ¥ XY
sz w9 @ A A ford A A Em oA A W e T

@ ITd T M) mimt AR T R s e TR A O
am ¥ iy AR & o v

w1 7 $aT8 v vr Short Circut

thRamywevgEe . =
T @ A0 IWR w0 YT 0
(@)
R v
Tk wtafrs frad agw 8 - . Open Circult
A IHE FAON HE T AT ol.v*| = =—o o—e
¥ woiy dgrg AT W w3 (®)
TR & WA BT IR T fort 6. 16—302Y TR
DGR E Rl 0 o ol

famay oftean a0 faweer 73 1] $0 WAYA WA (Some important points
regarding analysis of clipper arcuils) —
&1 a2 5 ot % Frerey 9RG) SRR GRER 3 ¥ wfEad o
A R 37 STSE F WEGE I FTIA A 4,30 AT W FF @ A ¢
ferst sty &1 Fresry s34 e a0 we @@ —
() wivew gz ¥d fF of2 g3 srad aws B g (ve v T e
A 3Tz w A Aw a2 wAe AaE aww 3 @ (wein Ses v
&) & IRy FW AT
(i) 3@ >d 5 zravs 8 ¥dus § onFd 998 @ ve few wdes ®
frad arg @ g8 7 W W g A o e vy awee ?
(e sgl p e D e S RadmE I TR A ovr P
aratan wE @ ot el ser Av) e R wdEE ¥ e kR @
T2 wnad anw @ A 3 el ¥ Rl anew
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158 TR gfFal o ew

(iif) *3 gt (i) & (i) S ¥ TEY T INH T ATAGY] Y 5
gﬁmmmgaﬂ_ﬂd"mgoéuﬁvﬂﬂammmamﬂw_

T T Y2 T JSTYE 5 7 WG QA€ | .
§ 6.13. SO RRAW (Series Clipper) : |

(i) o v faATt (Negative peak clipper)—eT 6.17 (a) ¥ Fritfey
i fereTaT siefYia @ 1| 3@ witww &1 a9 o ai gt (Half wave rectifier) %
w0 ot 13 T e

T ¥ T0TH AXTH (positive half cycle) ¥ SIS e ¥ Tear d (5
6.17 (b)) | 310 L TRRYE ST =1 8 ST & 791 & WS Wi & a1 @ | e
TRye 3 ara e A A ] 997 SARTLE F A YL 5 T AL |

YR F BUTH AT (negative half cycle) m.w_.&.mnﬂnmﬂﬁ?nﬁaa
bias) B AT ¥ (¥ 6.17 (c)) | THRAA SFe 3w Wik (open circuit) & I
1 Y vRey ¥ 0 vafed O @ & M 9@ Y g W A
fa7 6.17 (d) & Fritfem i forree & i aifvrere wefvla €1 ;

D (Forward bias)

—_
(+ve cycle)
: (b) wiftfea argwem
everse bi
+ Vo
—ve input +ve input
RS vp=0  Malfcycle half cycle
Vo=0 Vo=V
—
T ©°= A
(c) Pritfea srg=rem (d) TEET rferagor
fax6.17

34 &9 @Y ¢ 5 9% YRYY YL F HOTEH W H w2y 341 R a1 ey W
AT ® | Fferd T Fonere Wi RRTWR (negative peak clipper) eq € |

a7 6.17 (a) % Frfea s RRIT 1 W1 39 T2 2 AW sz sefid
¥ | T TR AR FY2, BIYSR Y2, W39 FYE 371 W AW &$2qe FA:
f 6.19, i 6.20, ot 6.21 & e ¥

A7 A Mg 159

ViA
+V
T2 T >t
JAY \ .<
< C S
. op b
w § 4] |
j N L
1 TR T

R 6.18—Sine wave FTYZ FUT WA SRZYE FA o 6.19—AHER JAYE T STy

YAAA.
t\_\_\

Vi
+V

.......
.......

AN
AAN.

___nfﬁ
_ B!

fax6.20 faweé.21

Net Voltage across the diode : vp = v; for positive input half cycle, since
viis + ve, so vp, is + ve, hence diode forward biased and vy = v, for negative,
half cycle v; is'~ve, so v, is negative, hence diode reverse biased and vy = 0.

(i) Ts Qs fFAR (Positive half peak clipper)—3f& R (i

fereToe 36 ST %t e (Polarity) fawia e # @ (e 6.22 ) A sTlie weTs
ﬂﬂdﬂﬂiﬂﬂﬂ?oﬁ&a bias) & 941 9@ (conduct) T& Fm | Fifem
I ¥ Side SrmeTq & I U7 ST A S |

T YT ST 9% (positive cycle) FRT & IR 9T IM@¥eye W Faw
HUTSTS W% (negative half cycle) 59 B, (A 6.23), TR 3 s s
FeTT gt s 2 |

Net Voltage across the diode vp = - v; for positive.input half cycle, vp is
= Ve, hence diode is reverse biased, and so vy = 0, for negative input half cycle,

VD is +ve, hence diode is forward biased and vy = v;.

F
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(c) m_.m_.mm. KS e oo
fax6.22

(d) ST tfyeeror

§ 6.14. WTAHE T fFAW (Biased Series Clipper) :
g eidte aaT oy & fiftss Chde.  Vid
s ft R fag F s d s dvsg +VT >

FeFTIC FY ATHE (Biased) FFTT e ST @ | N

Slo o TTE F gaw 7 feufa Fr wRafda
Fh F§ TP & fFaq IROY S 7 T |<4-
€1 3y 3N i wrawsg fRTT T @ §
Rt sdwF B ok e T I afe ﬂ
3UF FB AW F & AT (partial clipping)

@ #0@ €1 = 6.15 T 6.16 ¥ aAws Avi -L
feFeTqT gRwelf & IETeTor A € |

—>t

fax 623w T T WE
HEEYE 7T

§ 6.15. ATAYS HUNTE Gieh fRAW (Biased Negative Peak Clipper) :
39 IR9Y (T 6.24) F1 PN 0 Y §a9 Ve 8 I SN1a94F © 1F

Ife efare Fad araw & & @ amEeye F e, aer o sae Rl amw A A A

HTELYE 4T B |
() af eTe wrad arg § A, @ 98 I ke i TE a0 S

fir o 6.25 (a) & fo@man 41 | $E TGS, FYE F T NG A
Vo=V

¥ MR 161
@) S ¥ R A A D

W T e Ry +o|I_+ > ~ n == *
(open circuit) & SR Vo RS v
7 625 )1 @@ v, R
Y F TG ™A O
RS F A d.c. 40 —o— N
EF TS TWRAT i 6.24—arrwrs soomers s et
it (V= E) | o

- o o 0

L. .

o— | .
(a) STAYE 3T AW (by e e v
faxe.25 T L e
3 T TA1 A & 6 ST AR (forward bias) F €N qaT Rl qr4W
(reverse bias) & B |

(i) WS AgaH (Negative half cycle)—RUIeTR wﬂﬂﬂm e F
$41E (cathode) WA + E w7t & 791 TS (anode) W Ffea sz favme fean
1 @1 1 it ardank i Tge W 1 A Friifes Q| 08 W+ £ & 8
W 91 TS T0ve Qe & 0 Q¢ Friifea aralend & srdre Raw ara W

Vo=+E . ool
Q&.A &W%r%nﬁ_omgvﬁ,\o:m@ng mﬁwm,.mﬂw% ﬂgﬂ‘mﬂ ﬂﬂ%

AW Q@ R, o7, SrAre T FART half cycle ¥ fad g @my -
(li) ST FETH (Positive half cycle)—<Tas ¥ e Wl + £ @7t

Yol s 1 g famAe eivm | gt e & e R s o e

. AT A T, A 420 fad aEtva A @ R ) Al T AR @t e

RO®) 1 1 (value) + E X afeeh & it sdre s S & T R1
TR yATeT 9 (Positive cycle) F A A e FO—
1. IRV, < £, ehire Rad amw # @ i@ v, = E
2. ARV, > E, ) e 3 I @, e Vy = ¥y

|
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162 R IhRET @ RyT

e @ Mg W WA (To draw output waveform)— R 3G f5

7 6.26 (a) % MW g T 70 R (6.26 (b)) ¥ 3N W F1 ARIE W
A R 1 frt 6.26 (b) F Y2 4 @ 3R wefdha A § )

<; D

B A vava R

=30V o

o
fax 6.26 (a)

e @ smege wm Vi
Wi (To draw output wave +wm« §
form)—feT 626 (b) ¥ W >
ool & 6 R ¥ - ve aETH < < " &
d AEeRE UM E F A & -uojk
TR | T
+ ve ETF A 9 T Vi,

EF A A9 2, @ it ez +30v 4

E Fauat | fog Sa AR & /N N
A9 E ¥ afys & wmr 2, @ -t
@Y TR F aUaT fewr

TR -3ov+ WPeqE
gt sfwergo die fex 6.26 (b)
(To draw transfer character-
istics)—gIqHT sifyereor wiew & ford Fge Vo
AR H x-AY T AT YL AR By = .m||\h Voot
y-38 T (plot) 2 & I Fame24 Hwefla ————
FereTaT & ZrEwT ATwrerawr fad 6,27 o wefdfa .
T fad 627 A v wear @ fF 5@ FYE E Vi
T § A AP F AA 4 AR E
FTWRAGA W R A
ofE TR + ve & IIFH AFE R fav6.27
9 8 a@ ot 373G F AH V= E T4 &
@R

37 Wi wRew 163

g IR AR + ve ¥ S Tmm AR £ 3
wﬂﬂlﬁ@ﬁ E ¥ 3t } 94 e 71 91 AR
Ae—AT 1@ % 379 farverwr ¥ 2fdre @ st s v 3 1 e v wRwa
ﬁaﬂ%ﬂ&waesuaacﬂsmmgi%aﬁﬁ__ﬂﬂﬂg
ﬁ%m@wmwﬁgwéﬁﬁﬁﬂﬂﬁ+c.d<wﬂ?m?y%
s R STAE F frer IR (poteatial barrier) 07V AR 1

“Net voltage across the diode Vi = V; - E; for negative half cycle, V; is
negative, SO Vp is negative for full negative half cycle, diode is reverse biased
and vo = + E; for positive half cycle, when V; <E, Vp is negative diode is
revese biased, hence Vo= +E, when V;>E, V) becomes positive, diode
becomes forward biased and hence vy = V.”

§ 6.16. TR AN TS G FFAR (Biased Series Positive Peak
Clipper) :
TAEE A T O R D
1 qftwe faT 6.28 ¥ weffa 21
" 39 IR9Y & g w1 A fre +yp -
et g e §—
1. o TR aw A &V
A, (Fa7 6.29 (a)), A T s
Y YTy (3 W) & uﬁ
WA W@ V=V, O ‘ © -
I AP FRE § o 6.28 wrawg Roit v dis frew
ET A TR |
2. gfE A i 9w (Reverse bias) & 81 T% e vRww & w3,
(a1 6.29(b)) PR 3T F1 Tk FRE A T TAM | JRIR
UM d.c 4} E Fauaw |
Vo=-E
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g

164 TR ghAET & WRyg

7w Fritfen fae (araf - £) vaferd forn man @ =6 At 1 Prifea Ry |

FRH IAFARS B

S-JUEA! (Working) —

1. S AET® (Positive half cycle)—STTE ¥ Tie A A2l F1-ve
ﬂwmﬂ#ﬁﬁﬁﬁggﬂﬂwﬂaﬂﬁﬁﬂmﬂmﬁﬂwﬁ

AT | 3(:, BATHE ST ¥ G FAMEF QA IS F AT AR e S |

%ﬁﬂﬁﬂwg&wi%@dﬂ%ﬁ it e § FE T a2
2t & e F fad TEE R R T | I
Vo=-E

2. TS FEAH (Negative hald cycle)—siie H@ie T el - E wt
w_q_my&w&@ﬂﬁ_&ﬁmmgvﬂﬂ E X7 8 913 8 T sy
& A | Az X P e i 30 il A e W W R, ey
TR el SrTe Y AmErEy W R |
<; D

RAWA | o
Rvava

fax6.30 (a)

TR RIS T (negative iv&m_imwnﬁm%l
1. 3RV, >-E, A s fmd
agg ¥ wm W

m%a@é.ﬁs Vi
faT 6.30 (b)) T i n,wﬁﬂﬁ
J&F (positive half cycle) ¥ IR A
|m<wm3§w_mﬂﬁﬂsmmmw - et
SVEM T -5V \ / \ /
ve eaH ¥ 5@ FgE -5V § 30VT N N
&ﬁwﬂﬁzﬂﬁ sY@ NG
YA FEE-SVAFTA QIR A
SNYZ FYZ ¥ T & e R |

fe 6.30 (b)—FTqe & I;TILYE AT .

T AT oRew 165

ZaET ATAFU—ARE FE + ve ¥ A - £ F e B 63D 1
afz T - ve &, T mw%ﬁwﬁag E A feamd T | AR
o T2 - E ¥ 70 A I R & ameye

| %wﬁﬂ@i? Vo

W\\Z‘h :m acorss the diode -E

—\Nu w\ m n} +ve QGN ﬁ\hv “ -
, So diode is reverse biosea an vag

= - ] -E o~

_\ = m .m.. —ve \_ alf cycle, if Vo=V

v,>- —E diode is reverse biased and \

0=~ E and if V;<-E, diode is # _

forward biased and V, =V} e 6.31—ziww arfrergor

§ 6.17. 92 A THAW (Shunt Diode Clippers) :

79 Tfvel & SEYE SIS F G (Across) ot St ¥ 1 faT 6.32 7 fam
6.34 7 Yz SIS farrad wefdla € |

(i) vie < uifafea drs ey, R

" (shunt diode positive peak YWy Lo.'ﬁ
 clipper)—39 vy fox 632 &
Wi frar T R | R S e v * WA Vo

ek 1T meEy & WA
e Sga ¥y Y @ e ‘
e M) A T I WK _ o -
ﬁw_m&mﬁiwﬁm&: » musnuﬁaﬂmusqmaﬂ

TaTﬁT?AL

:@auﬂﬁu% Ewiaaﬂﬁ&u

ve half cycle) r negative half cycle)

(c) TIYE YT AP WA (d) ZaET rfregror
fawe.33
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166 TFRT IRRET T TReg

TR ¥ HOT e ¥ STe fiaw w19 (Diode reverse bias) @ﬂﬂw.
T YR ABTIE T & T w8t & (R 6,33 (b)) | FYE T YR iy
i 6.33 (c) & e A 7 } | A e o 633 (d) o Wafa ¥ )

Net voltage across the diode vp = V;; for + ve half cycle vp is + ve, ’

diode is forward biased, vy = O; for = ve half cycle, vp is — ve, diode is reverse
biased, vy =v;.
'

2. e W& few R
(Negative peak clipper)—fa¥ 634 *° Y & ot
<O D <O

% e fifes W% fem =1 dRog
T 3 | F R & o dm Y
e fad arad e ¢ Rl s
[Nl 1Y (open circuit) & IR |
3 «\onﬁ.ﬂﬂ@%wmaﬂm -0 —o0, -
635 (a)) | fot 6.34—3ie Frtfea e faem
T ¥ TN AS T 3 STAIS TS T1a Tl & 399 S 7R (diode
resistance) T Y & T 8, 3900 Y ARSI W At & (a7 6.35 (b)) |

+ T§?|H|o +
.<_ <o = <m
—0— H O- +0O 0 -
(a) fad araw sAE (b) 3T WER TA'S
(for positive half cycle) (for negative half cycle)
<_ <.T <oa\b/
- 5
TQDq, R
| |
(c) ¥IYE AT AFLTYE TN (d) TEwT frergroT
fame6.35

Net voltage across the diode, vp = — Vj; for + ve half cycle vp i

HIK
negative, diode is reverse bias, hence vy = v For -ve half cycle vp is positive,
diode is forward biased, hence vy = 0.

Il‘?[||

= A T 167
§ 6.18. TFIHE W€ SIS RAW (Biased Shunt Diode Clippers) :
¥ oo TRt 3 Sl Yz o o v d 1 v e ded o wh
2t 2, FE T G T 9 et ok w3 st Ry Pear T W 2
(partial clipping) | &% 6.19 7 6.20 % ¥ firerur vRewslt ) wwgmar mar 21

§ 6.19. TS VE TAS G G R (Biased Shunt Diode
Positive Peak Clipper) :

mmum.ua (a) ¥ e ¥z 3rs wiiefew e Reere @ deee e i v
e €
(i) M SIS ey X 8 A S A9 (shott circuit) & STA,
ﬂﬁ@mﬁzﬁ%aﬂmwm«%ﬁﬁﬁumﬁ:&@_

R
+ O—WW

-0 + +0 AMA/ O +
+
Vo
<m - <o <. <o" E
E .

. . . .

(a) UTAWE i TS G farat (b) T 37 AR
fr6.36
(i) =f A= it aw ¥ Aam @ R

s g W WA (open O W ,_v o
%&o@m@ﬂ.gﬂa :

IRIYE Wik § & T awm v, o
Vo= V; W m (Rt 636 .wlmo .

(en! ‘_l
I:, gy FHFEbuEt # e -o o -
T ST T — fax 6.36 (c)—TTars feardt araw

() s WEEE (Negative half
cycle)—STare F #4q1E 30 ¥ + ve TV T ¢ T HOTETH o F AT F
TS HUTe € R | 3o stadre e A R q v, = v, S| A |

(ii) oIS FEE® (Positive half cycle)— = 7% FR @ F AR E ¥
Y T A e 7 7 ST Rt araw R, AV, = E |

T Y Fe & AF E ¥ 3fEs & IR A S Sweras 8 S a9
Vo = E sra Bt |

TR IR 0T (R 6.37 (b)) ¥ wafvla & mit 311
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138 mﬂﬁﬂﬂmﬁ&ﬁ%
271540

V4218440
fiVim ik N
& ywmh /) > _uOm_EGm :mM cycle
2 —>t <
1§ :3< < Voa Positive half
“=Vpl... c
fHoid - ; <_<m_mm
. Etr Y
' (a) ¥1qE 7/t Vo=E
v YoR Fir AR
) Negative half ¥ E \
TFEE T LT L ovcler 35 v
(d) oL < < J
- lo—s v
(b) TSTYE aN (c) ZEwT Sifrersor
fax6.37
3 uftee 2 wEege we daw—
oo L mﬂ:M_ﬂ HEa® (Negative half cycle) ¥ HFTYE I YL ST FE@y
R | i

" 2 g Ag=w (Positive half cycle) ¥ & 0% Y2 fyveet &1 a9 £
T}, 79 T AR H T F a0 @ |

AR T FETF X TG FAF E Y 4k 9 90 2 N AR E ¥ .

FET R (fix) I R 2reie e & I R (49 6,37 a,b) |

¥ O e ATTAgU— R A, IR 991 AEYE F 1 F WG AT R |
(9 6.37 (c)) | T8 Wit FUTah Lok ¥ SFILE A I 3 T @1 T A
HAEE SEh H £ % WA § F9 FE F o o, amaege 1 e ¥ s e
VG FAF E {3y @ 90 W ARR 1 E 71 R e R T |

eI favernr aey <TAE (ideal diode) ¥ o fpar TR | wfk Rt

wﬂ&w (silicon diode) &1 ¥ ¢, A gfae (diode) 9« 7Y FYYY (short circuit)
# e H FOW 9 TR (E +0-7) V ¥ 3UF & AW 97 I9% 99 @
AR T AT et W1 & |

& 5f Net voltage across the diode vp = v;— E; For negative half cycle , vp is
a\:ﬂ.&a negative, so diode is reverse biased for full haif cycle and hence
vo = v;; For positve half cycle, vp is negative if V; < E, and hence diode
feverse biased and hence vy = v, When v; > E, vy, becomes positive dio
becomes forward biased.and hence vo = + E.

§6.20, IS ¥ TAIE WIS Uk fFAR (Biased Shunt Diode
Negative Peak Clipper) :

T TS YT EF4TE HuIeTah Uieh fRATC (Biased shunt diode negative peak

clipper) 1 TRue o (6,38 a) ¥ fan T R | ¥ ot A ww R A —

a1 6.38 (a) ATTHS ¥ie TS e fareray

faw 6.38 (b) 2 AT T

() 3 e s ¥ A & 7% WY TRV (short circuit) F TE T
o | 39 feafa 91 fa7 (6,38 b) ¥ feamn man R, AR 7 v Se
? f6 IMeeqe, O E F ol
ot ST T RO, AR + o

<<,?
wcuumﬂﬂ.w&_ . P
(i) 3f <Tdre Red = & A _
A 7T g g F wwm Vi Vo=V,
o o8 3 e 3 @ i
Y ARG, FR & T T
T A (& 638 () -~ —o0 -
Vo=V o 6.38 (¢) fradd @ T
ﬂi.ud__mwﬁﬁwo%mbmvl

T e (Positive half cycle)—3d ﬂﬂﬂﬂﬂm%ﬁ#&dwmmmw
=T B & HRO] EE W | SRR F TS N Azl F T | et T R, 39
THER O e srea o e fad amw wm: e vy = ;|

UM e (Negative half cycle)—EiaTe #1 GAre 92t % firitfea 2w
| g3 R | TG T ST F I O TR HAA - E ¥ Ao
TF TER F Fe A AES W 99 T AR IHN 79, T FR0 A
e e @ e v = 4/ |

R ] FHTEF T AR F AR E J F A I, R & e wrewd
AW F 3 A | ST F A WHA o 6T SV S 9w @ R 1w
SR F AT sy A R | MR AR I AH LI -1V A-2V A T
Rt a3 @ | g oo 9% 3 A T R I R A FER -5V IR
1 A € ide 1 e AR F A TS AR § TR AW 91 Side
SR ¥ 31 A | 79 AV, = - E 9 2|

THET I o AT AR A v 6.39 F e W €

?
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170 TR giwEr T Ry

Via
NANA

(0] > t <o=
- SAVARY/

I<3|
(a) 7 +E

> s

R N A Y Ak

<
-l
A

(b) 3T=TYE TN
fam6.39

Net voltage across the diode vy = - v; - E; For positive half cycle, vp
is negative for the full half cycle, hence diode is reverse biased and Vo =V
For negative half cycle, when v; > —E, diode is reverse biased and Vo=V

when v; < - E, vp becomes positive, hence forward biasing the diode and
hence vy = —E.

§ 6.21. SO SfarE AW (Double Diode Clipper) :

TA ST ForeTo Y WA & o e & Frlife Wie efare freroe qon it
YT Sas fereraT qftwet & S Hi |

E2
T1°,
I 1.9ty (viz Srars
g e faeaw ) U Gt fareraT )
<o= <c
Vm Vi
3 ) T/ /\
\ » t » t
E \__/ \_/
~Vnl < |<“‘”
2. A¥EqE 2. IMIeqE

39 I ey 171
Vo4 <j,
+Eqt-
'/ - B -E;. o
+m_ O_ b V4l . <m
ol |mN & .
v \ 8
3. Ziawt fergor 3. ZiawT ifmeror

Iz 3 ST TRYE! B GIF (combine) ¢ far IR, At U Y Ferera wRwd
o AT 2, 2 TR 3 e Y PR R H R | 3 R g R €
g TRTY, SETLE T T A e i I—(Fe 6.40) 3 |

+md Vi

-i ./ /&
2
y
(b) AFEYE T (c) FiawT ifreTeror
e 6.40

T TRYY &) ST Y WA F T T Y T T

1. TS Aga® (Positive, half cycle)— ,

(2) D, [ T & & fad R s W |

(b) &I FE FAEE, IF /(V; < E;) Dy R ammw wwm
(vo = v;) (1 6.41 (2)) 3N T8 FAYE FLAW E; ¥ e & S
(v; > Ey) | D, meﬁd@ﬂ_w.__:.wm.wmm ST Cf ﬂdﬂ. (connect)
R ST (R 6.41 (b)) T vy = E; (6,40 (b) T (c) 3@

2. S ga® (Negative half cycle)—

(a) D, Fritfea gt ar&ew ¥ feerd s @om |

?.I’|\I..llu|'
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Vi

L1

=C

-0
(a) AT LT a1 V; < E, (b) BT fgesh 4T V; > E,
> - famea1

(b) & T T F A E, ¥ 4 2, 79D, W Rad amw R, o
vo = V; (&7 6.42 (a)) |
& R F AW E, ¥ T & T (V; > E,) T4 D, FGE a9H & I,
MMW E,, 3T | I8 T, 3: 1y = - E, (a7 6.42 (b)) 1T 6.40 (b) 7 (c)
)

-0

(a) TAOTITER L ATV, < E, (b) TG g adTV; > E,
fax6.42

TS IS VT forw F 3A3Tqe W a7 6.40 (b) T TG ifvrereror fad
6.40 (c) T Aeffa ? |
§ 6.22. FR A8 Tad frw (Zener Diode Double Clipper) :

a3 6.43 A zener diode 7 Yohd 9T A& NSffq € |

Breakdown
V, ¥ voltage
-V = +
_o
Breakdown szlo
region
4
(a) srfasgror (b) R TrIT =+ W=
farm 6.43 3 Brdrs & rfoereror aur

g Affm wfgy 173

i S8 T Rad AR (reverse voltage) T TC 3R IR & ST
w@%ﬁw%g&%ﬂ?&iw&%ﬂw@wﬁ%m@&ﬂ
gfire S TRTFC ST 1wt R (R 6.44 (a) |

(Break down
region)

()

O— AW
+ + + 5
- 1
D, (RB) Vz (Break down
\ Vo=Vi + region) Vo=-Vzi
D; (FB)

D, (FB)

+0

o— 0 o— °

(d) (e)
fast 6.44 (a) T STAYE TaE ForTat &1 AR (b) (c) (d) (e)
Fge &1 fafir feafal & sta aneeqe

FE-JuTeR! Afoawmbmvlﬂﬂﬂi%w%mwwﬂﬂﬁ&@ﬂ Vy a9
Vo 12 V A1 15 V § 1. 380 1, = 12V T;V,, = 15V | 7A 9 Req §
30V (peak to peak) F a.c. Input GUCE S

OIS 31Ea (Positive half cycle)—38® D, FREE 144 81T 91 D, Red
T | Yereie e ¥ oY ¥ Ve (gl A TR IR FARV,, FFA D,
D, IR F# o qen gen v @ | 76 fEfy @ R 6.4 (b) ¥ e W
ﬂm&wmwﬂmﬂf\e =V

e YR V,, & A4 & TR A D, IHSA R T AT 77 TG e
Vo RO R ST (1 = + V) T (1 6.44 (<) ¥ Fomen Trm 211

105/234

Scanned with CamScanner



I 28

174 R IRFAET O ey

I R T R U R

(Vip + 0-7) ST 3171t |

TS AT (Negative half cycle)—3q D, fad @ am qo D,
AT | A FYE Aees F1 AW D, H FeA 1w A 9 R A D, oAl vy
QI 30 Vo = V; (ot 6.4 (d)) ) N 8 4752 D, 3 397 AR 1, ¥ oty
A, D, IR F 3 AW Ao IHH AR ¥, TR & ST (v = 1)
(7 6.44 (e)) |

S ST fertvt 1t T AMR2qE AT T SfTeraT (R 6.45 a, b, ) &
fraR ¥ 5o
§ 6.23 w._._w_.mNA fr (Transistor Clipper) :

T (6.45 2) % gifvreex o 1 wftww sefila v 21 4 g e
AEAMA I, =0 W Vy=V, M| R zifmerdqw 45 5 am a
<c"<ﬁhhﬁ“0.~<ﬂag_

<_ 4
+V,

mp
kS ANA
o

—» t <o
X VAR
“Vmp Vool
(a) QT TN - —Vzi m .
<O> m +<NM d_
£--1-Vz
Vz2
>t
N e v e

(b) AT AN

fax 6.45

3 ZTIRT Y F 3% A1 FqG & & Fafera wh IqH! A (peak) F
foreTy FeRAT ST W € | WRwg F Ry 99 WRdw ? Rrwe w1 gifre 3 wheg 47§

T NS ¥ 1 e |
(7 6.46) & Zifeet fererqe o fafim aomer weffa Rl mr €

§ 6.24. foretad % IATANT (Application of Clippers) :
(i) Ya9rfim ¥ farerad &t gfw@ (Role of clippers in wave shaping)— 3T

>t FoF PR GRTE S FETHAT & 0T AT TR A <01 et € |
Y o @t 3 fafvr e % Rrerd w3 | Ak ¥ FRd % dedt 7t g 9

37 i wRyg 175

0 oP

(b) 37w (c) ¥ amr

Vo
Vee
(o) h\<omnmmc N

[ :
_?7§ﬂ£wm49m

(d) TeTaReT urT

faw6.46

F I, q T H NHET M TS & A | A F fafvr g G 4T sine
input 37 T fafvr feaferdt ¥ s amseye a1 fad 6.47 ¥ qufwr M R 1

Simple series clippers (Ideal diodes)

t 1
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Negative

Simple shunt clippers (Ideal diodes)

Positive
Vi

o 0

Biased shunt clippers (Ideal diodes)

Positive
+ R +
Vi Vo
\"
o— J

\l'r

Negative

(i) oRvg @ zifwe ¥ N o™ JFOR ¥ TIA (Circuit transients
anwwouvlmmi%ﬁgw%&&%wﬁggwﬂas
T2 |

§ 6.25. FAW (Clampers) :

TR ufty, g REe @ 1@ fo Wo TR A W dc. T (level) W
&H?_NEE uﬂww_

T Yeod ¥ TF YR, TF SIS a1 SRR avaE O R | 56 AfiRe
T o o ot & Tt & AR )-SR RIS YA T ERATR |

R TG C 1 q17 39 Y6 q 2. ¢ 5 W97 Brdiss, T = RC w1 o &
Nl i e ¥ aifw ffTe (off period) ¥ es IARA™ (discharge) 7
.@m:.w w«ﬂzﬁ.ﬂsn Oonmganxﬁ.ﬂnﬂwu—mm?ﬂﬂwmmﬂﬂﬁnlon @mﬂﬂ Ifys

© R Ry

M ¥ £ FetT wRg e fTA ¥ peak-to-peak W # change T
wﬁi @ original signal ¥ shape # change T 3 | I8 el I I AT A
iy vertical shifting) T 2

107/ 234

Scanned with CamScanner



178 T ghwEl o TR9Y
“4 circuit that shifts the d.c. level of a signal is called a clamper”

“d4 circuit that places either the positive is negative peak of the signal at q
desired d.c. level is known as a clamper.”

§ 6.26. TN & FaveaOr HET ,

fopelt T aRqy 1 Frvd Y o P ST TS 3 S 32—
() faedwo g fae % 39 areEw ¥ oW wE e sde wrad

TAE AR |

(i) O S FF ST & wras a9 § A W HARE g g F dey
A T AT & AR

(i) T M fo6 <fae ¥ Rad T O WHARE 39 mEw @ ®Rwn
i FuRA AATaa T& |

(iv) fFeETs AR FEW g0 A™eye AR H °F 0 F)

(v) I8 =IH W F 3meeqe i @@ fE (total swing) 99T R T fam
A A wifed |

“For analysing a clamping circuit, remember the following points :

1. Start the analysis of clamping network by considering that part of
input signal that will forward bias the diode.

2. During the period that the diode is in the “on” state, assume that

the capacitor will charge up instantaneously to a voltage level
determined by the network.

3. Assume that during the period when the diode is in the “off” state
the capacitor will hold on to its established voltage level.
4. Throughout the analysis maintain a continual awareness of the

location and reference polarity for v to ensure that the proper levels
for v, are obtained.

5. Keep in mind tke general rule that the total swing of the total output
must match the swing of the input signal.”

8 6.27. G TYRER ST (Positive Peak Clamping) :
(T 6.48) ¥ wefia fan T wifvfea e st aitwe e e &

Tifwfea dts # = AT (zero level) T c

TR A +o— |— —o +
(i) afg e antew aa -
FH-Joel—faT 6.49 (a) H WiFE

& Y et e fewrd TR R | v D R Vo
RIS (time interval) 0 ¥ 772 % Sfdie

o & SR | 39 fefe A ofwgw .
(R 6.49 (b)) BRT AT I Fevell R | . P

7 AT wReg 179

Vv | —O+

+
T2 T >t <% \u R Vo

c T2|T

2V}

v
(d) 39 9T MFEYE A
fam 6.49

e 78 I F TR T8 TG & T R | §Y FAE 97 (short
circuit path) /&7 HERAT T V A TF R A T2 1
. A I ST F TR ot 1 1 2 3k 3 e F = e Y
AV, =01

FTHE Agaw (Negative half cycle)—FHT SRS wiu interval)
T2~ R 7 % fordy <idre fiad s &1 S @ a1 Qe 99 &1 ST 2, (R 6,49 (c))

S R o T A2 3 Fawdid GEA (polarity) FRTeRY fwd T R R wgE W
FMEH HEh (negative half cycle) T6 TR |

T W T RC AW A AE @I 2w ok ¥ gufe
(capacitor) arga it ST T A Fferd 3 WO AR @ T ef |
Vo=-V-V=-2V

3 IMITYE TET (R 6.49 (d)) F JTAR T AR |

R —

e

VRN L g O
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180 TR gRRAl © TRUY

.

4 T € R & o R TR G i e 4 WA R

TR FRAN R I e |

(i) afE TG W AT BT F e GO A F A F Iy
A F IR0 ¥, T ARNE A TAM | 7 TR0 o7 6.50 (a) @R T wmaw y

IR ITF TR AR V,, I8 I |
: ViA

C
o tfl= o+ vl
Vi o +o Mm Vo . > > >t
. BV

o

(b) FGE FT

fa 6.50

Fiifes RC T4 featiss Y /ga 3=

A AT IR TF AR E F @ FE
FE AW

gy & frars faw @ w—

Vo=vi—Vvc

M‘mﬁ Ve =V,

w.m_mm_.w co"c..lw\s

T IFA Y, F A TAv; ¥V, T
T | g vl ¥, ey favet 1 aH
AR fome A ¥, 9 2 e @
ST qET 3TETYE (R 6,50 (c)) F AR
e Bt |

(i) afe fFyEER TR
(Triangular waveform input) & A8

(c) 3MSeYe T

V4
@ T R Tl o duie AR Ad TYmp

|<_.=

<- A

T\

-2V,

-V

> .

YAAY

(a) 39 WN

—>t

(b) ATITYE AT
a7 6.51

7 A oy 181

e T T TR T 3 8 et ot e e ey 2,
650 3 |
§ 6.27. FIHD Ui AT (Negative Peak Clamping) :
T TRTY (a7 6.52) 3% wefdfa fearmar |
HA-YOeR (Working)— +o||_oF
@ 9% uRUa W wEr W @ e o+
+O %m \'/
O

FR—aTTHR T i HOMS 38T (Negative
w&&o_nvmmgwﬂﬁmg@ﬂ_wm:amﬂmm Vi
79 (short circuit) A IRAM | W FAO GNRE
FaiR a0 & AfYFAT AV, T IS AAAM o
497 36F GHE I AIRT R LI (polarity) far .52
(a7 6.52) % AT AT |
3 e FUIRA O faa e Q9 9t a@ s5aen & w3, FifE 39 99
Rl & T A€ SATATG T8 & TAM | 3(q: SBYE T HQ ART—

vo=vi+ Vi

wE R TP T F R AR + ¥, GO AN e & smh), arafq
e a0 Ft Fifea % Y W & it
T IR9 F YL T AP T (7 6.53 a,b) & wefdfa fRA T ¥
(i) A T2 W ¥ A FrsR ¥ A—aTiHR T F wUE T€ 39 o
FAWT IRIY TR T F A M (R 6.5, 4 6.55) |
Vis Via
Vi +V,

R ANA
V[ Ha “Vmf < <

v
voa (@ FiER e (a) OET AT TR
a; <;-
NV~ H +2V |-
7] —{ H » 1
(b) 3rIeqz wwn (b) AFEYE G
fame.s3 faw 6.54
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y (a) Frigemenre 37qe
I
m<aﬁ1
<a\/>\
>t
(b) 3T & .
fex6.55

§ 6.28. 0% o T’ AT W W FAfGT
1. f&dt W W oA G S
(Positive peak clamping to a desired

1 -

level)—39a wftug fax 6,56 ¥ weffa L —o*
D

i

T T | Ve
FEIMA—FR & FEE Ty,
(positive cycle) ¥ 3TAIR TRaE Tq &

ST 3R WURT  (capacitor) AT E
(charge) ¥ ST | GORA & Ghg 3w o |_| Y-
R
' fa 6.56
ve=Vn-E
ﬁumS: FAYe e #1 peak value ? |

T 39F TYEIq YU O o S 8 (constant voltage source) ¥
Frd SO RWH 9 (V,,, - E) T M
3d:, FFETE ey O & SR 9 18eye eit—
vy = Vi— (Vin — E) Volts
AT Vm=25V
E=5V
Vo=Vi-20

T o 70T (R 6.58) 3 weRia @t TR R |

gifsd ™ W T Gy
FAfa (Negative peak clamping to
a2 deisred level)—39@ tfyy (fay
6.57) B Teia fRm man @

FE-TA—FR BT
% (Negative cycle) ¥ Irire ey

(forward bias) & S sk oy _

(capacitor) mafy & s (fears
m gad F IFER) | §ORT ¥ wRlg
I A,

37 Wi wRey 183

. Ve = Vim —E m«o |
5V, TR R #® opeak v I3
value ® | _
9% 9@ AT (charging) SV
RIS 5 (negative cycle) W Rt ;—r
w mﬁ.ﬂm—.ﬂ I NJ@Q it gadr (fax 45V 4
6.58) & Tt Tt g & WA At '

I« §UIRA (V,, - E) 9 & a0
Jleedl €14 (constant voltage source)
Pl € R M | 3(0: FFETE F Seear
. % organ e AR d—
Vo=Vi+ (Vm-E)
ALV, =25V,E=20V @
Vo=V;+20V, 0% fad aeege aur
e T fa (6.50) & femm mR R -

6.58 % wrafefa st # 25V fie A Ft
T 3§ S (E=5V) ? @R T
YL T draw H9A |

V.

i
+25Vv
nﬁ

a7 657 (b)-3MF=YE W

(o
+0 —— O+

Vod

+45V - ‘ﬁ

1F
- %
<0 D
Vi R V,
E
il

Moo wer-—afe fam 656 ao fx
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184 TRITE gl @ TRew 39 A ug 185

TR (Summary)— 4 6.60 ¥ fafvr= FAGT 9Rwe 7 376 ¥ WY TR

%ﬁ%ﬂ%i%—ﬁﬂwg_

Ry wfaw ¥ gifsde sfwa 2 i ey |

RC e RL fewtferdifen qur e oftwet 3 fowmgdes Tl |

ferera R B &2 Aoft et viz Fererwe witedl = wfas woEed |

gae erae foraw & v g |

frer W feuht fafad—

(a) SR ST frw (b) TR foreTw

fafir AT qfadt B af a9 )

(a) weTfE, wfedre oftwe fored denf aun s Avfta # o § 36 daife &
el W YR faar man @ 1 g R Fraei dreear & fod frfa sdn sy @it N

Positive
v

L A o

(b) FET aRww =2 R e g ettt wftww A fovw R st R 2

(UPBTE 2000)
9. RC i@ (differentiator) 3R W (integrator) & F14 WHRY |
(UPBTE 2001)
10. a7 (clipping) ¥ 8?2 4T ¥ fd SR erie ok gifreR 1 I AR A R ?
(UPBTE 2001)
11, R etare faam W feupit fafed | (UPBTE 2002)
120 §Fy STEE F AN S g S90 R & ARG TR 791 I9H FR W A
Ffurereror @it | (UPBTE 2003)

13. /RC aaci® 3R GRS H w8 AR | (UPBTE 2004)

14 (a) Te-waE e St @ faf weEEd |
(b) At ' wrd &2 far et v R R & feereA e s
aEHare ? (UPBTE 2005)

15. o oftwdl & ferd gifomet 3 v S Ao | (UPBTE 2006)

—eee
e ——

@m?%l@?ﬂ%ﬁﬂﬁﬂﬂﬂﬂﬁ
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7 eelaTgaet uitay

(MULTIVIBRATOR .O_Joc_d

—

§ 7.1. gifse & fafent afwe (Transistor. Switching Circuits) ;

e 1 SAT A yade! T €I 76 R | TR O a5
wife o el TR ¥ | 3 o oy o 3 fese T AT R | 3 feargy
w1 ad ¥ afwr ¥ T 99 AR 7 e SRR A W A R g
T 47 T F2 AT &7 & 77 & T W | 39 IR & Fafem wfdhe ey o
Frorel AP ¥ Iredq SyArh fes g E |

I e it it &, Ziret e 1 Je@a A electrical circnit 3 make
M break a1 ST wha1 § | iR e 01 77 W19 7% A1 & 76 switchin fag;
AR R A sparking FT TG ot I T A | i Rt N TR fam
it e 1 8 | 9 e ¥ non-sinusoidal T A square, rectangular,
triangular anfe «ff 3 51w T

it fefieat wRadt & ziforet 91 fag F «ifd 8 W €1 319 I 2
fop fefient getagierd if el <) SR W Bt € 0 91 T | TR 3
TAT 3T FF I8 QY TR TG 1 Fhet € |

“In practice it is often required to make or break an electrical circuit in
many operations. In some applcations, it is desirable and necessary that this
make and break should be very quick and wthout sparking. The mechancical
switches cannot be used for the purpose for two main reasons. Firstly, a
machanical switch has high inertia which limits its speed of operation. Secondly,
there is sparking at the contacts during breaking operation which results in the
burning of the contacts.

Transistors can also serve as switching devices. They can tum ON or OFF
power in an electrical circuit at a very high speed without any sparking. Such
switches are known as electronic switches. The electronic switches are being
extensively used to produce non-sinusoidal waves, e.g, square, rectangulas
triangular or saw-tooth waves. Solid-state switching circuits are finding
increasing applications. For example, solid-state switching circuits are the
fundamental components of modern computer systems.”

§ 7.2. 2ifseX f&= (Transistor Switch) :

Zifree feara e gftn & e e itee 3 ary i ZifmeR it wer & 3 7
i FoaT 1 el & | iR et 1 St A1 3 YT I 9 § B A e
31 Bt © (high speed of operation) 791 Wk T A9 (absence of sparking) !

Aaeet yRug 187
prr 7.1 § T g e e 11 gifvee @ Vee
F 791 TG & % A R AR o901 Re
e 1 T T T T @, R R 32 .
G) 3 7.1 7 =i gt fem w Rg
T Frifed I9 gAge @ s A aw * Vce
< NG T A T ww R B 72 Vi -
(a)) 79T 3T FART 40 [ A TR -0 L
1 FRAGRANRIGUA AR e o

ARG AR Vg = Ve T4 Bt
2| 79 foufa 9 & 39 faw (open switch T off switch) FE ST
W%Wﬂgmﬁ\hmﬂw\ﬁﬂ. Nﬁﬂogﬁ%%ﬂ%

pres Ve
Ll mhnﬁonﬂlb\,l.hS _

Vee

Open
switch

T ©°-
Eﬁ? fawr = OFF 0T

Closed
switch

(b) ZifreT fa=w st ON &
fax7.2

(i) afz fx 7.1 & vefdia gifweet fae W watw wifife I@ $5e o
ST, 3 T Hqw e F e S & (4 7.2 (b)) 99 I FerT
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188 ¥ ghwEl @ TReY
M1 I (5o TITEA B ] 1 3 A R W HAR ARA I Vo 3y

WA R AU ARG ART W YA A S & (e

Vec .
Ve sat) = 0-2V) I A= Nh.nmwa =——0q Vg = Om,ﬁ._..md.ﬂ
( Rc

8 # gifeer = WA R, o YeE 0 | 3, 39 feafar i T fgy

El
Ic
(closed swictch 9T on switch) Fgf STl € |

uﬂﬁ%@ﬁmwﬂm%ﬁnﬁavnq conditions ¥ fag #t wifst SR
F wE R |

§ 73. giforex Rafr &t sareor (Example of Transistor
Switching) :
773 (a) F @@ Ak N (NOT gate) a1 XA (inverter) ¥ &Y F wany
FHFA ¢ | AN (not gate) & QuT fefireet wityy drar @ frnt AP, R &

foredra 2l 2; arafd ARk F992 et o @ A amseye 3w @ o dam At
I AT R A AR Brg & TR R R

<m <O

5v

fax 7.3 Amvlnm_ﬁ;ﬁu.. (Transistor invertor or NOT gate)

Te FeEf g U RE T AR W R 1Ay, =ov Ay, =5V
TMARGY; =5VAV,=0V |
T NFR FI AR N4 F & ey Wi =1 3faa fesg smavas 2 | fesied
T T AT =fed RraR y=Te fag (operating point) ¥q@ &% 7o F2 37 47
FHA @ R F 7.3 (b)) | 59 e et < ardh e 91 Qv aifar et 8—
1 S A9 O Y AR R A AT U 6O 6N (7o) F I
& A 1 @ 9% T A T T A R (microampere §) 75 T
mﬂﬁmgﬂiﬂﬁﬁwgﬁaﬁaﬂﬂ%mﬂmﬂ
ad 2 |

!

AT 9y 189

Closed Switch

g = 60pA
g = 50pA
_m = 40pA
// g = 30pA
/ _m = NDT>
C lg = 10pA

C g = OpA

/0V<nm
»IOvm:ai:o:
fax 7.3 (b)—z et afirergror

2. O ZIART HqW & ¥ 2 ] A SR FeRe T AR (Vg) TG
TR R | (Vg = 0-2V) T IS 9 @it &7 F ¥ 76

TR (Vg (sary = 0) | o
1. AR Y; B 5V WM IR-AR V; = 5V T TRRRT R qa & 3 = I
e (A7 TR 3T B T 1) | T B 39 NR e e Iifed fred
I 1 HH TIQ AT (saturation level) ¥ F1ae arelt o5 F 7, AT A afgw A |
T F AR TCIRE (7 7.3 (b)) H 3 R e et R fop W ot F Faweaw a%
(curve) & I FTA 60 uA R | 37: 3T T F1 60 A ¥ ifers T W TRt dqa

& Sl A | £ (7.3 a) T W A F el S FH A A |

Vee

Nn.g_lwln,

i%ﬁﬁmﬂﬁa@wﬂ%uﬁﬁwﬂﬁﬂﬂﬂﬂﬂﬂsﬂdﬂmﬁ

Nn.mmn

I min = —p— . (11)
TH YHE Gq@ &1 3 F qHlew 1 Gge (satisfy) Q1 Savas §—
;vww_u (12
vl ot S e v g2 % ot Q0 4 e s A ¥ e e
T |
AfE, ZIRTRT @ N A FERTARA V= Vg = 0V TG 801 |
qa & § it & af,

xs,uﬁkw@bﬂmﬂaugﬂmﬂgw.
sat
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190 TP ghwal @ e
2. TRV, M@ IRV, = 0V, Ip = 0 T I = 0 991 e
2 3% &4 F W |
T IFA R T AR T (voltage drop) Vg. = IcRc =0V
Ve=WVee-IeRc=5-0=5V

T YR RS 5 V T & |
e ATh AT § TfTex #1 9y,
Vec
Nncﬁo:"g

mm*;mmxnmo ﬁnﬂmmmﬂnmu_ﬂw (microampere) ®, 3afe
Ryt off =
AR Ry, o 1 A 1Y B 2 |
3 fervereor & v =reran ® 6 Wqw & F gifties &1 ShRve Sge-Ew G

[) 1 e 3T & 7 Fgd FH (T ) BT € | 3 IR A2 T 1 iy
1 T ? |

TRt : fo 7.3 a & fam ™ wftag # ot gn fnafafes ¥ wfadta v st
(1) Rc = 0-81kQ
(2) Rp = 68 kQ A B = 100 &

Rc = =1kQ
TV, = 5V W W ZifawR Gg@ & F T w2 _ . 10 mA
T : 3 9T F9A, IF TR F AT T S ZiFRT Y T &7 F 3,
SIV&M SV-0-7V ‘ Ic sat 10 mA
=g, =~ ek -~k IBmin =—F~ =559 =40uA
T GG U, wfge T Jp 1 rafas e,
Vee 5V Vi-VBE _ 10-0-7
les =R, g8 =01mA B="% "Ry
A G F A TH, S T R G & 3m, Ip 223

Icat  6-1 , Rp
1B min = B IHleAm.m.Rm/

ST 3 St & 3. o 2 R Ly 1 L, D AT A e |
< AW U Iy = 63uA F1 A ST R UG O A = T 0 .

Ip min = 48-8uA ¥ 34 B, 7oyl Zifret §q@ &9 ¥ =& w0m | 93
§ 7.4, ZIAR faa & I8 (R, TATR,) F WEE FY TORT FAT Rp
(Calculation of Component Values of a Transistor Switch) : Rp < aww.\y
, K
%@Mﬂmﬁ@ﬁ mmmaﬁﬂﬂ (fx 7.4) & fa¥ Ry aom R, @1 W 7@ Rp < 232-5kQ
Ffaa | _
propery I¢ o = 10 mA A Ry 1AM 2325 kQ A F9 A1 A0 |
sal
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192 TR gfFEl @@ TRy

Rg 150 kQ N w—

Ig= Hmmmoq = 62 uA
aﬂw@ 62uA > 0 uA
Tl 39 WM T et dqw & # @
ROl Rg ='150kQ

Ro=1kQ

,.i § 7.5. w._.m_.mA fafan v (Transistor Switching Time) :

vt 7% T @ 6 W YER uE gifeet e Ft wify R o
T it sifer Frd 1 3 Ferdr it 3 weer fag (operating point) A T2 3
&7 Y1 G & % 7ex Fw w dar Eﬁﬁﬂ%%ﬁﬂ?ﬁﬁmﬁmﬁ&é
%qﬁ.%ﬁoc?omo wwﬂﬁaﬂwmmﬂ_wmmﬂdaﬂwm.@ﬁ.wmﬁ wmmﬂ_w
¥ 3o awg T 2 | gafer fret g e @ g TRafid 8 (e g
1 A 359 91 39 A T 89 W) ARgE g vRafad TE 8T 1 990E 3 H oy
33eYe TRAFAA (change) B ¥ U Fafyea e wvren 2 | 39 Pl o ) firmg
THR F YR T & | (7 7.5 39) |

100% --f—-2202 A _
g L IR DL _

d

T
.IL ton -
fax 7.5

(i) 37 2 1, (ON time)—IRT F1 I< I (OFF state) ¥ et
39T (ON state) % fegg G § A7 AT §9G 34 TEA (on time) e e |
TaE < it F Ry femar T — ]

(a) e,wwmaﬁco_a:ma&lﬁa_ﬁﬂwﬁmmaﬁww &7 ¥ I &0

TF, 9 T8 ot S F AT TN T R, I feet 29 Feamr € |

(b) ¢, TGH T (Rise time)—I3 IEH TE aﬁ@ﬂw.ﬂﬂﬁﬂﬁ

o1 SifERed T F 10 % TH & 90 % I T Vg R | ¥ T

ton =1t t1d

.

TRIAHI WYY 193

ﬁ% w._wa m_wwﬁmﬂ %__wel%ﬂ. ! 31 Rufi (on state) T 3H7F
off state Yy AT :
mﬁﬂ%m Akl gy T (off time) FEE ¢ 175
(a) I T W (Storage time) —giRT FI faw 3fE T F =R
%ﬁwﬁgﬂws&ﬂ&ﬂmﬁaﬂ%
2T$H (storage time) FE R |
(b) ¢ R T (Fall time)—iHet #t et 910 % Aiftreaw A1 &
90 % W ¥ 10 % AH 7% VE ¥ N GG W 289 (fall time)
FEATI 8 |
39 AR— toff = 5 + If .
o o IR 3 ot et wwg P B 8—
t; =120 ns
t4=25mns
t, =13 ns
Q.HEE
39 Jh— fon=4L+14=13ns + 25ns =38 ns
toff =t +{r=120ns + 12 ns = 132 ns
0 Y B 3T € FF ZIRART F AT (ON) &3 § AT 38 ns FT GH
T © 991 3G (OFF) T & T 132 ns 1 §HG o771 8 |
it @t feafem wiie A wifitg F  arfass swo w2 € 2 fewt e &
TE FROE—(i) T TRTRT e W gRET R apply BFa wmar 2, @
TSIt TG I 8 § 39 wa o €, P T @ iR F- 3
¥ Ufred & ¥ T % 1 (i) wieT ¥ AT A SR A A9 9K Herre F I

3 T e R |

TG 23 T BT TRH B 1 FT T8 2 Fh ZRRT FY Fe-3(Tw F A
T P ¥ Fe-ow A5 F I T A 8 | RS 2T HOFR A€ L
W it €1 49 ¥ I9RART excess minority carriers # remove B4 ¥ ¥HY
mqﬂww | ZIFRET @R 27 ) redilce FA g schottkey transistor FT YT
T & |

faafim zifmer—ar faw s & gifret @ € ol fafam esm &9 @

R o R e g a1 BSVs2L R @ Rt giftreet 1 werew R, R

3 Zifsree feafan wite arr S 3 Sl fenal ST ; §9 ¢, = 12 ns 9T
lort = 18 ns B 8, N fop TR iR A H1H A B

“The current does not immediately respond to the input signal. Instead,
:._aa is a delay, and the time that elapses during this delay, together with the
fime required for the current to rise to 10 percent of its maximum (saturation)
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194 eI gRREl o IR

value, is called the delay time tg. The current waveform has a nonzero rise time
t, which is the time required for the current to rise through the active region
from 10 to 90 percent of Io ena.ﬁ.a total turm-on E:n ton is the sum of the
delay and rise tim¥, toN = td + 1, When. the input signal returns to its initial
state, the current again fails to respond immediately. The interval which elapses
between the transition of the input waveform and the time when ic has dropped
to 90 percent of Ics sa is called the storage time t. The storage interval is
followed by the fall time tg, which is the time required for ic to fall from 90 to
10 percent of Ic (sary The tumn-off time togg is defined as the sum of the storage
and fall times, topp = t; + .

Three factors contribute to the delay time : (i) when the driving signal is
_ applied to the transistor input, a nonzero time is required to charge up the
emitter-junction transition capacitance so that the transistor may be brought
from cut-off to the active region : (ii) even when the transistor has been brought
to the point where minority carriers have begun to cross the emitter junction into
the base, a time interval is required before these carriers can cross the base
region to the collector junction and be recorded as collector current : and
(iii) some time is required for the collector current to rise to 10 percent of its
maximum. )

The rise time and the fall time are due to the fact that if a base-current
step is used to saturate the transistor or retum it from saturation to cut-off, the
transistor collector current must traverse the active region.

The failure of the transistor to respond to the trailing edge of the driving
pulse for the time interval t; results from the fact that a transistor in saturation
has excess minority carriers stored in the base. The transistor cannot respond
until this excess charge has been removed.

Consider that the transistor is in its saturation region an input step is used
to turn the transisitor off. Since the tum-off process cannot begin until the
abnormal carrier density has been removed, a relatively long storage delay time
t, may elapse before the transistor responds to the tumn-off signal at the input.
In an extreme case this storage-time delay may be several times the rise or fall
time through the active region. It is clear that when transistor switches are (0 be
used in an application where speed is at a premium, it is advantageous to reduct
the storige time. A method for preventing a taransistor from saturating, and thus
eliminating storage time, is the use of a Schottky diode in conjuction with the
BJT These compound devices are called Schottky transistors.”

§ 7.6. uitg 3w GaIRA (Speed up Capacitor) :

ZifRT & 3 ¥ 3ifE Feafit (on-off state) T4 A J 4 feafa Ao:..%.

Wﬂﬂﬁ@ddﬂﬂﬂﬂmﬂ.ﬂw%@.ﬂ% 3q §yTfA (speed up capacito’
..m%%?ﬁﬂéw. 7% gufe 99 SRA¥ Ry wﬁﬂﬂam%gﬂaw

A TRERe X YT 195

qﬂmq.@_ ﬁmm__mmn%ﬁﬂﬁggﬂ

%%w.%ﬂﬂgﬂﬁd%mﬂwﬂ_ Speed up Yoo
ﬁﬂﬂnﬁ»ﬁﬂﬂ%%ﬂﬁwwa&g Capacitor

% Soft %9 # ARAY T ST R | e v
%m%ﬁﬁwﬁaﬂgwiﬁ_m
feafer it & e 2 ) .
Ziforet & R-uaRat ¥ o v @ oy
wm@tﬁﬂ@ﬂﬁ%ﬂ&.ﬁ_ﬁgaﬂ
1 1 & T8 R, e O o 75 W
<o st feafe e & I | o
af wite 37 ST A o S A =
o % W N A A A QG Ay, 76— 0w
ﬁaﬁaﬁ%ﬂ%ﬁﬂzﬁam.ﬁ“ T
Rp 9 ¥ ¥ AT A I } 7o 39
FTE & T | ﬁnﬂﬂ:%ﬁi%.ﬁﬁﬁﬂw et

o= Aol wite 39 gaiy d up capacitor), T H THET
&ﬂn%nﬂﬂ&&wﬂﬁawmﬂmﬂ%ﬁﬂ%uﬁq? K e

§ 7.7. SEHAA (Multivibrators) :

TEEIATER 2T o YT 3 FetergiToreh TRYT 1 § S AT it 4 o S S
T T FET TR S i ASIYE AT A I (high) T R A R ERA (low), S 6
ﬁﬂﬂﬂﬁﬁﬂmﬂ%mgﬁﬂﬂﬂ%wmwwﬂﬁﬂ CEg
ST AT 0 Q) ZROTAHA 8 - el A (resistance
coupled) e F it ¥ YIS Hga (regeneration) AT RS R |
AT Treds (régeneration) ¥ FVI 97 ¥ TF TR GG & & 791 g0 F2
3T & & a1 R | 3 foufty ) AedtaTga e 3t e (state) FEA € |
ﬁ_&mmwﬁ_ b ﬁﬁﬁzﬁ@iwl -
. (Stable) a9 AR T W = A7
Yiafia (change) F F T A F3 e a1 1w 3 T EHM.MMM«_M%&
2. IRURA (Quasi-stable) I —AT T F3 TG 9% @H qga

R R 1 Srate ek srren Rrae Tee S e Tew 3 o sEvasr T @ sk

ﬁﬂuﬂﬁﬂ%mﬁﬁ.gﬂ%gﬁﬂmﬂf
wa “n electronic circuit that generates square waves (on other non-sinusoidal
es such as rectangular waves or pulses) is known as multivibrator.”

aq.m.mua%wﬂnwﬂqﬁ—w“»gn:uwnmgﬂnzﬁ
Action) :
TR o FREOTE TR A TR Ig I AT v ¢ i B

IR 2 AR oy 3 G Y A AR H SN FAT I T & T |
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196 TR gfFEr w@ ey

for (7.7) 1 oW A AEA | WA QA T
zifree wgw R T € Iey

A 7w B AT (ON) FAE A g
A il 3 Ferret gRT SEfed A S |
Jfr M1 ZiforeT JuA €, T6fed T J8 el
FH fip AT Zill F e 9T FHE o |
vfgy @ A e o @ i QA IR @

o e i 3 e FeaER § e e o 'L Rs
T GRT SAIed & Febel & | -Ves

fipg e & Y@ 7€ Frar | QAT iRt |_| ‘
& W19 §ithg &7 (active region) ¥ & T F =
Y 3 g o P SHR Y GHIE S GH %79

T @ T T T TG HE T IR o HROT T ST T heterey
o1 & Arer-a1 B @ e .

ur S 6 T, FI HeeC I, T, H HeeT U0 ¥ A6 s ¥ R
g 3 microampere ¥ & FF 7 W | T; F Feeet A W e FAH
Ver = Vee-Icy Re &0 T4 RFAT ST 6ahal B | 30 T; 3 FeX S 1 77
Icy ® 3% B F FoT &9 8 J&m |

T, 1 FEH, T, F1 99 A gwd B | 30: T, T Foeet AR 3 79 8 J,
T, %1 3 At off F7 A ST AT GE T, Ft Feered U F FH F W T, R
FAFT R FH A A T, F FARL AR (Ve = Ve - Iep Re) T8 TR

7, F1 T, T, & 99 A gfa | 3@: 7, F Foe A ¥ § 9,
7, ¥ 3 A2 F Fg1 17 AYT T, F FeRT 4 A AfYF T FATM | 76 T
T, F1 e I FH A T A9 T, B FART TR qGd 1A | 3@ Ty
Hqw &7 § Tl JAW qG7 T, F A6 &F F T4 0477 |

T YT F1 R 1 forifes fora e €|

3: ST @ 5 AT ZRIRT g 4 T @ T | ot ¥ & A1
¥ AYeT-uT srager e &, fofea fFan & Fror, O gifoet Fe-offw A @l

T g & 7 |
ﬂéw%?wmmﬂﬁmmdm_ﬁ%%@ﬂﬁzwgmﬁwl

1. ﬁ%%wﬁﬁ%&ﬁ.

&1 Fereel &9 B |
w Mwﬁﬁwdwﬁw%ﬂ%w%ﬁﬁwﬁ%&ﬁ
_
».@Mw»d&mﬂﬁ%wﬁﬁmﬂﬁ;aﬁ@ﬂ_
5. 7 F AR I FH A N TR FAR A2 F 7

R

AR WRYg 197

6. Mmﬂ%@ﬂﬂ_ﬁaw Ty ¥ 30 gftra A% ¥ o, 7, 9 e T ¥ Al
_
7. & TRAT PR T8 3 091, 3110 7, i 4 3 5 T, 1 -3
& F 9 |

§ 7.9. ACSIATSAST 3 FBN (Types of Multivibrator) :

Aeetamgaet i o ¥ a §—

1. aTS-RA TEARAR (Bistable multivibrator)—T$ (Bi) #1 31 By @
3 qon R F e { T, o AR TR ¥ D R e A
§) o v e ¥ qE0 R e § 9 ¥ R T Y o 2 vt R
@ T S | e e § Ay an ¥ ol R ¥ oW 4 vt R

2. UFA-RAA TEIERHER (Mono stable multivibrator)—ART F1 34 ¢ T
ﬁﬂ&&@mﬂ%ﬁﬂﬂﬁgﬁg%w_aﬁgﬂg&
A eI d

. HHEG: T8 AT T S ¥ At € | IoW 3 WA IO St Iae

% =T ST @ 791 B 9T TN (A 5 circuit constants i R 741 € TR
e ®) farT Tou el = @ et et s ¥ A S R |

3. WA WEIARAS (Astable multivibrator) 38 1§ WA e T
A | TR AN AR R AR ¥ | T @G 9 W9h 9€ (N FF circuit
constants R @ € Tt Faar ) gt srqeen weoar T R 1 39 HR wRE
FetErgaer, fam feet wew i @ @d, ot A s et ¥ dew
(vibration)) FTaT TEar ? |

“The' bistable multivibrator has two states stable. It requires the

application of an external triggering pulse to change the operation from either
one state to the other. It is also called as a flip-flop multivibrator because of the

* two possible states it can assume.

The monostable or one-shot multivibrator has one stable state and one
quasi-stable ssate. The application of input pulse triggers the circuit into its
quasi-stable state, in which it remains for a period determined by circuit
constants. After this period of time, the circuit retumns to its initial stable state,
the process is repeated upon the application of each trigger pulse. Since the
Monostable multivibrator produces. a single ouput pulse for each input trigger
Pulse, it is generally called monostable multivibrator or one shot multivibrator.

The astable or free running multivibrator altemates autom atically between
the two states and remains in each for a time dependent upon the circuit

. Constants. Thus it is Jjust an oscillator since it requires no external pulse for its
Operation. Of course, it does require a source of d.c. power. Because it

continuously produces the square-wave output, it is called astable multivibrator
Or free running mulitivibrator”.

-
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198 TR ghAEl @ TRYT
§ 7.10. TRAH WeaTgaet (Astable Multivibrator) :

TREREe Eg 199

qGA AT R | T, 2 A% ¥ wmew any o § @
| I, 1 9F q67
TR | TR Vg, it mﬂ»gmﬁw%ﬁsﬁ.ﬁwwz

e AaEae A At e st it ¥ qur 98 3 et S _ %_ﬁﬁﬂ@aﬂwﬁﬂﬂﬂi& 0 AR I R T Vg TH@
srrralt % A for Pt e e v Ry R AR AR ST § | 0 T v, Ly B STRAG
& HHfa @18 el JeeiargaeT (symmetrical bistable multivibrator) ¥g ‘ m@ﬂﬂﬁmwwﬁwﬂﬂgﬁn@qﬂ w.ﬁﬁ 7 " Jpm—

h ﬂﬂm"nu mﬂ.m__

2T  FIEE ON 3Fedr @41 S v

L ¢ aawmsﬂaaﬂwmmsgw:Dﬂnmgmﬂwmsﬂﬁ&aﬁ

OFF &l §AF &4 # Voo | e d
AT Ie1 Icz . m%mﬂﬂqﬁmv —
_ : c1= Ycc Vo c2 = 0-2volt
Nﬂgﬂﬂﬂ@mﬂw wq._L_mﬁmM V i R k e (i) Vicz ¥ 0-2 3 & F F0, 3 C, H 1AW &M R G T AN
ﬁ.ﬂmﬁ@?ﬂﬂd&? &l Vea Ry, 1eas ¥) 91 i} st shan &t 1
C, T C, WA € G C. ﬁnwﬂ%wgﬂﬂﬁw?%ﬂﬂ%%ﬂﬂ%ig
An”v:vmnm vamnmnoqmv g1 T T2 &&%m&.ﬂ@ﬁmﬂwﬂmmﬂéﬁmﬂ@@_gﬁﬁﬂaﬂ
ZifreT 9t 99 9 Gqa &7 et A T AL O e acn gt 3 Rt s @ fedre A
3 o ¥ ford, vy T T dafe whoRCERAL
A F1 T FRAAY Ry, 7 7.5 e e (Numerical analysis) & 9t Tor & g v e P
Rg; F@ ¥ Ry 791 Ry 78 Sl - o R A F S .
hefael %w_ %"O.Q@#ﬁ.ﬂxwﬂ.-vo.O@&nNhs. ...AQ.WV
() v P s & 3 R o ¥ A g T, AW 7, ¥ wew g “M anHMNnnnx

YaTerd e Tt € | g 3 ST St # Sree % R defeT LR i -

LEIE] a_wwmﬂwﬁﬂ._?amn_.mmﬁ action) (@S 7.8 ) & T L f =RC ..(74)

78] R WA : 10 kHz IR 38 FER A6 S 0 ¥y uae a e |

T T, F Fe W F SO-a gie & I R | 9 giE T, F Fert e .

Ve B 4 50 30 T T, B IR, 3 ¥5 3 o 88 w7, e - § 7L AFREEe TEIaEAEt (Monostable Multivibrator) :

YR Y F M T T, F HARL AR Ve, B A1 20 | | fag 7.9 % ARrRae FedaRae 1 RV weRiE R | T Few o
T, % T & 7, F 9 F0Ha O 3 IR0, T, 1 FAr 7 S A e AR | g S s At @ | WEE: 98 S Tl st f T

—o+V

qgdt AT |
ﬁuﬁ&mmﬂﬂw%.ﬂ_&aﬁmmsﬁﬂﬂaﬁm%m@a_ Rez
3d: Ty F FAFH T m._mwﬂ. Trigger Input Oln_...q b_w.w Ic2 .

V1 = VCE sat = 0-2 volt

T4 T, % HEART T Ao,
Vez = Vee - IcaRe . T
= Vce Qﬁ"oﬁ%%y*ﬂ&

(ii) vn_wosisﬁﬂii%wﬂﬁ_\eﬂisﬁﬁﬁ
Sﬂmxswaﬂnwgwgwg@sﬁﬁ%wﬂﬁmi = =
wimﬁmﬁﬂﬂ@d@%»ﬁwwﬁw.ﬁuﬁﬁﬁmﬂﬂa _ PR S

e
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200 TR IFrE © e
3 o Tew 3 WIS A § ol 7@ v sreerdt v e o ¥ ) gwy
Ty 7R form et v, 3 Wi @, e Sl e ¥ A uen R |

FH-TUNE—

(a) TR ST, F AW W HIE Ao o 7 2 | 7 P ardg
Hﬁwg%ﬂﬂﬂﬁwﬂnﬁnﬁnm&ggwmﬁﬁm._nmwmﬂwmmg
2= 79) |

T, M Vg T Ry, F WIem A 39 910 et R | 7 99w 89 ¥ war |

7E 79 T W Ee R | T Y Al v 7 I, 9% vy
et e 3 e R | AT Ty 2 A H Ao 7, W A ¥ e ¥ 7 ety

Vei1=Veevolt T Ve, =02V

(b) T I & T TR~ F1fed 1o 7, et W SRNG F 961 8|
Ty % FOFKF T, ¥ 9 N G0 81 3 H10 78 0T T/ T, FA0 T g
(apply) Bt ¥ Frfea Aot Pt 3 IO T, FY R U (Ioy) F & A &
T Vo, F W a87 AR |

T, 1 FAHRT T, % a9 ¥ I B | 3@: Vs, § o0 9 A 1V, 7t 7

TN & T Ly 3 ft i Bt R 1 300 1, T 89 o & iR v, & Vo, Bdfimg |

A F B [, A FH B 0 2 | AT S B 3% (e swan) F
T 3 T, WY & F G917, e 3016 &7 F Hel1 9w € |

39 faafa ¥, Ver =02V, Ve = Vee volts.

(c) TR 3N F T WA TRV, T Y AT & E ¢ v
A R} (Voo TR AT Ry,  A1em ) | G &1 F50 7, & 39 A @1 21 am:
T, % AW A 9 A & 7T IR ForereT ¥W T 7 g A o ¢ |
ﬂﬂ%ﬂn@ﬁ@%wmﬂ I4: T, TR Gq@ &7 & a1 7, e offw A9 A
SRR

R, v, = Vovolt, Ve = 0-2V

T YT T @A € [ A Aeiageet ¥, Toq 33 W, §9 &T & fod ,,

ﬁﬂw% g YREfdd & I & fig $9 TvEr WReg 3R W s § o
e

ﬁ%wawwiﬁmn&ﬁ%_ﬁﬁﬁm%si? __,

¥ et it erafy
t=0-694Rp;.C ...(15)
AR TH : 5 TEHERRS 3 06 0o 30 F0 ¥ & 9R0g & |
§ 7.12. TIFEAA FEIATFA (Bistable Multivibrator) :
Tt A T S A ¥ 1 R Tew 3% WA S w e s
¥ Tl = ST 3 < AT & AT 39 e H 9 q @ 3, 9 % ghd

fR vl T 7 R I |

" A&iagaet iieg 201
ﬂm.ﬁ__%_lﬂw
| 1. faa AR T R—AM 5 faw 3t ;
g A TR, R Ly

7d fomfea sfFam (regenerative action) % FRT, T, Hq@ e T o el
SR 991 T, e 3 &1 F (7 7.10 3F) |

2. afz G AN ¥ AW W HOTES TR ARG Y ARA—HI TR,

e AW T T F TR TS Vo, SH SOl §R §) F9 2 gy Sgt

|

| T SIS & 991 2 |

sr: fomfea sfirar & Frw, 37 et #2 o6 § 9 SR q91 gEa

\, Zifreet e 3 an S |

|

,

\

A AR TRRAA TRARA F I F WE T § TG o | e
TRITTH T 2 T IR I Tt O Tl R g 9 T A€ T AT T
3T ¥ @ S R |

TR T AR Y Ted Y T IqH e oft wge S ¢, foreg 3 St
T g A § T a8 I e 7 AR Y see F MY @ e iR
T 3T YT A |

AR TEARAR B TN (Triggering of Bistable Multivibrator) :

TIRTA TRIGEIN FF T RETdd F0 F ) I o9 e it Im }
YO 23 i iewn A it F €

fenftn & wam s At —

L IqwfHq fEflT (Asymmetrical triggering),

2.  uHfid fEnflT (Symmetrical triggering)

1. Irmfia faafon (Asymmetrical triggering)—39 6N Ft foftn & weaht
ST Y T ey 3 e O 3 Frd e G S § Yt areedn ¥ gRadq
T F R, A se-oren WG A T AW T, SET-AAT TH W AR
(apply) et vedt 2| argiq o@ @ T G 700 G e 7 & wiadT &

SRS R R PR XTI T
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4 | <

22 T PR @ TR
1 gl e ¥ v w0 ¥ A ST B Y T T A I R oy

R T T e P T & e o o 711 3 e e T R | G Py

ﬂ%ﬂﬁﬂwﬁmﬁﬁnﬂm@amﬂ?%ﬂﬂmﬁaﬂﬂ%ﬂ
2 ¥ g 3, o 7 P ow GR R A W W & W | v

on TREX W FARX WNEH A G 2 I veq RO ey

(regenerative action) T, ATET TREEA AR | 3R T, on B A ST Sy
TRafia T ¥ il T, ¥ o W oW @ w3 5 |

+<OO
Crm
o—AmA |
|
Rs
T
Trigger 20n
Signal
H .—.a off
faw 7.11 —3vawfa fenfon :

2. woftm T (Symmetrical triggering)—3W ST Ft e &, fome vew
T 8 $T7E T TR A § T TE HHARK I R A AT Tl It B
fio 7.12 3 Wi ffon Ry wefa ffar man 2
WA T, ON R @41 T; OFF Voo
R A T, ¥ Fo W AR
w\ﬁN“a\OMwwmno.N/\g_ﬂd" m. I_I—I
TAE D, F TE AN 02V D, Re b,
AN FaF IR P AR Ve Dt nur
B HOx
7% e A A QM S D, F
2t A R AR Ve T 1
FT, I T RS I49 TE AW
R, C, @ fe¥tmifen fws = =
T ¥ | T Yeah WA T v et 7.12 i fefien
- fag P WUEATM |

¥ 79 O | T § e A
D, % S5 AT 3 U TE Ve N A T AW |

FTHA FhE A  F7 A FA,

Re2

Aearee Ry 203

o7 78 Dy A TRHRRC, Foem 3 7, 3
e 0 1 SR ST T Rt o o e R 9

%%%gﬁﬂwasﬂswﬁﬁﬂﬁﬁfﬁ%g
a0

§ 7.13. n&m._wwm.m & ﬂmn&d.?_%:@:o._m of Multivibrators) :
1., SR AR~ .
G) TR FwY

N.%ﬂu&uawﬁl
() T TRE FA |

i) T (delay) dftwdf % |

(iii) AfET (gating) ity % |

3, TRAA AT —

G) Qe F

(i)  2TefE wftwe % |

PR LTS

uf
§7.14. fofie f&R (Schmitt Trigger) : e

tfa—fafie foR & T Zfine TRRead TR o § | TRREd
TR 3R 3% TRuY ¥ Yaw 98 I A1 ¢ FF 39, F FERI A 0, F
3@ F A € B | 79 IRy § g T TR R T NG FRA SR

FA-FOTER 47 7.13 (a) ¥ FofreRy aRuy wefa R | oW & w1 T A W
0 e 1, = 0 arafq 37qe farrer Y @ | 39 Rl & @ off feafar % @m0, %
FAFCE O, A A ZFHA B & T, 0, U@ e F R | fot 7.13 (a) X |

o 7.13 ()T fgme
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204 %ﬂﬂmmﬂ&ﬁém

mw%gﬂm@wwﬁsvﬂﬁﬂﬁwm_ﬁﬂb
T T TR Ry % ke Ak .

VRg =

RE+ Ry’ Vee

W Q) F Ao T ¥ Y Tz AR v, A Vg ¥ 07V |
e e | o LTS
Vin = Ve +0-7
Re

nxm+mn~§n +0-7
IS T W AW WIS
IR A Q, F A oy A
ST R | §6R Vi, A S
T & S R 19 Q) F
FART H Q, F I ¥ g
fFr T R, wied oo
WA F FOT Q, Eqw & A
9T Q, FZ 3N AT F I W1l
21 W IO ARTR I W
A T R
7 feafa o @, Wqw &
# 2, 3afed sue Fomet Tl
AT Y 7 T ¥ I
T IR R F Ghbe s
1713 ) ¥,

IF I FYE AR H FH FFAT I 991 IFH 9
Vee -RE
ﬁwm+x0; > 0
Y FH A TR, 79 Q, T TN F ST AT JTAM (47 3G = F7 & JRm),
Tt Fd feifea sffar g/ & fear S a9 9 cut off ¥ T Q, WqW A
ST | 396 SR AReYe Fre & smait |

o77: 79 2 § P SIS I A T WK e d | R H A

ferdiy wR ¥ R T 3(Eeqe 3w A e qen i § I A S @ 1 AR i A
T AT (diffferent) @ | 39 FIE TH T Rey, Reg, Ry T8 Voo WHH
FA R

S

¥ o) (a 7.14) B farn T R |

ARIasae Wyg 205

it ¥ 9 P RT3 e 3 e e et §
L V=09 0, % 3% 413 w1, dya &m
2. nﬁﬁﬁ%%i&_ﬁﬂﬁﬁﬁﬂﬁﬂ
ReVee o4 V% T, 0, % f 3t
ﬁxm+z8 /0 WY@ &3 & a1 , Fe AT®
=T SR | T TR 3 R SR
3 W FR N R W AR @ ER W oW W
ReVec . _ .
Tmm+mm_+o.,\uvﬁﬂﬂ.nuﬂﬁmgn&ﬁamﬁm

<@l SR | 39: A™eYE it & T |
arq: $TIE AV, F1 9, B T wRwer 7 srereen wiafda ot 3, wadt &8
e 7 S & TR F e arem-arm 3
T AR V;, 1 A, R W Tt &6 779 ¥ Fordl aftwer ot arreen e
2t 2,3 3=4 fU & (upper trip point) (Vy7p) Ted € | 30 TReg §
Virs = ReVec
VTP = Tm+x9+o@ 14
TR AR V;, F T M, 9 W vedt g8 e & foad wRuw Ft s
Aﬂﬂ&dmﬂww.ﬁﬂﬂﬂaﬁﬂcoiﬂ trip point) Q\Eiﬂmwm_
Rg Vec
Rg + Rey'

Virgp O81 Vyrp % 3 Hl feeod Fees (Vyys) $6d € | 3

Viys = Vure—Vite

Vitp= +0-7\V

Frey afvegu—fate for @1 Vo }
TR e (g S a9 AR Vec 1 s

T AT = @ R et g e # e

R Vyrp WARTE 3 gt o
& s et g8 FIge et ¥ ygp W —t+—V,
gﬁﬁﬁﬁgﬁm&mgf

Ve Vure

o=t 7.14—iww 2afverayor

T TER T Afee et
T T ¥ |

TG A IBE AT (7.15) 3 T 1 R o et 8 e # emeege
I 3rrea, T wfafda St @ S e H A Vg & SR |

Wt &8 gye feafir ¥ oMSeye @ e, 79 AT Bl R S I N AH
Vize R SR | ;

'..Jb .

121/234



206 TR JRRET T Tew nedtadAec e 207
Vi 2 9 T T T AR W Pk v 41w AR & sty o,
v aawagﬂﬂd&w_
<_rﬁ.”,m¢./.”ﬂ”“> -l —faT 7.16 & AR Prafra Aoy = e e fr T R
: t 7% YT f @ WA AR L, ey o SR AW W W D
< < sqerT- 3T T wed wqe 3w 3 Ve
a3 F W, TG FIW,
Vo el @ AT A FRT 90 A
| m e At ¢ | 3 Remdfea wfhew g,
ln_ a8 Tt §q@ 4 % @ @  aw
<iforet & I3 Wt v & d aw
fax .15 fetfea wfeq Tu, PR smen
fofiez o g Rad A 1 3 PR W AR |
1. 3™ @A % ¥ F (comparator) ﬂdﬁﬂ@%wnﬂwﬁgﬂa?ﬂm@
2. ﬂwﬂ«sgwﬂﬁdmamm:oo to square wave convertor) | o T S Veg =
3. T Ty v % w9 & (Flip flop) | ?%%iiﬂmw .16 e e
mq._m.mmmm@qwﬂmﬂ@a@wmﬁwn@q@dmw.jﬂﬁﬂ 3: Vg P TR F T WA R WA R A NI I
Waﬂ:ﬂﬁ%ﬂﬂ“ﬂ“ﬂw‘_wwaq trip Point and Lower trip Point of %ﬂwﬁ?t&uﬁ?ﬁﬁ%w.ﬂm&w&%ﬂﬂuﬂm%im.

§ 7.7, TaTsde uftwe ¥ Y Y I A 1cs T qU

Skl L 5 ot % et e o (Mention of ICs for Multivibrator Circuits) :

Vigp T Vyrp S TOFT S |

355 ¥ XA A ES F9od
Rp = 3K, Ry = 9KQ, Rey = 3k, Ve = 12V 1C555— Fafi® ¥R ¥ Heargaet a1 ¥ ICSS

Rg R11CSsS 1 et Faaaer, scife STauTR a1 Frawore 1 faega faaeer srem 9 (@9t
: Virrp = = X Ver + 0-
- Y Rep Ry " —o Vee —0 + Voo
pa— Hw . — o —_ . AW
=33 X12+07  =6+07=67V R : _ : M"m . :
Rg 7 Output 3
= —— ot 0 3/Outp _ ,
Vire = Rey + Rg X Vee + 07 .Q 0 - —o0 Ou, 1t
* R
ufulxsk*c.,\nu.fcquu;& & o 6 555
T 99 - g fag 7.13 ¥ wefia fafie fom @ e & wm 3e e 5

855
R ; ...ﬁn c 2 1 ﬂu 0-1yF
F WO #) N 25 V peak value F BIET 39 FYE @ 914, A §ge T T TN c ? 1 o.:.mu—” H
draw FIHG | H H =3

= =
Tn

iy e drn 3, o s AT 3 AR A A TG (o) R T oy S Ty
T T A fax 7.17—1CS8S W wEren ¥ wedrar afew

§ 7.16. e frdfaa Afer= (Voltage Controlled Oscillator) :
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208 TR gRRAET ©E e

IC) # fifar SR 1 1C555 1 TRAA TR T AR TATAR Fwgy

WA fo 7.17 § wefda @ |

IC 741 9% SRIFA TS (operational amplifier) IC R, 7eT a3

aﬂwaw it et sretameet AR S S R ¥ | T A S g ¥
TR |

@ N xR W

10.
11.
12.
13.

14.

15.

16.
17.
18.

19.

THEA-7
giforee i fore wahR & fearar &Y iy T o W 87 e F4R
gifere i gy = dar €2
e 319 wuife W fewuul fafgd |
ﬁﬁ?mﬂ@ﬂ&&&@mﬂgﬁwﬁuﬂﬂ%ﬁ%iﬁi_%_
fafre iR it Frdfafe @aemd €3 LTP awt UTP & s we iR |
Aeftargae qun e fR % srprEn fafed |
IR g At Pt et 1 afes Sl e e ferare ey |
f1 78 # it Wae aedtamaer g § af Rp1 = Rp; = 10kQ
C1 = C2 = 0-001 uF @ < square wave & time period Td Hgha FaEd |
100 KHz S SR T 307 &3 3q G ey fesme i |
TR ZifsR 7 fafe gifees § o qawy |
Al SR & AeRtaRA A IR TRy |
ﬁmﬂmﬁﬂs%mﬂﬁ@mﬁ%w%%nﬁa&@miﬁwgmge

THTeS Jfma Thfeufas agHiad (collector coupled monostable multivibrator) &
F ToeRy | SW A R RS 82

(UPBTE 2001)
(30 g w fafire fom 3 qommem sra iy D |
@ zifeugss deea fafaa ifes ) fafa R o | (UPBTE 2002)
fafra ST & agalial &1 aof ATy am 3@ @ fafed | (UPBTE 2003)
fafie foR W fewuht fafad | (UPBTE 2003, 04)
wures g fafeafas agais @ < qugmsd | (UPBTE 2004)
IRqy 3R Ft A |, T feafaes agehid & wd-somel g9zmgd |

(UPBTE 2005)
fe-feafae  sAfafas sgaiint 1 Fr sl @ g Fifa—
(i) Feafa & a1 @
(i) o feafa & gad o d@eo
(iii) =TT SeH H I | (UPBTE 2006)

S ARIASA JAe®

(OPERATIONAL AMPLIFIER)

m——

§ 8.1. qf=g (Intoduction) : .
" HTRYAA ¥a4F  (operational amplifier) 41 op-amp T I AW

PERFAT U (high gain differential amplifier) 2, forea é
: 7

SfeaTeT T9T FH SITLE FR=er 2t 3 |

ATRIAS FaUF TF T4 I (direct coupled) I=F TIW (high gain)
s ¢ e O 1 0 § afvs ferifre yads o ¥, s o e gt
(level translator) 9T T wﬁmdmﬂﬂwﬂmaﬁﬂw_ IR R q9E: T [
ﬂmammimmﬁaﬂmﬂg@:ur pull complementary symmetry pair) R
2 st A O e s wfhe 39 % w9 svwer A R )

ST TTEF T versatile Ik & FTa T d.c. T a.c. Rt a1 wafda
fepa T el € | T, 3R TR SO S TEH, TeReaH, He e e a1
FIRTA A ¥ Fese o mm )

% 79 I B T TR TR FO ¥ R e T 7 IR

THHT AW AR FG9F (operational amplifier) T8 AT T4 TR GAY
op-amp FE W B | MY ATI-TH (op-amp) T 7 Haed 34 Moty
@ S el <, Afowh SUY external feedback components TR JHaH! F3
IR AR a.co W dc. Yadw, FRT fFe, A (oscillators), TAAHRE
(comparators), TTerEd 3o ¥ ot e frar s 1

“n operational amplifier is a direct-coupled high-gain amplifier usually
consisting of one or more differential amplifiers and usually followed by a level
translator and an output stage. The output stage is generally a push-pull or
Ppush-pull complementary-symmetry pair. An operational amplifier is available
as a single integrated circuit package. v

The operational amplifier is a versatile device that can be used to amplify
d.c. as well as a.c. input signals and was originally designed for computing such
mathematical functions as addition, subtraction, multiplication, and integration.
Thus the name operational amplifier stems from its original use for these
Mmathematical operations and is abbreviated to op-amp. With the addition of
Suitable extemal feedback components, the'modern. day op-amp can be used

for a variety of applications, such as a.c. and d.c-'signal amplification; acti \

fitters, oscillators, comparators, regulators, and others.”

) ”V|||I|

]
3

!
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210 TR gRFEl Td e
§ 8.2. ATT-TT FH W (Symbol of Op-amp) :

e fF a1 G R B SRR 5@ (op-amp) RERFNES vads
(differential amplifier) w_ feRfvme yads =1 = QA e & I N

(difference) AT FT F1 JT } | T FWA Op-amp ¥ A TR Fa 7 @
ey R A T

. Vo =Aq(V1-1>) ..(8.1)
& A, = ferfms =

o Yo feE 8.1 W R R Ve .
Op-amp ¥ 9% 2fiqa, it () fee o v, g
R, 3t e Feemr 2|

T = wew o 3 frda, 9 5§ ot 8.1 —2ATayFe wardiss &t
M W a3 e aE TR @ e o
TR $92 % favda Fa (phase) ¥ T Bt ¥ ariq $gE A4 sy 1800
T el Qe ¢ |

Op-amp ¥ 9% A ot (+) fame & R, 57 IaféT (Non-inverting)
e e @ | 79 2RI % e WA T $qE Ft Fen IRafiq (phase invert)
T A 2l AT, TG F WA FA1 F G A R

§ 83. ﬂ.ﬂum ﬂ...«nﬁ.uﬂﬂ YagE @l fafwfeat (Specifications of Ideal
Operational Amplifier) :

TF 3SH (ideal) op-amp & F1=1 Hf¥rereor Y Sfed—

(1) 792 SfqaTeT (Input resistance) R; = ©

(2) 3NSTYE AfG@THT (Output resistance) Ry = 0

(3) SRS AW (Voltage gain) A, = o

(4) e e (Bandwidth) BW = «

(5) |EH (Perfact balance) 39 S/ V; = V5, Vy =0

(6) ®WA WE IEEU IU@ (Common mode rejection ratio)

(CMRR) = w

(7) WL (slew rate) = w

(8) W ¥ |y Afvrerer fgwe 7 & arafq e @

& IEY AT 9 TR G-I (IC 741) & AfaRehemw Ft gor
e 8.1 HH )

“An ideal op-amp would exhibit the followig electrical characteristics :
(i) Infinite voltage gain A. . .
(ii) Infinite input resistance R; so that almost any signal source can drive
it and there is no loading of the preceding stage. .
(iii) Zero output resistance Ry so that output can drive an infinite
= number of other devices. .

IS Fodw 211
(iv) Zero oulput voltage when in

. put voltage
(v) Infinite bandwidth so that any gl

. y frequency siong
be amplified without naa:zaaoz.a: ¢y signal from 0 to « Hz can

(vi) Infinite. common-mode rejection
common-mode noise voltage is zero,

(vii) Infinite slew rate so thgt output voita chan
simultaneously with input voltage chan ges.” ge ges  occur

At 8.1, HEH IG-TW T e 9w IC 741 % gl &t gorn

ratio so that the output

— s 48
Characteristics Ideal Typical values for IC 741 C
— &
Voltage gain (open loop) » 2x 10°
Output impedence 0 75Q
Input impedence © 2Ma
Offset voltage 0 2mV
Offset current 0 20nA
Bandwridth ® 1 MHz

§ 8.4. e%.WE T Fich AW (Block Diagram of Op-amp) :
[ -T2 Yo R, o0 3 st S & wy i wafvta feear
e & | 8.2 3 iy o witen v efa | 39 R R Pt §—

<_OJ + — —0
Differential | | Additional | |Level Shifter] | o 40
Amplifier Gain b Stage Output
Buffer
<N O—{ — e
fax 8.2—i® s
(1) ferfvrae wads (Differential amplifier)—Op-amp ¥ q&F 91T TF
fewf-errer YaYS Bare [ QA $1q< Vee

?ﬂyﬁawﬁgmﬁﬂ

(Propotional output) rem & .1
W Vo=A,4(V1-Vs)
C A TeE W fetww ww s
Mﬁgma (gain) }| FERFvme
F WRwe fay 8.3 % feran T

w_wﬁmﬁ

& TtE o A e
™% S g ag, @ o e fe
“Bplify) T Farar | .

Re
Vout
Vs

~Vee

et 8.3—Tewfopraer wentes
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E%ﬁﬁﬂﬂaﬁ%ﬂ
gﬁocﬂvcﬂvmﬂ%%ﬂﬁdaﬂw#@ "
3fafeh (additional) &Y R (gain state) T o
(3) ¥ad foer @ &®T, (Level shifter c
and buffer)— (buffer) ¥ &9 Th T
9
vftae o 8.4 % wefia frn T @ | TR Ak B, Vi N
D FF A — ?
S %1 WL W (level shift) FTT
2 TR 7R W A @ R Y EE _
& YA (zero) W HE (set) T feam M R
SR
W (High gain stage) @ @ (load) M| Y T=@R
(4) FTEEGE B (Output stage)—TaH STTGE AT (output resistance)

(2) s o9 R (Additional gain stage)—TEHd TaUF (amplifier) §
R I ¥
T F AT R T R 1 T WA |
() e FRRT (Level shifiting) 314 Re
(zero input) ¥ o AT (output) gy g.4=at @Mﬂg
(i) FE1 AT SRR wga AT T ¢ | {7 Ay S o I
T 9 AT R | 30: 7e €} T SMITYE W (large signal output current) T

e ¥eH (voltage supply) FO N yET AT Y | T ferd I e

bELE (complementary symmetry push-pull amplifiers) ST n&dwﬂﬂﬂaw |
“Since op-amp is a multistage amplifier; it can be represented by a block
diagram. The inpui stage is the dual-input, balanced-output differential
amplifier. This stage generally provides most of the voltage gain of the amplifier
and also establishes the input resistance of the op-amp. The intermediate stage
is usually another differential amplifier which is driven by the output of the firs
stage. In most amplifiers the intermediate stage is dual input, unbalanced
(single-ended) output. Because direct coupling is used, the d.c. voltage at the
output of the intermediate stage is well above ground potential. Therefort,
generally, the level translator (shifting) circuit is used after the intermediate stage
to shift the d.c. level at the output of the intermediate stage downward to 2€10
volts with respect o ground. The final stage is usually a ﬁEx.Ez
complementary amplifier output stage. The output stage increases the outpul
voltage swing and raises the current supplying nsunvm.:.c. of the op-amp. A
well-designed output stage also provides low oulput resistance. ”

§ 8.4, UM (Definitions) : e
1. wfaeme 3992 (Inverting input)—Op-amp 1 € EQNCS 4,

) fie @ B @ Eé:;mﬁmmmaummﬁaw_ﬁﬂ.ﬁﬁaﬁmaﬂ

(input signal apply) 01§, anseye W, fawda e 1 R (signal) EIL

ARy Sl 213

«The (=) input of Sa. op-amp is called inverting input because an a.c.

signal (or d.c. .§=.nw& applied (o this input produces a 180° out of phase (or
%ﬁ&i«. polarity signal) at the output.”
2. m.—nia $1E (Non inverting Fvcclomu.mﬂv &1 98 $YS fifRe
et O (+) % 0 8 &, Nomv-inverting 1Y 2ot Feerar & | 70 T TG
pTAet %eT (input signal apply) F ¥ S13YE (output) W, HHM Fcll & e
(signal) AT @.a..w _

.~ «The (+) input of the op-amp is cailed non-inverting input because an
a.c signal (or d.c. voltage) applied to this input produces an in-phase (or same
p olarity) signal at the output.”

3, U1 AeA ¥ (Differential voltage gain)—df& Op-amp ¥ (+)
et qe () ZFHAT T T3 YL TGS (apply) TN § A AT A
(output votage) Al Fge R
(signal) ¥ IR F wEwA o, |
(7 8.5 TW)— _

Vo=Aq(V2—-Vy)

Vo= (V1-V2) V,

Vo=Aa(V1-V2)

e Vo faxss
1T V-1,

78t WA, FERFNraer Sees W4 (Differential voltage gain) et  FITF T
7Tt 2 % op-amp 3 R ¥ ST T FAUA (amplify) @RI

..ﬁ&m&::& gain Ay is the ratio of output voltage of the differential
amplifier to the difference of voltage applied at two input terminals.”

4. HWA A€ MY (Common mode gain)—3dfe TF & AW (signal)
Op-amp m&&&mﬂmﬂﬁnﬁ:& W & QW A A FE e R
(common mode signal) Fed £ | 9% op-amp QAT Y AT 3 =T F KA
T 2, 39T AT F9YE WA (common mode) FTYE (Vi ) T T ABLIE
(output) YT 1< Bt wfed| fg HAEERS op-amp ¥ FHH FIE (input) e
M«&ﬂ STEGE AR (V, ) HBLYE AR AN R | 1 7 9 4 el
&_A.MMMN I 1S SR (input common mode voltage) TIT ABIE HHA e

(output common mode voltage) % FTIA F F M A9 (common
mode gain) (A,,,) FEd € | HIFA WS T (common mode gain) F e TR R

W e §—

Vi
Aon =5 ..(82)

bl A, = H5F A WY (common mode gain)
Vin cm = HTAA RIS 37 A1 (common mede input voltage)
Vo cm = FIT AE 3RIGE R (common mode output voltage)

et
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214 TR gRFE @ IR

“To determine the common mode voltage gain A, apply a FS:L
voltage V;,, .. to both input of the Op-amp and measure the resultant commg, !
mode output voltage V,, s The ratio of common mode output voltage to the
common mode input voltage Vi, oy, is called the common mode voltage

A of the differential amplifier. 8ain |
Ideally, the common mode voltage gain of a diffrential amplfier shouyy “
be zero.” _
5. B WS IRAHW IR (CMRR) (Common mode rej .

Jection _

ratio)—% RERFITe o  Fo. A FATTT A S (refect) w3 3|
qAT B T B | A RRFEE @9 (differential gain) T FH A
(common mode gain) T U Bl —

Ad

CMRR =—
Acm 83

& I femfmma (differential) ¥a¥% ¥ CMRR. &1 91 3ifys AT =Ry
3rgiq FeRFTEe 9 (differential gain) 34 91 AT W Y (common
mode gain) F A e |

Ideally, 4, 1 YA 1 M6 79T CMRR F1 T I 1 90 |, |

“The ability of a differential amplifier to reject a common mode Signalis
expressed by its common-mode rejection ratio (CMRR). It is the ratio of |
differential gain A4 to the common-mode gain A.,y,. It is advantageous to have |
a differential amplifier with higher CMRR since this amplifier is better able to ,w
reject common-mode signals. Ideally, the value of CMRR of a differential
ampiifier is expected to be infinite.”

Generally the Ay, is very small and A is very large; therefore, the CMRR
is very large. Being a large value. CMRR is most often expressed in decibels
(dB). For the 741C, CMRR is 90 dB typically.

One of the common features of a differential amplifier is its ability to
cancel out or reject certain types of undesired voltage signals. Such undesired
signals are referred to as “noise” and may occur owing to voltages induced by
stray magnetic fields in the ground or signal wires, as voltage variations in the
voltage supply. These noise-signals are not the signals that are desired to be
amplified in the differential amplifier Their distinguishing feature is that the
noise signal appears equally at both inputs of the circuit. It means that any
undesired (or noise ) signals that appear in polarity, or common to both inpul
terminals, will be largely rejected, or cancelled out at the differential niv&m.a
output. The signal that is to be amplified appears at only one input or oppositt
in polarity at both inputs. Now what is important to be considered is Q_&..q
undesirable noise does occur, upto what extent it is rejected out by the m&&:i
amplifier? A measure of this rejection of signals common to both inputs u~
referred to as the common-mode rejection of the amplifier and a :E:«:nw
value is assigned, what is called the common-mode rejection ratio ( CMRR).

HTRYAT NagF 215

6. T 3M9-T (Balanced op-amp)—T& FqfAd (balanced) op-amp

a2 @M_:%ww*,m__.mﬁ At FRH LS F0 wWOY 9 ) 3IETYE YA (zero)
<

% balanced op-amp is that in which
we get a zero output.”

7. FIYE IAEIE AR (Input offset voltages) (V;0)—3f% op-amp it QM
FEOV e, @ ATIZ (output) Ht 0 V WA =fed | AT m:ﬂﬂ (actual)
% 31 399 YA (input zero) B TT it I[IFZ (output) T FS A N At
21 g&@ﬂﬁ#ﬂﬂ@ﬁﬂw%mﬂuﬂwgﬁ%a?vlﬁ
Fei Tedt 3, R R s AR

if we ground both input terminals

(input offset voltage) (Vo) F& ¥ L Vo= OV
fT86) | TH AT 1mVI6mV &

A THAT 8 | YR EIT AR (input =

offset voltage) & F7= YT q qfwifg = Vio

T FH §— ot 8.6 Sifde A

op-amp ¥ $TE (input) 2hiet ¥ ate e (apply) ¥t ST ATl T8 AreeT, N
op-amp I TgfeTd T At w.ﬁmm AT e (input offset voltage) FEAAE |

“When the inputs of the op-amp are grounded, there is almost always an
output offset voltage because the input transistors have different Vg values. For
instance, the data sheet of a typical 741C lists a maximum input offset voltage
of £ 2mV. This difference of 2 mV is an unwanted input signal that is amplified
to'give an output offset voltage. The output offset voltage can be eliminated by
applying a voltage of 2 mV to the inverting input. Then the output offset voltage
is reduced to zéro. Since the offset can have either polarity, it might be necessary
to reverse the polarity of the 2 mV. .

Thus the input, offset voitage Vi, (offsety may be defined as that voltage,
which is to be applied between the input terminals to balance the amplifier.”

8. T HBAS AR (Input offset current)—NAH TR (practical)
op-amp ¥ FAYE AT # FS URT (current) AT FaTfea et # |

Op-amp & EIEIRE] (inverting) 991 14
ITATS (non-inverting) ZHAs! ¥ yaifEd A

TEA A F S A R A AR | Yo

(o 8.7 3W) | N
$TY ATHHE URT (input offset.current), Fo 8.7 e ifwdie a@
Lip=h-L ...(8.4)

THH A 20 nA ¥ 200 nA F A9 A 21
“The algebraic difference between the currents into the inverting and
Noninverting terminals is referred to as input offset current I, i.e.,
fip = _ L-5|
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216 T gl T TR
where I, is the current into the noninverting input and Iy is the current into the

inverting input. . .
The input offfset current for the 741C is 200 nA maximum. As the
maltching between two input terminals is improved, the &8&&:2. between I,
I, value decreases further. For instance, the

and I, becomes smaller; that is, the
precision op-amp 714C has a maximum value.of I, equal to 6 nA, a dramatic

EﬁSéﬁ«E3%&&«2«%:&0@.._ .

9. ¥9e I@H G (Input bias current) — Op-amp & gafeT qd AW
Sqafd <fiel ¥ wanfeq S ATl Graal & 3iteg i IS AW U (input bias
current) FEAEI

$Y2 9199 YT (input bias current)

L+
Lip = 1 > 2 _ ...(8.5)

9 7 80 A ¥ 500 nA CFY ampere) % 9 AT R |

“Input bias current Iy, is the average of the currents that flow'into the
inverting and noninverting input terminals of the op-amp. ie,

L+
Iip = >

Iy, = 500 nA maxinum for the 741C, whereas Iy for the precision 714C is
+7 nA. Note that the two input currents Iy and I, are actually the base currenls
of the first differential amplifier stage.”

10, AR WAE @ A (Power supply rejection ratio
(PSRR)—3f<€ op-amp TEC §ETE arees qRafad (Power supply voltage change)
Mﬁﬂw A T ATHA T (input offeset voltage) qRafdd (change) ?

el
e ATHAe A § IRadq 991 Wat 8 (power supply) e ¥
URed % S A PSRR Fd € | % T@ld AR & 7 ¥ AV IR a9 J

%%&ﬂwﬂmDquﬁ%wm@&mwzwnW«Wwwﬁmyxsﬁx
a1 dB ¥ efdia F ¥ |

“The change in an op-amp’s input offset voltage V;, caused by variations
in supply voltages is called the supply voltage rejection ratio (SVRR). A variety
of terms equivalent to SVRR are used by different manufacturers, such as the
power supply rejection ratio (PSRR) and the power supply sensitivity (PSS)-
These terms are expressed either in microvolts per volt or in decibels. If we
denote the change in supply voltages by AV and the corresponding change in
input offset voltage by AV, PSRR is defined by ratio of AV, and AV.”

11. ¥ & (Slew Rate)—3f% op-amp # ,r.WamumN & 9 A ARG AeA

3 sferan UREET F & WL & (Slew rate) FEeimat ¢ |

RIS ¥ads 217

AV,
R (SR) = =" Vs {¢ s in S}

Zfe; TITTE H! T T A Y YRafia F0 51 7409 Rear T Y ABGE
3 fortfrT a1 Foreawr & SR | T T 7% waffa Ft @ B A A Ginput
roquency) 3 TR 84 Wop-amp 1 Y et ¥t & vt & wapar 2 |

Op-amp 741 3 T TTFA AR & (0- 5V/uS), R 37 I A AT R
2ifi, Fibeet (Oscillator, filter) T 3 ¥4 T fa o1 Wt | T Qo A 74
op-amp 3 LF 351, AF 771, MC 34001 N1 ¥ & 2T 34 At & (13 V/uS) |
<=9 @€ (high speed) op-amps S LM 318 % & €70 VjuS Bt 2 |

“Slew rate (SR) is defined as the maximum rate of change of output
voltage per unit of time and is expressed in volts per microseconds.

Slew rate indicates how rapidly the output of an op-amp can change in
response to changes in the input frequency. The slew rate changes with change
in voltage gain and is ormally specified at unity (+1) gain. The slew rate of
an op-amp is fixed; therefore, if the slope requirements of the output signal are
greater than the slew rate then distortion occurs. Thus slew rate is one of the
important factors in selecting the op-amp for a.c. applications, particularly at
relatively high frequencies.

One of the drawbacks of the 741C is its low slew rate (05 V/uS), which
limits its use in- relatively high frequency application, especially in oscillators,
comparators, and filters. The newer op-amps—LF 351, pAF 771, and MC
34001— which are direct replacements for 741, have a slew rate of 13 V[uS. In
high-spéed op-amp especially, the slew rate is significantly improved. For
instance, the' LM 318 has a slew rate of 70 VjuS.”

g we o 8.8 weitta wioi &Y wgraan @ wftwd % CMRR 3 AT

...(8.6)

Vo=12mV

faxs.s

§ 8.6. SRz 7t fafir (Offset Null Method) :
gmﬁuﬂﬂﬁ&%ﬂﬁﬂ@#?&%ﬁ&%ﬂﬂmﬂo o
#&Mwnm# FC vedt @ | 39 fafw F ATERE A7 faf¥ (Offset null method)
|

iy -
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218 Fetagis iR o YR

fg 89 (a b) ¥ FARM
(inverting) 91 A T (non
inverting op-amp) & | wgfe
(balance) FT1 % fd IRwe sEw
T

fa7 89 (a) ¥ dww R R,
TRy, A7 gEEfen & S § FW
(small) SR e T ? | 39 e

R3

FE = H—\g

R + 15V gEE @ =
Licikc

+V

Ry Rs=1000Q
R4 = 100kQ
mm = 50kQ Pot

Rs.= 1000Q
-V R4 = 100kQ '
= Rs = 50kQ Pot

faxs.9 (b)—Inverting op-amp & fod Offset balancing method

q91 R, = 100k, Ry = 100 Q A, AR fearet 1wy + 15mV RS
FEH TR |

3¢ op-amp ¥ wed®
(feedback) TRy & Ferfes &
FE I NG Iaga
(non-linear element) & &, aY
ft w® AT fearet op-amp
F g & ¥ wam AT R |

741 YRER & op-amp
T 67 ferdivan aifede (offset)
IRT  Aq Jrgar (null 10KQ
capability) 21741 op-amp #
IFE TN F R R 1 99 5

<OOH+A 5V

Output

||”—

fo 8.9 ()—3ig-wg IC 741 &

offset null balancing

&#ﬂmﬁﬁ 219

e St &, X 6 P 8.9 (o) ¥ Feman mar § 1 pin 1 7 5 ¥ wer 10k H
fysramTdt ST (potentiometer connect) 3T HHdT € | st (potentiometer) :
W (wiper) RS .mﬂ_.m (negative supply) — Vee ¥ e (connect) ST R |
frsyamTdt % sRafda w2 ATITPE AT A (output offeset voltage) F A
FepalT T AT |

g FH op-amp, S 301, 748, 777, 3 wEa: 3w Areder Tt AT (offset
voltage null capability) Bt | T op-amp ¥ 3wz ART N T4 F F fd
e A AN AT T FF Avdaar T& et |

“One of the features of the 741 family op-amps is an offset voltage null
capability. The 741 op-amps have pins 1 and 5 marked as offset null for this
purpose. A 10kQ potentiometer can be connected between offset null pins 1
and 5, and the wiper of the potentiometer can be connected to the negative
supply— VEgg- By varying the potentiometer, the output offset voltage (output
voltage without any input applied) can be reduced to zero volts. Thus the offset
voltage adjustment range is the range through which the input offset voltage can
be adjusted by varying the 10 kQ potentiometer. For the 741C the offset voitage
adjustment range is * 1SmV. Very few op-amp have the offset voltage nuil
capability, some of these being the 301, 748 and 777. This means that for most
op-amp we have to design an offset voltage compensating network in order to
reduce the output offset voltage to zero.”

§ 8.7. 3Mq-WY &I L2 gfRug (Equivalent Circuit of Op-amp) :

fa 8.10 & 3fe-T F1 ged Ry weftfa & | 79 TRug & sifv-uw & &
sfvaatn (afq 4, R; TAMR,) Shetw R R T AR F A4, v, T
T S ard (equivalent Thevenin voltage source) 2 qa Ry 3909 %

e et ¥ 3E W daf ged e 2 |
Inverting ,
input y2s- a
Vid
Non- Vi q|4_‘
Inverting
input

Wma.moubmn.ﬂﬂq.nmﬁqmﬂ
T TRy T} qerEd § 30w ¥ e R @ faerr fRar s we e
T Preds spaxenalt 3 w9 &1 deor e o ERdr €| e 8.10- ¥ wefefa wRug

¥ ST sMseye Areve—
Vo=AgVia=As(V1-V2) --(87)
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20 TR gRFEl @ TR
Bl A, = large-signal AR T

v,y = Fewta Fge A

Sunaﬂw%mﬂﬂmmdmﬂﬂﬂﬂ%_@m

V,= T TRy Eren 2T W AR

e 87 & WE ¥ PR AR AR ¥, T AR () ) F

%%W%w%Oﬁsu&&%%wﬂ%mwﬂg
AR

§ 8.8. ATT-TW FHAMGRYA (Op-amp Configurations) :

(i) Shg=-T ﬂﬂ%u (Open loop ooummcnwmouvl%.mﬂq Fad e fr
Y q91 ABYS 2fif4e ¥ 991 FE direct 9 indirect (via another network) EOH
T TE © It B3 Freds 79 (feedback path) TR :

M- 3 37T T Fee-er feRfaae Y 3 wifa T R | 39
g.11 I wefdfa 2 | fad ¥ WE 3 fs  Positive saturation |
g Y feR¥ deew saturation voltage +Vsai < +Vec /
limits & 3feT ¢, A IRy FeRH Slope £ Ay
T F FAU A @ | AT R ’
A3TYe IS & WM saturation  ~Vid g
limits & e T& & THa1 | I
FT-gy H AR T AT high . .
Bt W. 3 afq mﬁnqonn% deﬂ ..... <ﬂmwmw<lm<””ﬂ_.mlﬂwhm
YA ¥ slightly high ot &, @ =€ .
33T 1 saturation ¥ ¥ Exc ferar 8.11—3i1G T AR ZHGL a6
¥ fir e a2 |

ﬁaaauw 3iTe-w 3 7192,00,000 £, 74T 511 FF 3MSTYE saturation Limit
+V,=+20V A

.. Vee =20

4= 4,  2,00,000

yrafq 7 ~81<%Wﬂﬂ&®msﬂ.ﬁw%ﬁ%&%ﬂg_ o,
wwﬁ.ﬂa ﬂﬁ%ﬂ F linear applications ¥ use 7€l foRar S ﬂﬂﬂ.wﬂmﬂ Fad
non-linear applications iR square wave generations) % use fergr < AR |
(i) AN T FAMGTYEA (Close-loop Configuration) — (¢ yads
Heds qftug @ &, @ IV closed-loop configuration FHE Sl 3| afeT F
et qaeIfia A § 39 configurations FT AT R ST € |

“When an op-amp is operated in the open loop configuration, the output
cither goes fo positive saturation or negative saturation levels or switches between
positive and negative saturation levels and thus clipps the output above these

=100V

Ay yads 221

NNEN..,.. .m..a open loop configurations of op-amp cannot be used in linear
applications. m.oxs.ﬁq. open-loop op-amp configuraions are used in certain
non-linear applications such as square-wave generation

The op-amp can be effectively employed in linear applicaions if feedback

is introcuced, i.e, and output signal is feedback . ither di
via another network.” fe to the input either directly or

§ 8.9. ATV YadE & ﬂmﬂ.ﬂ.— (Application of Op-amp) :

3T FS WURI H 31T op-amp & fafe= arpranit ¥ fawa % @@ |

Op-amp F gt w&% 6 Euw_ds.Ov-mBu B et (ideal) o= = fwar
ST | F€ 9 AT 3f S R i T SR (ideal) Op-amp ¥ T et
3 st FEYred W (virtual short circuit) BT R |

T Fafer Wihe @ QIar 8 2 (What s virtual short circuit?) —

T S € 6 op-amp F1 ARYE (output) TG FATE! F AH F I H
FErA A 2, A4 Vg = Ay (V- Vo)

Ay =20
LA 2 7
Aﬂﬂﬁ&ov-gﬁ@@mmns
N
JeTq =77
7] Vi-V2=0
a V1=V ..(88)
igfq e op-amp F A
e wr AR T A ¥ R 2
8.12) | Tg I Wik WA Vo
1

Heafd 81y TR ERT 6 e FE 4 fa .12

sarfeq & A, g/ = 04
I concept T-TH  closed-loop el ¥ frvareor ¥ IAd e Al

? 4% 96 concept 3 T Ry T RS A W & T |
“Voltage at the non-inverting input terminal of an op-amp is approximately

equal to that the inverting input terminal provided that A is very large. This
losed-loop op-amp circuits.”

concept is useful in the analysis of ¢

§ 8.10, ZHAfET Yade (Inverting Amplifier) :
st vads @ a4 Fort e TG & Fawla wen A A

“In th&‘.b.zw hﬁ:ﬁb..ﬁ&\ Qtﬁ:—. h—.wan~ is 180° 0:79\-@&&3 Le, inverted with

respect to input signal.”
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27 TR gwal @ Reg

fa7 8.13 (a) ¥ op-amp H 39T YUY (Invertor circuit) feamr mr R
SRR R ¥ Feed ST 6 A 7, AL § | SR Ry ¥ wafed @ et ww

T [, AT TR | .
fas (9.10) & g ;R m@ﬂ@mﬁ@mﬂ%&ﬂ@%iw

sfry R ¥ vatea 5wy (R 813 (b)) ¥—
Vi-Va

L=

R

i
O—AAW—

: /.\n - [
v, : 2 2 {
lh (c)
u&
fort 8.13—3TafeT S
wflre R, % watfed omT (47 8.13 (o))
V2-Wo

I = R ...(10)

qfh & 3A1eH (ideal) op-amp F FAIE FRRY 3= 2, Faed op-amp
¥ §7qe 2l § ar AW T g, AGT L; = 0 (97 8.13 (a)) |
Ov-mavwﬁwﬂmdmﬂuﬁﬂﬂm@ﬁﬂﬂmawﬂd%@ﬂﬂﬂﬁs
e BT 8—
L=hL+1;
qfs Li=0
Taferd h=h ... (iii)
T (i) T (ii) FT AT FHE (jii) F TR T—
Vi-Va V-1 .
R - Ry " (iV)
Op-amp & A7 3afEN e F -weafda fFa 741 ? | §9 FR op-amp
& 77 FaféT e W AR voltage (V;) T AF (V) Y &, refq 1, = 0 |
A@Mﬁ@%ﬁwwi%ﬂi%ﬁm&wﬁﬂii
Al 8,

AV Yo 223

b

lnmh
=" ..(89)

witer (8.9) # Pritfea fae e <wifen R 6 sieege 3& (invert) A TT@
4t & 3rafq 3MSTIE F T (phase) T4 FIE F FeTl ¥ 180° F FARR &l

| wmﬁmwmﬁmwwﬁmdAEﬁ:ca 9fe A1 §afd sadE ot Fed € |

M @ : UG Op-amp T4 (f 8.14 (@) H Ry = 2kQ R = 1 kQ 71 FIGE Fora
| 814 (b) ITER A TR A I WA WY |

e (8.9) ¥ ATER

| Vo_ Ri__26@_

A Sm:ﬁn

1

z
<

—
+
2
G
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24 TS gRRE @ TR

Eeye 7t fa 8.14 (¢) 3} feraret Tt R | 3METYE F T AF (peak value
ﬁm«ﬂ&ﬂw.ﬂﬂﬁﬁ%?ﬂdwgmﬂi_
| § .11, ¥ gafET €S (Non-Inyerting Amplifier) :
%ﬁu@:ﬂﬁ&@awwﬂmaggmﬂgm&_

“In Non-inverting amplifier, output signal is in-phase (i.e., same phase ) |

with the input signal.
Op-amp I 97 @l (non-inverting) qadE W WE XGH I & R

ey, o 8.15 (a) 3 efeid Fee T R 1

far 8,157 AT waws

Op-amp ¥ 71 FafET 2RfTel TARS V; F | 37c: AT LI (virtual |

short circuit) % FIT, FFAFET e T +ft AR F AF ¥; A

sfrry R # sarfed a0 (R 8.15(b)) §—
_0-Vvi_ ¥
h="R "R
wfadry x\wﬁﬁm a1 (e 8.15 (c)) 8—
J _Vi-W
dfF L=h (- I;=0)
: Vi_Vi-¥
S "R~ Rf
Wo_Vi Vi
q M\Mlh\+x
Vo, (1.1
o @L\.?\;u
Vo _ Ry ..(810)
kLl SIT+L (

od: T6 TRUG F1 AP, TG H GAF Sl ¥ A1 2 | WA, TR AT
FTafeT ofty Fea € |

\

ST W9

() IR 4 815 (a) ¥ wefviy 31 s (. -
a8 501814 () 3T UL 1= 21) 1 4, 1 s 0

u—_ﬂ—ﬁﬂm—«w_
¥
%m_@uﬁ,ﬂ”nsaaq@aﬁﬂaﬂmaﬁﬁg&@_
§ 8.12. e ufiades (Scale Changer) :

7g 9T FI9e fFE (Input signal) &)
(e 8.16) | gnal) 3! @& 1% » { Ton W I R
—.ﬂa"J—N

R
Vio—awn

|

faxs.16

4 scale changer circuit multiplies the input signal by a given factor (n).”
T WU 8.10 ¥ T 5 u@ safdn Ry (inverting circuit) # 13TYE
o weftereor gy fecam sar 3— .

Vo B
Vi R
v,
ﬂ.ﬂ”\.":b& d_.\wulﬁ—l“ﬂ."l.a
W=-nV; ..(8.11)
. T 3Ieye R, - 7 & TIYE R S TR QT 90T | 3 SRR

& (~ n) el U |

IR F TR @, 9 &7 e § Fh AR, | - 10 T D & A
R=1kQ, R, = 10 kQ 7 ¥ W 78 Ty 8 Smm |

ST 7« A for 8.16 F weRw WM. (R =1kQ, Ry = 3kQ) @ for
8.14 (b) ¥ wefkfq T 37ge FF S # | A NPT ATT . MFT TR |
8.13. TGR yads a1 ARA BIAGK (Buffer Amplifier or Voltage

Follower) :

F4 817 & op-amp # @ a9 % ¥ ¥ fewmn }1 F\R A A7 sl

Ko 5 - S g A e g e
. S e T BN Srsiras Sy Pl ¢ v

eI s Al A LY
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26 TR FRrEl O e

R T T R S R | 3 A
Faf i W AR, ¥ F FH
.@...w_ov.wavwﬂﬁmm Mﬂnﬂwi
WL (virtual short) F F, Fafen
2Rt T AR, V; F T A |
s FAfen 2R ASEge A E R,
FRT, ABYE i V; T A,

o 8.17— A NaEE

Vo=Vi ...(8.12)

9 T 19, TT4F (unity gain, amplifier) M FEa €

ﬂuﬁﬁaw@ﬁmﬁﬂﬁ%ﬁﬁgmﬂﬁﬂmm@wﬂ@ﬂﬁ
7 EIET 1 G ? T S Iew TG ey qey £ 3L SqaTH A
T § 991 98 G FaTEE Y We § 3 F F (isolation) IH R |

avar W - i o 8.17  ve A vae w1 i 8.14 (b) ¥ sefvia
e F T §, A AR T H AR T

“The direct connection of the output voltage to the inverting terminal of
the op-amp represents the case of 100% negative feedback of the output to the
input. Of course, when the open-loop gain A is assumed to be having very large
value of the order of 107, the corresponding closed-loop gain becomes
approximately unity. However, a unity transmission gain is not the only feature
of the voltage (or unity) follower. A more detailed analysis of the equivalent
circuit of the op-amp reveals that the resistance looking into the input terminals
takes on the value of approximately A R;,. We know that when the op-amp is
used in the open-loop mode (i.e, without a feedback connection from the
output) Ry, already has a high value of 1 MQ. Hence for a typical value %&
A= Sm the input resstance for the voltage follower becomes I1x10°x 1
= 1,00,000 MQ or more. It reveals that the op-amp produces virtually no effect
on the input signal voltage source even if the latter should be characterized by
a high intemal resistance.

Detailed analysis of the equivalent circuit of the op-amp also reveals that

the output resistance Ry, looking into the output terminals, which is normally

R
75 Q, is reduced to approximately ME. when 100% feedback is used. As a
result the output resistance of the op-amp becomes Www i.e, of the order of

0-75 mS. This means that on the output side, the op-amp behaves like a voltage
source with negligible internal resistance.

Because of three unique characteristics of extremely high input resistance
(of the order of 10° MSQ), unity transmission gain, and extremely low output
Tesistance (of the order of mS), the voltage follower circuit is an ideal circuit

ST yads 227
. serve as a buffer (or isolati j
Jevice 10 alion unit). Thus, it can be made
: bt to pre
he disturbance of one part of a circuit on another gs might be n:nezanw«&%m”

' pamples in filter design.”
_ g 8.14. %ﬂa_.waw & (Op-amp as an Adder) :
| S lucaty w g e e g Rl % Am % W
ot ,
X v.w n ..aaﬂma (or summer) circuit produces an output proportional to the sum
Q\. «.\—suﬁ S.
far7 8,18 ¥ op-amp ' AR S 1 T Rewmar mar B
1 392 (input) FHTTE % 1 3 Forgeret At | ﬁ?mﬁ%«ﬁmw
@ 1 % H ) = 0,0p-amp % QA et i syt w (virtual short)
B & T QAT AR HT A TR R, 314 1 = ¥, FRAV, = 0 |

Ry 1
~AMWA—>

Ra I [V 1,=0

Ra ’
I Rp
Va 0 AW 0 V20 Vo AW V=0

(a) (b)

v _n | xa
COWWMWW——=0V2=0  V,=0 o——AVWWW——0V,
(c) (d)
faxs.19
1 8.19 % srgamc—
! VaVy V=0V, .
= ||I-n = lza R, (i)
W g %0 T )
b= k& = x& xv A—uv
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a8
28 eEeFE gREal @ TReE
V.-V, Ve-0 ¥, ) ¢
ke TR R o | st et 29
Ll 0 W Y %«Ef?ﬁﬂﬂﬂ% + ¥
> LR R Y LiLCE ) .
I \a.ﬁ~w+~nh~ f @) | 7821 (a) ¥E | TR Yo 31 wify s S0

a r_ "
v R, Ry R TR )

b
Yo=K, Vet ¥

wE 2 fF aMSeqe Sy frmat ¥ ArT & SEIu R |
IR W

() 3Rk fe 818 ¥ W adder ¥ V, =2V, ¥, =4V, V_ =5y,
R, =Ry =R, =1k, R;=3kQ, M MR A=A H TF T |

() @ adder Uy fomm &SR e | ameg
Vo = - (V, + 10V, + 30V,) B SRl V,, ¥, T V, 9 8 | Ry
M 30 kQ Ff | VAtV |

(iii) ¥ 3qe faTTEAl T average A Vy = — uv * fae
Fitq-um afay fearm S |

§ 8.15. A=A (Subtractor) :
fit 8.20 A op-amp FT SR (subtractor) H Hifd FANT fe@ran T R |

Tl ag ufag B g o) amsee A W frre F IR & wuem

e R Ry
“The  substractor  circuit V, o—AMA- AMA

produces an output propotional to

the difference of two inputs.”

e 8.20 3 7 wfqurat =1 3faa R -

Vp O——WW

..(8.13)

A A9, TR e 1 Fifed am
@ (scale) it FoFAT ST Fherl 2 |
AR 79 fax & it vl 1 A
g@w#%&nﬂﬁﬁsngnc
T T (gain), 1 TG 21 ¢ |

W e & v, F WA
(Superposition  theorem) @I
TR A F M T | T D Y, Y AR A @ H I
(Vo'); TV, Y ¥ HIaC, SMSTGE T 1 S 8 (1)); 77 QA 1 Ao
AT FF ATATF I (V) F1HHA N o o1 waher @

Ry

I—vww—

e 8.20—araaTdY qftqer

Ry

1
I I—I\MA — %:
M| ——

(a)
(®)
faxs.21

op-amp ¥ A AR <Rl W Ared,

__R® ([R+R R
|%,+§ﬁ R \v Vo= R Vs
ms%m&ﬁﬂii&ﬁﬁﬁﬁﬂﬁﬁ%iﬂa?

; R R
o W' ==V, T& u:wh_\a (FHTT 8.9 F W)
3q: Irafas AR,
5 .
Wo=W'+W"= WHASI Va) ...(8.14)
e Vo (Vo Va)
3. RYY T 2sege M TG et F S 3 GHHIIR & |

AW I
O o fax 820 & wefvl Tt oReg ¥ R =3kQ, R=1kQ,
Va=5V, ¥, =10V 7 32T AT & T 7 5t |

e
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230 AT R T TR |
() T A e fe Ft fwan amege Vo = 10 (4 - Va) we

A (i v, aWm VY, FE D) |
(i) & samanmﬂ_wﬂ_ﬁ% fori! AT Vp = 10 @3V, - 47,y
gﬂw:ﬁwﬂ.wﬂ.ﬁm_msmﬁﬂn@wmxu@ﬁz_mznw& |

§ 8.16. JTHEN (Differentiator) : "
FaseEad (Differentiator) T8 uftqe 2 § forea smeege, 3% TS 4

FaEA (derivative) ¥ |uTaRt (propotional) R, m_.sma,
dv
w\c o |Qn|~
4 differentiator circuit produces an output propotional to the derivative

o i e
o ﬂﬂﬂ:m.nw (a) ¥ op-amp # gt (differentiator) 1 ifa A feam
TR op-amp F a1 e & Q.EEJ AYYRIY  (short circuit) LGRS gy
V=V, 9 V=0 @ 1, =01 |
T W emaw (R 8.22 (b)) ¥—
Q=C¥-Vp = CV;

_
- Lsﬂ? _ |
F

Cc i 11 ,
V,| ;=0 [o, > -0
L 2 1R
<_u~n__\ o - Vo

V=0 Ig R Vo |
o— —AMA——

==

—_
)
~
~_
)
~

fom 8.22—aifo-wy fedhferafen ufay

37 4RA (Capacitor) ¥ |,
_\do _ 4@V _ dV; N
L= e — dt |Q&

Ay R ¥ sanfea @ arelt oW, (e 8.22 ¢) /— _

Va-V, 0-V, -V, g

"="R =R "R -

IreH (ideal Op-amp) & FYE WRRT 3= .@ﬂw.wﬂl_. =01 §

=08 W = Ig (i
TR (i) 3 TS (5) T (i) FAH WA R,

AR JqHE 231
w\oﬂlkﬁ.@
dt \
@E__ﬂ N\QR%

SThATFER (Differentiator) it ¥5-9fiy (wave shapi
: ping) vitqat ﬂ.w&mmw,ﬂ
I I TF IW 7 F frd a9 M g (Fm modulators) ¥ rate of
nrwumnanﬂnoﬂ.un ERR nwﬂﬂnﬂﬂaw_ .

§ 8.17. UHIHEHEN (Integrator) :

TR T aftea AW § Feew R, TR ¥ WS (integral)
QU B} AV, « [V, de _ﬂmahumu&wﬁm—amﬂmﬂ_ﬁm.“ﬂw_

Tax 8.23—3ifu-w §8R T ufqy

“An’integrator produces an output propotional to the integral of its input.”

op-amp % 2T TAYE e F AR AT (virtual short) BT R |

SGH .‘u = V3
i =0 V,=0 c V,
I _,\N =0 NDH _ _ HO i
o 8.24 (a) % 3UR ¥9RA (Capacitor) |
SIEN (charge), (@)
Q=C(-V) =V0O0-V)=-CV, R In V=0
: ~40 _dCCV)_ .dh YV °
T 5, ="3="a ~1%a C®)
-4 fes.24
TR R ¥ warfa B Al TR (T 8.24 (b)) ¥—
Vi-Vi_Vi-0_Vi i
Ip = ||M|II- R = R ...A-—v
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22 RIS I @ T
e (ideal) o?gﬂﬁﬁﬁ%ﬁm%%bno

e Ir=1Ic - (iii)
Tl (i) & (i) AT (i) A TER T
Vi %
R-Ca
%o “|Mﬂm.~\m& ...Am<v

FHIERT (v} T GHHEH (integrate) FA W—
_. dvp = |-|Hn. ._. Vidt
§H|MW%S& ...(8.16)
Vo [ Vidt
3N H A FHX (analog computers), T q fefied Faskt
(analog to digital convertors) (ADC) w9 9-/f4T (wave shaping) TRuGt ¥
¥g T T € |
§ 8.18. ®T YqH& (Log Amplifier) :
Op-amp TR AU (log) 4T T S99 (Antilog amplifiers) FAHT
ft g 2 W AR
(amplifiers) PN S&¥F 34 o
(junction diode) # 3INGA LA
(non linear) AR ;W L R
AR FIETFAE L v, oA

AUE  WAEE  (log
amplifier) ¥ uf@x g 2 Vy +

& 31 e fm 825(a) W
wffa fsm |

“The log amplifier produces an output propotional to the logarithm of its

Op-amp % ¥ PfAe & ot AU (virtual short) BX F FTer
Vi=V, 9% Vi=0%f v,=01
T D ¥ Gh e, (R 8.25 (b) A)—
Vi=Va-W=0-Vo=-W v V2=0
& 9] ¢ 6 erdis ur & A P it gry e St —

fax 8.25 (a)—aTT wad®

input.

YA yadE 233
“\h
Ip=1 ﬁmq_\ﬂl HV =Ipe™T
) Veo % Ve
=lpe nvr (i) TJVTI'IO
Ip = a....,.._mmm N.-&N q (b)
= Vi R I V2=0
Iy= 99 90 (7° e 1) O——\WW———0
7 = 1 (O 2@ ¥ i) o
2 (fafeiv /e & i) ferszs
kT
V= o (@17 1 AR TEAH)

— - INu
k=1-38x10 (Boltzmanm constant)

g=1-6x10"c (Electronic charge)
¥fede R ¥ € 1 AF (R 825 (c) —
Vi-Va2 Vi

Nx” R "M ...Ammv

N_.“O%W%. Ip =1Ir ..Am:v

FHRLOT (i) 3 FHIFOT (i) T (i) FHAA W@ T—

e Vo _Yi

R
| (log) | W—
loge (e 9¥Ty = _owm
LYo v
loge Io + log, 7T = log, M‘
<V Vi
log Io + s log: [ loge€" =x]
Vo Vi
s loge R -loge 1o
Vi
Vo=-qV1 _omnm.lpoma? ...(8.17)
Vo x log Vi

WE R i a3ege e I ¥ log ¥ WA T

e e e

v L TR
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234 yeagite ghFEl o TROY
§ 8.19. TEXAT WG (Antilog Amplifier) :
T vades @ AE2YE $TGE F antilog F FAARN FA R 1

“4n antilog amplifier produces an output proportional to antilog of the
input.”

fas 8.26 ¥ wefdfa fFFY A GG ERT CEISIT T4 (Antilog Operatioy
ST f3T T Wehel @ |

3(d: op-amp-1 F wumﬂd ZffFa T 3T T, (virtual short circuit) ¥
FIT AR (voltage) 1 HH V; @ B | op-amp -1 F ARTR W ARV, @
uﬁﬂ—.
m\N = ~\~ o —\\. ..?v
W& Vy = SIS Dy F BN AR
M1 B41E (Diode) D; ¥ ¥aIfed HI0 # AF = Iy

| Ip=1Iy et (i)
el Iy = §q9 o
wﬂ".\ﬂﬁlﬂ. gﬁﬂ#&ﬂ.%
7= (T e ¥ fil
=2 (Referer srire ¥ fd
FHIERT (iii) F TS (log) A TW—
/A
loge Ir = loge Ip + log e 7VT
= M
= loge Ir = log: Ip + e

RIS ¥a6F 235
M
d s loge 17~ log, I
Vi=nVr (loge Iy - loge Ip) o (iv)
FHIH (iv) A7 TR (5j) F T W :
V2= Vi-qVr (log Iy log Ip) (V)

op-amp-2 F AT Fafén 2T -awfa R | o 3w% 77 AT
ﬂ«ﬁm%ﬂg_ ST WU B2 (virtual short circuit) % FO FART
Zfifae W I AR Bt | .
3(d: T (Diode) D, F WY AN (across voltage),
Voe=0-Va=-V,
91 e D, ¥ yaifed
I=IyeVvr
IF FHIHWT F log T T—
lh =log. I-log. Iy
nvr
Vs = - ¥ (loge I - loge I) L))
V, &1 5 GHE (v) ¥ @ w—
—nVr (loge I - loge Ip) = V1 -V (loge I - loge Io)
-nVtloge I =V1-qVTlog If
V1= VT (loge If - loge 1)

SHi\HA_omnmb .- (vii)
THIHIOT (i) 1 FEHRT (vii) ¥ W@ w—
Ry I
S.? TR ui&.?ﬁ«& ... (viii)
R ¥ Wafea 8rq 1. &1 8,
Vo-0 Vg )
"lxs.l.".mm ..A-xv
HHEROT (i) 1 RO (viii) F @ T
=R = oo f1og
‘Rit+R " 7
-1
Ry g4
YiRi+R: uiwa@ TEL g
R2 Vo
iy Ry~ VTE i&
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236 FeegieE gRRE O TR

L
loge IR} =Tt Ri+R2

Vo . .N.I Rz w
ﬂ = .P—.—np—om ﬁl d.—\ﬂ. x— + NN
. Vi Rz
Vo = IjRf Antilog #Mﬁ‘ﬂ R+ Rz
Vo = K3 Antilog ANNEV ...(8.18)
& K;, K, fradiss €

3@: ABIYE AR (voltage) Vo F HH IS AR V; ¥ Antilog
AT 2 |
§ 8.20. THTANT HEEICTA (Analog Multiplier) :

A T T Fada i werar ¥ & W At f At 41 feane
e o T & | T ) Vet 2R Pl v, 79TV, 4 log o ST 2, T
7 3R 3 log F1 4 e e 2, 78 R AT 1 Antilog feran ST € (R 8.27)
314, BTG AT FIGE Tt 1, @91 1, ¥ O (product) &% ﬁmﬂ.
AR

= X_ _QO <4<N

Non-inverting
adder

Log
V20 amplifiec kg log V,

ferr 8.27—log AT antilog Yawa! & WETEAT ¥ TR YRGS &AL

faem sea—wre feamset (analog divider) 3 v, = K W E & ¥
2
fom 827 ¥ wef¥ta uftag ¥ @ modification FW T3 ?
§ 8.21. T f&R (Schmitt Trigger) :

Rafire R A eI (Inverting comparator) WRYE 2T

e ST Preds (positive feedback) F1 ST far 5Ty 2 | g g1 g T

(sine wave input) (41 &t 37 irregular waveform) F AR T ARBLYZ
(rectangular wave output) ¥ TRafiq st MR

“Schmitt trigger is a comparator with positive feedback which converts an
irregular shaped waveform into a rectangular waye (or pulse).”

ATRYAS Nadqs 237

R 3T S 1 T s fere fme o oy e .28 & P
mr #1 Ry 991 R, TW T 1y
At fearsst IRYY T op-amp Vi
¥ A7 e A N o
ﬁmmmnﬁ:ﬁw_

eE  Heas (positive
feedback) & P AR Hq@
(saturated) STQ At R ey o
mn_m.md e AR ® A EiC|
Fafdn e AR Y o
e BT AY ™YL — V, WEHTW
(saturated) il

Ry
Mmm

Wmm.nwlmﬁaw.ﬂ
AfE A TR e W AR F1 7 it e A A Afys A
A PR + V, W Hq@ & st | :

IRTYE AR A Wl (Positively saturated) ? (3191 ARG + Vo
¥ T ) A Fheaw AT (feedback voltage) ¥y &1 WM,

R
Vi= 2

R+ R (+ Vo) = Vur

TIEaT AR (Feedback voltage) ¥ 36 HH A 3T Tfvraret (upper
trigger potential) (Vy7) T I R | 94 9o F15E A (input voltage) (V)
ﬁﬁﬂ?ﬂﬂ.ﬂﬂﬂ@.ﬂ.mﬁﬂﬁ.&%ﬂ?ﬁuﬁ<o:nmnvﬂ_nﬂ+_\c.awﬂw..d_w.w
¥ $742 IR (input voltage) F R Vyr ¥ s 30T, op-amp F FafEN
AR A 1 A A AT 2 WA { 3 & TR | 3 e
FIHF HQ (negatively saturated) & I Hulq NP ART  (voltage)
-V & i

ST — ¥, B W HSF AR Yy F1 W,

R
Vi= R, +~x~ Vo =Vir

Fieas S F 39 A foR fefREW (lower trigger potential)
(Vir) T TR | MREH -V, A+ V, RAON SRR AR AV, F AR Y
TSI 3ty FoTeTeh AT ST 2

U (Summary)—3% ST &1 717 73 W1 & @ I & T8 TH vy J e
B, MY 4+ 1, AV, & AN A HE T @R AR @ 3w A
Vir ¥ fts Fomers @ R, AR~ Vg Y + Vo T T SR | §W R
RISCA G Vo ¥ -V, 791 -V, ¥ # Vy/T WA (transition) TG
S-SR WY T AT R |
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238 gt iRl @ IRed

24 a1 3 AN YT W wT Y G & o O I A |
"I, Ry =100Q,

Ry = 56 k2
Vsar = % 14V
Ad:

Ving
100 X 14

Yur = 56100 Val
_ ~25mV
25 MV ffe---ncke-onfeo oo
100 ' i A
VIT= 56100 X~ 1 : T
=25 mVft------- ! !
: =-25mV “ “ ‘ '
I R AR A Vol
vi : m

IR & Y FHA 25 mV
¥ 3fs 2 A € IR
+14V ¥ - 14V T T m _ _" ."
s AR e @ Ve = H4VR —
ARG FARE W
~25mV ¥ Ifts HeE
MA@, M -14V v, =-14V
¥ 414V T &t AT | v it
a3 829 (b)) T (b) STTSTIE T
-G are +Vsar b
(transfer characteristics) >
faT (8.29 (c)) ¥ fe@m # |
- fafire fom wftug ==
FIE—ARIYGS A HAR
fefifaw fira %ruﬂoammmv A ssoriele vl
sterisis voitage
+ V, & fad fenfin aeew,
ST € |

ov >1

<_|._‘ <C._.

et dre Ve
w\é = .V.Sl ﬁ\hﬂ Anyﬂ.—.ﬂdﬂ. w«?ﬂﬁ.ﬂ.
...(8.9) fax8.29

- IIREES Y ds 239

famm W : fo 828 w%@?@ﬂ&%ggﬂﬁaﬂ
y #? . ,
§ 8.21. T T TR (TR Tedramgiet a1 A (Square
Wave Generator (Astable Multivibrator or Oscullators) :
wmm@.wmmﬁmaaﬁmgm HISTYE F §AET FGE & Wg RC Wieas
ot HAE Fh AT T I Y S W § | T T et o P

30 (a) ¥ TaT¥ R 7 T wE R i Rfre o ared %
wnﬁ%ﬂﬁmﬁgﬂf e YAV FETR
R

(b) HFEE ARTAH V7T
Hifaet ARV, B aTEMEHER
fax8.30

T o AR o qa e B 9 SAT-T & sy A At ¥ I

 Witsfes 7 Frtfes W & & wer R (swing) #G @Mt | Ai0-TW ) qpERgE
A wifvfem IR (+ V) TR st Fritfea I90H (- V) W AR FF @ -

W fft o fif aifg-oy § g il W Rewfre S v, w aiefea R @
Fritfear (orefq af 1y = +ve, V= + Vi, T AR Vig = —ve, Vy = - Vig)) |
FRNTER (Working)—H11 76 o Ho SR apply 4 & HT et

AR T R w9 Y B AT ¥ el e W AR ¥

(V= 0) ¥ fifg 39 &0 W ST R A AT PR W T80 7 feg

(3 At apavg entt | 4 2 (AR SHE AR F F)

Ry
Ri + Rz Q\o:.mnb
3, AT F TGS T IR AR Vg Y T & Hi-37afen e
TR o AR (1, = V, - V) | WSV, T8 G A R, g
TR 1y g e g e A 2

Vi=
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240 IR gfRal @ IRed

TETE, A AT AW Wit § at vy St e A 1o, sty
FF 357 1 & FO7 HT-T F ARG W AR IPA AR + 1V, Ta Ry
A | 39 FR WA ¢ ARG R F Ao A AR + Y, F AT 9
WM I Vo= + Vg, I, AT H A FERT E W Ay
SuxMNx (+ Vigy) = Viyp) TG C & T A F F0 T 2y
&%ﬂmﬂﬂm&.mﬁ»@%ﬁ&%ﬂtﬁ@ﬂ?ﬂ@%&;%@ﬂg
F 1, > vy & ) R S — ¥, ==V, A9 Frifea Igtwm
TET WA | 3, I PG -V, I fewst 21 w0 | 59 feafr & 5
ﬁm@d%ﬁiﬂ#ﬂvﬂn?@xﬂlsams‘i%ﬁﬂ&@a
S @ v ¥ e womes A, v, T TR @ IR g smeeg
+ Vg T UEH ST | A€ 5 T W 797 SSYZ W ATHRALT 1t Qe |
97 8.30 (b) ¥ IMBYE 7T 7 PMfrex AR H 7 RIE |

TR FTTeIgur % SITHN ™SS T F time period

2R; :
T=2RCh T+ xL | ..(820)
1
GEIEIE () f= 3R ...(821)
2RCln T + mlmu

THIFT 8.21 | WE 8 6 Neeqe 70T F g T e R 7 € F W wOh
Gl 3, 3 R, 791 R, ¥ 7 T WO PRl 13 Ry = 1-16R, A
‘ 1
=2RC ...(822)
a3 e I A—
() af vy = +§.asu3m~» (+ Vian) = Vo, 71 Rt ¢
2
ARG R F AT Y + Y, A AT AR @ Rgm AR
A Vor & 3ifes 8, v, Pritfea & s, 7 amege vy = — v, @
a_._%w_

.. R
@) IR Vy=-v,, q V= ﬂ (- Viar) = Vi, 781 R €

ARG R & A1em -y, F IR et A @ Sfec I

H AR Vi ¥ T 7O A v, Wi @ Snnt T SiseE
Vo =+ Vi, & ST |

)

AR qdF 241
(iii) S stpes (i) T (if) TR repeat A Y — - HBTYE T IR a7
< et | st

“The output of the op-amp is forced 1o swing repetitively between positive
saturation + Vi (= + Vc) and negative saturation (= - Vgg), resulting in
the square-wave output. This square wave generator is also called a free-running
or astable multivibrator. The output of the op-amp in this circuit will be in
positive or .:mwaa.cm .,..n.EEmoF depending on whether the differential voltage
Via is negative or positive, respectively.
Assume that the voltage across capacitor C is zero volts at the instant the

d.c. supply voltages + Ve and - Veg are applied. This means that the voltage
at the inverting terminal is zero initially. At the same instant, h

owever, the voltage
V, at the noninverting terminal is a

very small finite value that is a function of
the output offset voltage V,,r and the values of Ry and R, resistors. Thus the

differential input voltage V4 is equal to the voltage Vy at the noninverting
terminal. Although very small, voltage V1 will start to drive the op-amp into
saturation. For example, suppose that the output offset voitage V1 is positive
and that, therefore, voltage V', is also positive. Since initially the capacitor C
acts as a short circuit, the gain of the op-amp is very large (A); hence V; drives
the output of the op-amp to its positive saturation + Vsar Hence the voltage at
Non-inverting terminal will be With the output voltage of the op-amp at
+ Viap the capacitor C starts charging towards + Vg, through resistor R.
However, as soon as the voltage V3 across capacitor C is slightly more positive
than Vi, the output of the op-amp is forced to switch to a negative saturation,

=Visap With the op-amp’s output voltage at negative saturation, — Vg, the
voltage Vy across R, is also negative, since
Ry :
= —Vsat) = V)
1= R + zNA sat) = VLT

Thus'the net differential voltage V;y = V1 -V, is negative, which holds the
output of the op-amp in, negative saturation. The output remains in negative
Saturation until the capacitor C discharges and then recharges to a negative
voltage slightly higher (more negative) than —Vyr. Now, as soon as the
capacitor’s voltage V, becontes more negative than — V1, the net differential
voltage v;; becomes positive and hence drives the output of the op-amp baci to
its positive saturation + Vsar This completes one cycle.

Rz
= R, + R A+ w\wm..v

|4

Hence, an square wave of frequency given by eq. 8.21 is obtained at the
Output,”

IATY WY : 1 KHz AT A scvars wove muw_wa W uftae feamg =1 |
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w2 TR gRral @ e
{ Generator) :
8.22. PR T FA (Triangular Wave
: Eﬁmi&mﬁ@ﬂ:ﬂﬁ%«ﬂ@ﬁ?ﬁ@?fﬁm&%ﬁi
aﬂ%i&ﬁ%ﬂ&ﬂ»_wﬂg}ﬂmmﬁ T
ﬂhrq%&%ﬂﬁﬁsiwﬁﬂgfnmndw AR TR
0V ¥ slightly below dT above a2 4y 3 asege wA: PRt 0 vt
A weft ot 1 _
MM.M“% (Working)—71 76 Aj # IBTLE + Viay R .A#.ﬁ
+V, ﬁwﬂﬁﬁ%wﬂmi.@%w.ﬁiwﬁmﬂﬁ%%sw
nﬁng%ﬁwﬂﬁm@w.dﬂmbw@_ q: A fEaET Ry~ Ry F
Aﬂm.d+~\ .ﬁw.ﬂmﬂ%ﬂ#ﬁkw%_%m&umﬂsvw‘wﬂ ECg
%m&uwﬂ ramp & Freif@ value — VRamp attain &S, q Point zero ¥

t
ok R, LP
L 1 vVvY |
= ) 10 kQ 0-05 uF
+ 1
1N4735 +-
Dz (Vz=62V) A; —o Vo
40kQ (50kQ pot) L +
10kQ =
(a) PrqemaRTT AT e
Voltage 4 ,
LU
+<mh—
+Via

AN

1
[
(b) fafr=r womreRTT
fex 8.31

a7 T AL TV, TH & I A, & ﬁﬂ%ﬂ%m%_&_
ramp fer ST | 76 1 9 T TG, S T R A + tEavi@ﬂag
30 6 WH T + Viyp T TG, point P AR 0V ¥ slightly %osan
ST, P A, 1 3T . WiAea O W + Y, T IgH A | 7€

FRIAS TAEE 243
ST ST 7, T8 AFYE ¥, ) T
T o W FriSmR Ftn 31w @t (Rt 831 (b)) | W@
Ry
4R CiR, - (823)
PIgSITHIT 70T 33 303 Y T =7 vRvg firg 8.32 & wefvia § | oo st s
uﬁgw&mﬂuﬂﬂaﬁnﬁﬁaﬁﬂwﬂgﬂi&»ns&i
21 @ a7 830 Amvmmngmﬂaﬂosaﬁmnnnuﬁgﬂagmw?mm.wum
mﬂai%%n&ﬂ.m_%ﬁmﬂﬁﬁgﬁﬁaﬂﬁﬂ
ﬁm&»_ﬁw%ﬁzﬂa%mﬁwﬂ%ﬂﬂgﬂwwﬁ_ﬂzqﬂ%
oftyg faa 832 ¥ wefia }
C

[od——u—

05 uF 10kQ

3,7 .
+

[ 10ka

f=

Wﬂﬁnlwmﬂ_ﬂza?ﬁﬂﬂwwaf 3 uftee

§ 8.23. m@ﬂ o (Controlled Sources) :

JTRITS FAH F Fergar A R ¥ ¥ controlled sources Wt Y I
T ¥ | T R G0 A AR TR ¥ AR AR A 9 Y Pt
gﬂﬁﬂw.wﬁnﬂawiﬂﬂﬂﬂmﬁﬂsgszouimﬂmﬂ
e wmn 211
(a) ART-FIR™ ARA VA (Voltage-contralled voltage source or
VCVS)—ieY #RIe arey 8 aefq  vevs & smedt wy fag
833 (a) % weftfa }1 AR AR FR ARA F AW w ek
(vo = kv;) | T8 TRUE B HETF I TN/ T701 30 TFAR 1 W D
IRyy fa7 833 (b), (c) ¥ Wetta €1 fa'8.33 (b) ¥ wafém vevs
wefvia @ el ameye AR

’
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[V
(b) FTafEn vevs uiue (c) 7 3afém vevs wRaa
fam8.33
<oH|MW<..HNS. ...(8.24)
R 833 (c) F ATFFFAET VCVS Safdd 2, et
Vo = T + M& vi = Kv; ...(8:25)

(b) FRF FIE FE g (Voltage controlled current source of
vCCs)—faF 8.34 (a) ® &R VCCS 1 YT S €, e amsege

o R AR W ER A R (I = K;) | T I TR
fer 834 (b) ¥ Taf¥H 2, o dlrs iy R, & FaTea SMSGE W
[, F1 AT §7gE A v; E 21 AT & | W R, B efed 4
7

| N .. (826)

Ip= x<4
(a) 3ngvivees

(b) ﬂmMmﬂﬁom gftaa
fox8.34

(c) mﬂ.«.ﬂwmﬂ e | (Current controlled voltage Source om
cCvs)—Fa8.35 (a) & 3M¥ CCVS F1 5w wefia ¢, fored 27e

)y -

AR J@dF 245

o 3MSeye Aees T R W ikt et § | 39T i TR R
8.35 (b) ¥ wefdfa | amseye A #1 qm

Vo=-IRL = KI; ...(8.27)
J B
j + —
Io
Em Yo .ﬂv Vo
Vo = kI A1 Vo=(-RD
(a) 3H CCVS (b) ST CCVS ufua
faxs.3s

(d) TE-TL® & W (Current controlled current source)—TH
3Med CCCS %1 ¥ReY o 8.36 (a) & Wef¥fa § | 36 @R ORI gE
a1 3¢ el et R | g9 e vy fag 8.36 (b) H weia R

BTY YT H HA
s+ R R
~o|~_+b|a+x~ |T+x~w~,

=KI; ...(828)

(b) =agRe® CCCS ufay
faxs.36

(a) 3reyt CCCS

§ 8.24. FARYA Ya¥e (Instrumentation Amplifier) :

T Ryy Rrget S1Eege & TGEH % SaC W it et R, i 8.37 3 wafvia
w_gxmﬂgﬁw%ﬂ%mwﬁw Qe PR T WA § |
TG AR H AHA—

V= T+mw Vi~Vy)

=KW1-V2)
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246 TaRITE ghwEl T IREE
maauﬁ"?ﬂ%*w@uﬁ;ﬁamﬂmﬂ&sﬁmm
Vo= T._rww Vi-V2)

V,-Vi

(@a—R, # WL = wwws.nﬂnﬁm,_mas + = R e farg
D WAV, - vaM d . R, Y] superposition theorem T, @ve 8.15 ¥
U T vy T Y
§ 8.25. ufaea fAeeH (Active Filters) :
femt Hﬂm_.m_@mﬂaﬁnnnzaunw selective) aftaa g1 2 %—ﬂﬂ%ﬂ Fgfet
3 pass awg%%ﬂwﬁmmgw_

“4 filter is a frequency selective circuit that passes @ specified band of
frequencies and blocks or attenuates signals of frequencies outside this band.”
a8 s de R fheet W FG 2, Rt #1 Tw-3T (pass band) FE
S | 78 Ay e R Rheet wiv a1 i e 2, fret F1 =ie-de (stop

band) %1 M1 ¢ |

g%w&aﬁ&«BQﬁWiﬁim&&iﬂ%@ﬂ \

T W1 —fred a9 AW | WA (passive) fFEH Fae passive elements
GERA a1 AT FT use T § | Qe fred & e w2l (passive clements)
AT W S I i 4T SHTO-T gty o e A € | ufRed e
¥ ffsrg Reeed 1 g § 35 707 (merits) MNE—
() frea feared T942 RIS @ YA I HER ¢ q91 §9 tuning S
At (Gain and frequency adjustment flexibility) |
(i) ST9-m F FvT T SRET qe Fe e NfewT % w9
a9 N8 F AFET T Bt (no loading problem) |
(iii) T P dea freed & & At R (low cost) |

AR oS 247

Tt QT fred i 9R o R S ¥ e rdr Rt e,
e T 31 T P ot § A e, e, o, W e, ardnifewa
YT T |

-0 A FRT (low pass active filter)—= freT o i = amEfa
!&Am.nwwnﬂ#d.ma IR fop; T & FOTHA F constant m&bmﬂﬂgw
791 F2-3T% SR Y 3 Arfe F fre 1 7 we R § (i R
T 2 ), Iy AN-UW fReet Feerar ® | M-I R F ideal response

<°\<m:

<..M\<_

m —20 dB/decade
P\

> f

1
fon

(b) =ragTa First order A-UT® fFeeT @ IWEH response

. VolVi
Ar
= —20 dB/
- Output '
Vi R, Op-amp>—t— (Vo) P\ 4098/
+ | decade

et |
d 1

\~/ ’ M B :"ux >

(c) =TaEiita Second order ¥i-UTW fFeET & IWAI response
faxs.3s
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)

g TR frrEl o TR
g feeT a9 39 response fax

# yeftf 8 | @ HEERE
H%%%w%??%ﬁ%ﬂ&ﬁ%ﬂ%ﬂaiw | 9 ¥
.@@ﬂ».ﬁ@ﬁ?ﬁwﬂ-%%&ﬁ%@ﬂfﬁﬂmﬂa
" L3

<ae 3 WO 20 dB W ) | T FIARE T fon = 3 RiC,
afe R @ C & U sections s fpar S At second-order -9 freet g

A 2 (98.38 (c)) | T F- A6 gf A e I first order filter ¥ TR

g, g#wi%gwgwalguw\mngmnv_ §
w Hﬁﬁ uferea fmeet (High-pass active filter)—3¢€ fipeet o Fe- 3T A

Y aifew & aﬂmﬂimﬁw.ﬁ.ﬂm@ﬂ%w [ g9 ideal curve
Vo/Vi

foL

(a) eyt ¥¥-ur fRTET response
Ry Ry

z 1
4
Op-amp Vo
for

?ﬂv First order BTE-UTe fireet @ 3qal response

Ry Ry
VoV

ﬁ

m —-20 dB/decade

—»f

i —40 dB/decade

—f

fo

) modoozn order ¥T¥-UTR fFeET T IW! response
faxs.39

Yy

T

STRAA FAUF 249
f78.39 (a) 7 ¥ R 1 fixst order ¥ second order high-pass fFeet % WRyg 7

| reponse Y T 839 (b) T (c) ¥ weia ¥ | we-aitw smaf 1 A

1

s ﬁ—:ﬂmﬂg for = 2t R1C
z-ar (Band-pass active filter)—S ftreet ¢ fraifta smgfy
o 71 T T R (A AR S, X A T fyy ¥ FH AR RS ) A T
o7 FFCETFEATI § | T QY F2-r fFeet 37 response 147 8.40 (a) 3 wafla

3| fa7 8.40 (b) mww.aagﬂ%%ﬁianmnoﬁn wefdfa 2 |
| geerEta R i eI T AT freed T w0 Fe-nre freecaar s s |

VoVi

+20 dB/decade / |

(b) ¥z-ure fFrex @7 WA YRUA & IAET response
faws.d0

§ 8.26. Wite YaSwrawd (Precision Rectifiers)

Yo % gfs A & S ac. W d. A TR A R 1 AT grawT A
By o e Yo s W3 € | P AR o Y g W
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250 T gl @ TREE
: < w3, et fera 7 (peak value) TAE W F AR
Mﬁ%ﬁwﬁ#iﬁ% ke 3 ¥ W T F A,

ﬁﬁm%m%ﬁﬂ%ﬂaﬁ.ﬂ&@ﬂﬂm YT 70 4V T& SR,

gg%mﬁaayﬂgﬂﬁ%%_&gﬁaﬂg_g
G Precision rectifier HETAN 21

i o1%-¥a YTAGRR (Precision half-wave rectifier)—19 8.41 (a) ¥
precision half-wave %ﬁ%%w.ﬁm%nﬂ ISt se #®t
ify AR F@ & FATH S H FEH R op-amp Fi ‘open-loop ™R
&a%@ﬂ&w_wwﬂfaaﬁmgmﬁﬂaﬁﬁ&w.s. oft T R 9
TS D %@Qﬂm.m@ﬂwﬁmﬁﬁ@w%ﬂwﬂﬂo_%wiw
99T op-amp AR FAIBT (Voltage mo=o€onvﬂ4%iﬁw§wﬁdmmhu
W) | o TAr FETH * 1y = V;, (& 841 (b) &)1

nﬁﬁ%gmmﬁnﬁaﬂs, it fritfea & o @ q9 SRR
i%@gw_ﬂwﬂﬁa%%ﬁ@iﬂ%%ﬁiﬁﬂ
o ST A 8 T, TERd ReyE YA an ¢ (R 8.41 (b)) )

q: & @ ¥ fiF 3MSTYE W half-wave rectified o s rar & (A
8.41 (b)) |

| <J\/ - N

- !
0
+ : m "
Vin R évz/w OFF{ |
L m _< P
) - _ > —> t

_
(a) vieiier gro-aa taRtwrat (b) TE T AFEYZ T

fams.a1

* finfrem gE-3a WWEWER (Precision full wave rectifier)—fa7 8.42 (a) ¥
e shetert -3 ST YT R full wave rectified STSEYE T T

mﬁ%ﬁ&@m%&na@aw_
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252 Tt gfwEl @@ TR

o s & ST D, 3 e A § (@ fer) 7 D, R g
e ¢ (gen fae) (7 8.42 @w_}ﬁﬁmm:%ﬂsﬁa ground W3
msmeﬁﬂmmﬁEumﬂiniaxm g/ ¥ o, 3 V) = 0, 3w
?ﬁﬂmﬁﬂaﬂﬁﬂ?%wﬂﬂwiw?mh (b)), R

-R -R
g R qr =2 )
BiE | R, R
R R
od: VoﬂlWXIMSH+x|~SHOnS.Vo

Friffes aré 3 Dy off T § T D, on T (W7 8.42 (o) | A, ¥ TR
2ff9e T virtual short & FRW V, =V, =V, F grafen e =
waaﬂﬂﬂgmiz:&mwo:wmuﬂé_\:wﬂwﬂm.amﬂmﬂﬂ%iﬂwﬁ
ol Fot 8.42 (c) & FERT X 1 4, ¥ FT 2 W KCL 9 W

v. Vi ¥V _
AT S
2R, .
> V= “3R; Vi (@)
Tt 4, WA WedE Al R ¥ FATed 9,
.I_\oi._\
'=7R
Id: Vo=iR+V ...(id)
i 4, 1 §FArET ZhiTe A T W,
3 _.H.wa
14 _3,_3_,_2R,
¥ Vo=5g-R+V=3V=3%-33V

R

-=-V, forV;<0 Vi
" NN
ﬁmwwﬁﬁﬁﬂ&ﬁﬁmﬁ -

-~
>

¥ ﬁEv B W NG A 3, Farw Frfed
ﬁm&?&:&@ﬂﬁhumﬁwﬁmv e el

?iam :, ABTEE W full-wave rectified wave T4
At } (R 8.42 (d) |

“If a sinusoid whose peak value is less
than the threshold or cut-in voltage V,, (~0-6 V) is applied to the rectifier circuit
in a conventional rectifier we see that the output is zero for all times. In order
to rectify millivolt signals, it is clearly necessary to reduce V,, By placing the

—» 1

ferx 8.42 (4)—2TRRYE TSR

AR FauF 253

diode in the feedback loop of an Op-Amp, the cut-in voltage is divided by the
open-loop gain A, of the amplifier. Hence V,, is virtually eliminated and the
diode approaches the ideal rectifying component. If the input Vi in fig 8.41 (a)
goes positive by at least V)JA,, D conducts Because of the virtual connection
petween the noninverting and inverting inputs (due to the feedback with D on),
V, = Vi 3.«3\.0&. the circuit acts as a voitage follower, for positive signals (in
excess of approximately 0-6/10°V = 60 uV). When V;,, swings negatively, D is
OFF and no current is delivered to the extemal load except for the small bias
current of the Op-Amp and the diode reverse saturation current.”

§ 8.27. i@ f83a2X (Peak Detector) :

e Fedaret WRve FYE T F wfefea fareT g peak F1 I HTT R |
7 fad 8.41 (a) ¥ Wefdia sheiom ttwr & A ¥ wF w Rt wmar 99,
3 e REdRT TRtww ST A R (T 8.43 (a)) | WPt areye W e ot WA
nw IGY @ FT most positive value T hold F&F T (T 8.43(b)) |

D Vo
[ Vo Vi

e VA

(a) wifafea e fedees
fax8.43

FH-E (Operation)—3f V; > V, A op-amp % FA-gAafen T T
IR e hie ¥ e Ah, PR ifvTy sRegE v wiiNfem A, 7
TN D T H R 340, TG C ST F 71T A F7GE value WS & IR |
W A% TG AR F AH WA AR A 9 AW A R, N A0y g
Y fifea & SR, se. fad amaw srafq OFF & SR | 3, M ¥y
e % arfehad W T A @ |

“If a capacitor.is added at the output of the precision diode with
Ry = =, a peak detector results. The capacitor will hold the output at t = t; tv
the most positive value attained by the input v; prior to t,,. This operation follows
from the fact that if v; > V,, the voltage at.the noninveting terminal exceeds that
at the inverting terminal and the OP-Amp output v' is positive, so that D
conducts. The capacitor is then charged through D (by the output current of the
amplifier) to the value of the input because the circuit is a voltage follower. Then
if V; falls below the capacitor voltage, the Op-amp output goes negative and the
diode becomes reverse-biased. Thus the capacitor charges until its voltage equals
the most positive value of the input. To reset the-circuit, a low-leakage switch
Such as a MOSFET gate must be placed across the capacitor.”

(b) TTYE & HITYE A

I R S ‘\Illw.r,
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254 FRITAE gfedl @@ e
faar w1 -
() fifea b fedaet oftea am ¥g e o 8.43 (a) i s & g

aeE g g | @2
i) S P w3 fo 8,43 (a) ¥ v G fedaet dhw @ oy

AR R | R AR | A R F W A S ay @
FMIZYE AT T |
§ 8.28. 4w U= &S Wihe (Sample and Hold Circuit) :
et T A Wik, R @ dma.Ea 8, Wi e froeh e g
R 79 7% Bes (3Eiq SR F 2, I 96 FHFAGE B g dovet T o

T T @@ URY Data-acquisition system 4 yge & Im §
data-acquisition systems faf¥ At A R WG Q& a9 31 farat # 3fg
e 7 (73 Fefee) ST O FHEANA I N e FQ € | T Rt
ﬂ#ﬂﬂﬂﬁga_gpimﬁm&ggw.mﬂwﬂﬁﬂmﬂ
Analog-to-digital converter T f&fed form ¥ Fad a1 S 8 |

e w9 3, e F fadsr ¥ v fae o 39 S ies wike
1w & (R 8.44 (a)) | Y ¢ R 3 e S, APt $792 RS A track
Fo7 791 e ¥ 3 Y T RAGT AR F s FUM |

L IT°

Ve
(a) T dd 3 wiFs ufiug (b) TTEEiE dme ¢E geg aftay
faw 8.44

U@ O foh A A T €es 9Rvd o 8.44 (b) F wefdia # 1 e
¥ w7 & NMOS Zifarwet @ war fear a1 8 | NMOS % W2 WU positive pulse
TR 9T feag 3T 8 S qgn afien AR ¢ 2 IR 1 instantaneous
value YT 9T 8 JFATH G441 T8 charging time constant ( Ry + ps(on))€ M
T8 R, 3T9-0F G WEllsR F A iy § G fr w1t o ) @
>sony NMOS 1 on resistance & 1 2 7 7% 7§ T NMOS R OFF €
T 9 AT W WV F) Ao oM (97 8.44 (c)) TH | T A, LT I
&1 FHTE FOT |

o
Gate control voltage

I8 time period I NMOS faw iy Ving
@ 3, PR AR AR TR R follow P/
Ft § (3 AR FR F T A D), \/\
dmet RS T, TN 1 T time period o
a4 NMOS f&aa 3% wa , Rt Aw >t
constant ﬂ&wmw@ﬂ&@ﬁdmﬁaﬁgw .
(Fa7 8.4 (c)) W | +V £ on ot
47 T 8 MW ¥ low-leakage ka_ _I_.\_l_ ot
RNt I A (teflon), TeATIRET TsiTut | 0
(poly-cthylene), A1 AR (mylar) e Py
ﬂw%.&ﬂﬂﬁ@ﬁi%ﬂg
T, FHRFIA, ADC, T WA

.....
.....

faee W s R mar 1 =,

§ 8.30. THIANT WeTAarat T \../J\
fenceta T (Analog ov R >t
Multiplexer and (T ¥ EYE FOMER
Demultiplexer) : fax a4

AT 38 TRYY A ¢ N 5 N
R 7 ¥ & FAR F iR &% J9qe # e S € | WE et
T4 ¥ CMOS jﬁ%?ﬂ%%nﬁ?ﬁa»_

CMOS Ziwfaym #=2 (CMOS transmission gate)—3§H complement
MOSFET (31aiq P-37e 71 n-340) 7RI Qsﬂ_w_»»vaﬂm 349 TR ﬁﬁﬂm
dﬂuﬁﬂnoEEanEsgﬁﬂ.ﬂﬁngﬂNﬁuu.&ﬁ%g
T APYE N ZTARR @R (1, = V) T 3R C = 0 D Zrafem T@ aan

C
Q, (NMOS) c

(a) CMOS TrRfwy W= ®) Wen

TR TR (Analog Multiplexer)—16-¥T§2 AT N
WS ST fy 8.46 (a) & WA § 1 AR RATS, S, ..., 51 B FAR close
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256 ot Rl @ WA

et 21 foF 846 W Wy

&%ﬂﬁww_ﬁﬁn»ur@
. @mE...‘. A ARTE W A F@ _mﬂmﬂm»uo_&

%ﬂ%_ﬁ@%w%%&%ﬁﬁwﬁ&mg

fer 8.46 (b) % wefylq ® | FS= binary sequence nﬂuﬂmw...w Eﬁmw Wﬂﬂa&

m&&.mm,m:om Wﬁamﬁﬁﬂaw_ﬁﬁﬂ%wmi T time interval

7 &, A time division multiplexing .ﬂﬂ A 2

Cy
Vio— MA
C,
C.
V2 S, Vo
+
Cz . CMOS Op-amp
e m_m o
Vig S1g
CMOS transmission gates
Cie
(a) 16-FTYE TATETT Weeterert
M —©Cy
_uc_mm r Counter | C | Decoder m ©Cs
generato 5 Cos
(b) Fefieet w=rer AR Cy Y I FIA
fax 8.46

TATATT B-TEATat (Analog an-Ez_:n_nxocl.ﬂﬂw T fa n&&ﬂ
analog data T fimrer 9@ W place AT 2 qG1 Tl RS mﬂﬂ.:Bn s cw
A m_ o 3 R A ZTAPTE SR T gt o fedl S @ | ﬁMMﬁa
TY receiver T NI signal F1 T Fh I individual mum w i
BT € | 37 e SHRAT 3&&@@: # reverse process) de-multiplexing 2
2 | 98 AEES 2 fiF sending ¥ receiving end W @M switches & contrlos Ci

‘4 multiplexer selects one out of N sources and

signais 8. a uSw.Nm transmission line. Of all the switches which are available to
feed the input signals to _.Sn output channel, the best performance is obtained
with the CMOS ?gﬂazoz gate. If dielectric isolation is used in the fabricaion
of this gate, then typically a leakage current of only 1 nA at + 125°C with a
switching time of 250 ns is obtainable. Large arrays of such CMOS- gates are
available for this application.

A block diagram of a 16-input analog commutator is indicated in Fig.
8.46 (a). Time-division multiplexing resuits if the complementary MOSFET
switch Sy closes (i.e, it is in its low-resistance state) for a time T, switch S,
closed for the second interval T, Sy transmits for the third period T, and so forth.
In Fig. 8.46 (a) the symbol Cy (k = 1,2,...,16) represents the_digital control
voitage and Cy is its complementary value obtained from an inverter (not
shown). If Cy equals binary 1, the CMOS gate transmits the analog signal Vj,
to the output, but if Cy is binary 0, no transmission is allowed. .

The block diagram for obtaining the required digital control voltage for
the analog multiplexer is indicated in Fig. 8.46 (b). The control Cy is the output
of the kth line of a 4-to-16-line decoder. The four address lines A, B, C and D
are the outputs from a binary counter which is excited by a pulse generator.

The multiplexere described above has entered the analog data on a single
channel, each analog signal occupying its own time siot. At the end of the
transmission line, each signal must be separated from the others and placed
intoan individual channel. This reverse process is called demultiplexing. The
multiposition switch in this figure is replaced by N CMOS transmission gates,
and the sertal data are applied to the input of all these gates. These systems for
Cy must be synchronized at the sending and receiving ends of the channel. Such
a multiplexer-demuitiplexer system saves the size, weight, and cost on N-1
transmission channels since all the analog signals have been transmitted on a
single channel (N may be as large as several hundred). The National
Semiconductor CD405IM~ is _an eight-channel analog multiplexer-
demultiplexer.”

§ 8.31. & W& T (Phase Locked-Loop or PLL) :
I T Ty T Feterzfir TR e & el T B Fedaet, o @ e e
ﬁﬂ%ﬁ&m%ﬂ%w?wéaﬁﬁﬁﬁ%b%g
A £, } Fear B | B FETRA F AL e f; T e
ﬁﬂ&#nmﬁdmawﬁmi@&m | G et 3 SRIYE T o Hlo TR
@3 m 3 THH! M@ e (error voltage) H&l ﬂm:w |9 error voltage H low
Pass filter mwmE..Egﬁﬂw%@wﬂﬂﬂ?:&%i%ﬁﬁoﬁ mﬂﬂwmﬁ

transmits the (analog)
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258 TR Al @ WReg
d.c. level I Tl | T8 d.c. TF A FEIee AT (VCO) H1 & eft R 1 g
VCO & RTE AR T d.c.  FHRRT 8t § | 3, VCO F M Ty

SR Y compare B & 741 ITH T TF adjust FER41 SITAT & S T T T My
F A TG A I | T TELPLL 3 9 states Y ¥—free-running, capture

phase lock.

Voltage
fi—> nvﬂmm."w _-o,_\,.\_.wwmm » controlled > fo
(input elecior _ oscillator (output
frequency) ) frequency)

Feedback path
fa 8.47—PLL &1 &A1& SEu

F794< apply FA ¥ @ PLL YA free-running state T A ) 192 apply
T W VCO ¥ 3gf TRaffa @ ot & 991 PLL 3799 capture state ¥ 3y
It } | VCO it 3maft 7 e 39 At 8, I T Te IS F FAA T @
S, T PLL R phase-locked state ¥ FE e |

PLL % Swam (Applications of PLL)—PLL ¥ ¥ 35T § {4 EM
stereo decoders, motor speed control, tracking filters, frequency shift keying,
FM demodulators, FSK, frequency synthesizers, detectors 941 TV @41 FM
tuners ¥ AFT SHA RN F1 SFRUA TN | 3Fed PLL Fmrer T df
Iqerey ¥ | ITEE: SE/NE 560 30 (560, 561, 562, 564, 565, 567) |

§ 8.32. UiaX WHATRRR (Power Amplifiers) :

Large signal S99 1 YT Ya¥e 1 4 WHEd 91 A9 FT 3= 47 ©H
T A1 ® | THFT ATT-T (741) TRT GV TSR 47 A H IR 7€ R
N WA | T R A1 D W G- ¥ g G gt s =i (R
8.48) Fa UTaT TRT F&1 AT & A1 FRC Wi S IC g Fe1 el o fi
QA g 2 N @T| fad 8.48 ¥ N @1 6 Sfv-ww ¥ A wHiet Wk

Re Vee

Power
transistor
8Q
Loud-
speaker

) yrfaﬂ&aﬁuﬁwﬂﬂﬂﬁgmﬁﬂﬂﬂg

o RIS yadw 259
T AT mmﬁo_mmoaﬂ_ﬂ&ﬁﬂw_m itter wreY

T =Y awA improve = wm mitter . Qﬂwmuxmmwﬂ#wdaﬂ
@wg_mmﬂmmﬁmﬂw % SRfeTe (Darlington) et =T g
§ 8.33. m:q.ﬂuu IC 741 (Op-amp 1C 741) .

_omt %ﬁmﬂmﬁﬁ 8?3353%?%
fa 8.49 ® Fef¥fa 2| ﬁﬂwﬁﬂg&ﬂaﬂﬂﬂaﬂw S ftar
TR ¥ Y& 3T designation T HTAT ¢ A— i ¥

FairChild A 741
National semiconductor ._M.Z 741
Motorola MC 1741
R
CA . CA 3741
Texas instrument SN 52741
+15V Output
FL R
v 741
1l 21 3l 4
-15V

(a) 741 IC & fo Ermmy

(b) TG aRua

fex 8.49 (b)—7411C

—O0 ~Vge

T weEge ufgy
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260 TRICE grear © R
35 at zzmnﬁﬁamsaoaﬁﬂgwgﬂ%ggﬁw

Yo o 7 ¥ A R )
¥ | T e Yo 2R 9 919 s S FRY SR § 3%, ¥ dual power

%nﬂmc_magca
méu_wwgmﬂmégw:nqﬁ ¥ fufrr Fafereardt et 8.2 s &)

et 8.2. IC 741 Sife-wm &t faforard
faforgar hali ,
(i) | st deew £15V

(i) | ¥ mﬂﬂﬁm ARA (Vio) 6 mV d.c.
(iii) .| FIge SHAE ST (o) 200404

() | gz 7w @ 0p) S00mA

v) | CMRR 90dB

() | =g ¥ (SR) 0-5 ViuS

(vii) | ¥ Fefagy MR 1MHz
TS T (Numerical Questions)

“@mm%mﬂ@mnmﬂ%s_ﬁmmw_@ﬂwa%w

= 1
(V; = 50 mV sin (1000 t)) |
T : W & AN V; = 50 mV sin (1000 1)
Rp=330kQ 330 kQ
R =33kQ 3 KQ
IfF 77 gFEfeT YA 2, 31 Vi o—AMMA—— = )
T 8.9 F IATAT— . 0
R
v.oulmms L
330 k2 . &7 8.50
= — 1000 ¢
B KQ .50 mV sin (1000 ¢)
qd:

Vo = —[0-5 sin (1000 £)]volts

T 2 ; T 8.51 3 Wefvi ufted ¥ AMSeYe AR WA A H |
@ %ﬁyﬂuﬁm&:mﬂﬂmﬂ&mﬂ

20 hn
W = >

V= +20)

T:, 39 99y F superposition theorem ! YEFdT 7o frar ﬁmﬂﬂw

“\Nﬁnauﬂwﬂvuwﬁﬁsﬂﬁ

o --Qs--s
@qﬂ." n\o .—\u

3T 3 : faw 8.52 mﬂ@a%ﬂﬂ
R nﬂw,ﬂw.m._.ﬂ u__gﬂ._ﬂ%w_

Rr=2kQ, V, = =2V,R,=
f= =1kQ, v, =3V, Ry, =2kQ
Aﬂﬁwﬂ@qﬁamﬁﬁﬁwz

iﬁs@.ﬁﬁ%
H\c|||.m V,- Ih A m<o|§>2(
n 2kQ
Hﬁ HXN Xu
=(-4-3)V

A Vo=-7V @mruu

1‘_.pmm_. 8.51

ﬁﬁs% _ﬂm_ﬂswo|uu$ -2V, 33 T 3] WG T (7, Vs, FE
T W V) = 25V, — 2V, N WI@, 0 ¥ FHaleT T Ry F a0 fe
ST WAl R | qitwy fig 853  wefdia ¥

10kQ
2kQ
V10— WWWy -
5kQ 4
Vo 0 + Vo=-5V -2V,
fems.s3

T S : 7 op-amp B FERITTA 3.4, = 4000 791 CMRR 10000, Bt HFH
wawaam_«w_

[GERCE coh e CMRR = —*
(4
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262 RIS gRREl o TR

RIS TAF 263
Ay 4000
a: | A: = GMRR ~ 10000 -8
I FFA A A, =04 1. e Qaam_w%ﬁﬁ s F fafereany (Specification) faf@? |
S 6 o 8.54 (a) ¥ SR ¥ S Vo F1 AR A | 2. RO S e o o
¥ : ST aifo-ae 1 Faren e virtual ground w3, 304: 10 kQ FfR ¥ yry 3. fe 1 o Sifd—
(R 8.54 (b)) (a) FestTeraet A2 e (b) T ST S
0-Vy . (c) TR HAFHE TR (d) FER e =
I=—p B& - (€) FYE T H (f) CMRR
oo @ PSRR , N (h) T (slew rate)
4. Sieie Tewwede It fafi fafbat wwamy |
— 5. Ou-mavﬂﬂﬂwmﬂam%ﬂ@wmgnﬂmwgmwﬁdﬂﬂwl
- Vo (a) T (b) B I
25 3>% + 25 mA (c) A (adder) (d) FFR
1 L = (e) fesha wavfs (f) T
= = @) A.E femfeidix (h) ¥R
fa 8.54 (i) ferfie Rm () ST (log) vaEdF
L , (k) T (Antilog) Sads
s oo ¥ aw ¥ A o , i 6. T ¥ Fr STRNT = wRvw afv wHETEI—
= (a) FRres W (b) e fed
s 25=—— (€) Sttt Yaioma (d) 9 fedae
. Vo= 25V (¢) el T B wRew (f) Tt Tt
7. e Rl feuf fafed—
ﬂ.ﬂsf@wmhmmﬁgniﬁ%n@bag%mﬂ%ﬂﬂﬂ?ﬁﬂw. (a) PLL (b) TR W R
T TUE 825 3 | (c) PRSI T SRt
10kQ 10 kQ (d) Tt A Aedreta qur E-meehatam
8. = W wfya feraef fafed—
(a) Op-amp W4T &Xa. gL, WIS (b) fere fom (UPBTE 2000)
9. fa sl = wRwy sute WY | ved ferd e o wor S SR | e o
e ARo & qfiwrfia Sl (UPBTE 2000)
T 0-05 pF 10.  wfarrs sad® (operational amplifier) ¥ S (inverter), do (adder),
= , Sqaheish  (subtractor), THIE (integrator) sk AN REds (scale changer)
for 8.55 w3 qfmy Ty (UPBTE 2001)
AT e it e 3AT® A 1. wfirares wavds (operational amplifier) 3 ¥ad & Fr=ferfaa =1 wremd |
1 1 e srrefrar drean (input offset voltage), P I Y (input bias current),
for = >~ RC = X 22 %10 x 0.05 x 10° Prfa stefm dreear (output offset voltage), e dieear wfe (differential
voltage gain), fqun stEiFa AU (common mode rejection ratio) |
e for = 1-45KHz EF i) THIEt : 4
OH (UPBTE 2001)
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0 eEHTIC

(TIMER IC)

555 1.C. T IEHTIC. R |
TALC. ¥ T 374 ST ¥ FiF T8 T Tob T TS e FAIE © |
o AT ST FIATUTC T A 3 1, 1Y 76 o FH 3 UG IR H qHel o

§9.1. i fa (Block Diagram) :
NES55 IC ¥ =oii® s (53 9.1) &1 & I & | 366 IS
q §—

+Vcc
8

Discharge
| 7
Threshold +
@) >fs 0
Control -
+ —_—
@ R QF——oOutput
Trigger =

1
Ground

fax9.1—555IC
(1) A gaqmﬁ (oomparator) 1 HRYAA TaHF
(2) THRSfROTE
A (disch §||‘L"F—'T
mm_é?%a%aﬁl | TR W +ve AW R, W6

T grafen gge ¢ | fo 2 T

a;i‘;m%agzaﬂﬁﬂzfﬁ?ﬂ% A Output
e o e (+) P g0

T ffaw  afts ¥
TS (@ 3@2@3 FEE WAC forr 9.2 —a1Tq-ww & Wb
| : '
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26 FagitE il @@ e
s T3 Favda, Eafdn ofiae # A A1 T AT J s R @
HOES 41 7 AR 33T T8 |
RS R wm-e @ e s ot | g al—
(memory) Bt ¥ fIEH APLLE QW1 410
BR R wH § (93) W |
afz § T I (High) &1 & 7@IR
muwmﬂﬂa_oivw_ﬂw@g%ﬁ?nc
wiﬂwmm 0=10=0 ot 9,3 —fre-vemg
nﬂxﬁﬁmﬂ@_ﬂ:»aamﬁmmnn@ﬂm&gﬂz%?a&@
ﬂﬁww_lﬁ a
Q=0 Q=1
iR T—afE v; 354 At & @ gifre dqw & ¥ e w8
@ 9 ZRT § FARCEHR Gy
T Y A ¢, Hifs wiw R qEeEa Ve
(grounded) FT A T4 ¥; TR FOERK A
0 = & ot R 1 W Rl ¥ womer a R A ARy,
1§ gafE &m & @ I¥ fem=N 99 (discharge
path) fir@ ST 791 9% IAATYA (discharge) B
o =
e v; T (low) & A ZITRT F2-201% &7 9.4z
3 om A S e A R AR e
%%&m%ﬁﬂaw&mﬂﬂ&?ram&@ﬂg_
W favues afed (Voltage divider circuit) — 39
qftrg % yarfeq @1 Aedt O, R
/= Vee  Vec
"R+R+R” 3R Vi
Vee Vee

u\mnhx~"ﬂxxﬂlw| R
2V
Vi=2R x I ="C€

3
IC-555 8-Pin DIP &1 faamor—
f&-1 (Ground) — 38 RA IC F1 @ 91X areft vt Ardw R
& ford Yot (reference) M 1
-2 (Trigger)—% @ ¥R 7 R 791 39 i wo @
T AR AT FI V2 (state) B Frafed wdt 8 | TR
2 % A7 yAafdn 2w v e fearvet wRwg ¥ Fwor Brqg

—s QF——

Vee

V2

faw 9.5—aRW

dHTIC 267

o +mm|qﬁ§@iw_§.ﬁﬁuﬁm@+%wﬁ@%
A FAT H grmgﬂiixm?ﬂa%ngpﬁﬂwﬂ_

-3 (Output)—3% R W oo e 7t amaeye s 2t |

-4 (Reset)—T® R amdo o w?ﬂ#aﬂﬂ%ﬂﬂuﬂﬁ"@mﬁgc
FO ¥ 0 A F 9 R

fa-5 (Control voltage)—%w fim Waw A vt anazye wewr 9 shteré
Prafeaa &t STt @ 1

fe-6 (Threshold voltage)—%% t @& T7ge i } | T8 W A= v 502
¥ 9w 9 A T R (0-014F) =1 A vRafis a1 21 79d 7@ A
Freege F1 R Frdfia 91 9t ¥ 1 o 39 e W A 1 3 iR A

R (Vmreshold) mﬁnn%mﬁﬂﬁ?ﬂ&ﬁ%~ﬁﬁa~w~€ & I,
e RS R W1 set & St |

fo-7 (Discharge)—3# i w0 S s ot e oy ARFT (Cp)
P ARG R I}

f&-8 (Supply)—%8 A WIC A Feifa ARI Ve GV R 15V 79) @
Tt ® |

“Figure 9.1 is a simplified block diagram of the NES5S timer; an 8-pin IC
timer introduced by Signetics Corporation. Notice that the upper comparator has
threshold input (pin 6) and a control input (pin 5). In most applications, the
control input’is not used, so that the control voltage, equals + 2Vee/3 As
before, whenever the threshold voltage exceeds the control voltage, the high
ouptut fromt the comparator will set the flip-flop.

The collector of the discharge transistor goes to pin 7. When this pin is
connected to an external timing capacitor, a high Q output from the Slip-flop
will saturate the transistor and discharge the capacitor. When Q is low; the
transistor opens and the capacitor can charge as previously described.

The complementary. signal out of the flip-flop goes to pin 3, the output.
When the extenal reset (pin, 4) is grounded, it inhibits the device (prevents it
Jrom working). This on/off feature is sometimes useful. In most applications,
however, the extemal reset is not used, and pin 4 is tied directly to the supply
voltage,

Notice the lower comparator. Its inverting input is called the trigger (pin 2).
Because of the voltage divides, the noninverting input has a fixed voltage of
+Veel3. When the trigger input voltage is slightly less than + Vc/3, the
OP-amp output goes high and resets the flip-flop.

. Finally, pin 1 is the chip ground, while pin 8 is the supply pin. The 555
fimer can work with any supply voltage betwen 4-5 and 16 V.”

i., -

A eI L Py DO TR

LA o e
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268 T Rl o oRaw
§ 9.2. BRrRE TEIETEHE (Monostable Multivibrator) :

W T W e ad
w R eEenm @t R —O+ V¢
T 9 A @ A A g
WA R T ] WA @ 4 8
oEe e 9T ¢ a0 §9 2 5 Output
ggﬂ%i% 7 555
e & 999 I A R | 5w D
TAER R CcERF L vkl |
T Rt R | |_r 05

555 IC # WAREA L ﬁ_ L Hrh
TR ¥ ¥ X W& (Use Trigger N
of IC 555 as Monostable Wm@.alﬂw&@uﬁn&iﬂﬁgg
Multivibrator)—555 IC &
AR ST R 9.6 F sefdfa fe mn 2

I oM 00 1 P mARRd TeeRa # i w0 F oy A
T 9o 1T SfTarers A R | 5 o e T & I, 79 a PR v ¥
w,ﬁzouHmawmﬁuuoaaw.@mo.i%_%ﬁyﬁuﬁmww
@ ¥ e 11 (low) SMSeye 19 A R 1 9% §6 AT @) T o d
AT S TF T ¢ < TATM 79 T T HedtaaeT g6t e F /|

oV,

-8

s
2R
3

74 +<OO .—.lmmm_.
U@L v
- +

6 +2/3 <n0
+c ! S
H Av m
= $ +
2.3 s
[ —
Trigger © 1

ol O

/ _ Threshold

+V,
(a) 555 T BT WA &5 ®Q F T (b) Trigger, threshold AT ARy A

cc
3 _ _ Output
—a@
Output
fax 9.7

e vy 1 STSTYE I & 39 ¥ JoT gon ¥ | wurd oyereyy ¥ @ I
E@@ﬁw.ﬁwuﬂﬁwﬂﬂmﬂ&mﬂﬁgwgwﬁﬂ&a%
wagw_%ﬂmﬂwﬁgﬂﬁcwnrﬁmnv e ¥ A R

‘ TFRIC 269
%mﬂimﬂﬁsﬂmvng@wl

me=1 - - A o
Mwmsamuﬁﬁwmagﬂwsa?ﬂﬁaﬁm
:.@zﬁ%ﬂbﬂ&ﬁow@nﬁﬂiuﬁﬁgg
mﬂqﬂgm.a@ﬂ%wﬂ#&ﬁqgw

qwg F Emﬁﬂwﬁéﬁi@ﬂw%ﬂ + 2Rl (arafy
1 AT A W) fave v (potential divider)¥f$e 5t Tor @ Yec
AR I At 2| 3

ﬁwé%ﬁﬁ?%ﬁ??.@mw.ﬁwﬂwﬁﬂ
%ﬂﬁ%ﬁ.ﬂﬂii&%ﬂ+§ T (77 37afdn o)

%.mﬂaﬂzﬁmﬁnmno@%.ﬁﬁaomoﬁ_mupwis_
0 F 1 B F FRU 35 e 5t A v |

frTy w7 @ I IR F T AR 10 = 0 Y T awe A ¥y
. ﬂaﬂﬂﬂ@m@:_ﬂwwﬁﬂﬂ&aﬁmﬁg@ﬁmﬁﬁ_ﬁ

n%mx#ﬂdi%gw@ﬁu@:%mﬁﬂﬂﬂwﬂﬂ ‘.

S T feafir St @) et 3—
V'e=0 | @0=1
(3) SReyE =1 (4) TR T2 37w &5 &
(5) uifT amafem & smr

L. o) 33 % 5 W TWh—3 S Y SR A @ D 3 5w

TR (-) brer e Aot o = C 3 e v 0 9 (+) et

daﬂﬁmﬂgnﬁ@&w.ﬁ?w%@wwﬂﬁﬁﬂ&@aﬂﬁ

aﬁwﬁuﬁﬂw_wwﬁﬁﬂm%waﬁg.%ﬁﬁmﬁmmﬂ

¥ ST | 5 e 35 ooy 3 PR W S G 9 2 A e foerg
ﬁzﬁ@ﬂgsﬁourmuo_ﬁ%%ﬁmnﬂcoé@y@?
cn;wwﬂﬁﬁ?ﬁﬁﬂwnﬁﬁm&mia_ﬁﬂwﬁﬁmﬁ%a
@wm?:%nﬂﬂwﬂ%&ﬁmgm&mﬂé%ml
Q=1
0=0
AR = A

153/234



270 IR g T U
Zifet = §q9 A H
gurte = ECICINE
%%%ﬁwﬁﬁ@ﬁmﬂﬁamﬂﬁmﬂﬁwﬂ
Ay,
ﬂuxﬁ_omnunm.uxﬁ
xmanwﬂqﬁaaﬁwﬂﬁﬁﬂgsﬁgﬂgw_
e ¢ e T (pin) 5 (@21 3 Hufr 3 Frem § LHRRR fFar mar

0% F2e AR F I (noise) P R (filter) o Tl R |
Rt 4 e A 2 | 3 -G 0 555 AT HE FN I H A4

3| ot T T TR T AR ¥ 98 W
9 Y e 3w § i AR AR OF T YR I F H qam

3 gt e B R 791 C F A T FL FCEFA K|

“When the trigger input is slightly less than + Vccl3 the lower comparator

has a high output and resets the flip-flop. This cuts off the transistor, allowing
the capacitor to charge. When the capacitor voltage is ‘slightly greater than
+ 2V /3, the upper comparator has a high output, which sets the-flip-flop. As
soon as Q goes high, it tums on the transistor; this quickly discharges the
capacitor.
Figure 9.7 (b) shows typical waveforms. The trigger input is a narrow pulse
with a quiescent value of + V¢ The pulse must drop below + V/3 to reset
the flip-flop and allow the capacitor to charge. When the threshold voltage
slightly exceeds + 2V¢c/3 the flip-flop sets; this saturates the transistor and
discharges the capacitor. As a result, we get one rectangular output pulse.

The capacitor C has to charge through resistance R. The larger the RC
time constant, the longer it takes for the capacitor voltage to reach + Weel3.
In other words, the RC time constant controls the widht of the ouptut pulse.”

§ 9.3, TR WeHETEAS I SAFATEHR AT FAE (Astable

Multivibrator or Rectangular Waveform Generator) :
T vy F 2 s s oV
ot ¥ qur 7w wg @ S A o
areé areare ¥ aEaE F e Ra  —
%i%&?ﬂﬂqﬂﬁ 7 |4 g 3 Output
fd @ $o fifEw w9 I @4 Mx —o
B

acerdt it € | 7€ Fifla A R A4
CFMARHRFME

555 IC TREA WA ¥

¥ § (Use of 555 IC as astable -
multivibrator)—39F WRyw f H
98 ¥ @ MR - =

1
'lII—H—-| '

IqHTIC 271

gk @ FMAA T R (0 = 0)—fRe oy

; 9 (a) F &H J T FE
mﬂ%%%ﬁy@anﬂ@%%%ﬂ %%WMH
e C, FAAY R 4 T Ry & Wrom § 9190 8wk (R (9.9 (b)) | 6o A1
fi1 6 (Threshold voltage) ¥ ST T | T A S ATl e & + il Q

Tt | 79 T F AT () P w e 5w 220C

3
3

<

w@
mmM 5kQ

|o<
‘ g cc

+
_| 3
OLH 5 |® R Oﬂncﬁ
5kQ -
4P 4
= = _(a) (b)
| fam 9.9—wRaw wehamgde (Wt fa)
\ 2, ,
3%ﬁ%§ﬂ§%w%3_$%%ﬁﬂﬂﬁ

I (high) MEEYE 2 21 T8 ARTYE FFW FT F § TG F {2 O ¥ FWw
PR Ty A2 & S Safq @ = 1 & SR | W R Q F A Ie & I |
&Mmiﬁnﬁa. uaﬁ@m%
Q %1 UA A R (Q = 1)—Q FAA I W gifreT 3t ag
N oft 3 AR e e |5 R IR § & 3 vgs s
W ¢ WRAY Ry F Ao ¥ IR B T T4 IWH BRI Sredl

FT A w2 & |
n&%f%mﬁ%ﬁﬂm%fawé%ﬂﬁa
R 2) & s @ Srer e 1 GORE F G AR F AW G Wit F

ﬁ%ﬁ@w%%ﬁ@@ﬁ&ﬁh@ﬁ&ﬁgﬁﬁﬂmﬂﬁg
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272 TRt gfaal T TRYE |
e Yo fire Ty Y R FLM | FgiqQ =0T Q = 1 &AM | ey

0 %1 °M e & Jm o
AR F g Fadi® = RpC

et e @ TEAA T A @ A Pt & W D W AR g v
e 2 ST T R T T R SR | R TR AR & g
2 o FiYE G99 9% @Y TeE W ¢ a9 AETYE W SAAAER qon

(rectangular wave) ST< AR .
FifF STATH G99 (Charging time) T AM. AV F7T (discharging

time) ¥ @Y AT ¢, TS NS WARA (symmetrical) TEl Bt |

STYE H THY F (Time period)—
T =0-693 (R4 +2Rp) C
g Cpl_ 1144

\|ﬂ1Axm+quvn ;
" “When Q is low, the transistor is cut off and the capacitor is charging
through a total resistance of R4 + Rp. Because of this, the chaging time constant
is (R4 + Rp) C. As the capacitor charges, the threshold voltage “increases.
Eventuaily, the threshold voltage exceeds + 2V ¢c/3; then the upper comparator
has a high output, and this sets the flip-flop. With Q high, the transistor saturates
and grounds pin 7. Now the capacitor dicharges through Rp. Therefore, the
discharging time constant is RgC. When the capacitor voltage drops slightly
below + Vc/3, the lower comparator has a high output, and this resets the

flip-flop.

The timing capacitor has an exponentially rising and falling voltage. The
output is a rectangular wave. Since the charging time constant is longer than the
discharging time constant, the output is not symmetrical; the high output state
lasts longer than the low output state.”

THEA-9
1. IC 555 &0 =i SIEAM T15Y a91 HOLATEY |
2. 1C 555 F AR Fedtazact & &9 § yan o ¥ IRYY S IAe - v
IR |
3. IC 555 % aEREe HeiaRaet & &9 § W & 3 9w s S Hrd-xomef
qugEd |

4. TARREA AERAR g 10 ms F T0H IqF A &g ey feemg S |

5. 555 TRW &1 @WUS AN 9ARA AR Iqa &1 WHIEA | (UPBTE 99, 2001, 2002)
6. Taferd agehiud & &9 ¥ 555 et ames &1 @ aueEy | (UPBTE 2004)
7. IC TRW W wftw fewolt fafed | (UPBTE 2005)
8. IC 555 &1 i fa3 wifad aan s fom &1 3vdm <wifsd (UPBTE 2006)

10 TRe faw wed

(REGULATED POWER SUPPLY)

§ 10.1. 9= (Introduction) :

ﬁﬁ_ﬂm“.w.wmwﬂ&qg%%o Ho Wit 3 ararvamal Bt § | TR
%&m%ﬁ%ﬂﬁwﬂﬂo HWo AR s A 21 TER R ac, W
#&ﬁﬂw_ aﬁawaa.pmﬂ&gﬂaw_ﬁamfhﬁzﬂm
ﬁnﬁawgﬁﬂgw&ﬁm?%ﬁﬁgmﬁﬂa

oS % 7 3 39 8 8 39 8 a1 R 1 g o i SR 3 4 e
a1 € % a.c. mains ﬁ%ﬂqﬂmﬂ@wﬂ.&ﬁmm’_@ﬂg@ _nwmnwn_m_&

# d.c. W @R F 91T A TR gfwat i o o
@iw_ﬂ.ﬂgﬂw.ﬁm@ww%o o %ﬂ“ﬁ:ﬂgﬂwqﬁ@% e Fr

“In general, electronic circuits requi a
the emitter and collector bias in a gw.&:“s M_Mﬂswm ﬁwﬁwpﬁﬂw
rarely used for the purpose as they are costly and require frequent replacement.
In practice, d.c. power for electronic circuits is most conveniently obtained from
commercial a.c. lines by using rectifier-filter system, called a d.c. power supply.

The rectifier-filter combianation constitutes an ordinary d.c. power supply.
?«H d.c. voltage from an ordinary power supply remains constant so long as a.c.
mains voltage or load is unaltered. However, in many electronic applications, it
is &mh.am. that d.c. voltage should remain constant irrespective of changes in n..n.
mains or doad. Under such situations, voltage regulating devices are used with

ordinary power supply. This constitutes regulated d.c
. power su and ke
the d.c. voltage at fairly constant value.” PPl ps

§ 10.2. %ﬁ Tiat dﬂ._m (Regulated Power Supply) :

WAt FE Te Ffeh R a0 G WMo TG AR N ARG Fo Wo ART
WG F ST 2 ‘

BT o A ag A & Feva MS2qE AR a.c. mains ¥ fluctuati
5%m<ﬁmm~monm@wﬂ§ﬂam§w_ uetandions

“ d.c. regulated power supply which maintains the output voltage

constant irrespective of a.c. mains fluctuations or load variations is known as
regulated d.c. power supply.”

TR o o TaT e T8 A 2, RH 2 S T i war
R TR et o ot o @ 1 YpE Qo AT T W i SR
f 101 % ey mar 2

~
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274 AT gRFal @ R
Unregulated
._.m.do_sun Regulated

AC. n.P
Vs | o] Yotoce
Transformer Rectifier Filter Regulator|—»- |

Wmae.-l»mwwnnﬂaawﬂﬂ,ﬂﬂm

m.._@wﬂ o Hio * Iﬂﬂﬂﬂqﬂl
1. iﬂﬂa%@%ﬂ%%gmﬁdﬂm%wg

A (isolation) W ¥EH T R 1 "
Nﬂﬂ—m_ % Hlo Fl o Hlo ﬂaﬂﬂ@dmﬂd— |
“ mmﬂlmluwawa.m%o o 3 T () 210 €, S freet viww s

ﬂﬂwﬂ.h.wa SRR Sotllo B FrFAT Go Wo ¥ TRART T )

sk atERe Gl W ¥ IR (Difference
Between Regulated and Unregulated Power Supply) :
%E&rﬁv&ﬂdﬂa s Ui a
1. SRS (unregulated) Wl TR 1. pERe W @i o Ho mﬂumﬂé
dc. 2 A 3% Y 92 AT ¥ &mu%wﬂmw%w“wﬂ
AR Erk a1 e @ aE R efaria g&amﬂ%w%aog
.agnmoumﬂwﬂ%o«wouﬂuﬂmwmwﬂ (change) F W i, T il
”aanmam@ﬂﬂw_ A feR (fix) @A R |

i go do 2fif
2. To Hio YL ¥ Mafia ) wartRe| 2 tEds W AR
M:.BE«MMMV G T W Do Wo| AR To Ho Fge ¥ ikt S WA
Fseye A Rakfa & | yRafda & aar |
u.ﬂmﬁwﬂﬂﬁﬁ&%ﬂgwu.%ﬁ&@ﬂﬁﬁﬁgaﬁﬂa_

ST

e ».H@.«_N Itage Regulation) : .
y s.mwiﬂﬁaa%aﬁw%a%ﬂwﬁiwaaﬁaﬁa

%«ﬂgiiml
.W&mw”% ».u@«ﬂﬁbw& nnmc_nmonvllﬂmﬂdﬂ_w * gmﬂu&“ﬂa&ﬁw
Fo o AT T TR Wi el § | e ST F weF WIS TR T,

e Wiar g ¥ 3ifk gy & 8, 3, ABLYE SoFHo AR A T A T

S S ¥ Ty WIR Aar |
# I8 T # I 91 (no load) A T 9N (full load) 1 qfafia #@ WA

ﬂﬂim@wgﬂﬁﬂ@gwﬂnﬂﬂﬁwéwﬁﬁ gﬁmmmﬁﬂ
¥ qr & an vRad A e b s ¥ .,

§ 10.3:

%_wma@.ﬁu VNL -V
“Zh U% "8I (o load current) W S S
FL > n=~£dm?= load current) vt die S
ﬁaﬂw%ﬂﬁ%sﬂﬂﬂmﬁﬂ@uﬂsiﬁﬂ%@gﬁi

A ROV T Fh R vt sty g

i a@ﬂﬂMwﬁusfo.:nO.:
LS TLHR A G A AR H A 2 ae e 3 S i tl
_ommmy.ﬂw.“””” . &u@«_doﬂmgasnrﬁd—w_ e
wfaya E@ ™ @ﬂnoﬂmmn load regulation) lmw_ﬂ.m.umy.«_d YT AR
%wﬂvztwnamﬂnaﬁ%gmﬂﬂaﬂg? w

% 9T m.u@ﬁa (load regulation) = VNL — VL %X 100 %

VNL

g wdw.«_u (Line nnmc_mmonvl.ﬂ._wﬂ.&@ﬂmwﬁﬂgmﬂmé
m_wumm%_@ﬂm ﬁkqnmxx&%md@ﬂﬁ%?oﬁn&gﬂuﬁaww_
TR : AT A TR T AT 230 + 10% ¥ A THw o B e AR
207 V ¥ 253 T F YERTT & et 2 1 2 o AR F 253 V A 207 V
W YRARA (change) B W 3M8eqe AR 10-1 V ¥ 9-8 v 2 It A A

T (line regulation)—

T TP = 10-1V-9-8V =0-3V .
“The d.c. voltage available across the output terminals of a given power
Supply depends upon load current. If the load current Iy is increased by
decreasing R, there is greater voltage drop in the power supply and hence

" Smaller d.c. output voltage will be available. Reverse will happen if the load

current decreases.. The variation of output voltage w.rt. the amount of load
current drawn from-the power supply is known as voltage regulation.”

Forem w7« v et vt W w1 A YR R fm?
§ 10.5. FR SR ®1 YA % WHet TRUT I ST (To

Obtain Regulator Circuit with the Help of Zener Diode) :

it W T ¥ oA RaE
AR A TG T ITH JFSE & AL
N TRE JwerET A7 F I F@ & A

My v feome et o ¥, 3R S

e e | .

T QT S F9t a9 &1
ﬂiﬂé?&ﬁ%ﬂ«%ﬁwsﬂ
T e A7 ¥ @ w31 W T

- RS P ¥ oy e T A W

vV

Vz

L
.ﬁ'\
T hN...!.

VI

faw 10.2—5R STaYE fweraror
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276 it g o I s e N
fe ot 73 orar 8, 9 g 1 T
%@%@Mﬁﬂ&.%&%ﬂﬁﬁgqﬁﬂwsw_

. gw@wﬁﬂﬁm%%wgﬂ&wy@%

&@gﬂﬂmﬁuﬂﬁw%%%:mﬁ%ﬂ@ IS AR TRy

w~8<mm%mmmﬂsﬁgw_

i Zrars {ERT (Zener diode regualator) =
ﬂﬂlﬁ%mﬂgﬂ%%wﬁﬂﬁm%@agﬂw

%&@ﬂﬁwwﬁﬂi@wﬁﬂ@s_ﬁﬁzé%ﬁrﬁ

Tt | afE T A (Input voltage) N Rs Is _v_.
AT Sl & A1 9K (load) &AM F&edl

e qAl AIYS e e & A v; (unregulated)
il
fm103) ¥ Vo=V:

1 T fraa —o— =
3 v, P & o o fet 10.3—STFR STNS TR

W

(i) oz &E R ﬁﬂaﬁﬂm@&g@lﬂm%uwﬂﬁaw@.
5 v, fraa @ a1V +ft Fre @ ,.

Vo=1I_RL.

6 v, = v, TR 1, F PR @ 3 T 1 oft e

e Are ARY R, F T A S A A 4RI L, 7 &AM |

IRF 1, = I, I, FEEA S 4R 9 @ S|

A e AT R, B 7T fean T A TS g A SR 79 3 AN
o 9 A |

T4 TR T 3@ ¥ FF A F1 99 Rafia 3 WA 6 gRafd & i
2, qur SR ar it aREfia @ St ] W AReqe I viafda T A |
T AV, =10V, V; =15V, Ry = 1kQ

Vi-Vz 15-10
@ =R =1k =OmA
fg Ry =5k
Vo V,
| [ =2 _"z_10_
L R, "Ry 5 2mA
3 NN"N.—.INP"NE
g R, = 10kQ
_10_
@ ~hIHoIHE.>

o AMA—> SAEDY
3 A+ AR AR W RS A T _N+
<N\WRI_. <c
—0

-

YRE YarEer 277
< GH L=5-1=4mA
37d: Ry, 1 A TG T AS SR 797 ST SRy A et IR AR
Vo=V, =10V R | S
ﬁ@dﬂﬂ%&@ﬂ%dﬂ&d@ﬂ?%ﬂ@l%&@ﬂyﬂﬂm%ﬂ%
¥ WIS HT & AF T 9 v 76 S wiife smeeqe 9 oA A9 Vg
ﬁdﬂ%ﬂmﬂ@ﬂﬁﬂgﬂwﬂ.—:qumaﬁmolnmncﬂnucbﬁﬂ.ﬂﬁ@q:
44T 39V ST 8 1, 6 FEd S |
aa V=10V R =10kQ Rs =1kQ
b\HMHk'hﬂgﬂug
Ffe 3992 IR (input voltage) V; = 15V
_Vi-Vz _15-10
® b=="%r =71
L=5mA-1mA =4mA
ﬁﬁmﬁﬂmmu_@ﬂﬁnvcﬁé_nmm&mwﬂwc Va IR
@ =210 10ma
I; =10mA -1mA = 9mA
/TR QTR € F TR AR a1 A TR § ae T ST S
A QAT (adjust) 3 I R, W ST s F1E7 (zener voltage constant) &%
& Fny MFYE SR [ (output voltage constant) ware |
I W - fo 103 N 3 @ AW F e MG ANy (a) T aftgy
W ETaiE el (b) afz e § v, = 15 V 1 SR s & e
§ 10.6. grofy IGELCY (Series Regulator) :

Srut et withe 1 e S 9T 10.4 7 fegmar T ¥

V; (Unregulated) , Vo (Regulated)
Control element

= SmA

Sampling
circuit
Reference - ,| Comparator.{.
voltage circuit
o 10.4—Soft WA ST Tl ST

T dmfem ufw (sampling circuit), R ART W g
ASBBESG I [: fifaE (feedback) FARI eI (comparator) T @74
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278 R IRl T TR
79 77: PR (feedback) E R A 51 FféE AR (reference voltage) § R

ﬂwﬁ@.ﬂw.ﬁmﬂﬁdﬁguﬁo_o_nﬁnaﬁvﬁﬂﬂmﬂgwwﬁﬁwﬂmw
fipat Areewl AETIE A A B
T R ooz Ao et i A & a3 A A T
PRI S F SABIGE FHFC  FRW AR | .
2. AETGE AR F W & A TEH Wb PR Sy
T HF FY F1 F189 2 2 |
g%ﬂ#ﬁmﬁﬂmﬁmﬁguﬁo_o_ﬂugcWawﬂnﬂﬁq:w.ﬁa".wwg
»d@m.: ries regulator) Fe ! v
WMM »MWNA qfa® (Series regulator circuit)—¥ 10.5 7 soft w.u@ﬁ.ﬂ
e IRy fearr T | g IR @, Falie FEIE 3T (element) §

o Q _ _ o
+ +
R + VBeE 1
Vi + RL Vo
(unregulated) v, (regulated)
o T 0

fax S.mlwaw%ﬁ. qfay

91 R eAE FifdE A (reference voltage) J114 F@R Loop 1 % fpes -

A Frrgm T T

Vo=Vz-Vse
Vy &1 0H Vg F T & F1et 3ifees {1 & Fw,
Vo=Vy (- Vg >>Vap)
Vz & feat 8 & Fron, 1, ot fee wm |
TAH—T9% TEIe S g0 F1 Jehr ¥ a0en g € |
o (i) ¥— Vo=Vz-Vpg
a Ve =Vz-V, o)

() AV, AT TR Ve F AR A T & [ (i) F
T | T @, Ik oM F@ ¢ T AReYe AR TG AR W
Y Frd W T A S R | |
(i) M MEeYE AR g3 T § A I i AR Yy F IS
_ FA O, H I F A I R, 791 ASYE @ W A e 2,
BT A AN AT Prad 7 T 37 R R |
317, T G ¢ fop BEYE AR T WV, T RATTEAT R | I G maids
m.ﬂ%mﬁimmoa&wﬂﬂﬁﬂw&ﬂwﬂ%ﬂaﬂﬁfﬂﬂ&w_ ,

R

(ii) If the output voltage increases, the .
cintses istor O, 1o €s, E&oﬁu&n& g«.&“ﬁhﬁﬁ
Nﬁﬁ”ﬂ. gang ?é—d&nﬂn-ﬂ intained at
%ﬂuﬂ ads o V; (unregulated) Q
- 106 ¥ siww O
ﬁﬁﬂ%ﬁwgwﬂﬂﬁ xuW
wf¥e fearn T R} s i
YA4F R, TR, T A T [
fifere aitay 2 e 7 Tt AR
AR ST A @ W AR
fFifde AR Ft gom war 2 1 3R
MY A B Rad 3 A
AR Q) & A B F3d T
a.ammw AR F TR e
ST

Vo (regulated)

I—x-
=~

Tﬂue.alo—?n!-. z#%INA

MR A, Vo= T+n|u§

aRY @ fied (current limiting circuit)—Ridw YRt ) wid wife a1
AT A T g T WO (curreat limiting) F1 AT BT I 3, R Ram
10.7 % wefyfa fem T R 1

RN e a7 vt R, wé A A IRAY R, (short circuit seasing
Tesistor) T S IV 4G ¢ | AR Ry, W AR 1T g0 3w & ran 3, 7%
Q, N ON 3 31 & R 0, M ¥4 ¥R divert ATt }, e iz R, wawd

A qry i @AY T I, Ry TQ; F IO A e wr Wi &

[t R
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fo 10.7—ie fefafe St TReX

wreeds fafafar (Foldback Limiting) — Fort 108 3 wiesete fte wafda
3| 7% R G T AEE ARK F A A GO F@ R TS B over

current Y ot ® mw.uﬂmﬂmw ft protect A2
Oa mm
\\I/ L((((/W

<‘ Oo—
Rs R4
Q,
m+

_J\

I
= “|O<O = <—v
Ry
RL
R

Rt 10.5—reeke Fefife S by afers .

I

+
v, R,

Preeae fafifen e fEaEet R, 9 Ry €10 YGH &1 IRt ¢ | 7€ feamwst
TRug 9, F Tiet AR N sense F@ & | A [, F A ifead 9 95 T8
W1 8, A R, W AR g9 a2 ¥ 9, ON & I & 94T current limiting ¥&H
TR | A e ST T 9 F A I3, A 0, T ON FW Tret AR FH @
ﬂ_ﬂwﬁﬁﬂ«\h FIFMEANAL, oft %7 A A 2, T4 action A foldback limiting
ST R | 9 WS SRR F A A RS value WA TEF S 8, A qfwd T
AR HRTH oY WM R |

§ 10.6. i FTaWT (Shunt Regulation) :

iz Yiporer wRdt 3 g1 3 A A Wie F0h B s fRr S |
=i srmm o (10.9) ¥ fe@mr m@r g |

T

YR%e YT 281

V,, (regutiated)

Feedback
Signal

T 10.9—vie e 1 s s

T $TGE e SRS (imput unregulated) 1,3 Teqe A A e
¥ fd T T ﬂdﬂﬂmﬂﬂmﬁm?onu.o_ element) T &9 foar 9T £ | 3%
e 3 A 3 YR S W A TRafia 2N w2 o 0T (sampling)
IR9E T ORI (comparator) ® : Fifee fRyme {feedback signal) fe=n s
w_wﬂwgwﬂﬂﬂagﬂmﬂﬂﬂwﬁgng_ element) F fFEEw g
(control signal) Y&TT %1 741 TR Fréf¥% T (control element) TRT 772
(shunt) Fi ST Frelt a7 = UREfia =& Eeye e @) B TE e |
(1) | 7% NP e T TR & A SR Fod @il A AT
AR ¥ T 1 e 3 ¢ e arseye S o & et S e e
Al 3R R A W 3 I |
(2) 3z APTLE AR T2 A & A T Wik F2a Tehle = 59
YR ¥E F H P 2 ¢ R AR 410 73 AT € a7 s
RS AT T A YT 31 R
2w Wiz [ORA (Transistor shunt regulator)—F7 10,10 ¥ iRz v
ﬁwﬂggw | S il A QIR Q) TR F W R TERR W
ﬂmﬂdﬂﬁ.mﬂw T ST 3ErE FfdE [N (reference voltage) TR & 2

Rs
+O0—\VWW Q+
+
v, lc ! ,
Vi - W R 0
E:qmom_m»m& = Q < L (unregulated)
B Vg =
o T e
fiamr 10,1021 vie TRt

R A TR
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282 R feEl W@ R
T (10.10) ¥ fFETs AR Fram TR w—
| Vo=Vz+ Vgg (i)
Vg ¥ WM Vz 8 g 3 79 9F WV =V,
V, & FEd 8 F R0 1 ot Fora @
TARF—3G% SO $I 1 SR T 660 86—
Wi (i) 9, Vo=Vz+ Ve .
a VBe=Vo-Vz (i)
1. A AP FAF T T R A G (i) T Ve T AH w2
wTar @ R ) G F R @R 71 T T AN WE (currenr
shugt) T ST} | TEX AT 4 3 7 § K A } T ey
AR AW Frra qF WA 3 R
2. AR AR FAA T3 AT @ A WA (i) T Ve ¥t 7 et 4,
T Q, W A I JMAT & I T AT G I FA TR | TR
H32YE AW F FHt 31 A R T AP AR T BT g q
WA 1 R
IARYAA TS e AR TR (Operational amplifier shunt
a@EEvl.?ms.Emﬂ%mﬁﬂﬁ%ﬁw«ﬂﬂwﬂgim_
[ SEicots (comparator) F 1 v, Rg Vo
Ry 991 R, T W4 G: ffw § 0
AT (feedback voltage) 991

ANV
3 A
(reference voltage) it q&T HC 3
A 21 gt (Op-amp) 1
et g, A I fomw
Vz
L _

R  Isy v]

— ——

(control signal) ¥eH F@T @

e 2T (transistor) TR 42

Maﬂ_wmﬂ R 9 41 Y At = =
| 9 R AR F @& Fifyra ity

T R e @ arwaa g | A 10.11—0p-amp ¥e

A shunt voltage regulator provides regulation by shunting current away
Jrom the load to regulate the output voltage. The voltage drop across senies
resistance depends upon the current supplied to the load R;. The output vollage
is equal to the sum of zener voltage (V) and transistor base-emitter voltage
(VBE)-

If the load resistance decrease, the cument through base of transisto’
decreases. As a result, less collector current is shunted. Therefore, the losd
current becomes larger; thereby maintaining the regulated voltage across the
load. Reverse happens-should the load resistance increase.”

el

R

AR SEREE R TR —y stz aremfes
A G WH TF Mo Ho Y (1.C. chip) mﬁ@aw__”mﬁmo o @& PR
ﬁﬂﬂ&%ﬂﬁﬁﬂﬁﬂsﬂa&@ﬂﬂﬂiw._giﬂa
A 9 L.C. Wt A9 ¥ 3yeem ¥

A e @ L., Yt 6 o 1 g9 @ e A bRerLc, §
&u%ﬂm@ww.%wﬁﬁ%%wgsswsﬁz&ﬂﬂﬂw | & 2l
W Afafad o wo Y (apply) ﬁiwmﬁ%%ﬂﬂ%“ﬁ. Hlo
T F et R 1| R 2l B g R S d

I
IN [Vortage | OUT L

[ +
Regulator
Ground F
IiL
0_2 l~‘ lm OO a .

Tt 10,124 i @ 1c dE

Fra s AW WP (Fixed positive voltage regulator)—fRia
T drede hyaer 78X X At A 1w 6 o T ¥ 1 76 b s A A 24
V 7% tade Ay e R € | XX T A6 AR I 3 o v 4,
7805 %1 anf } o e 5 V W@ A | I NFX 7812 R 12 A AR WG
Wit | erresrn et = et 101 3 <R TR |

T AR & T T  foF P S8R (fix output) 3 Y & e e
Y Ay, ayeeye AT & S &t 81 3 7805 ¥ +5 v dydde ameye
I Y ¥ ford e WO A 9 7-3 V 30 A 2 1 e 1013 30

Ve (regulated)

Vi (Unregulated)
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4 e g
st 10.1 : 78 fadet ¥ 1C b it fareren
Output Voltage (V) Minimum V; (V)

I.C. Number
7805 +5 73
7806 + 6 8-3
7808 +8 10-5
7810 + 10 12:5
7812 + 12 14-6
7815 +15 177
7818 + 18 21-0
7824 + 24 27-1
1 3 y o~
V;o © 78 XX | O Vg ,
Om IT Lw N |..J”I 00 ﬂ_
B .ww_._.L =-1uF
1- Input
2- Ground
3- Output
L 123

fer 10.13—IC IR T

e TS AW wu@NA (Fixed negative voltage regulator)—79XX
Mo o AT (1.C. series) RS aleds T & fader # | 78 Rl & ¥d
& %o T (negative regulator) ¥t Th 5@ S (fix voltage), NS
T q9ff S FT IR & 99 399 TS T AaH Y2 aress o o | IETe0Ta: 7905
LC. ¥ IBTYE W-5 V T 1 & Gl 7 3G A WHA § FH - 7-3 V ¥&H
(apply) 1 <1 |

79 % Tl = Aifee e T W ewidt T ? (arfer 10.2))

et 10.2 : 79 = Tolsr St e

I.C. Number Output Volatage (V) Minimum ¥; (V)
7905 -5 -7.3
7906 -6 —8-4
7908 -8 -10-5
7909 -9 ~11-5
7912 -12 —-14-6
7915 -15 -17-7
7918 _18 ~20-8
7924 24 2711

R At e 285
ufeadl A 4H@N4 (Variable vq

ltage regulator)—37 bRl a0 &
Frafd MTYE AR 3177 gt g
LM 317 (FT10.14)1C. R 12 vy 37 o AR e (set) FOTR E 1 TR

V % Rt o o Prafeg amsegz A
1 0 o T R (set) e g _ﬁwﬂﬁﬁﬂﬂokmg%

V Vout

IN
* LM317 +
Adj o ¢t
. vy

Vi

R
L r
<
H 3 Re [T +Ad
- - 2- Vout
12 3 3-Vy

wmw;.:lamdﬁ&wﬂwa@ﬁ

Ry T4 R, & WM TREfid w0 e # 12 ¥ 37 V 7% 2 w0 §
AMICYE A Ft T TR g0 Tomr 3t o1 e d—

o V1 +22
LM317 %8 V=125
AE R, = 10 kQ T4
R =1kQ
@ | §n~.&?+%~ =13-75V

§ 10.8.723 IC FERH (723 IC Regulators) :

3 T A S Ve 13, T A tyered & 3o F om §, aniq
U element F JRETHT F continuously vary FF RIS H AW TR TR
F STt R 13U e Rafa YR periodic pulses ¥ 9 ¥ A1 B 91 YeH
AT ? | HRR (Motorola) #1 IC MC1723 T general purpose regulator w.
S % YRR A Rt S 9 @ R fixed WA 3T PR sty A
TRt wiedt YRt sivar fafim tRiet | Tt FE 150 mA. R U SeH
T g Fese i T €, Wg $9 AEQ pass transistors - HEEAl I W W
AT ! F amperes T TN T HFAT € |

§ 10.9. fiase Wiie ek W@ (Switched Mode Power Supply or
SMPS) :
iR AR el 1 Fhrt F G T o A ffaea svar (R
e TR, PCs, Aafead Ffe) & switch mode power supply #I use f&ar
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286y gl @@ IR9T
a1t ¥ 1 59 Al # compadt, light weight  highly cnergy cfficient T 3}

arrvaa At 2, 3 F6 SMPS ZR1 vl 3 It 21
SMPs &1 wfs s f 10.15 7 wefia # 1 389 50 Hz FT 914 dredy

2 Y aar Reeet o el @ 139 et 31 T S o AT 1 I gy
W chopper switch T chop f&aT STl | §8 chopped voltage # ZIHHHT 7}
primary T apply P41 9Tl T4 M¥9% W W step down o v 8 1 grawnke
R} AegE B [ 1w 7 e w1 AEvEs o Ho R N F A R

wohvl Rectifier High freq. Rectifier oP
invertor and filter
AC. L and filter .
Control circuit

fax 10.15—SMPS 1 WT® Zrau™

ARTE AT F T F TRYG T sense [HAT I 2 | FEACIRTY R
correction signal S<F T & frgd RE9 F1 ON/OFF 239 vary ¥4l @ Wi
anzege ¥ af B I At 2, A T8 compensate B I ? | SMPS ¥ viaw feafim
Ifis switched mode & operate Bt ? | TH W F, THH F2- AT 791 WY A&
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§ 11.1. qfied (Introduction) : -+ s 28 T 1 o
T 39N A%< (integrated circuit) A1 1C | fem 11y
mﬁﬁﬁmaﬂﬁg,m_m?u%ﬂﬁm%&miﬁﬁﬂgw_
R—Ho %ﬁwﬁﬂ%_%mﬂﬁm%ﬁ_o&ﬁim_ﬁ%i
m.ﬂﬁﬁm@ﬂm%ﬁ%ﬂﬂ%ﬂ@&.&%ﬁﬁﬂg

o et 3 7 e Fove ST G ST 2 7 I I €
?ﬁﬁwn&aﬁ&aﬁmﬁamﬁa%ﬂa@ww
gﬁ%ii@wwwﬁﬂ&ﬁgﬁuﬂwﬁa
AR TG AT F AAGEH e F T A S

A AU e R PR W e W e ¥ [
et A ¥ Svees fafe IC #1 3F, 3 i T
T T 31l WAy T 3 A e S
[ A |

§11.2. Mg S ¥ 1C &1 W& (Importance of ICs in
Modern Electronics) :

v o e W Tl gt o g § ford wfwa w@ e
Teai (active and passive components) 3 & & fofeeh e 1 9 (single
silicon crystal chip) T &l R

“4n intergrated circuit (IC) is an electronic circuit in which all the active
and passive components are fabricated on a single crystal chip.”

Poaferer fa =1 et STST 50 X 50 mils* BT 2 |

amyfre st & 1C ¥ fret ae —

fa=x 11.1-IC

() LC. TR 2 ¥ (Low cost)—IC # aAm & a9 SATe (batch .

processing) 7 AT fRAT 1T @ i T € TR S IC it T @) ¥ @
AT TR T | T A A N S o A S 7wt fefedt 3 A
e ST IC YT 9gd 9 &l € |
(i) BT IR (Small size)—a% T FRILE TRYT T 3G TR
Y B JIF-9F A< WSO R S A T 1 A6 vy B en ¢ |
%%ﬁgwéﬁgaaﬁéaﬁﬂﬁﬁﬂa%
TR

il\\\

*1mil=25um=25%x10"%m..

WIEhIToEREY ¥ WRET 293

lty) <% 1C % 7 s s v
Faferat MME&P@%I mmwmﬁgw_

I ance)—IC
a9l u_.ﬁv il WMJA.@M*@&@ ICs ¥ fioqrey (performance) % G Aar ﬂm.w. M_M
S S & ﬂgw._umﬂﬁ (Less Mmﬁa_. consumption)— FHT F T2
taffes ST (parasitic cap = ER ot | g IC B A Rt

. acitance) 5 F A R | 3. 370 w3l i
(vi) 3= &8 (Hj b _
Eﬂaﬁ%mﬂﬂmﬂmﬂ%ﬁﬁw% S T 9 TTafes ST 6 FRoT

(vii) e T W W T =Y/
§91 (Better temperature range
(viii) mm,m.m_ﬂuﬂ s (Convenient replacement) &)

(iti) I ST (High reliah
ST & aan At (oints) xﬁ_m_rw. M“_u_
(iv) FE Freme (Improved pe

§11.3. IC & Y&N (Types of IC) ;
IC 1 F{feor &€ YR § R o ey —
(@) IC mw.ﬂ_wmﬂ&amm_wawgwﬂ JMAR W (Based on methods

of fabrication)—
N 0 Aeifetas 1C (Monolithic IC)—Monolithic Y% % wmeT | forar =
, Mono /&34 R T T lithic F1 314 ¥ stone (%90 | W&l T monolithic ¥
AT T% ® f% monolithic IC mwmﬂﬁﬂﬂﬂﬂﬁwﬂﬁéﬂv et vt
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e YRRt A |
MN_W adra @ fefaest IC (Non linear-or digital 1C)— T8 IC % e

J9T FBYE F FTA A sEed At E—High 9T low

s g ST e §— |
() @i ae (i) FH
i) AN (iv) STt TS |

Cs as their use and method of

There are several ways of categorizing b
fabrication. The most common categories based on fabrication [are (i)
Monolithic (ii) Hybrid ICs. The categories of ICs based on application are (i)
Analog ICs and (ii) Digital ICs.

Monoithic Circuits : Integrate
single chip of semi conductor (usua
word monolithic literally means “one s
is contained in a single piece of semiconductor.

Hybrid Circuits : Hybrid circuit may contain one or more monolithic

circuits or individual transistors bonded to an insulating substrate with resistors,
capacitors or other circuit elements with appropriate inter-connections. When
resistors and capacitors are made external to the monolithic silicon chip,
basically two types of technology are used, the passive elements are fabricated
and interconnected by thick-film or thin-film process. The dividing line between
thin and thick films is not precise. In thick-film type hybrid circuits, the resistors
and interconnection pattems are ‘printed’ on a ceramic substrate. Thin film
interconnection pattems and resistors can be deposited by vacuum evaporation
technique on a glass or glazed ceramic substrate.

Monolithic ICs offer the advantage that all components are contained in

a single rigid structure which can be batch fabricated, i.e., hundreds of identical
circuits can be built simultaneously on a silicon wafer. On the other hand, hybrid
circuits offer excellent isolation between components and allow the use of more
precise resistors and capacitors. Further, hybrid circuit are often less expensive
to build in small numbers.

Analog IC : An Analog IC is one which performs amplification or other
essentially linear operations on signais. Hence it is also known as linear IC. An
analog IC deals with continuously varying quantities such as temperaturé,
pressure. Examples of analog circuits are simple amplifiers, operational
ampilifiers etc.

d circuits which are included entirely in g
lly Si) are called monolithic circuit. The
tone” and implies that the entire circuit

R & W 295

igital IC : Digi .
N.NR ie. int g Nh..umq_.e.aa the circuit function by dealing with discrete
quantities, i€, integer or Jractional numbers. In digital IC, information is
Rﬁm«.ﬂ&m@& PW &whanc‘ &%\”.m bits. A bit may assume either one .&. two values : 0
or 1L Itis n a mathematical system e . )
¥ pinary Systemn. System that uses only two digits and is called
Digital ICs involve logic and me
. mory, for applications in computers,
calculators, microprocessors and digital systems. By far the greatest §~=ﬁ~“m of
ICs .}& vm.na in .an Bm:&. field, since large numbers of such circuits are
Rﬁ:wm&. Since Em:& nSH.ER generally require only “on-off” operation of
(ransistors, &a &&.ﬁ: requirements for digital ICs are %3 less stringent than
for analog Circuits.

. ADVANTAGES OF ICs OVER DISCRETE COMPONENTS
. u..u.n E& Weight : IC technology offers reduction in size, i.e
miniaturization and weight of the circuit. This is obvious because a n..HE.M Rn.h.m
of large .ESGQ of discrete components can be deposited on a chip which is
\E_a.mn in a package similar to that used for the encapsulation of discrete
WE..E.S... Thus, due to miniaturization many circuit functions can be packed
into ,,.E&HN space. This enables complex electronic equipments development.
Such equipments can be suitably employed in many applications where weight
and space are critical, such as aircraft or space vehicles and medical electronics.
\ .bF.RP...s .&. Reliability : Unlike discrete component circuits where
individual transistors and other components wired together or placed on a circuit
board, IC allows many “extra” components to be included economically. This
a&:&%@ and “back up” circuitry can be included in the product, making it
“NNN MMM“M.ME,.: extra addition of component does not raise greatly the cost
. hwm&:n:.ea. in. Circuit Cost : Since hundreds of identical circuits can be
.wER simultaneously-on a single silicon wafer (batch fabrication) the circuit cost
is reduced. The total cost, i.e., assembly plus component cost, decreases as the
.R.&.m of integration increases. Although the processing steps for the wafer may
be involved and expensive, the larger number of resulting circuits makes the
ultimate cost of each fairly. Furthermore, the processing steps are essentially the
.:.5:... for a circuit containing 1000 transistors as for a simple 100 transistor
nsm::. This means that the number of components in each circuit is relatively
unimportant in terms of the ultimate cost of the system.
. uwamza:.e: in Power Consumption : It is somctimes difficult to fully
awwan.ﬁm the revolutionary changes. that were made possible through the
o elopment of ICs. For example, the largest early computers occupied a volume
hundreds of cubic meters and required many kilowatts of electrical power
M.E @ sizable air-conditioning plant to allow hthis amount of energy to be
SSipated without raising the room temperature to undesirable values. The same
Ype of computer is obtained today in a desk size or even smaller. However this
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296 YR R T TR
drastic reduction in power consumption is not only due to IC technology buy

on-off switching operation. o .
also nﬁhﬁ&i«ﬂ in Speed—The signal propagation time (propagation nm.zi
is longer on connections made on printed circuit board Sn.._. on connections
inside the chip. Also, by making the physical size of the entire digital system
small, the speed is improved.

§114. ICs & ¥afrer % fafer ©F (Different stages of
Fabrication of ICs) :

SRS IC (monolithic 1C) T& BT & Fd w¥i Hde T A
R AT (wafer) TC S ST ¥ | T SECH chip T ST 2 | fafiy
FAATE F nﬂmﬂmﬂuﬂﬂu metallization TV fedT S 24 3d:, 37 IRudt
individual components I separate Tl ferdl ST FHaT |

e et vt (s, giforees, FR wftvs ¥R e 03 ¥
1T steps 1 XA fepa T 8—

(i) Diffusion (or Ion implantation)

(ii) Oxidation

(iii) Photolithography

(iv) Chemical vapour deposition (including epitaxy)

(v) Metaliization

fewgP (Diffusion) — p-n S 3 ¥ PRyt = ST i T @ |
34 a9 W fafeei= % 31ga dopant impurities diffuse FH 3 n-TRY 1 p-T_Y
T AR | T furnace ¥ fafer®iq wafer T Y& ¥ atoms # introduce &
EIG1] w | 98 wa_,ﬂﬁ% silicon wafer ¥ diffuse ST STt m it high  low
concentration region ¥ 3T 954 F tendency T ? 1 diffusion 399 A W
(900°C ¥ 1100°C) ferar ST 8 |

T TERYA (Ion Implantation) — TR FPAAYH TT 1 FEFEH
¥ 9% (alternative) & ¥ 3 AT Fopa S W @ | 9 el o O 3If g ions
@ beam ' 3% AW I HT (accelerated to kinetic energy in the range of
several tens of kilovolts) 3¥ Taferehi® 1 Tae TT direct foam STam € | 98 2fa
atoms fafer@iq GFed ® enter B AT energy lattice 1 & 2 € au 79
AT penerate BT rest JFe F AT I € |

HAfRIRYA (Oxidation)—TafEFA AT F T8 F oxidize Fh 36 T
fafea STAFTES (Si0,) T SN #1 SHRAT oxidation FEed! @ | §9 Si0;
@ % F4 functions A § | Si0, W IC T ¥ 31 Teeqyl § e o #1
U e Tad T § R oxide # Si0,, AR W T farem @ | 1C TS
% 5i0, % 7 T §—

(i) % diffusion mask %1 T Tt & FTER wafer ¥ window etch F&

selective diffusion 4T o1 wFar 8 |

TR § EE 297

Qb mﬁﬂuﬁmmnnv ?mn . moi
n&dwﬁﬂﬂam.a_m atio wﬂﬂ&ﬂﬂ%ﬁ oisture ¥ T TG

(i) MOS devices ¥ T8 GATE electrode 1 1 &t 2 |
(iv) faf¥= devices # isolate Tt |

$i0, % I TV % FRT Rl Tt SR 1C a3 3T e
ygaq FR

@N....mm..mﬂ_ﬁ (Photolithography)—fafeaiv T aieuRe W Wa a4 &
q¥aTe F€ ATTHRS T impurities ¥ diffusion ¥ 3w 1 w1k Fdt ¥ 1 3, 39
F{FAI3S T4 F FAO ¥ impurities TRfET ¥ diffuse & T T | 3, p-n
S T 8 .Mﬂ silicon IR Y selected region ¥ oxide % TH e diffusion
fopa T ® | SIS H selectively remove ¥ ¥q photolithography Ti®
1 AT o ST R | R TR R oxide ¥ ST }, T8 windows o et # 1 ¥
@ diffusion & AT R | BIAfeeme Shar fa 1.2 ¥ wefda & | T R &
light sensitive liquid fSrE photoresist F=T AT w.meN T T apply fean Smar
R 991 TEH oven H (80°C) TWT I R | 3 39 coated wafer W photomask T
T@T 9T ? | photomask T glass plate Bt 8, e TF 3 clear T41 opaque
areas TSl pattern Q1 2 | IT W T A T R0l STt I § | 34, wafer
¥ ¢ fe vl photomask opaque & w.C< foor expose G iR
gwﬁﬂ developer ¥ ST e @ |

foay photomask pattern F A pattern ST &1 S@T RS REEICH
etching S(sFAT €U oxide ¥ windows Gre STt 1

37 g fAQet (Fine line lithography)—VLSI W& ¥ Si chip T
I fFT SR W TR ¥ device F dimension FA T AATF R |
FRTAAIATH, $H T FS 3 it I electron-beam lithography, X-ray

Opagque UV Light
pattern Glass
on photo w” # " photomask
- “emulsion B SORe_ Photoresist
Photoresist o

-
Si-Wafer

(b) UV S IE TR expose &H{Al

Si-Wafer

(a) W2t thwe wfen
Exposed

photoresist

siog w Si-Wafer L.M Si-Wafer

(d) sfam (e) Fegfiim
fex11.2
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208 TR ghwEl @ aReT

Lithography IR R wafer & size I reduce T ST waar ki THS fine
line lithography F&aTdt 2

¥R (Etching) ST ora e et ¥ et erman & 37 WA TR grig
remove (etched) Ft STt LA i lithographic patterns T masked & 4y |
ShafThe 3 T&W: reactive plasma etching SBRAT AT & @t St } |

Ffrem e FEARAYR(Chemical vapour deposition) — Hftry IR
feNTE¥A ST heated substrate W solid material deposit fFaT ST R | kL
substrate & I W AW waAed & Wt R W@ AW F compounds ¥
decomposition IT chemical reaction ERT substrate W solid material EL
(deposit) & ST 8 | 3R deposited layer TH single crystal form ¥ Y Y gy
epitaxy 3T epitaxial layer deposition &&l TR | 3LTEV;, silicon F epitaxial
growth ¥ fafersi 2graeiige FT Wl A 17 chemical reaction TR silicor,
W grow FHTIT I Tl 8—

SiCly (gas) + 2H; (gas) — Si (solid) + 4HCI (gas)

HAFIVA (Metallization)—HTFHYA ¥ha1 T IC 5 F aluminium
T interconnect T et } | 79 W 70 Aot F O YAl W@ a6
forerat werrar A fafi= SRty ¥ STavasaER Fiam o o § |
“The monolithic IC is one in which all circuit components are fabricated
into or top of a block of silicon which is referred to as chip. Interconnections
between the components within the chip are made by means of metallization
patterns, and the individual components are not separable from the circuit.
The processing steps used to fabricate various silicon devices, such as
diodes, transistors, and intergrated circuits are as follows :
(i) Diffusion (and ion implantation)
(ii) Oxidation
(iii) Photolithography
(iv) Chemical vapour deposition (including epitaxy)
(v) Metallization
The fabrication of devices starts with single-crystal silicon wafers. Then
the processes listed above can be used to produce discrete devices (i.e,
individual diodes and transistors) and ICs. These devices of ICs will be in wafer
form with tens, hundreds, or even thousands of discrete devices or ICs on the
same silicon wafer. The wafer is then divided up to obtain the individual chips.
These chips are then encapsulated or packaged, with a wide variety of packages
and packaging methods being possible. The packaging
— provides encapsulation of the chip for protection of the environmental
effects, and _
— provides easy access to the various parts of the chip by means of a lead
or pin structure such that the device may be conveniently plugged int0
or attached to the rest of the system.

\ANn}Q:W} these are rather hj; era
! ; Nm_ tem 1 W
) ; \. i . ich i peratures, SQ are still well belo the

o, . . at 1420°C. . .
impunities diffuse into silicon wil| b The rate at which the various

€ of the order of 1 umjhr at a tem eratu
range stated above, and the Penetration depth that are involved in most «m?.:.oﬂ

processs will be of the order of 0.3 to 30 um. At room temperature the diffusi
process Will be so extremely slow such that the impurities can be consid o
be essentially “frozen” in place. ¥ Gonsidered; o
. .?a b:tEES: : lon implanation is an altemative to a deposition
m&:&.o: n.:& is :&..i to produce a shallow surface region of dopant atoms
m@&._wm& into a silicon wafer. This technology has made significant in roads
into &&f&oz technology in several areas. In this process a beam of impurity
ions is accelerated to kinetic energies in the range of several tens of kV and is
directed to the surface of the silicon. As the impurity atoms enter the crystal,
they give up their energy to the lattice in collisions and finally come to rest at
some. average penetration depth, called the projected range expressed in um.
Depending on the impurity and its implanation energy, the range in a given
semiconductor may vary from a few hundred angstroms to about 1 um. By,
performing several implantations at different energies, it is possible to synthesize
a desired impurity distribution, for example an uniformly doped region.
Oxidation : The function of a layer of silicon dioxide (SiQ,) on a chip is
multipurpose. SiQj plays.an important role IC technology because no other
semiconductor material _has a native oxide which is able to achieve all the
properties of SiO,. Therole of §i0, in IC fabrication is as below :
(i) It acts as a diffusion mask permitting selective diffusions into silicon
wafer through the to two oxide. . )
(it) It is used for surface passivation which is :ossm. vE.nRa::m
protective SiO,, layer on the wafer %E%.ﬁsann the junction from
moisture and other atmospheric 8:§.=S§F .
(iii) SiO, acts as the active gate.electrode, in MOS device structre.
(iv) It is used to isolate one device from another (dielectric isolation as
opposed to junction isolation). : .
It is w%%:anx Swﬁ silicon has an easily formed protective oxide, for
Otherwise we should have to depend upon deposited  insulators for surface
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protection. Since SiO, produces a stable layer, this has held back germanium
IC technology. L .
Photolithography : When a sample of crystalline .:.:noq is no,.aam With
silicon dioxide, the oxide layer @cts.as a barrier to the diffusion of impurities,
so that impurities separated from the surface of the sillicon by a layer of oxide
do not diffuse into the silicon during high-temperature processing. A pn
junction can thus be formed in a selected location on the sample by firs
covering the sample with a layer of oxide (oxidation .:.Q.t, removing the oxide
in the selected region, and then performing @ predeposition and diffusion step,
The selective removal of the oxide in the desired area is performed with
photolithography. Thus, the areas over which diffusions are a.Q.nn:.xa are defined
by the oxide layer (which inhibits diffusion) with ‘windows’ cut in it, through
which diffusion can take place. The windows | are produced by the
photolithographic process.

PHOTOLITHOGRAPHIC PROCESS STEPS

(A) Photoresist Application : A drop of light-sensitive liquid called
photoresist is applied to the centre of the oxidized silicon waferthat is held down
by a vacuum chuck. The wafer is then accelerated rapidly to“a rotational
velocity in the range 4000 to 7000 RPM for some 40 to 60 seconds. This action
spreads the solution in a thin, nearly uniform coat and spins off the excess
liquid. The thickness of the coat so obtained in the range 6000 to 10000 A.

(B) Prebake : The silicon wafers coated with photoresist are now put into
an oven at about 80°C for about 30 to 60 min to drive off solvents in the
photoresist and to harden it into a semisolid film.

(C) Alignment and Exposure : The coated wafer, is now placing in an
apparatus called a mask aligner in very close proximity (about 50 to 125 um)
to a photomask. The relative positions of the wafer and the photomasks are
adjusted such that the photomask is correctly lined up with reference marks or
a pre-existing pattern on the wafer.

The photomask is a glass plate, typically about 150 mm square and about
2 mm thick. The photomask has a photographic emulsion or thin film metal
(generally chromium) pattem on one side. The pattern has clear and opaque
areas.
A highly collimated ultraviolet (UV) light is then tumed on and the areas
of the silicon wafer that are not covered by the opaque areas of the photomask
are exposed to ultraviolet radiation. The exposure time is generally in the range
5 to 10 sec.

(D) Development : Two types of photoresist exist : negative photoresist E_.m
positive photoresist. In the present description negative photoresist is used in
which the areas of the photoresist that are exposed to the ultraviolet radiation
become polymerized. The polymerization process increases the length of a._n
organic chain molecules the make up the photoresist. This makes the resist
tougher and makes it essentially insoluble in the developer solution. The
resisting photoresist pattem after the development process will therefore be @

)y .

“ﬂ.«&ﬁ the unexposed areas are essentially ins
will thus remove the exposed or depolymerized regi .
whereas the unexposed areas will remain on the wafer, Th in there i
replication of the photomask pattem, but this time the Mammua_w_«anﬂ‘. GSM

ESBEE.» produce the areas on the wafer from which the photoresist has been
removed. photoresist

(E) Postbake : After development and rinsing the wafers are usually given
g postbake in an oven at a temperature of about 170°C for about 40 to 50 min
to toughen further the remaining resist on the wafer. This is to make it adhere
better to the wafer and to make it more resistant to the hydroftuoric acid (HF)
solution used for etching of the silicon dioxide.

(F) Oxide Etching : The remaining resist is hardened and acts as a
convenient mask through which the oxide layer can be etched away lo expose
areas of semiconductor undemeath. These exposed areas are ready for impurity
diffusion.

CHEMICAL VAPOUR DEPOSITION (CVD)

Chemical vapour deposition (CVD) is the deposition of a solid material
onto a heated substrate via decomposition or chemical reaction of compounds
conlained in the gas passing over the substrate. Many materials such as, silicon
nitride, silicon dioxide, polycrystailine silicon, and a.awk crystal silicon, can be
deposited via CVD.

Aspecial case of CVD is called epitaxy or epitaxial layer deposition in
which case the deposited layer is in single crystal form. This process will occur
only for certain combinations of substrate and layer materials and under certain
deposition conditions.

In CVD process the.materials to be deposited enter a reaction chamber
in the gaseous or vapour phase and react on or near the surface of the substrates,
which are at some ‘elevated temperature. The chemical reaction that occurs
produces the atoms or molecules that are deposited on the substrate surface. A
number of different materials can be deposited by the CVD process.

(i)  Silicon epitaxial layer on a-single crystal silicon substrate.

(ii)  Silicon epitaxial layer deposition on a sapphire.

(iii) Silicon dioxide deposition.

(iv) Silicon nitride deposition.

§ 11.5. ZifSreex &1 Wfawe™ (Fabrication of Transistor) :

T o T § P gifE @ LC. WA e 7 R o 1C. #
W e P a2 G #1 OIEw) T 31 4 € | O 8 Pl v W
ﬁw@%ﬁgﬁaﬂéwgﬂ&%rnwﬁwﬂﬂgf

i
&
m
#i
1
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302 TR gfEl @ ey

79 @Ue ¥ Y@ Farr AT fF e v e e fafl g gt
wfre (fabrication) RFAT STAT & Fe TRTRX (a1 18 oft 3ot WU L.C,
Faftre Y F e wHFATE - A ¥ 1

e a1 Fmtor—<6 AT §ee I A= I8 a1 e, 3 Fdvey
feferer o e Srgfadl S AN, S gets i TRt faftE g s fy
ST ¥ | Ifedl SR F9 F RG99 G BRRE §WAT (monocrystalline
m::nmEdv M@ A 3G FATET A (floating zone) ATHE TS N FANT fipay
kA

FAfET A aEAE o 113 § wef¥id R | 398 UF monocrystal fafsi
(AYF 8) N W (seed) F &7 T YT A ST R AT FH TS T
polycrstalline rod F T F TEET ¥ T2 hold THET ST 2 EQiR:CCa)
Quartz Cylinder ¥ T&T W ® | Quartz cylinder % ¥R} 3K 3wy Fusferat
(Induction coils) Bt ¥ e fed MRt T excite FRAT ST § | Foeeh
Yaifed RF RIS GR1 I TEH &3 & F07 A= § o circulating SR
FTfed At ¢ 9T I ¥ JFSHRE melt & L |

Slow rotation
Aﬁll\nVl\ln of rod
2 3
Downward |9 1y Seed
movementof [, \.\Yu High-purity
molten region . ﬁ. silicon
along with I/ﬂ. = o f mono crystal
impurities N Inert gas
1.Z r..\l. O_.D
® r \r.\ °
Downward | o | //\ {e  Vacuum
movement of { ¢4 | o
induction coils | « f aeamtd W .\I Low-purity
d K silicon
h i polycrystal
- o
Quartz —_[4 ] Lower
container I/... .\.\I support
] ‘. clamp

o 11.3—wAfe s aatta

T8 & slow motion % FRV e F YA monocrystalline seed ¥
aﬁ@ﬁﬂ«:ﬂ%»:ﬁu@ﬂ?%ﬂ.ﬁ@%ﬁ%ﬂwﬁ %Bcﬁﬂ.ﬁww.
molten &% *ft F= F¥ 3R T F 79N I seed W monocrystalline structure
grow BT T ST & Ff AYFEAT molten 8 ¥ W1 et w1t ¥ | 39 NPR I
Induction coil = amm.ﬂ TR Impurities ® collect fFaT ST WFar & qdr 301
AT cut F 5T rod 1 FRC Y T 5HRAT VI ok @ 90 § | 3, 76

el T T QTR I T § 7 7
nm_.ﬂw ST EGS (Electronic Grade @HMH Mﬂﬁgﬂmﬂ ﬂﬂwu o
ot fethae (defects) T g fe. YER wﬁﬂ%&gﬁ w Qﬂm@ﬁm_

() RfEw .nJE (Epitaxial growth)—T p-type substrate (Ra¥ 11.4
AT 3 T n-type epitaxial layer FI Yaeht W (e 25-um ARTE) T S
2 (( 11.5) | ¥ TOot WA H epitaxial W A epitaxy Fe¥ | Substrate Ft

FAEHAT T 10 Q cm T epitaxial W 5 SRRTHT 0-1.0Q cm ¥ 0-5Q
cm T A B 1

ntype epitaxial layer

p-type substrate

p-type substrate

o 11.5—P-2130 wewde wiRfrmae
T T AT AT
I _epitaxial T F VoW T4 GEE W& W W Si0, (afawi
TR~ JTRAT5E) F Taeft T (R TIT0- 5 um = 5000 A) S It & (1 11.6) |
$i0, F WM 8q epitaxial Wa H S0 _
S & S (oxygen atmos- oyer
phere) ¥ TTYT1000°C & T R
SR |
faferaia Mmmﬁwww (Si0,)
L msaw = Afet o 11.6—Si0, T T &=TQT AT
ﬂ.m.ﬁ_ m% .@ | Photoresist
(i) onRvR ferER :
mw%zou diffusion)—F8 2 [
3§ (acceptor) 3If& #
ey (diffusion) T n-TRY
Epitaxial W # Y p-aeW
VT o wgarr W |

fom 11.4—P-agr Tz

n-type epitaxial layer

p-type substrate

n-type epitaxial layer

p-type substrate

fam 11.7—%et e T ST W A
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304 YRR il O 9RAE
W fy wdw
RRfanifes e (photoli-
thographic etching) &
ﬁ% q 5i0, F T I E |
™ wafer T
photosensitive emulsion

(photoresist) i FfeT St @
G 1171 o & S A

Mask
Photoresist — H

Si0p —=-=

n-type epitaxial layer

p-type substrate

i 11.8—WTE T ¥4RT

(pattern) e, 391 & black UV light

and white layout FTE ¥ AR Py i « Vi

(mask) 3 &9 3 ST foraT T @ . ——

Qﬂﬂ. HH.MV o1 mask mw _USOnO_.M_mn-umN” H..V_. PR TR wd..z_  mworg

photoresist ¥ T T@H IH T "Mask n-type epitaxial layer

T SR (ultra violet light)

gre ST & (R 11.9) | 31 mask p-type substrate

T €THC wafer PN AT R

trichloro ethane) ¥ develope fot 11.9—ardarit Fesot &1 s

F@ § (1 11.10) | Photoresist 1
VEl-98 photoresist W Photoreslst M__mmo_é .&ﬂ/

A Te dw, T = e —

TR fFE  (photoresist Si0; o
film) TqTET % dissolve STt R | n-type epitaxial layer

& W phoresist film &
St 3, 37 W AT (etching) p-type substrate
(3rTett STshaT) T TS TE T | a

ufem  (Etching)—3 famr 11. 10—z TEeIg e g FdEwHe
wafer H TERRE UfHe i
(Hydro fluoric acid) ¥ STel ST & S / \

|

& Si0, P 37 HT Y €1 3aT & T W Si0, —
St Ft e R | @l T phoresist T
BT 8, 981 TWacid F1 18 ¥ e T
(7 11.11) | S0, Y & Fi 5HFaT @
TfET (etching) FeETdl 21 ¥ TR
Si0, WA ¥ fagfFar (windows) GA
St €, Roret i ) s w1

Photo lithographic etching & T¥EI p-iia 2RY y[fa & faww ¥
ST P ST R TR 78 SRR epitaxial T U 0k HeHRe 7 g I ¢
39 Y1 ¥ Isolation diffusion B n-type ¥ S-S §F /7 9 w.wﬂmwﬁﬁ

n-type epitaxial layer

p-type substrate

o= 11.11 —fem wiwar

(islands) e ¥ (1 11.12) > et

& 5 IC. ¥ e wes w
;solation islands % & ke fry |
S0 £ ﬁ-ﬂwﬂdﬂﬂdﬂﬂiﬂm mm_m
%ﬂ 9T Tl Smar W_ e

pn SFve ol gw @ ¥ agr
gt isolated islands ?ﬁd NN
ﬁﬂ@m q Fem (electrically
isolated) w R

S10, —pzmt b g b

tion [—>
nds A — >

TSN & WiEd 305

Py B pergy eifun

T

>

p-type substrate

fo 1112~ & isolation island &HY

(iii) 3 TSR (Base diffusion)—isolation island & T n- &7 TECH
T ST AT R | 33 T A R | o o

diffusion) % f&d Toel AR Wi
§i0, @ & & 9t 31 W oy

p-aRu 2ifim

isolation island WX M1 ¢, 35% S0, == mww

7o R/ fESHl (window) @reft st
2| Window WeR ¥ W
TfET (photolithographic etching) &t
wferar R H AeTE (repeat) TR | 3
7 fas=l (window) ¥ wiers
(acceptor) 3YfeAl Ft A =&
-9 3G TS I R (57 11.13) |

(iv) et fewrg@ @ (Emitter
&:&%uvlma_wm Wﬁ_& M ,ﬁwwﬁ LY
SiO 9 qaT 9 & /Y
¥ e o T fae
(window) Gielt STt R window X
n-2RY T Tk YT FA T R
o3 11.14) 1

) T ey
(Aluminium Bonm_mﬁzoavlﬂﬁﬂ.
I TYT FoT T FIEH T
REIEC) (connection) S| wm fire &
Ragait (window) 31 WMl W @ret
I R T e A A R ) T
fory Y& | mw.immnn ﬁ%ﬂﬂ
T 7 <} STl R, e sre-oe @ WA
N T 8§, 7@ QT (etching)
R R Y w21 g € (T 11.15) |

Y

L ptype
n-type collector

p-type substrate

fo 1113w fergpe
n-arga. e )

—

n-type collector

p-type substrate

fet 11.14—wftex fewgpm

CB E

mmON — ] KA

BIRNEE
emitter
p-type base

n-type collector

p-type substrate

faw :..alﬂﬁﬂi R
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306 TR gRRTE T TR

ﬂ@ﬂdﬂmgﬁﬂiﬂﬂﬂw%&ﬂ@ﬂm_mﬂg?ﬁ

2 % 9 (diamond ti ed) STt (tools) ¥ S-S R iy
Mmﬂﬁ?#ﬁ%ﬂm@m@gﬂﬂmﬁﬁaﬂﬁyﬂﬂ

e Pt TR ! . o
“The following steps take.place during the fabrication of a plana

transistor : L) .

(i) A p-type substrate of high punity .,._.N_S: is prepared.

(ii) n-type epitaxial layer is grown on it."

(iii) An SiOy layer is deposited using QB&SQ:. process.

(iv) Windows are opened in SiO; using ﬁr&.%%oman&.. .

(v) p-type doping in done through these windows that the impurities
reach the substrate and isolation islands are formed. The impurities
do not penetrate through the SiO; layer and can pass-only through
windows. .

(vi) Again SiO, layer is deposiied and windows are opened and doping
is done. Hence base is formed.

(vii) Again the same process is repeated and emitter is formed.

(viii) Again, SiO, is deposited, windows opened and then proper
connection is obtained from each layer by depositing. A layer of
Almuminium and then unwanted part of almuminium is etched.

(ix) The circuits are separated and packed.”

&ﬂmﬁﬂ#@ﬂﬂﬁ@ﬁm%&%%#@ﬁﬂ@
PyfT STRTST 3 WA ¥ Pyt ST R ST e ST T §—
(i) @& P-TRY substrate i ST & |
(i) 3 Tn-type epitaxial T F1E A € |
. (i) 9 WSO, W T 9T I 21
(iv) Photolithographic etching F ST T Si0, F WA ¥ windows
@reft STt ¢ |
(UM ﬁﬂ.pnn_oimﬁ-%%amﬂw w_ﬂﬁﬂ&%—nvmﬂw&& wa & faww
ﬁﬁ&mﬂ@agw.ggwawaou island ¥
cik 4}
(vi) o R Y TPQH wafer W Si0, 3 T TR St R 1 e v e
¥ farefrail Gem p-type BT F1 1l R 1
" (vit) RO TR wafer W Si0, T § | wHtex e g Ragheal wes
n-type ST F I 2 |

TR T T T R | e Y T8 T g7 8 €, T etching

(vili) 3 T T T Si0, T S | Pt 2fhet ¥ e 8

, TR TR e

——

. I.C.
§ 11.6. .C. W fafi= wﬁmwhmﬂ.. 92% TIFT (Fabrication of

Different Electronj

¢ Components on IC) :
@ T (Planar &on&n).»ﬂﬂ_d“ m._“.w-..w Mwm._ﬂm" IR FHE F B

§—Grown junction, alloy, diffusion 9T epitax:
Jung s . €pitaxial growth |
TEAT: Tl & AR epitaxial wTavs 3 arv 3wy 80 |

W g (substrate) T sio RRITTEIE
(photolithography) TR figgfa ?ngwmv q%ﬂ.ﬂ”u_waﬂ._.—mm It R

f7710.16 F TV epitaxial (a7
) T TE A R |

T R (Planar F

transistor) —gINET R F FF
Paftrai s=ferd @ 3R alloy junction,
grown junction IT @ fafiy |
& @ iR e 11,16
B ARG 21 9 T H flat surface
W F TG R ARFE AR
AR (Resistor)—L.C.

sttt # A g fofeeid 1 =

SRS F AT fE S R
AffT | syfe RN @
(concentration) @ oW #t
T (depth ' of _diffusion)
frafaa e ¥RRY %1 99 agen o1
w2 | fa 11.18 F 3w &
1 & sfedres F w9 F @ few

n p

P
n £t
p-type substrate .
far11.16—Sw T
CB E
c
p-type substrate

E

frt 11,17 giferRet

p substrate

(2)

(®)

st 11.18—IC T TFES W14 T
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-
p substrate
. (a) (b)
fe 11.19—1C T HuIfr @1 Frwion

JFET Sirvm (JFET fabrication) :
() e A ¥ (A 11.20) |

n* source
Source P+ gate
n-type
epitaxial p* K
layer\ /N m
{ r‘:HA U+ +
I

N gt p*

n A "

/ .
Topgate  Drain nchannel
p-substrate

firs 11.20—n-978 JFET Wfadferaae deamt
(i) 7 oxidation 3 ¥ | e
(iiiy Tee! photolithography &I windows GIEa top p* gate diffusion
fopa T & |

(iv) p-2red Fewes fopar ST R 1 |

(v) & photolithography &R n* 9 7 37 fewge &g window arl
IR

(vi) n-2T5 fewge ey e

(vii) #ad photolithography &1 contact windows wreft st ¥ 1

(viii) Metallization Far e
%3 (Inductors)—IC ¥ et a1 Fomtor 7€ fea e |

§ 11.7. T Tt FAZIRE R @Y IC W & (Fabrication of
Complete Electrgnic Circuit on IC) :

4
T IR T & Rl o Rafat 2 3
1 aui foaT T o, S fafvdt grr (s R
SRl T TR T et @
[.C. AT S © | I G OF g
qfeqe (FFF 11.21) 9T IC W T g3 (R 11.22) 5
3 waffra foFan T 21 o 11.21 - e oftaw
BT 3
1 m 3 4 5
; W AW W—3—Si0;
n n<— Emitter
E; hEL P < Base
n n . n — Collector
f||<|\ [J J - v

Resistor Diode Transistor

p-type substrate

e 11.22-faw 11.21 & wfg &t 1C WEAET

§ 11.8: wm.”_wu_u &l Mw.ﬂ. (Scale of Integration) :
fefireet IC T 712t St U & MR W IC N Fry St & fasnfore e

A e

(i) Fr=1 5t ¥8RvM (Small scale integration or SS—SH a1 FIC ¥ 10
¥ 77 it A

(i) mreafs @he $8MYR (Medium scale integration or MSI)—S® i &
I.C. # 10 ¥ 100 7 WiwF A B T 1

(iii) I @A MR (Large scale integration or LSH—3H T FIC &
100 ¥ 10,000 Wi Tz 2 €

(iv) Tga 3= et ¥ERVA (Very large scale integration or VLSI)—$® T
F1C ¥ 10,000 ¥ +ft aifers wiom A2 89 ¥ )
§ 119, IC % ¥ (IC Packages) :

IC fafvrt o 3 31 3 Mt § 9K DIP (Dual in line package), e T
¥ | Dual in line aﬁ?ﬁa_mﬂm‘wm_mﬂ&mmﬁgm& ot 81 faf=

NHIC ¥ 1C Yt o 11.23 F R R |

T T AR S
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310 T FRRE o

VT

(a) we & (b) TOS =nw = (c) DIP @
fiar 11.23—Fafeam v & 1C

§ 11.10. IC @t fE=l St TG (Pin Identification of ICs) :
_nﬁiwﬂa%ﬁﬂuﬁ@wagu%mﬁpﬁm%w_
Tab

(b)
Small
identation

(c)
fir 11.24—1C & Y & e (o) W2 &% () Hew &7 () DIP

AR ¥ w311

SHEeT-11
IC ¥ SR W feooft ffed |
gifreze ) T b o e et o
1C % frmfor R feooft fafad |
S FetaRIe 3 1C 1 uew sifeT R |
LSI & VLSI = To 1 siferd 1
(a) IC 31N 3 fafemt fiafed =
(b) IC 1 T % S 8 a0t Wowdz ) Y & Farfy o i AR |
frrafafaa W feuult fafgd—
(a) AR M & o v SR aolte
(b) 741IC ® G
VLSI, MSI, LSI & SSI # 3R i3 |
(a) NE555 v &t %1 soneft w7l | Q0 o Rt ey 3 3 vy s o 30
(b) Op-amp 741 & (i) T THIHe (i) G TR % w9 & F wdmm w00 |
o W g feomon fafed—
(a) IC’s &t 74 it
(b) LSI 1 VLSI

. 1Cs % Faitdhem ¥ fafs steps &1 Freangdes aof7 Siferd 1

T

RARLL - '~ o WIIOE ST +-SABT

e T Tt

St

T

1
i
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CECIE G D

(TIME BASE CIRCUITS

——

12

§ 12.1. 73R AW F= (Time Base Signal) :

T 39 e 9 € R vy
TR WY ¥ 1Y YETT §Y X 9991 & a9
3T YA WA WIS T I
AT S WA O TR |
12.1 % 0% 299 39 fme wehila e
™ w_ 3 famer # Sawtooth
waveform % T Y St AATSATR |

(W JY S F 3T T F — |
1 2w 9 vRyg F A R R | fort 1212w A% firey

§ 12.2, TFW AW T ' IMSYTHAT (Need of Time Base
Waveforms) :

1. arg ¥ SFEREM (Cathode Ray Oscilloscope (CRO)) ¥—C.R.0. T
TRy 7 @ | P e ot T 1 T (wave-shape) ST S Fedl
) 7 & e @2 (deflecting plates) Bt ¥ | &fes (horizontal) 397 FiR
(vertical) | ¥ @It (plate: W 3reedr M (voltage apply) T T TATH
&9 (electron beam) Y faafed (deflect) fFAT ST R | 8 FoFIA-917 (electron
WM-M& CRO ¥ W (Screen) ¥ THU ? 741 T F FOMHT (shape) feard

| .

_ CRO # & @ (Vertical Plate) T 3792 famet g (Input Signal
apply) F €| &fi wie (Horizontal plate) W T VHT Signal Apply F #
SR At ¢ REeHT 7 T F W 1 WY Y a1 qfF CRO Fx-axis A
WA A (time axis) AT ST HF | T CRO FF AR (Horizontal) &2 WIH
%9 ¥ (Time Base Signal 4T Sweep Signal) SR (apply) RraramaT g |

2. Tehifer H—RRet ot R (Picture) 3 Tge ) dtgar (Light Intensity)
a1 T (colour) & YEd (Variation) 21 ¥ 3 frar (Picture) %t &g (length)
3itc SYeH (Breadth) (3ra7q space) ¥ et 8 ¥ | fireg T TF W ¥ gEe @«
A (Transmit) 3 F o W ferpdta Rt (electrical signal) 3 anu_.ad
(convert) F Ft vl At & I TR (time) % &g TRAFTT (vary) T8 @l
THa ferd W (Scanning) 1 AT R4 am & 1 39 faw (Picture) A FRT

R

el BT e (Gate) Ft e (Open) %, Gate # close FH q91

. i : LR
& & I 230 oA & | ¥d: Ifq FRver (frequency counter) Ft
&N (accuracy) RY 39 faver 5t ST (accuracy) W st et 2

§123. 25H I famrm &t favreary (Special Features.of Time
Base Signal) :

TS HEERF 279 39 foma v
(time base signal) Y&TRE F AvA
(charging) Ik IR
(discharging) ¥ 3T (produce)
fam T @ 1w (capacitor) #
ST (charging) 74 sAEEH Vo
(discharging) W 7 T, o
S (exponential) T 1@ i —t
RN 2RW AW e (7 12.2) -
¥ e man ? | S i ved @
S Y1 2, o6 2| 4 fre & aH
Vo N 1, a% wgand aqr {3
Vo T TgT ST R |

§ 12.4. 239 AW faHe | WEld YRYEE (Definitions Relating
Time base Signals) :

1. @q 2y ¢, (Sweep time)—I¢ §AY fort T o WRiYE 7 ¥

iy w1 7 vgad 8, Wi 2 (t;) T e |
2, ﬁa&wﬂ a1 fed v ¢, (flyback or wo:.unnonanv%du e £ 5
TN Y ey HF Y GO0 AT NS A W GG 1Y | fieg T 7

SR €13 3 3 g SO | AT A QA A

—

Vind

ILn.Tl

t; = Sweep time
t. = Flyback T Retrace time

., few22-—egwdw feme

o SRR s
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g W fd W %_w 1
Pt AT & SR A T TE

w.ﬂaﬂﬁﬁbﬂﬂam_
3, f@Z T trese (Reset
(ime)—T T ¥ FAE € F I —

A et v Y T & | & _
123) 2 | A H A @ BT P ——y
e a2 R RAE lJ —
(Reset) Mmum.dww_ otk uer = REC T

3. AT (v,)— 3¢
S A vy, asﬁawwﬁnm_a ot 12,3279 & ferrrer
¥ o 7 o AT 8 |

iy 3w, Vs =V — Vo

4. ferdraiie qfe, e, (Displacement Vs $
Error)—S398R& ¥ § T IV (Sweep) Vs
0T W@l 7 @ STETi (exponential)
2t R T At WY SRS a9 Wia
Ty IR F A I A e | (T 12.4)
& | fewamiiz 3¢ (Displacement error)
F1 T ¥R Y TRWIRE e — vs'

aTaf g1 (@i Wi § e
€= Y A
_ s Vs')max
- v fax 12.4—fera@wiie Jfe
¢ @iy @i (Sweep Speed) WY (Sweep) T FI FAF F WY Tiadq &
TR FW LI
aneet Yy e Frga Bt 2, Fiifn oedl I (Ideal lamp) YE BT R |
6. W TEFZ (¢ ,cq sweep speed error) T SHTRIRE WY (sweep) e
FI i wiis fraw T Teat, afes aqedt Tt & 41T 7€ 164 (linear) & T |
Wi wfig 3fe (Sweep Speed error) @ e &R & wiwIfT ad §—
R @it et — aifam @iy wfie

-+t

Fopecd™ ST e e
9., f
= dliag, \dt) g
@
dt t=0

ZTRY A9 IR9g 315
§ 12.5- wenfl & AV W IRV g i i I HET

(Generation of Sawtooth (swee !
Discharging of Capacitor) : p) wave by Charging and

guifd @ FAE: Imve R,

crarging) 2 sk % %
Mcmmncwammbmv & @iy (Sweep) >
oo @ F 1 T R | (4 12.5)
¥ | 79 TRTY F T T Y & |
F1 W8 6 (AT 9w F Re V= c W@
ofqe # ZiRRT (Transients) ST
T FL | l‘\
I fa= (Switch) § # fefy R 12,5

(Position) 1 W T@T ST A Hurf
¥ (Charge) B9 T ? T G AR (Voltage across capacitor) ¥9d &
19 T B | PRI & GhIE A F weftaor g efvia &t 9 ],

Ve=v(1-e "RI6 e
wteRT (1) F 1 W (R 12.6) 70 wefife W wwe §—

Vi Vi

faw 12.6—3mAvm

T R, C YRwe 1 g i
? 7o 7w fowen s g, Rbn Ve d
(Charging) ® 3aw1 & afs Wl

T | AR e (Switch) ARy,
Position 2 W w@r S @ WORA .
AR Y e e W & G y

AR 7 Y e @ 1 (AT 12.7)

RNfver § wow I B _

Wit gr e @ ot 8—

m\n = —\nlaxhuﬁ
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316 ShagiP gReEl T RO
TRl vy SRR A (initial voltage) 2

afe & Switch i FA: fafd (Position) 19912 ¥ o9 @9 @ dhy |

FUY: 91 (Charge) g fewm (Discharge) AMWW I AR, F 7 R S
F & & @ fewatun (Discharging) €4 A (fast) A | 39 T F oy
(cApacitor) T T sawtooth voltage 3T it (e 12.8) | |
§ 12.6. o amr @7 AT (Constant Current Sweep Generator) ;

. fraq O AA-TF AEENE U0 HIq 6 4 S (Current Supply) By
3 g TR IEE SR NR el e s € | (R 12.9a) OF e
ar G 3 SRR 3 FT I & (R 12.9b) forg el ®9  ui He §
AR 3 31 W &1 IR 2rEvd a2 |

-0 R —O
I W R I R=g@
(a) TR T AT (b) TS AT W
129

a7 B Figa SR gerE S0 § 9EN O € 997 39 GRS 1 W
RS 0 T T 0 g F o el o frad @ e
oI & FET Rl a1 gifret it § o iRl o ¥ |

frae o @ g1 2120 39 e Wa
Fg 12.10 % ¥TT AT ¥ ThtE G A wwe e T | fEa s Foff

ﬁwﬂﬂﬁmmﬂ.ﬁdﬂﬂ%ﬂaﬂﬂﬁnwﬁm& LEASUGI A
RYE o) = (P
A F Gy A, ! m m
! ! _. %mo:. |
S

cnuwT&

It ! S T
¢ “_ _@W T
79 R § AT e | “ " |

AT F ARV, F | m m \ -
o Yetg wY ¥ 9| e | T e

t=TRRETRTRFTRA  Cyrrent Source Practical Switch _

JRm fmy f& 9ufa
far 12.10—Frge oTr B gRT 2EW AW
S & S Al

PR T W wfgw 317
LR w__wﬁ_mﬁﬂﬂw.ﬁ Vee
%ﬂwiggmﬁ»ﬁ?ﬂdﬁ ‘ 4
@ﬂw.ﬂ_ it I
UM am e 1, :
ﬂ%mﬂ%ﬂﬁgjwﬁmﬂ%wﬂﬂw Vz Re
ol @ ST SIS 1 W R ran Vee -
ot 1 WA R | %
o= ~\N+ﬂ\mm le
E™ Rg =
_Yz+07 f 12.11— AR T &
Rg v e Frae o @ T

o Vz, 991 Rg 1A 700 €13 3 0 [, &0 91 V. 35 Wi o wo o B
_ .

I I = Iy TR ST q)T 9t g @it | 39 ST 39 SRe 9 Fa
T Sfag & ©9 § ¥4 R s eear e |
§ 12.7. [2C e WY AT IR (Practial Sweep Voltage

Generator) :

fag 12.12 % AT B0 7 T4 T 299 39 R W@ F 3G T TS
oftgy R T R | P 90 S 5 e S 9 g g st g
Constant Current H<mm
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318 T YRl o TReg

for 6% GA AT Fraif| w9 ¥ a9 T, TR UIT 31 3 dredy o
g @ | .

R @ e AR Y, FAR UIT F G TR, Vp T T, gy
| 37E¥T (Conduction Staté) & 3T i fed guiRe sHRfim A&mnrmam&
R I | OfE T 9 IR Ve
(discharge) a1 T, S T THIT ﬁ
(emitter) §RT Iz & W UJT &

v fag a0 Ip A W A& &
M 39 sEen ¥ UIT W% VA
(OFF) & vm ? @@ wwife
(Charging) R ¥ 9l @ =T |

W TR dufE F o=l _
Aowwnmmumv T WAﬂ.—WT._. T 2T ‘uﬂ".
Ew%ﬁ?@wzﬂmﬁwi mﬂ:.:@
ﬁ&wgnsﬁﬂﬁﬁﬁaﬁm
a&@aw_

WTaeA-12
1. 29 9 qGi St SEvEsar | g e |
2. Zm du ol 9 frdrvart fafad |
3. TR 5 R R SO 1 STE/ SRR F ST A (Sawtooth) 0T T
F o Tl ¢ |
4

. Traa O SR A G Rafa gie &1 s e g Wi e SaE 0
YR9Y 15 T IEG FEHUIE THEY |

B ———— T —

13 | TIRT®
_ (PRACTICALS)

§ 13.1. EDC S ot (Materials reqy .
ired for EDC :
o I —CRo | o i G Lab)

TR FAR  — R TR do et e |
e IC — 555, 741, LM340, LM380
» A ~ IN4007, 0AT0, 1Z15, LED, IN3MA |
o ST ™ 2N3904, 2N2102, 2N4036, 1N2104, 2N600S, 2N3905,

2N5484, 3N187, BC547 |
1 —
o qRAY GW 109, 220Q, 650Q,470Q, 6800, 1kQ 22k,

3-3kQ, 4-7kQ, 10kQ, 15kQ, 2kQ, 33kQ, 47k,
100 kQ, 220 kQ, 470kQ, 1 MQ, 2-2 MQ.

* HET (50 V) — 0-014F, 0-0047u4F, 0-14F, 1uF, 10uF, 25uF,

100 uF.
o THEHR —20V/6-0-6V, 230 V/9 — 0 — 9 V,50 mH F=at
o3 — ST 1 W T, Wt AW, West A, Ak

T, Co o Tihe, SPST e, Aeftreere 2rer 4 |

§ 132, 3RS 7o ZIRWEX RN (Diode and Transistor Testing) :

w@mﬂﬂﬁ%ﬂm@ﬁ (components) %n&d%.imﬂﬂ:ﬂg
ATy ST =i |

TR F Mien—IrE ML A e T F 1 v ¢ | TR R
W ¥ erdre & 3w fad T SR & e a5t .

3 ARy W19 A AR F ST e @ I F TR (o) ¥ |
"R & Fifen e R e § R4 (n) V.59 w1

frawt sfdre arew ¥ At & o hive 9 Teie & Fde () A7
Friffea 2hfrm ) T 3 W8 () A T | ,

T =S S ¥ R sfrre a9 3 WieAw 7 Sg9E 10 : 1 ¥ 3fes Am |

7 T o w@—

() R e F1 R SR aga F9 2 A ZAE Wi R |

(ii) R TR = 3W whdy 9g7 vE R, AT G WY (open

o.-nocmcw.

R T e AN

AR iy = T N LT
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e s a1 e 2T G AT H o
g 3 e S 3 AT Tl HAF SIF o
7 Sy g Rad T SEHE Iy

zifrer @ En—
3 s af & o A 4
arq daT ¥ | ¥: W FFW FFH

sefyfa F0m | ot it S

p-n TRIERT ¥ Gt o7 WTaE 4§ THE TR .

»&nﬁﬂﬁ@gwﬁmﬂakaw%wﬁ@ﬂﬂﬁiﬂﬂa@
mmmm..ncoonwm@wsw%diﬂmw__
High R

(a)
= 13.1—n-p-n TiFRT a1 fen

E@mﬁﬂﬁﬂ&w&ﬁnmfpzswmﬁammﬂsgw;i

AT 100 kQ F e A T |
Tt SR pon-p ZiTET ot Ao foar o1 WA @, AT A H e

(leads) FI gaar faudd (reverse) cxcil cuill

afe 2Rt S A AR 23 8, A ITART H AT (ropon T p-n-p) W W
_Wﬁﬂﬁgw_wﬁwgﬂ.%%enm%v%g&uig_dﬂ +ve
%wﬂwmﬁléﬁﬂm%@ﬁ.&ﬁdﬂwﬂ@ﬂ%mﬂﬂ%ﬂw.%%ﬂ
npn 2 | 3=9 wflry T B ﬂm«@.«mﬂh-x.ﬁ 2l

dtagat gl 1 @M (Semiconductor Device Identification) :

F & R T 7 T F) GedH 1 ST Gehdl @ | WA, 5 Hehl e F

it foT ST & Forat e ) A1 A WA alphabets 79T 39 30 A ITEOR:

AC 107,BC 547 41 |
FIS 1 UEe AR § FHiFeaT gerd & faqy ¥ var woidr ¢ riq

A = Germanium

B = Silicon

C = Gallivm Arscnide

R = Compound material (Cadmium Sulphide)

YT 321

1 F1 THU I 9% 371 31 3 ey argfy
4= Eon.mm | ) ] M = Hall effect modulator
B= variable capacitance diode P = Radiation sensitive diode
C = AF.low power transistor Q = Radiation generating diode
D=AF WMH.MM transistor R = Thyristor (SCR or triac)
E = Tunne € S = Low power switching transistor
F = H.F. Low power transistor 7 = Thyristor, power
G= ?HE:@_..“ aoSn.n. U = Power switching transistor
H = Magnetic sensitive diode Y = diode, multiplier
K = Hall-effect device Y = Power device
L = H.E Power transistor Z = Zener diode.
§ 13.3. FLIa AT & TET TG (Main Equipments of
Electronics Lab) : :
%ﬂﬁﬁ@mmmamﬂﬁﬁs YT B ¥ ot wergan A it @
frlt IR € | T SV 7 W Peereor fa fer v 3—

1. TR (Multimeter) 37! F8EET ¥ 319 SRR 1 7H, SR F 9H,

Gl T SloTllo T, o ¥lo TN oo A, 3R F7 I P 1 Tl R |

g @ R % A §—

() TR AR (Analog Multimeter)—38 Fo 1232(a) ¥ wef¥fa &
S TF @I (Pointer) #t Fergar ¥ W W T (Measurement
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320 et giear o TR
quantity) 3 o e % et O 9T 1 W ¢ T Teier ¥ Ay,

= ot oifFa
g qan Sfg @ = # i

i) feferem weenfiet (Digitial Multimeter)—feRee
® ofr ¥ A= @ fefeed fewd (Digital display) < A

o g o, dredsr qut Sl A A |

wedtdteT & v e
(a) Wfig &1 AT (Measurement of nomwﬂmuoovllﬂmﬂn_ﬂ. e §

3 T YT H | AR Y SRR S AT HH (approximate value) TR
wedteT A gﬁﬂ?ﬂjmw%&ﬁﬁﬂﬁﬂwﬁﬂ%w.ﬂﬁm
select) ® |
A %&&Nﬁﬂ uF 9 (probe) FAT (common) 2fHTe 9T 997 THU Q (3m)
T | «wm@novnwvﬁﬂmﬁ%ﬁnuﬁvwﬁﬂﬂ%m%ﬂ%ﬁ_mﬂﬂaﬁ
ﬁaﬂw&mﬂﬂﬂaﬂ%yac%ﬁgwqﬂm@mﬁ%&_%
Hex & SR F1 A G T REE & A |

(b) ARA HN AT (Measurement of Voltage)—AeeIHIZT F & N

@3@3%—%%&3%<@g%ﬂﬂ%ﬂﬂ_ﬂﬂn.o.m#@a_. ,

A ac. RaAEE (select) Ft| 7 dc. ART L, A dec. faoiee | I & 3T

T FE | o W fF F 3 fagal ¥ T8 AR YA A 8, A Weaa 3
2 fag 3l & WA (parallel) % FAFSA (connect) foan 1 2 | 39, probes # |

.&nﬂ%ﬂﬁﬂﬁ&&ﬂw&wﬁm@mﬁ%ﬂi? _
(¢) T =T WA (Measurement of nﬁnoupvln&&mﬂmy ﬂdﬂ:ﬂwwﬁﬂ

ot T WA FET T | 309 I TG0 T (A.C. or D.C.) FT TAE F &
IR | Probes #1 17 791 A (@RiF0) T EARTA FT =6 |

?G@%«:ﬂﬁﬁﬁdﬂﬂ&ﬁ.m_ﬁmﬂ:ﬂgAimﬁ monamvﬁam

- fam 13,34 Y sifErET (C.R.O)

WS 323

, ﬂw@%gw_ﬁnn.w.o.%_ﬂﬁﬂw. 4 o (oo of
Rl eye of an

sctronic engineer) FET ST ] |

C.R.O. ¥ CR.T. (Cathode Rq .
JPPRe ﬁﬂ:ﬂﬁu%ﬂaﬁﬁﬁﬂﬁﬂwﬂaﬁg

el

% ST A R R e 13.4 5 e § g

CRO F BT W I (vertical) ey e ?E__M%Maawu_ﬁm
(Divisions) &t ¥ | ¥ ot 3 v ot oA (Sub-livsions) et ¥ ForraT
a7 0-2 FEao AT R | SETE: 199 13.4 % 1 3 e & @t 1 (peak to

wave)

F\d > Mm
. /\ \ ./%,.Ho:m

/T\“/" i
\/ U

3
" divisions ™™
fa= 13.4—C.R.0. T T & QW &7 W9

2. ¥z t Affadr@g (Cathode ray Oscilloscope 31 C.R.0.)—C.R.O. - peak value) ¥ H 2-8 IFU (vertical) Rt (& qof Feefiort an = o

fefersin) ® 131 @7 7 peak to peak 34T 2-8 1 Aol W4 Feator et A o1

| (multiply) 3 5T ferat T R | A1 P Aol @het 2V WAL (set) & A WM
| peak to peak value—

Vp_p=28X2V=56V
(i) AT THTer 1 9 (Measurement of time period)—WH4 el F A w@

H At (Horizontal) featom W S &9 | T T ¥ (complete cycle) 3 fedtom &
| RN R | ;3 2w Ty feee Rhet { T[0T Fh T H Time period I fFT

S HHAT Y | IeTew: At 2199 el 1 ms T & A Time period —
T=3x1ms=3ms

g &t wumr (Calculation of frequency)—
1 1

TN = e T
1

B I T=3msf= ;- =333:3Hz
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324 eI gRREl @ TR
9% fafte CRO 0 el

wd e e (Phase and phase shift) 7

arison of two frequencies), w%.mw_.ﬂ.ﬂ _

i Comp
A, 3 P S W I in electronic circuits) ¥ME ey 5 ,

qftqdt ¥ 9 19 FT (fault finding in
ﬂﬂwwa Channel CRO ¥ o e o & o & 0 O W AT N HHA ¥ |

A

© 3 fgww  wwet  (Sigoal v, 1
Generator)—RTA® SR T8 AN..w > >
I anfedr arar ed sl & T ~
T FET ¢ AW G 07 (o 13.5a), < /\.’v
TR 0T (T 13.5b) BRI 90T -<j-

' (a)

(13.5c), Higd T (13.5d), Fe | 36
7 % Qe (oscillator) IR g e | 4
e weT T e @t Vi
I 1 FFdl €, 97 IR
T ST S TEET S G R |
39 9 ¥ 3G YauH & y

amgfe  afRa %  (frequency aﬂ (b)

responses Curve) et & fm y ﬁ.

Voo

A8  (Regulated variable d.c.
power supply)—Frafa g o IET

4. TR ol o Ho W
TETE T Eo o R NS FI AT +<3H
y (c)

(1 a.c. 9 Ty .
ﬂmww_w@&mdwﬂauwyﬂﬂw_ﬂﬁn@ﬂﬁ&@ﬂ% Gk gy

4. 93 (Combination) I st Ty ¥
Hﬂﬁ"_wn&&zh%ﬁa@%mﬂﬁrﬂ%ﬁﬂmﬂm_

YT 1

74 (Object) —3 R (two stage) R.C. I Yo # 1 kHz W Fa RS
E3
anﬂmﬂﬂmﬁgﬂﬁaﬁﬁﬂ%:@ﬁ?a&m effect) FIATE -

¥a |

R A?—nnnz_& required) —

|
t |

gsiccaqmaowo&ﬂﬁ%?mgm% _M
ufe e —IRad teres d.c, @030 v

..—. H
et ﬁn év —100 2,470 Q, 560 2, 1000 @, 8-2 k€2, 10 k€2, 18 kS, 33 kQ2

2

A (50 V)— 2 25 4F, R 100 4F,

FEATAS—ZITE 2N3904; 2N2102 (3 )
F—SPST f@g, 3erd/ama vie

fafa (Procedure) —

L.C. TRt ¥ vl e dARE |, .,
o wiTeT @ | "
fafe=r  golaie  weR &
e W ¥ A oo |
R F STV 8t § | 78 Rl | ~t
AR WA @R d W@ A o (@) .
At fo 13.5—fafvm @R @t aar
§ 13.4. SEAU YAUE (Multistage Amplifier) :
R i
1 T ?mmnmanvmmm@wwﬂmﬁ@mmﬁﬁﬂa%ﬂmw
YaUF F §q2 F ®Y F R v d |
2. NaYT T F FH R 91 GHA & Y R-C oA, JEOR T
q9T NeqH A |

s

() fa713.6 F AgeR Red A I/ A vie W AR SRR |

33KQ 3 5600
Sy 25yF

o }—| 1

2N3904 2102 =V

I_H ' +
s_ﬂ_cc:_.‘ 10KQ W_oob JH

100pF

(A) Q-Point A FHT—
(ii) ﬂ.ﬂﬂﬂ.ﬂl%%ﬁﬂg.@ﬂwﬂi Vee, Vo T8 Vg 1 HH

fefiee WM T T WA | FERC WM F OAH
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326 e gl @ R

C b
o

. o 5 R
(o) :
= c

2N3904 2N2102
fa 13.7—Ziforeel & TRl &Y Wga™ &

%ﬂwﬂmﬁﬂ.ﬂg@ﬂ#b-uomu"mw&g%w_

(B) Sferam famer @7 WS (Maximum signal handling capacity)—

(i) ifear AfeE 3 AR 1 kHz W 2 o RC IAH0 Fa4 H g
AR | G2 T (4 791 B F WEH) TAT ML TP 1 O F )
FI Dual trace CRO T %07 HITY | FTIE F A T4 T 9789, 35

% SMeTYe el 7 & | T8 FIE A AF AT R FE adm |

SfYera fa I R 1

(iv) S; I G Fh 799 VY 9 I 791 FIE CRO Ty Ay

T9T NI R T 3y e g 31 F |
C(C) T ARW @v—
(v) S AT R | AR AR N A e qEE 7 am
70 % T@a |
TaUF & Y2 I | ¥99 9 & R W, 741 &g 9% i AR w
FRS FI AYF CRO T FIT 74T aifetahr (13.1) o Fiferd |
(D) THTET Whae 1 W9 FEN—ET 5, F 3AF T TG R F AR

e 791 FAY2 AW F CRO R A HITd 997 A 13.2 B @ Hfod | |

7 fofd & 999 7 & 91w IReYE F g oUW € &I 3§ feufa f
TYE | FIford, 54 S, 307 a7
Y (Observation)—
1. gfexarQ fag—

(i) W ARA Voo = ... V

o % & forl—

. Vec— :
O Ver=..V (i) Ig nmmm ?an_ =..mA (i) Vegy=--V |
farire o % ford—

A—v —\ﬁ.m =..V Amv Nﬁn = ﬂﬁ.ﬁaﬁNMk—MMN = ...mA ﬁ:.c .V‘QMN = .., \"

AT
. faman Fme T =

() e s Ry oV
@) TORTEIMAS |y

u.*ﬁm&%_%m@mwﬁgﬂywazzﬂaﬂa_
w131

e
we| ® | @ ||y gmem |gwemas

| | | ﬂmﬁ TN |4=4, X4, |
o

Bl (AN B B PR L R A
") | (Vo) N 41 VIN VIN

I

1.
2.
3.

4.5, BN I FTH (A2 v T Y e ) v A AR I

R AT
e 132

L. - uﬁ@m_MH Y ©F F FA dB &%

4 u:ﬁmm .Ib : b

To A=A vy V, ™ 4, = 20 log T\L

qfomT (Result) —

1. 1 KHz W Ya¥& & $a aM =......

2. 1 KHz T 59 R F @5—

() v T R TN =,

(i) o fidta R B 3@ o e ™ =

T WE 2 5 g A ¥ 9 T A e A ¢ Rl e v
TR T, T A I 2 |

“In RC coupled amplifier, the signal developed across the collector resistor
Rc of the first stage is coupled to the base of the second stage coupled through
the capacitor C. The coupling capacitor Cc blocks S.m d.c. voltage o\. the first
Stage from reaching the base of the second stage. In this way the d.c. biasing of

e T e S i L ey

s e
e b= T
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1328 T gfwEl @@ TR
the next stage is not interferred Wi
called a blocking capacitor.
Voltage gain of first stage \:.
second stage. This is because Ra. is
‘n_,« is \h\h&& with Nmﬁ and Nw.
multistage amplifier.
Example : (i) frequency fixed at 1 KHZ.
Input voltage Vin=25mV

Output voltage of first stage V=379V

(1) =22 <1516

very much reduced as the input impedence

Hence gain of r stage

Output voltage of second stage
Vo) =5V
M —3 -
“2) =537 =52
. 5V
Overall gain A) = 5mV 200
Output voltage of I stage without loading (V1) = 510mV

Gain of I" stage without loading (A1') = uw.% =204

AT TR

T 1 : A B A T A g ?
TR : g T ¥AUF (Amplifiers) F & Rl FI Bt A IRF TA AT I A A

R % N T8 |
nﬂ?m.@ﬂ“ﬂ:ﬂw%ﬁgﬁ
I : I O R g Fif A T8 7, A FE R0 F1 ghwq FeA § | I
A% TG R F AT A, TG TR F A, § A GqF AW (Combined gain)
\m"\&nvﬂ\m&@.ﬂ——._
WO 3 : o AR A W9 A, X 4, F TR A §E ?
. g&.%ﬂﬂ%@%x&@iﬁiﬁ_

4, Trafas @9
I : AfET @ | R
W 5 : SfET wda T A 4 2
I : 3f 2 ZRT A Shrgr o B A g i e it ¥ A F T
mﬂ-m__mrw HMQ uw_w Mﬂ aw IR T T (efective) WS SR F d
e byl A Sl

Gain of 11 stage

th. For this reason, the capacitor Cg s s
is always less than the voltage gain Ay of W

This effect is called the loading effect j, |

. YA 329
na?wmﬂmmuwﬁ_nmﬁw
%A“Amm FHeRT TG .
@agw_ﬁ?wﬁxngﬂﬂwﬁﬁﬂ%nawﬁ%ma?
uaf.«mw%_mﬂ&?%wuﬂ@w?
o0 : A I T SR o
g 8 : _ ZTEGHR TR gl s o 2
e wwwmw L
g 9: SI dl - R ]
il iy T WA ¥ T ?
o7 10 : RC T ¥ad% =1 wam faq : .
%éﬁ&ﬂmﬁﬂsmls_aﬂ_@ﬂw@wa&ﬁ
qo 11 : Saet T g 8 ?
gw%ﬂ%%m#wﬂ_%w_
g 12 : W 3 3ae ¥ N 2w §?

P
| Py § P
0 af% TR A wﬂw%mmqma%us_omsm

g9 13 : 9 ART AN q1 GR 19 3 SHEA ¥ ae @ O Y a2

I : ST | deRs A1 = E:omsw
1

w%mmmagnusgsw
1

¥ 14. A 3792 AR 1 mV 2 791 ARG AR 100 mV § A S F AR
T T ?

100
mﬂauwo_omanﬂn 20 log10 100 = 20 x 2 = 40 dB.

W15 : o U Yt E A A 10 § 9 36 YR ¥ 99 vads @
e Y, A et e e 2 ™

W : 10 x 10 x 10 = 1000
WA 16 : AR U yads St AA AN 15 dB } AW 39 AR & A wadwi @

WS ¥ A wwgol Aredw ww fe 02
I : et F Oy Y S f A 8
39t 15 dB + 15dB + 15dB = 45dB
W17 ; ofe e et 2 TR U 1 mW, T SRR T 100 mW @
et 3 vtae - faert 80012

uﬂ:Somswmpu 10 logyo 100 = 10 X 2 = 20dB
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330 TaeRiTE gfewEl @ R
Fgfa srfeRaT a6

TR AT —
¥ 1. gzﬂﬂﬁ&@m%wqﬂ%iﬁ&sﬂ?%ﬁ

fr esponse Curve) FAEN
2. %ﬂmﬂﬁﬁgwﬁﬂﬁgﬁ%ﬂﬁﬁgﬂ

P e e @ |
3. AF sine wave %ﬂ%%#ﬂm%iﬂﬂw.ﬂﬂ

owogﬁﬁmsﬁﬁﬁwﬁwﬁﬁnﬁﬂﬂgf
2 3 4 s & 1 89 ! 2 3 4 s & 7 8¢9 1

’ 2
] —_ | TILL T L h T
T T
I L 1 . il
| i 11 ! I
. #_ &. T 1 T
T I t
THH
JRRERREANAANIIGL n
[RERERRRAARRRLRLTTTA
[RERRALIRil M
O LT [
|RERRRRRRNATIN |
OO T I
| T
WU
I I Hilh
....ﬁ |
{ ] 1]
ganiill
B ”me
T

e 13.8—Refreftr o A

S 331

5.
6.

T S A g O A,V T S

xn%ﬁﬁhasﬂa TR At P 7 e R
et 7 1 P SR o T W v e & fr A
S P AT | et s v e e S iR

w%wmﬂuﬁ%
w%%ﬂwgw_ﬂﬁﬁﬁwiﬁwﬂ%%

-~
w.-
MIII
1
-
.
°

S D 1 i 1 7 3 .
: : - " 1 7 a
Mzt 180 Hz Izloomlamux soouz 1 KHz 117112 Kz {3 Kz ' 5 KHz {810 KHz 3 20 Kz 50 KHz {100 KMz

fax13.9

o cmgumndr v Aimrarte. 4 1r e e st - g,
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W4T 2 .
A (Object)—31 RS (Two stage) RC g s & oMot -
gl SRR
gmﬁ (Material Required) —
&S U—Dual trace CRO, fefSee aeivter A F R N
Qe FEE—TRd Teret & §. 8w 0 - 30 v

1 ]
yfee (5 W) — 100 , 470 Q, 560 Q, 1060 R, 8-2kQ, 10 kL, 18 kS,

BkQ |
g (50 V)—3T 25 uF, _ 100 ¢
FeATAS—I ST 2N 3904; 2N 2102 (AT T4)
FA—SPST g, d=are

fafg (Procedure) —

1. FT 13.11(a) ¥ SHER TROY B GARTT FRR |5, B A7 TR |
RSl FRET § TG T S-S 10 mV W few & dfvd | fame
mammaﬁm%aﬁwmwﬁ |

2. g st 3Mgid 20 Hz X0 | T9YE T AR™YLE F1 CRO
gmaﬁﬁﬁammmm(n@ﬁﬁzﬁﬁm

3. o e mma@ammmwmmmﬂzm
= | méﬁmW%%W@WﬁWm%
qﬁmﬁvﬁaﬁfﬂwwwm% M & F9 TRada g off
X Rec R 3 orey TRAYE A T R A | T MRT W o
CR.O. WAYE a9 SSqE A1 B A A FA WA | AfeTehl 13.4

qq FI |
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33KQ $ 5600
18k 25,F
25uF el mr
s 9V

il | I 2N3904 2N2102

L N

FZ10KQ 21 o

Vs g2KQ 3 470Q .ﬂ. 100y |d|| 8

||||——

i 13.11(a)— RC v warefs w1 g Srfena o wite &g ufw

4, ATAH 13.4 N TREAG ¥ AE 9 A AT F A H AT 06
TR W @i FA | c 5
5. WE W IW F A% ,
IR (fy) T GIEi
(lower) F2 3% 3mgfa B e
(fy) ® AfeFaT T F c
70-7% W fafew
RN fy 704 F £
! m:qmw mmm m.mm._wwﬂ 2N3904 2N2102
) " _ ot 13,11 (b) —zifoer o weem
Sgm (Observations) —
et 13.4
Input Signal VIN=...... Qumxnn—v
S. No. | Frequency of Output Gai Yo Gain in %w
' Input Signal Voltage ¥, saln Vin 20 log Vo
Vin
L 20 Hz
2. 40 Hz
3 60 Hz
4. 100 Hz
5. 200 Hz
6. 400 Hz
7. 600 Hz
8. 1 KHz

TMEE 335
sl Frequency of Output Vo Gain in dB
s. No. Input Signal Voltage Vo Gain T~ Vo

IN 20 log ﬂ
9. 2 KHz
10. 4 KHz
11. 6 KHz
2 10 KHz
3 20 KHz
4. 40 KHz
15. 60 KHz
15. 100 KHz
17. 200 KHz
gftomd (Result)—

R T S 31 31 St % Semilog 71w v w0 i ey |
faa & waT oo &
1. 39H A 9 A W
Soi

20 =9 991 7 it o S oy e & S 2
34fu=...

L2 ..
4/ Je A = fy-f; = ()

“Theory—The. voltage gain of an amplifier varies with signal frequency. It
is because reactance of the capacitors in the circuit changes with input signal
Jrequency and hence affects the output voltage. The curve between voltage gain
and signal frequency of'an amplifier is known as frequency response.

In RC coupled amplifier, it is clear that voltage gain drops off at low
(<30Hz) and high (> 20kHz) frequency whereas it is uniform over
mid-frequency range ( 50 Hz.to 20 kHz).

(1) At low frequencies (< 50 Hz)—The reactance of coupling capacitor

Ce is quite high and hence very small part of signal will pass from one stage to
next stage. Moreover Cg cannot shunt the emitter resistance Rp effectively
because of its large reactance at low Jrequencies. These two factors cause a
falling of voltage again at low frequencies.
(i) At high freqeucies (> 20 kHz) — The gain at high frequencies falles
due to effect of interelectrode and interwiring capacitances. At high frequencies,
“@pacitative regctance of base-emitter junction is low which increases the base
cUrrent. This reduces the current amplication factor 3. Due lo these reasons the
S:nmm 8ain drops off at high frequency.

ST e Tt R 99 W R (flat) W

[P Ry
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T 3

W(Object)—wmm,wmmmmmm%ﬁw
1 AR Ui & ot oo wiemn aur Afawfy Reme 2neqe & fad e
e fomm e &1 9= Fo |

Wt (Material required)—
JEBW—CRO, AF sine T T, fefsiear wedtsiiex
SR A —yRadt Uetes . W T 0-30 V
AEAFB—2N2102, 2N3904, 2N4036 (@ 5% F |19)

1 ’
v (Ew)— 1kQ, 1-2kQ,2:2kQ, 4-7kQ, 68 kQ, 100 Q, 430 Q
4709560 Q
Hale (50 V)—50 uF, 100 uF
FA—FYE TG, 3MITYE TrAHT
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ﬂfq(Proéedure)— ‘
.(A)E:fiﬁﬂﬁﬂg:aF- .
() 99 (13.12) ¥ 3REaR wRew S S SR | R TR 1 KHz
mmmﬁmﬁmm|mwaﬁmﬁ
ﬁﬁ%ﬂ“ﬁﬁﬁﬂ@ﬂzﬁﬁm%mﬁvﬂwmm%ﬂﬁﬂ
gr | F13E T AT Ry 1 CRO. W Aegor SR | 399 R
T TF TG I T4 7% TG Py 7 803 o) | 9 ¥gE R

F 9E AT FAHEY | fsc e :
AR Y ® 9 99 F TN 80 % W set

Vee

Loudspeaker

fax 13.12—vaw oo vauis

(ii) RS W T A WaT et § WAfa Fl | AR yads
F} PTG YT AT W F Ffaren FHA GRATTT A I 797 Sfraren
¥ TF 99 % €A SBLYE Y] I X At 13.5 | A2 :fd |
¥ T ) FErad A VAT 997 APSYE WA F WA W Wity |
g SFMETET TC AEYE e &1 A e 3, 39 e $ qe 9y
TEGY WE (Optimum load) FE § | T 7 7% ¥ e Ffed |

(ili) Wae et 31 FareT 3T e F T W HITY | FIE q97 @eqe

T 1 CRO T IV FAY | TIE FI 19 05 I900 T¥ 99 0% a0

gl 3 Rreqwr 7 A1 | T G RS A AR AR | 78 yadw
 Sfym et WA # |
(B) qor qot varedlas—
(v) fa (13.13) ¥ SR TRTT B WA IR 790 R ), (i), (i)
W |
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g T R @ TR

H(QO = ®<

2N2102

. WheE 341
AOcmnnéaonvl
Lo A) & fon wads—
1 TATFA—
(a) NI ST H 2Ry =
(b) ATUFTH FART ¥y Letmay) = ..
@ T o

......

......

2. =
68KQ il Ny mw .
Output feeql RUETAC e T e -
“ — : 5, T R = e HAA = ......
5600 | 100 Loudapeaker fgmeer # e =

= L e 13.5
2N2102 o Ho S st (3 R A (mV)
| ,
£ 13.13—91 T SEHS |
(C) T wwfaf sads— , . | 4. THACH A = ...... Q
(v) o (13.14) ¥ e 9 1 AT A q9 T (i), (i), (i) freur TRea IEeqe & fd aftean (g fe = ......mV
7 A | | %ﬁl@%ﬂﬁgﬁﬁgﬁﬁw@ﬁﬁﬁag
_
1 - aftum—(i) SSTYE W H AR T v e s o it dan e | ¥

I

. = 131y wfuts yeds

| Wi & 2t e (gt afes o e e Wak F e e )

T iare ufigy it 3w sfwam Fea 2|
| %o Wo vadE w1 ™ wmas | s foww ame
- L | ueer fow s
2| W
n 2| T wufuf g vads
FaT FHRR
1 : dfer e e v 42

ﬂwﬁ Rt o s 3 afqe 9 3 T 3 XA N § 9w I S S

|

™2 e vt @ yam aFm Sa s wi wifenImd?

Mfﬁ@@ﬂﬁgﬂ.mﬂgﬁﬁmﬁ#ﬂﬂﬂaﬁﬁiig.g

| ﬂw@wwﬁﬂuﬂﬁcdﬁvﬂwwaw%gw_%.%ﬂﬁﬁg:
| S Sre 3 aifres s o FCER T
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)

YART 4
¥ (Object)—TF et Rt Tefiwrat & Aedst 1 A1 T 79T Sy T
T G TRYY GUIRE 1 I9N9 3G |
WA (Material Required) —
IEM—CRO, fefiest 9=t A.F. Sine 70T ST
YR AEE—Radt Uies d.c. W9 0-30 V

e (%w)—sso Q,A82kQ, A1kQ, A 18K,

et (50 V)—= 25 uF, 100 uF

IEATE—ZIET 2N 3904 I1 T4

FF—3) SPST fmw, dea1E 31 Az e
fafa (Procedure) —

@) ﬁam.m%mvﬁwa’rﬁrﬁwﬁmlsl # on @A &2 AF
S ¥ 1 KHz S 1. foe W wRvg # g ¥ e | T
T SMSTGE T H-CRO T X0 F | Yoy ¥ 3792 &7 amam 37
T i ey e ¥ fregor 7 oM |

(if) ¥IE T AMFTYE AR 1 79 FT AT FARY |

(iif) 3 T At A1 RO (fix) TR g 5, 3w F AR | YL H
mmﬁﬁmlmwwmmﬁawn

I arfisar am—

(iv)Sﬂ%H‘hﬁWlWﬁéﬁrmﬂﬂﬂmaﬂ%ﬁfﬁmﬂ
SSTGE A I FFY e fera 13,6 F SRl R |

(V) S; F¥ 1% FT LA | R ¥ Fg2 dredr ¥ R o e Fafes s
wm%mmﬁwmnﬂ&aﬂﬁm
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TAmEE 345

18KQ 1KQ
25uF
ad i
25uF |
+]|= =
3y 2N3904 = WV
+ -
1KHz 81.—1_: 100uF >8
Vs é\' -
8-2KQ 5600 L
o 13.16—amgure wenfe &1 wwa 3

(vi) TFAHT 13.6 F WETFAT ¥ T & semilog A% I BT wredss aam
Fieds F WY v 1 gl e aF W | afyFan A F
70-7 % WT 39T qYT AT K 3% Agfy fafed i |

b EL| (Observations) —
1. ARH FW HGH—
e fame L[ Vig = -vaeee (peak to peak)
A3 FreeS— :
(a) T4 S, on § (34T TG HFE TN )V, = ......(peak to peak)
(b) 94 S, off 2 (i araug SUfE @A RV, = ...... (peak to peak)
2, gt srferan @ @iET
wferest 13.6
Vi = ...... (fixed) ,;
. IR AT TN
%o Ho.| zage fome &t W | St St S
N on off on off
20 Hz
50 'HZ
20 kHz
~—— 30 KHz
Yo (Result) —
1. A oq— 12



346 oI YRRl O
(b) i ¥ (5, off e AT HeIRA F =Tl:i

mﬁm%ﬁmqﬂzﬂﬁm%maﬁrmmﬁiu n
2. g« T

(a) forr F(@,on) fu= fL=eee
¥z <t BW) =f, —fr. = -

3‘5‘%3'5 (BPV)f=fuf—fo= vesses :

m'miﬁwﬂﬁiﬁ%maﬁhﬁséﬁa&ﬂ%

“When only one transistor with associated circuitry is used for amplifying
a weak signal, the circuit is known as single stage. transistor amplifier.

An emitter bypass capacitor Cg (47 uF) is used parallel with Rg; to provide

a low reactance path to the amplified a.c. signal. .

_The capacitor Cg works as bypass capacitor. It bypasses all the a.c. current
from the signal to the ground. If the capacitor Cg is notin the circuit, the a..
voltage develaped across R, will affect the input a.c. voltage. Such a feedback
of signal is reduced by putting the capacitor Cg, or in‘other words if Cg is not
used, then amplifier a.c. signal flowing through Rg will cause a voltage drop
across it, thereby reducing the oulput voftage. o

If the capacitor Cg is good enough to provide an effective bypass to the
lowest frequency of the signal, it will do so better to the higher frequencies. We
therefore, select such a value of capacitor Cg, that gives quite a low impedence
compared to Rg at lowest frequency present in the input signal.”

Example : V; = 25 mV_{(fixed).

Frequency. of Output Voltage Voltage gain Fﬂ]
S. No. i . Vi B
nput signal |
S1 0n $1 off S1 on Spoff
1. 10 Hz 416 39 16-6 1-59
2. 20 Hz 429 42 17-2 1-68
(- A EZ a5 | 4 17-4 18
A 100 Hz 440 45 17-6 18
- 200 Hz 440 45 17-6 18
6. 500 Hz 440 45 176 1-8 |
I 1 KHz 440 45 17-6 18 |
8' 2 KHz 440 45 17-6 18
> S iz 4“0 45 176 18 |
10. | 10Kz 440 45 17-6 c18
1. 50 KHz 426 45 17-0 18
> o K 420 42 16-8 168
13, 100 KHz 415 39 16-6 1.56 i
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14 SiroteH

(PROJECTS)

§ 14.1 UR=d (Introduction) :
e ST T TG ¥ WA SN w0 ¥ 3, 9% eEn

e e % fad ¢ 1 sﬂﬂw%amﬁ%ﬂwﬂﬂwm.g Y T
immﬁwﬁﬂaﬁm_ﬂwuﬁﬂi% gar 7 g # i, e
%%ﬁﬂﬁwﬁaﬂ@ﬂﬂﬁawﬁﬂ%_

§ 142 T SagITEh SNEE (Some Electronic Projects) :

fag 141 A :.Gmm@wmﬂﬁm&mﬂwm%ﬂnﬂwl
() TR FEIAEA (Astable multivibrator)

O<OO =+5V

-t
I5)
X
-W\I_‘
\‘
[e+]
o
lw
<

001 pf

IH—

fer 141
(i) dreew Frifi AT (Voltage controlled oscillator)

\0<OO =+5V

dox% 4 |8 1K
7

4 O Vou

100 K 555
6 5 1K
L

REE B

(iii) ¥ 9 ¥ (Phase locked loop)
—e gV
w";.uﬁ
10 Lﬂwx

4 Locked
IW‘S : 565 2 o
= 3

oM
_5|_w oulput

L

=143
(iv) ¥ foree QA (Phase shift oscillator)

3510 —
>

1 ov, ¢S

0ospl 00Su 0053

I
y valm
12kQ
47kQ |0-002 uf
1KQ

4
2N 600 T~ 10V

NS

f144
(v) & e AT (Wein bridge oscillator)

Lo
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392y R TR
(vi) fea-dt Qe (TwinT oscillator)

fex 146
(vii) M WEA (Amplitude modulator)
+15V

RF L ogﬂﬁ
signal wa_ﬁ 100k T 7'H
500 _AT_NV < =

Audio signal

) _uﬂw. 14.7
(viii) T fEwET (Envelope detector)

< <°=~ .
01 pf m W

WRRE 393

(ix) e u_mﬂ%__aaﬂzg order low pass filter)

002 pt

—

10kQ | 10kQ +15V

AW AW I—l 3 N7

741 —o
%s oot 2P 4 Yo
I INRg=™

famr149
x 5@ e g?ﬁaﬂoﬁn& order high pass filter)
10k
001 pf | 001 +15V
v - 2 |q:.¢ —O Vo
-15V
fax14.10

(x) ¥ fE% (Ilumination controller)

Lamp, 230V

@ 1kQ, 12W
a MT, 220kQ
4703 BT136 3w
230V
50 Hz MT
01 pf . 0-0047 puF _L_ 0-01 f,
m8<\_r \—JS< A/»8<
o
fe1an
(xii) 3-8 YRYY (OF at dark circuit)
Lamp, 230 V
H s &
& DR MT
« DB, ' Triac
230V ™
50 Hz red z:.»m o8
Dia¢

1412
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304 ORI gRREl @ TRIT

(xiii) VA TR T (Regulated power supply)

230V,
50 Hz

(xiv) SR 4 (Musical bell)

() 33 3 (Dragon

IN.4007 X 4 7805 %
>
w
0-33 pf JH ==01pf n
3
fex14a3
UM66
12 3 Loud-
l_l speaker
BC
= 148
- +3Vd.c.
1404
eyes)
—0 +ve
340 kQ
< BC 158

AT 3905

-

(ovi) ST g . (Automatic night lamp)

N

* BC 548

3Vd.ec. »\\
LDR

——

fem14.16 |
(xvii) T ATA $EHT (Water level indicator)

—O0 +

f1417
(xviii) feReer @ifss RN (Digital logic probe)

Reoaa |

om<°|Wu znq
N. nmnng xl_
<.um._< L \_.mc_;ﬁu_!

Probe 55
2

0 indicator

Green
E1kQ +n_u2==m LED,
Gndo— AW
Rs=3300

1418
(xix) Fefyea @il To6T (Digital logic pulser)
Dy

- e S A AT AT
R i e . o — Y
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AAAA
vYyy

A
11111

53

- Da(IN4148)

ha (BC 149)

(IN 4148)
Rg (10 kQ)
AAAAA

Re (10 kQ)

AAAAA.

bbbbb

(IN4148)

bbbbb

Q
s, (BC 149 B)

-

YVvy

1

Conc
(2703
k)

mic

bbbbb
vV

i

o/P

Socket

Bulb

15 Sgfawed Wo A

(MULTIPLE CHOICE QUESTION BANK)

. AT MRaa R g =99, Vgg=0-6, T ===

fax 14.20

. U S sEs —

. T YaUF FR; = 2K IR Ry = 40K, A, =90 ¢ | T Fve Q)

Sroft (Voltage series) T7: fFfa® (8 = 0-1) ¥eA &= W 9: Ry m?..x&
F1 qH qARA—
(a) 2K 340K

(b) 20K 34K
() 16K AR 5K

(d) 0-2K 3T400K

. & ST [ Pifae s e 31 il e S § @ iy 48 = 1 IR

St 8—
(a) e 1 TR@IH FRRET  (b) AfAT B YFa FRRAT
(c) DT FT T HRAAT  (d) IS § B T

g Ve, Io) 31 9H a3 14.1)—
(a) 4-6 V 3 1-98 mA

(b) 4-7V I 2mA

(©) 5-4V 3 1-56 mA

(d) 4-2V 32-1mA

(a) 97 Ay I A B

(b) T WA ey Frhe @
(c) Sharp fasdea (breakdown) uﬂﬂ.&@ﬂﬁ,@d—w |
(d) 7 A3 A&

. O YA UG |9 50 2 | 98 @9 dB & m—

(a) 17 dB (b) 31.dB (c) 34 dB (d) 140dB

. & fe weE T4 JEeeR INe YEEE 5 mW R uRe fades

(Secondary) § @M e fARA (dcliver) Tar # 1 FWHAT R Twa
(efficiency) 70% % St T 1 WG =@ & P @ R A
fe—

(@) 33 mW (b) 70 mW (c) 100 mW (d) 68 mW

. T R ZawEt g (coupled) T-A YA 1-25 W 8  ac. U6

feaf@ (deliver) T 2| d.c. TAR A T d.c. ks & aH—
(@) 1-25W  ()25W  (O5W (@ 0-65W
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398 WERIHCIY N 3%

8.

‘.

10.

11.

14.

15.

16.

17.

18.

Frafafaa ¥ ¥ e 2ge AR ads & T Fa—

(a) eifaer Refte (b) e feftar

(c) e T woreht (d) Wit 3% Wt ¥

Frafoiaa er S gaifa, ) f5as ol Fer e 30F 1 # ke (specify)
FO ¥ R & T @

(a) YR TR (b) faife gafa

(c) 9w wufE (d) FRIERE dufe
ﬂﬂg%ﬂﬂawﬁﬁﬁgs—uongauwgmgwam KHz &
wRafda frar Srn @ | Prefafas sadst § ¥ S Iwe Rm—

(a) HheT (direct) JAwa Yag®

(b) RC IfHA TS o

(c) RC Ifwa yada Ziforeet siqw

(d) FEEAR Jiwa T Saeas (et )

RC T %1 o—

(a) 3 itdw A (b) T

(c) = T&a (d) 3% ¥ A 9§ T

T I af e frw Hfer @ 3 adt 8 —

(a) SR (b) TEEH () RC (d) 3% F ¥ N
RC S @ 3§ Fiem 3fee &1 97 Aar & awr—

(a) 100 pF (b) 10uF

(c) 0-1uF (d) 0-01 uF

AR d.c. Pl Y wafa & 2 A S @ e fafe s w0t ha—
(a) RC (b) TR (c) IR (d) 3% ¥ ¥ 7 T
e A-RF ad® % AR L1 F N4 FH;,10 dB, 5 dB 7419 dB &,
Fd dB TH—

(a) 24 dB (b)240dB  (c)6dB (d) 27 dB

A Wt 3.4, = 1,000,000 1 dB F ek foham 13, ar It 711 Ami—
(a) 60 dB (b) 30 dB (c) 120 dB (d) 106 dB

TR Ya4F F F AV individual RS ¥ Y F UG ¥ T A8,

ife—

(=) T IWE F FR (b) T gfE ¥ TaT loss F FRT
(c) 3 IR ¥ ¥8m & Frw (d) Afes FaRE F 74T F F0
Ife e FT a0 @T 3791 & I 2, A dB AT frr F9 m—

(a) 0-5dB (b) 3dB (c)2dB. (d) 10dB

25.

Tt v 3 399
AT TN R Fe-3i1% g et §—

(a) TR AGfad .
. (b) IedE AR
(c) 5 dB Igfwat (d) 3 dB it

TR T § T T3 G 5t IR 9 R R, wrom—
(@) 0-1uF () 100pF  (c) S0uF (d) 0-014F

. Aﬂ@.ﬂ@ﬂmﬂﬂﬂﬂ%ﬂiku_ﬂgﬁg&“.uiﬂ

s?ﬁuﬂaaﬁwaziaﬁwm_%mmaﬂa?aaﬂﬂl

@ 125W  ®)25W (5w (@ 0-65W

T 0-2uF WHIRA F7 5914 (reactance) 1k 69 3G (frequency) W

(a)800Hz (b)1KHz ()1MHz  (d)9 MHz

T s d—

(a) fad p &7 3 Y (dope) AT

(b) fad N 37 aif 2y B @

(c) P 3N 87 31 & Ffew S T

(d) P 3TN & 3T & & (lightly) N9 A ¥

foreat SRR 10° Qm —

(a) TR (A (b) e (Na)

(c) Foed (Bi) (dy Ffw=T (i)

ftqa ¥ 1o A R & (R 152)— <m?I_HV|I«r
VsRy

ANV NMQNF.TNV.V _o« R

(b) VsiRg me

() VsIRL =

@ Vs ﬁm+~$ fa152

= 153)—
(a) 0-1
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400 TR A 3

27.

o Zifaeer 1 o 3% WHa T A e R d R 2
(a) 10 n sec (b) 60 n sec (c) 70 n sec (d) 40 n sec

28. oY fewt-d yad® % fod FiFA Wie RITA UG (CMRR) 1 S1fe—

29.

30.

K)

32.

41.

(a) 3 (b) R 59 & &
(c) R (d) 7% A B T

Tt 4 Ao waifve yads wgw it d, sy fafy & arwia Rhg
FfeFa a.c. WRF 1 T (watt) € | Sfead AT IT gar 1 AH—

(a) 1 Watt (b) 2 Watt (c) 3 Watt (d) 4 Watt
eIl A § 48 1 4 fFe A 8—

(@13 F (b) 1 (©) -1 (d) 19 9t 3fis
YadE ¥ ARG DT I T I 8—

() B RY (b)) TR () RIFTIRA  (d) RF RN
Yt Yol F Fha-at Hfe yanT 5t st 2—

(a) TEER  (b) RC (c) srtE (d) TfiSq
BT B (Resistance loaded) FH A YU ¥ 4T Tadr—
(a) 25 % () 50 % (c) 78:5% (d) 90 %
TS gfiva 9 4 YadE at Sifusay sua—

(a) 25 % (b) 50 % ©75% ()N%
e & A aifyran Faeret gaa frgat ot 3—

(a) T A b)FTEB  (c) FEC (d) 9 AB
FATH B ITRYA A AfYFaq qaar—

(@) 25 % (b) 50 % (c) 18-5% (d) %0 %
A IR g% 19 B Wi o Fearar 3—

(2) TN 6 ¥ (b) TT= FAF (c) Wedw vadF (d) RF b
Feied-fafirett yads o Ay §—

(2) T PNP 9 @# NPN Zif¥&=T  (b) & NPN gifsree

(c) A PNP gifarex (d) 3 PNP Zifsres
. AR e Fie fafy—
(a) RC ®) TR () i (d) FrwiHT
FI-A W N Fectar 8—
(a) e ©2E s (b) T (& o
(c) Fitifett fafred sads (d) AR yadE
waE # frifed weds sy ¥ awad Te—
(a) vt () Tt R
(c) ¥ Tt & (d) T TR & St

B

42.

45.

47.

48.

49,
50.

51,

82,

T mds 4

ﬁ«ﬂ»ﬁﬂ%ﬂy@agﬂg@i{
(a) (b) =ity
ﬁﬁwwﬂgﬂiaﬂ»lsg (d) = g5
(a) ®) W (o) ey

e me%aﬂil@ (d) yava ¥
@IRFT o) W (Pt (g e
T SN F AR A1 By 31—
(a) 100 ¥ Sy ®)13F3 38
(c) 19 3ft= (d) 10 wmﬂ&\\
Tt Bretar R Yo @ vhey 3—
(a) AR il Hizdw (b) =10 il wede
(c) AR Ve Fzdw (d) 5T VT Hetw
THIT SRR F Y T AP AR F T FeAe—
(a) 0° (b) 45° (©) %0° (d) 180°

e T Sfekre &t ar59r 7 forar IR (3l ¢ Fae 7 o w2), 3 B
Y F1 e a1 —

(a) IR T Gizaw (b) TRI i Weds
(c) ARV W wizAT (d) 9 W Weds
T el 3R Feear e—
(a) cC 99 (b) CE 3%
(c) CB ¥q (d) 3 ¥ ¥ F3 &
e fa weds & vads &1 71 90 R, 701 Feds a1 o ¥ A wedw
REAS = —
(a) 1 (b) 05 (c) 0-2 (d)0-1
TF I Fferd SadE § SH \re WY = aH—
(a) ROTTET TR YA F FIHA A9 F TN
(b) e W At & F AN F A1 TG I
(c) SgT FH o
(d) = i
femm ™ s whew & o Al L %
wo=105,0=50,R=100QR A B
C 1 7 & (R 14.4)— o Ly
(a) 250 pF (b) 100 pF
(c) 500 pF (d) 1-25pF [
fa 154
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53,

S5.

56.

57.

S8.

59.

60.

gl T 39
Rty & ¥, 1 AW (& 15.5)—
(@2Vs

(b)-2Vs

(c)3Vs

(d)-3Vs

fopg 1t % yadE W gEN A T B
Y  Taa H —

(a) T A (b) T 4B

(T C
frefafad @ie (plot) ¥ ¥
wﬁ.ﬂll

(a) FoC Iy & T, Vg VIS Ic

(c) Fe I % fR, Vg VIS I

fex1s5.5

(d) A, 4B ¥R C

@Y AT TR B I I

(b) e Vg & @, Vap VIS Iy
(d) 3% gt

& TAF F A 1000 + 10 3 | O [H: FE 3 T CH F ¥ fr
9 WREH 01 % F 3w o | & T e g 1 A —

@ 5 ®g
© 10 @ o
feam g wee ®, 1) &1 90 R0
A (FF 15.6)—

(2) 3V5, -6 Vs,

(b) 2V, -3 Vs,

(c)2 Vs, —2Vs,

(d) 3V, -2V,

fex15.6

T Fras N H I FE AT (Cut off) WgHT =7 it 2
(a) et R Yads =t agfa ¥ sOan

(b) et R yads &t emefa ¥ a9

(c) Rt R yads 9t amafy @ ofs

(@) Tt Bnft

QA A FEHAT (astable multivibrator) ¥, Tl @ 1 uS & fag =

3t Bt ¥ Qe aMmf = A R—

(@ 0MHz  (b) SMHz

(c) 1 MHz (d) 0-5MHz

fo7 157 % Rew € wua ¥ 757 s womem w9 9@ R RS
(), ﬁw@wm_ﬂmﬂﬂ%@wwl o

61.

62.

63.

64.

65.

66.

67.

157

(a) Dy off, D, off (b) Dy on, D, off

(c) Dy off, D, on (d) D; on, D, on
Frafefad saes FAreeE & § fradt afvse wis a9 @ far —
(a) FF AT (b) FH TR (c) FH TR (d) Tt Few
Fretfefaa 3 & S7-61 aifes e (stable) 2o § 2

(a) 7 fa=r Qe (b) TS AferT

(c) Freifye e (d) fireat Frafaa Qfem
e Ft e ¥ o afv@em wgeRad 3—

@AB=0  (B)4B=-1 (JAf=1 (hd=-L
RC B firee Qifem §— 4
(a) B T2 180° F1 Sl YREET FaT &
(b) B ZEH 360° T FAT WRATH I T 2
(c) TEdeh 1 #1 ¥ATF A &
(d) A8 T -1 BrEE
RC % farwe fert %1 3mqf &1 q—

1 1
(@) 27 Ve RC ®) 2R Ve
@%m& (d) 277 VRT
T Qe viag = e a—
(a) d.c. ¥ a.c. FAHX
(b) d.c. ¥ d.c. FTIX
(c) a.c. A d.c. FHEK
(d) a.c. ¥ ac. FER 2R
OP-AMP Wftyg ¥ 1/, & AR (o 15.8)— B
ANVN—\M Advlww\h =

on 3 ~\h AQV -3 ﬁ\m

S ——

T T e e
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68.

69.

70.

1.

72.

73.

74.

75.

76.

71.

404 TEEFET T 3%

ﬁwaﬂtﬁﬂwmﬁ%maﬁ?mww§~ -
(a) A TR (b) FANW () T oKX () PG .
T TS o o Sau Ui (forward amplification factor) a1 #—
(a) CE Yaus I 4RI ¥ (b) CB ¥aus & €I-EIY

 (c) CC Ya¥a FI e A (d) CE Yaus F A e

ﬁqﬁr@aﬁﬁaﬁ%ﬁq—m1x&aﬁmﬁ@tm¢ﬁ#f@m
-a—;-n_

(a) 37 fa=r Qfe= (b) T AT QMo

(c) T QAfe (d) Frafrg e

Afe FAa Tl e—

(a) a.c. TaC & d.c. qra | (b) d.c. YT ! a.c. TR §

(c) a.c. Tt &l a.c. Wag A (d) d.c. T H d.c. e #

JifereT it & fre g st At 2 —

(a)hqﬁqq (b)qﬂsamtrﬁw

(c) SafgT ufi (d) T

RC ¥ forre Qe & fer RC TRe% S Rl I §—

(a) 1 (b) 2 ()3 (d) 4

7 RC TRy afasan fFadt 3 R e & dohd §—

(a) 90° (b) 180° (c) 270° (d)360°
afz L Qfaa ¥ afe ¢ 1 AW IR A1 e 3, @ Qe i &
(a) 3T B ST @ (b) R T & I R
PELEGE (d) T Tl @

B ferre e & St 1 amgh fioft et 3 —

(a) LICW (b) R,L T41 C W

()LIRW ()RACW

P & § - Afem Le Afem 78 — .

(a) TR () TR (c) TS T (d) =7 99
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AT YA dF 417
I

L. 2@ 3@ 4@ 5@ 6 7O

8.(c) 9@ 1@ m@® 12.{) 13((c) 14 ()
15.(a) 16.(a) 17.(a) ~ 18 (b) 19.(d) 20.(c) 21.(a)
22.(a) 23.(c) 24.(a) 25.(b) 26.(d) 27.(c) 28.(a)
29.(c) 30.(d) 3..(b)  32(a) 33.(a) 34(b) 35.(c)
36.(c) 37.(a) 38(a) 39.(d) 40.{a) 41.(a) 42.(a)
B3.d 4G 450 46.(a) 47.(a) 48.(b) 49.(a)
50.(d) S5SL(d) 52() S3.(c) 54.(c) 55 (a)  56.(d)
§57.(d) S8 () 59.(d) 60.(b) 61.(b) 62.(d) 63.(c)
64.(a) A 65.(a) 66.(a) 67.(c) 68.(c) 69.(b) 70.(a)
.(b) 72.(d) M.(c) 74 () 175.(c) 76.(d) 77.(d)
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16 . AT A TE & B

(TAIRTE KOH NAAV KA SAHAARA)

(amplification) % ¥ § ot 16.1 (8)
ww fime ®F yads = uftey fax 16.1() ¥ weffa 21

2 ) T ¥ 9 N T O Y 73 T O-point F FIO Hw
A ST € s gt # o-fag @ U Frivmet @ fraifa s
? yadE F wu A g ot I Fm vw ST g-fag SuF sy
afyaal F afFa 3 5 dra-6=2 1 s s (97 16.1(b))

HO A—

Ig
Active Region

afrg

dc load line

V<Om
fas 16.1 (b) o-farg T ==
I Q-fag we-F W AP & F Fe T = @, @
J3eqe faerm & s qan fara faefa & s

%ﬂﬁ%ﬁzwiﬁgﬂg»
et I F T =1 iy CB, CE 71 CC!I firg wty

> W R e

devices) FT use f&Fa1 sy &)

Input First ™ Coupling Second [ Coupling | Third |—©
Stage Device .mSmo Uo<_8

?m;hlu&&wg

» RC giH7—

RS 2 stages I coupling capacitor C 31 gftwa e o 2, @ 3@ RC
coupling &1 e ® (o 16.2-a)1 Tq= frequency response curve fa 16.2
(b) ¥ 5@ #1 RC coupled amplifier % gain lower 9 higher frequency range
H g2t R, SofF mid frequency range ® constant W& 81 5= frequencies W
gain %1 7 mid band gain F 70.7% ® W §, 39 frequencies ® cut-off
fregiiencies F¥d 2 Upper cut-off frequency 1 lower cut-off frequency &
S #i range ®1 bandwidth F&1 Wl 2

ﬂ +Vee

Coupling Re
Capacitor < Ry Co

- —0 +
R. Vo
R ; + - '
; »Im \—.IIOm L .

&= 16.2 (a)—Two stage RC S.i_& amplifier

Rc
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0 P TR T TR

Lower frequency range % RC coupled amplifier H gain A T T
FRA B— .
@ Coupling capacitor l n, foramen 1 3= B & HRT ac signal pass 7
T g .
Effect of parasitic capacitances
of network and active devices
and frequency dependence
Av=VoVi of gain of transistor

Mid frequency__:
ran i :
9 i 1 Higher
T|w| frequency —

i ' range
__ )

ﬂ.. te——— Band width ||v._J f (log scale)Hz
Lower cut off Upper cut off
frequency (f) frequency (fy)

fa= 16.2 (b)—Frequency response curve of
two stage RC coupled amplifier

(i) By-pass capacitor F reactance I=9 BN % FRUI Frfea wiga®
IGF A1 | gain & T M

=4 3R 9 & RC coupled amplifier FT gain F1 8 & et o 81 §—

() Inter wiring capacitances ¥ UREE H AE HH B WA & R
shorting Eagif

(ii) Inter electrodes capacitances ¥ M &% #9 B 91 q ffew &
e g1 # S 2

» Transformer coupling—
ﬁ&mﬁWnuﬁdﬂﬁ%g.@oo:v_oggW%_w@%
Hitenr g a1 @ (F97 16.3) Zrawhi sitem = frequency response poor
Bt 31 et Mgl w bypass capacitor % HRUT 1 AR FieAT q LAHH
F! FUSFAA F1 FH reactance F FRU gain Ted: &, afF 3= amgfadl W
interelectrode F interwiring capacitors %! low reactance ¥ gain ®Z Il il

W F T w421

o fads A W coil inductance 7 turns &
circuit resonance %1 Raf I Bt #) apg.
2, e response & bump f2eT 21 4 T
matching 89 use fFam wm 3

A capacitance % FRI tuned
¥ A R gain Foft } 75 Ief

(a) Transformer coupling

Due to resonating effect of coil and
inter turn capacitance of coil

Due to low reactance
of Cy & Cpe, Cpc: Oon

Due to high reactance —
of Cg and low reactance of
Transformer coils

»f (Hz)

(b) Frequency response
fax 163

> SrEtee wier—

Tratae wftem A ) Vst F) 11 & coupling device F wa § Sig fea
T & (F99 16.4) € low frequency.amplification R ¥ St taa I
T e &1 T4 T B F FRO lower frequencies W gain 1 W w9 78
BN Higher frequencies W interelectrode 3 interwiring capacitances gain 9

e W R
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422 WP Ifea @ e
ﬂ+<00

Rca
md W —&04 . +

+ w|||| A
v, W Ry Re2
W Rer -
- |”...r . . -
) farst 16.4 (a) Direct coupling

No fall of
gain at lower frequencies in

direct coupling
P; \ :
Avm . Parasitic capacitances

i of network and active
: devices and frequency
m .aoum:amsnmo*mmm:

of transistor

» f

t
o= 16.4 (b) Frequency ..nu—x:.um of direct coupling
> Decibels—
Gain 1 decibel ¥ it = fopar o #:
Power gain (in dB) = 10 log Imw

!

Voltage gain (in dB) = 20 log Yo
Vv

(2 F FF Page 3 7 fiifea Safiaey topic uw.&.w q 9 17 X misprint

¥ FRY 10 FT 20 print & T &, 59 dF ww A

A 3T4F coupled ¥ A I overall gain multiple & e 8—

\Aoﬁud_—" LA_X\AM X\nwx ......

T R W w4

foq 3% gain dB w.msﬁw&%aa_m%aaﬂwiwl

k =
overall (dB) L:%v+m2§+}a$+

ifeew o —
Frefafaa Multi-stage Amplifiers @t overall oe.:.n@ gain A Fafer s
39 dB ¥ convert #faa—
@ 4,=20,4, =30,4;=50
(ii) 4,=20dB,4,=30 dB, 4,=50dB
(iii) 4,=20dB, 4, =30,4,=50
@) 4,=10dB,4,=10; 4,=20dB
0) A4, +A4,=20dB, 4,=20dB, A, x A, x A= 1000
W¥I-R-C Coupled Amplifier % ‘Frequency Response’ @ ifa af »,
Common Emiter Transistors @ Cascade % f&ar wg #t g =¥ fis 3o

waw frer amgfa e 7 = L2 —1 mar ff = fuN27 -1 g fran

ST, WEf £, TV, T THA CE Transistor 2t Argfi & arate sgfy @
fagpg T &fEn 2 yea wwa

1
o
~

3
>3L ......... ‘Effect of parasitic ‘
capacitances of network |
and active frequency _
dependence of gain of

)
L

Mid frequency

m A ! m transistor \
' H H f
‘II‘. _é@ L
Ccand Cg Lower ! i | Higher :
frequency: bl ! :
" 1 | frequency ;
B:c,m ! : i range

e— |Band width 1 Flog scale) Hz

Upper cut off
frequency (Fy)

Lower cut off
frequency (F)

RC Coupled Amplifier T Frequency Response
A, o OVETID = Ay * Argiom) * > o)

204 / 234

Scanned with CamScanner



424 waffe gfedl @ wRag

Since all stage are identical,
A, gowyoveral) = [4 (low)["
%

Aiiow)

or

(overall)= _H
Ay(midy

Similarly .\NN .\l 2N _y

Ay(mig) |

[
"
[

)
[
“
L
.
[
.
.
.
]
.

v

f i i
n=1n=2 n=2 n=1

Effect of increaged stages on cut-off frequency and Band width.

n \N:a -1
2 6
3 51
4 A
5 39

1"‘).

» Tedayads
feRT Tads 2 ip
put Frew ¥ aig i
N mw“si_@ F@E, (fax 16 5)
o “g\hp—
where v, and v, are the inpuyt m.m:u_m._ ~
CMRR s defined as the ratio of differential mode common
. erential 1
gain. Its value should be very high for a good &a.ﬂan:w_m.h“w“mﬂ ok
CMRR (Common Mode Rejection Ratio) = 24
Acy
+Vee

fa= 16.5—Differential amplifier

Hfeew we—
Find the value of CMRR if
(i) Apyy=2000,4,,=10
(i) Ap,=20dB, 4., =10
(iii) A, =2000,4,=3dB
(iv) metnaenw.\.sxuuaw
) mb.xnueee.;m:um

> wifvn yads—
T gifaey ¥adE S audio signals ¥ power level W T &, power
amplifier FEedl R

T TIRIRRCEETTITL I LD
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476 ﬂﬂﬂﬂ%ﬂ_ﬂﬁﬁ

Voltage Amplifier Power Amplifier o]
(i) Designed for voltage amplification (i) Designed for power E:v:man
(ii) BT AFR (i) T AFR
@iii) I=9 B (iii) /=1 B
(iv) RC coupling (iv). Transformer coupling
(v) Low collector current (v) High collector current

»> Impedance Matching—

Hfersray Wi TR I899 (maximum power transfer theorem) ¥ 3gR
W 9 &€ Ghd € [ It Yads 4 deselist &l fawan vie a9 wer
W W HR & T AR o # SSeYe Wyl aReefie R
i & T9E W TR U H 79 T A9 F W@ it T 96 € 6 0w
YaH® Ht ASLYE Wy FSeE Hi wfearar ¥ 9 R (AN TN T0ww
A B Al A [ faerad wEm A R (srafq 9 T w0 @
ARSEIT H fhswHan Wax Ww T It orviq ASEHiER F HY e ww
gt :

Amplifier R; , Load
(Impedance N, N,
Z,) il : m J (R

fa 16.6—Concept of impedance matching
A % load 1 7F R, # (fa7 16.6)
. T Amplifier Ft ¥FS A @1 W S F TH

IA: N, T N, F IIUE F T TR adjust o s @ fwd@ R, A
M Z, % T 9t § 91, f99 maximum power transfer & ST

Impedance matching ST< %33 %1 1= faftal & —Emitter follower (BJT) @
source follower (FET) WYY &1 use &N

e y—
A% 4Q F1 load R, 1 transistor 1 H<YE THdH 5kA T, A
matching transformer %! Turn ratio S|

AW H @ w e 427

» Heat Dissipation Curve—

& A § 5 amplifier y Heat dissipation curve

4 ac signal Y amplify w11 Ic A3>_ﬁ Po=4W .

¢ @ 7% A% 9% dc supply Is = 10 mA

(biasing supply) ¥ energy 400+ .

< T @13 de supply 3501 Ig =8mA
300+

g @ WA areft energy <l 2504

F WM @ ac amplification 2004 Ig=6mA

wmﬁﬂ%gw%% 150- g =4 mA

9P heat % ®9 W dissipate 100+

(27@) & S 31 3W: 9 ac 50- ls=2mA

signal zero R 99 maximum
power dissipate gt (Worst
condition)!

37d: Transistor designers SR transistor ! power rating ED JER Th
curve draw &t St & S power dissipation rating @1 constant HFA .m.m— Vee
9 I, ¥ wea it s ? (F99 16.7) T Curve Heat dissipation curve
FEat 21 af gt A damage € / T=FT @ A FAH Q-point T curve
& 99 @ W e, T v iR Afuwan I e w3 )
power rating %! danger value @1 cross & HM AT TAW safe TR

> e fiem—

T T T T T >
5 10 15 20 25 Vce(V)
fars 16.7—Heat dissipation curve

1Y F MW S I | IR F heat T ae Pt 2, afw IR

power rating %! ST S Hah, heat sink FEat & (73 16.8)1

Metal Cap of large
surface area to
dissipate the heat
quickly to the
surroundings

Metal tab

Collector
connected
to case

<D

Pin 1. Base
2. Emitter
Case-collector

(@) (b) (c)
o 16.8—Heat Sinks
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428 wetwife gfwar €9 9ROY

» Classification of Power Amplifiers—

fiedht Wad® A WG transistor' % Q-point # fufy ¥ AR IqH
Fffeor e S R1 A& O-point active region & =Y 9 ¥ e ?, @
TatiF ! class-A YU FELIAT € (797 16.9 @)1 3@: output A rdamy
¥ complete ST et 1 Voltage amplifiers ¥ 12 1 class-A mode # use By

2 f&=g power amplifiers F class-A S suit T Fa FF T mode - {
efficiency sgd &H %.&_ R

Ie4 Class A
operation

Class AB
operation

\ Class B
operation

Vce

Class C
operation

& 16.9—Location of Q-point for various classes of Amplifiers

fg O-point I dc load line % TH-fR W position TeFaT I ?, e
class-B operation FEl &1 Class-B operation ¥ output Shael T8 =sh &
fd & W At 2, fFg efficiency 3T=8! &t € (78.5%)! 4fE WaH® class-
B mode ¥ &4 Fal ¢, Al ST W I IETh T A B A Lot
FEEF B IR €, faR - vads %8 I 31 TE SRR positive
Sﬂﬁ&ﬁaﬂmmﬁ%gw“%ﬁd%nmmﬂ?o FETF o
HPYE F_H FIA 2
. TfS=T F class-B A operate FA W SO g acl T e qhdl

cross-over distortion @1 Class-B biased transistor & 9@ #! input Y& cross
T 2, 7@ TR B R FETE 9 8 W 8, i SR F oW qag w0
®d sufficient voltage &l ST & It (S f&# silicon junction % f&@ 0.7 V a1
SAFEA junction % & 0.3 V &t ?)| 5@ % input voltage 39 TR T 7@
TEdl, SPTYE YA T § A 36 A & Sy v o e € (o
16.10 3§) 39 FHR ¥ 3MSePe A &1 e f&9T cross over distortion
S &, FTF ¢ -7 I G 8, F9-99 IR zero UK A €
Cross-over distortion ®1 W1 F! GHIE A ¥ A M class-AB T4
@Qﬂgwgﬂﬁ?ﬁmwmo_o&::nﬂ class-B @ %Qﬁmﬁﬁ@.ﬂ
ST 2, (between A and B, but close to AB) (fe 16.9)1

QR F W w429

1ov 4

0.7V 4

—07V 4

-10V H
9.3V 1!

—93v |

Cross over distortion

fax 16.10—Cross over distortion

» Push Pull Amplifiers—

Push pull amplifier &1 99 fa= 16.11 ¥ weff@ AR n-p-n R
(class'B operated) @A <Id &, f base W TWHHT ¥ secondary &
fawda fat wafvm fRd IR &1 e el & 9 favde fedl W faada
g A fae e 81 & 16: Q) TYE # positive half cycle ¥ conduct
F@ € ad output. F! positive half cycle I HTa 2, (99 16.11-b W)
SEf% O, negative half cycle ¥ conduction FXAT # T4 AP W negative
half cycie 3 FHT@ 8137:, A class-B operated transistors STH-HAT
half cycle ¥ H3eqe W& FA €, Frad S™EE | full-cycle M Bt & (Fa
16.11 @)\ ZFEHHR T, F1 ¥4 impedance matching ¥ fFan i 21 Push-
pull a4%F ¥ load % ®Y H WMFE: loudspeaker connected T&a B

Push pull amplifier ¥t efficiency €1t & (1S 78%) (transistor ¥
class AB mode ¥ operate 1R % %X07), harmonic distortion g g, a9
TE ripples ¥ WA A H T A 1 g qET g ot € QN equal I
opposite phase ¥ FaTTE I FC F S, forad ferd FAHEH
# avEwa qod ¢ 39 oW & FE g complementary symmetry
TAHE use fFd AR &, R T poncp o T mp-n TR use P ST
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430 TR gfwal @ e

#1 Push-pull Y% #1 & 39 99 ¢, & S transistor perfectly
matched 814 <IfEd|

— — — —
Phase splitting  Push pull circuit Push pull R (Load)
input transformer connection  output transformer

& 16.11 (a)—Push pull amplifier

<= Input voltage
> t

ict ; ! '
Q PoQy i <= Current through Q,
_ AN
Ic2 H i | |
ﬂ ! ! ! i <= Current through Q,
» t

T)ﬁz
S

?u 16.11 ?Th::.&:aet in push-pull amplifier

i <= Current through load

P %93{ -

IR BT w w43

» Complementary symmetry push-pull amplifier or transformer
less push pull amplifier—
mﬁﬂﬂﬂ&ﬁﬂh:hﬂﬁﬁﬂ:?a%ﬁ:ﬂﬁgw (fa3

16.12) ¥8H ZEEIR i smavawa 7€ @@ Fuiq % o TeEhi-faEs

push-pull ¥a5% 1 Input F1 positive half cycle F 0, (npn) conduct FH

load F TR1 ¥& HA &, TGfF negative half cycle I 0, (pnp) conduct

#7F load F GF1 WA Al #1 T THN load F1 2 =M ¥ gR1 W@

et &1

Input / 1 5
Q, current / 1
Input Q, current I../m\
across Ay
()

o= 16.12—Complementary symmetry push-pull amplifier

Power amplifiers q use ¥ e §&7 IC ® LM 380 (f93 16.13)

input
(a) IC LM380 =7 fast s

farT 16.13—Audio amplifier IC LM 780
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432 ﬁﬂﬁﬂm@&ﬁéa

8Q
Loud
speaker

(b) IC LM380 =t fifEat wadss & v o war
o 16.13—Audio amplifier IC LM 780
> Boot Strapping—

FeRMt AT Argt W positive feedback TH circuit B input impedance #
oG 2 A boost F N FE &R A ZRTEH A low impedance F o
THE! SR AEvESHAl 8t 4, fh FET, op-amp $efE #1 Syereta ¥ 379 78
SAravIHd F9 8 T 21 Feedback positive 1 3 HROT instability & T
37 B s 2

“The boosting of input impedance by applying a small amount of positive
feedback is called Boot strapping.” By

As the feedback is positive, such circuits usually suffer from poor stability
and noise performance compared to a circuit that doesn’t _uoo.ﬁwc.mu. .

AC amplifiers can use bootstrapping to increace output swing, >.8.6wo_moﬂ
is connected from the output of the amplifier to the bias circuit, providing c.Bm
voltages that exceed the power supply voltage. mBEmn.mo__o.ioa can EoS@n
rail-to-rail output in this way, which is a common technique in class AB audio

ifiers. trappin

E:n_w_.w._o“nwumo”o cwho% in class 4B, and so B:m.ﬂ be Ewmna just before o:_M om
(i.e. with 0.6V between base and emitter). The bias resistor network for t 8&
transistors also forms the resistive load for 7). Therefore the <w__¢o .“.;. R M.:w.
VR, is governed by the DC voltages required for correct base biasing of /;
and .wwwo provide a high gain in the class A driver stage T mrn oo_._oopon _M_M
should have as high a resistance as possible; this conflicts i:.: the o
requirements for biasing T, and T,. However the oo__n.aoq _owa resistor uo: c.."
actually only needs to have a high resistance to .M>O m_m__w_m“. ifa va. nonoSE
found to give R and VR, a high impedance at m_a_o. m..on:o:n_mu an Sv.w o oan
an appropriate (much lower) resistance at DC the gain in the driver stage I
be increased.

I N T W w433

+Veo
Positive Feedback t
(Bootstrapping)
T, Spkr.
RSL] NN +
VR, C.
Crossover
Negative Dy
Feedback *
R L. C O
Input 2 .._v 3
VR,
Volume
ov.
Class A Driver Class AB Output

To achieve this increase in gain, AC positive feedback (bootstrapping) is
provided by C,, which feeds back the AC output signal to the top of R,. This
AC signal is in phase with the signal on T, and T} bases, and positive feedback
would normally cause oscillation, but this is prevented by the fact that T, and
T, are operating in emitter follower mode and the voltage gain of an emitter
follower s less than 1 (typically about 0.9).

This means that whatever the amplitude of the signal voltage is on T,
collector, about 0.9 of this signal appears at the top of R, so the AC voltage
developedacross VR; and R, appears to be only one tenth of the signal on T,
collector, therefore the (AC) value of resistance of VR, and R, appears to be ten

times higher than it actually is, giving a x 10 increase in the gain of T without
any change in the DC resistance of VR, and R,.

> Wigd® (Feedback)—

foret gfr R smee (Aeds YR1) 1 $B AW (fraction) 7Y ¥ a199
.N_,NHQ_Q.W (1giq W foman s 2) (injected or moaaamnwv.m,_w@ﬁwwwﬂ
FEd ¥ Tiedw WA W B0 A SmdE wedw yads Fean d
[~ 16.14 a))1
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44 WREw gfva @ e

(1) T GREd (Positive feedback)— a2 Weds farat w3z frm
¥ WA & (same phase) T B & (30 IS aid FA ) D W A
gieds wxa € (fax 16.14 (b))

() Prifee oiwls (Negative feedback)—af2 ¥izd® farm g
fITE (input signal) % fawdla ®a0 (opposite phase) ¥ 1 # (i @
form am W fAa % 95 1807 ® FEAN (phase difference) 81 2)

2 B mow w435

..v
v,|a=Yo

<,, wﬁ

—

+ —‘l‘w( h L
<_u_,<. _, <° - ?.,.“.m

A W "womTE wreds wwd ¥ (A3 16014 (b))

phase shift

<.*|\./l Introduces 180"
—_—

signal are in
same phase

Input signal L
and feedback

Amplifier A

mmcaumox

4

] :a:zo}

<‘ b e
.aaacoom So
phase shift
(a) Sifafra i
Vs Introduces 180° Vos
I?- phase shift -
] - ,
e R et
Feedback signal |
and input signal |
have l0phasel | rpn]
Vi network (§) |
Introduces 0°
phase shift
(b) Frifea wigd=
fax 16.14

ggﬁﬁwgwﬂgwgﬁnﬂa@ ™

TFR $EdE fae 9n weR § fon 9 9w e —
(i) 5o drees wEaw (A1 16.15 (a))!
(i) RAAFR deed weas [fad 16.15 (b))
(i) 3R wr wrEas [ 16.15 (o))
(iv) FEARR 9T EEaE [fa 16.15 (d))!

<o»

(b) wETITAR AW viwhs
fax 16.15
o b=l I lo =1
A + I ﬂ.r O Gl >
~) vV, |A=20 v . <
L B 2OT S T
| lh |
|+ y I = fI
- 1 E— |
,<* .._:.c.:” lo uhl—.w
(c) #roft aror wirgder (d) FaTT=RR OrT wihs
fax 16.15

A2 HE—f77 16,16 %1 217 § 28) 3719 2 53 ?5:%%&?&28& F

crosy (311 21 &, parallel %) ferm e # (o7 16.16 (a)] F0E current
\%\g; load % series # (circuit #1 break FT%) forar amar # [fa7 16.16
(b)) L ZH TFR series feedback input source ¥ series % (circuit ® break
FF) A SA-E [ 16,16 (c)] A9 shumt feedback input & across
(parallel 7, 51 Rl % Tea1) e s # (Faa 16,16 (d)] #a: afz Jrqwr

p—

g i@ | oa R
,ﬂ

2 ] —o
u —
- ﬂ(o ww -« +<o WH.QJ —w
/ (a) Voltage feedback (b) Current feedback
N fex 16.16
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436 T Ifedl wE oReE

voltage series feedback T block diagram AT g @ fa7 16.16 (a) o
16.16 (¢) F combine N Voltage shunt gq 16.1 6(a T 16.16 (d) %
combine FNI Current series 29 16.16 (b) 9 16.16 (c) 1 current shunt %w
16.16 () T 16.16 (d) F combing FIMN

. Nad 1+ [

(c) Feedback in series (d) Feedback in shunt
fa= 16.16

> Prifea wizds & awE—
(i) Fifea Bisd® o F ad® & gain FH 8 5 2 (Fa7 16.17°3Q))

+ + 1
A V; A <o~

fer 16.17
v,=A4v;
¢um§
V= V=V
=V m Vo
=v,—BA4v;
& v =v;(1+4B)
A = Gain of amplifier without feedback
A,=Gain of amplifier with feedback

()]
.. (i)

T N T G 437

)
A
1+ 4B
Negative feedback & q&1 @Y fieTeag &—
() Stability of gain increases HYiq gain ¥ fear @g wt &1 3r4fy
negative feedback T ¥ gain ¥ ¥ 9 fluctuations F7 & W T
(i) Input impedance & output impedance &R & M B

IRTEHT 16.1—HTSEE FHAT F Ja4F i §7YC T NI Fhramar ag yora

A m\n

Voltage series | Current serjes | Voltage shunt | Current shunt
Z; Z;
Z¢ Z,(1+p4) Z.(1+B4) 144 1+pd
V4 Z Z, (1 +BA) Zo Z, (1 +BA)
of 14 B4 0 14+p4 °
decreases increases decreases increases

(iii) Distortion 7 & a1 &8—
D
1+ 4B

(iv) ‘Bandwidth g vt € (o= 16.18)1
A

.\ wAl Bandwidth |vm /

U\H

]
1

m ~ i without feedback ! "
! fiy fi fo
—Bandwidth with feedback —»|
fax16.18

> Some Typical Feedback Circuits—
® Removal of by-pass capacitor—3fE by-pass capacitor F remove X
foa s (fe.16.19) @ ac | R, F through W wgan 2, :

Voe = Vs i, Nm
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fart 16.19—Single stage amplifier with by-pass mn—.mnm::. removed

e a1d 97 ? foF et cwmmﬂ%ﬂmww,dw input S HH FHTdl
ga gain F wer @ B Aw,mm feedback signal i, R output current F
proportional ? (output current is i and iz » i) AT input i series W 31
&l w. 3d: 98 current series feedback bl wm_mﬁ:.w_

(i) Emitter follower—Emitter follower circuit (f& 16.20) ¥ R %! remoye
T 23 ¥ by-pdss capacitor ¥ 30 € a9 3FTYE emitter terminal ¥ fermn
ST @1 R F remove F ¥ collector A €& Ve A connect &
I R mﬂ_;mq circuit T ac analysis A ¥ dc %I ground & fean S
2| a1q: 3% YUY F ac analysis % FH collector ground B Sl 2,
fS/ IO emitter follower configuration T common collector
configuration <hel SiTdl q

fax 16201
Vbe = Vs Ve
a S Ve =V, (5, =V
&l feedback signal v , input v, F1 921 & 21 I% signal input @i series

% apply & @I 2?1 314: emitter follower voltage series feedback qftqy FHeerdl 2

ez w-mr FdeT TRay B g wTeeR gafg e o &

Fifn FA¥ 3NMIYE * Wexr 0° Phase difference FT §, sratq ey &

FIYE T T B, i STYE FAYE T SATE (follow) T &1

31: common collector configuration % emitter follower ﬂ..m._.ﬂ_mﬂm._
AR F MER | Yada! H1 Filehio—

e dcamplifiers—0 ¥ 10Hz

4@ N TE w439

e AF amplifiers—0 9 15 kHz
e Video amplifiers—upto few MHz
e RF amplifiers—500 kHz to 100’s of MHz.

B I c L
ﬂJ <
mz _ hie hrelb
n“_u P I = (14 hg)ly
Vs T R_M. e Vo .
_ T -
(a) THET WA (b)

fer=r 16.20—(b) AC equivalent circuit

»> Resonance—

AC Uftaei ¥ inductor, resistors & capacitors @ use fFA wma B
Inductive circuits ¥ current voltage q lag (ggmmt) St wu capacitive
circuits ® current voltage Y lead (3TMHY) HIt .w~ S pure resistive circuits
# current @ voltage same phase (THM Ham) ¥ A 2?1 3% ac circuit A
inductors, capacitors 9 resistors i T A A L § C W M % AER WV
current voltage Y lead A lag Tt 2 am % v omafy (e aR L 9
C #1.value T depend Fdl 8) W voltage & current same phase # & W
& (0= 0) a7 39 fadw smgfe W 9fa’ F power factor cos ¢ = 1 B T &1
31@: RLC WRuel # =% feufd 5@ voltage I current same phase ¥ 311 SQ ¥
resonance hgairdl w ag. 39 favw aafa W ¥ resonance ST Bl w

resonance 3gMA A1 FAE MG HEN e R

> Series Resonance—

fotist s # fa 16.21 A efim §—

>
R L Hfuﬂxr
. ,‘J VeZTR v
_ IS |
v Ve =X
(a) Sroft arpe wftaw (b) T STAUH
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‘ v Parallel Resonance—

Parallel resonance IR9% tuned circuits & use foaT =T 4] wnwonuson H:

s W FHH g sfewan @t 1 WH L @ C parallel branches 3
connect B ¥ (4% 16.22 Q) Fveeh % 3R ' R ZRT show e a1 31

Ic
R
Vs c

L

i .y () FATARR TG

fr gfuy

(e) T W wfeia uftads &1 wwra
far 16.21—Series resonance
ot e whey & faeg o s @ fe—

o IR Fi AT 7,
1

a 2nf, L= ‘_

2n f,C m..om:o:&.
1 (d) witarar sngfy =
ﬁuuﬂdﬂﬂm__\xlma&m
Small R
wfcrae, Nn,\TNikﬁk&J "
¢ IR W Z. =R (- X =X0) Large R
I W g 1 3Afghaq 9H ! .
=% b
max R (e) G o & W W R T U9
* gg&ﬂﬂdﬁ%ﬁﬂ@%ﬂﬁ&ﬂﬂdﬂ%ﬂﬂ&m% fax 16.22 Parallel Resonance

FAR & e
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442 R giwa @ wRey
Now T ¥ fawg § =@ @

_L (1 R’
© 2an\\LC [?

g WAA_
L
fi=—
" myJLC
L
N”|
" RC
R\C 0

gfteg ¥ W W e sfaswes @ u = w R

» Tuned Amplifiers—

Tuned band ¥aH% Narrow (band) amplifiers 814 ® S T single 3T
R IC (] ¥ TH T band H TG HQ T T tuning circuits /31
m..nncnnnw selective circuits &l Sl € FMH I T& single frequency &
select H ¥q use AT W1 {1 Tuned amplifiers ¥ load % T W tuned
circuit TN el & (91 16.23)1 A Tuned amplifier ® bandwidth £l adjust

Note the use of parallel tuned circuit
in place of load in tuned Amplifiers

[l — *

f_ = Lower cut off frequency
fu = Upper cut off frequency
f, = Resonance frequency

(b) T TGS YT
ﬂﬂ?%dﬂm

fa= 16.23—Single tuned amplifier

=

(a) T TI= vaH®

TN N T W w43

0 % FEIHA 8 A double tuned amplifier use FFY IR ¥ (Faxt 16.24)1
ECE| Q) Tuned circuits T 8 1 Transformer 1 coupling coefficient vary
T bandwidth adjust %1 <1 e ]1 Staggered tuned amplifiers (3 16.25)
multi stage tuned amplifiers AN w. 5% W% tuned circuit F1 resonance
frequency difference tuned circuit ! bandwidth % TR Bl 2, ITEV:
IfE bandwidth 5 kHz ®, W tuned circuits # SQRA ¥ 5 kHz 1 3 T@l
e
(For example 100 kHz, 105 kHz, 110 kHz and so on)!

Gain
A, Loose
) coupling

Tight
coupling

1, —
Frequency

o= 16.24 (b)
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444 el gfwal ©a TR ¥ ® @ wEw 445

Vee radio frequency (TRF) radio receiver, in which the instability-causing inter-
ﬂ electrode capacitance of the triode RF tubes is cancelled out or “neutralized”.
In most designs, a small extra winding on each of the RF amplifiers’ tuned
anode coils was used to generate a small antiphase signal, which could be
Cq Ly __ Ry C, Lo Output adjusted by special variable trim capacitors to cancel out the stray signal
Ry W 3 coupled to the grid via plate-to-grid capacitance.
| » Oscillators—
‘ Oscillators 7€ 9R9% 81 & M Periodic waveforms generate FQ §1 T
nput R, Ihl W R, I_I broadcasting system, stereo amplifiers, labs, S.mzzm adn industries ¥ use foaT
Re Ce 3 Re Ce | siren ®1 f#E amplifier % oscillator % &Y ¥ 1 F F: Q W ¢, A
oﬁ I_I I_I | Barkhausen &1 ¥ (Barkhausen’s criterion for oscillations) gl SITdl R
L , (i) Positive feedback
= (i) A4B=1
(a) Staggered tuned amplifier oz a7 A o 7@ & W A yavs W gain infinite B ST 2 qu 9%
Gain oscillator =+ Il B
. ‘ﬁ #ﬁ%ﬂ&“ﬂﬂ Oscillation 3w FIA Y tank circuit (parallel LC circuit) T use &2 s
T T £ | ! Inductive & capacitive circuit % HEJ ol & AR ARH MM ¥ e
smgfa sfshan +— __llﬂmwﬂm&muﬂ ‘ I TN A ¥ Ao I A g FE T9wItE IRUG ]1 RF frequency
g ya \, _/. 3 Sgfwan = . generate FIA ¥ Hartley I Colpitt’s oscillators use fF S
> \ e Hartley oscillator # W& tank circuit used i1 2, fF@¥ & tapped
inductor Br1 ® (fa31 16.26 (a) TW) | TH tank circuit % S ends W 180° T
(b) Frequency response _
fas 16.25 H<8
S
» Neutralization—
Neutralization 9t OqF . Radio frequency coil
. A
Amplifier ~#1  Internal Omb_---- . To Grid of Ry Ce
feedback H HAr@ HA st Next Stage Cc | lp
a9 Instability # F1 F1 T1 “ - Q |_.. ] : w
Neutralization is one of the 2
methods o make the mm Ry C 5, Output
amplifier unilateral i.e. to Ce or
remove internal feedback of @
the amplifier. It is done to | - L
obtain the maximum gain nput =

The Neutrodyne was a

particular type of tuned (a) Hartley oscillator

e 16.26 (a)
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phase difference 3= wm: ] wﬁ 180° &1 phase difference CE transistor ¥;

base 3 collectors terminals % 7ea I B #1 T6 THR 180° + 180° = 3600

I phase shift 8 9 ¥ positive feedback T o ® = circuit gre A
e ®, o emafa Freag @
Fa 1

* Colpitt oscillators ¥ ¥t tank circuit BT & forg® U tapped capacitor

& 2 (P 16.26 (b) &) 1 Tank circuit F 3R f % mea 180° T phase shift

Il CE transistor % base & collector terminals * A & 180° F phase shift

F 360° FI closed loop phase shift 817 ¥ FROT A VT S B ¥ A

mﬁﬂvi\u ! Hz & 2 =

Hz

Cc
1| o+
Sl
Cz
L Output
cy -
. T H
= O ==

(b) Colpitt oscillator

fa= 16.26 (b)

¢ Phase shift QS ®l audio oscillations 3T HIA 2] use AT Sl 2
(F 16.26 (c) 3@) 1 7 RC Fead (7T 60° ¥ fiIee ) 7 use FI 180°
FT % e W foman STan @ 991 99 180° F % TR CE amplifier &
FAT 21 37: 360° closed loop phase shift & oscillation I 2 ¢ et

TRt f= ——Hz o &

m:hﬁ.)\w

L
(c) Phase shift oscillator
\ & 16.26 ()
e Wein’s bridge oscillator fa 16.26 (d) ¥ Wefim ?, Tad Wein’s
bridge &1 use feran S 2l R,C, 9® R,C, frequency determining elements

2 Waf R, 9 L, ¥ oscillations ¥ amplitude F stability Sg1¢§ Wt
(negative feedback 1)1 9 oscillator TRI I oscillations mw T #

1 ,

/7 2 JRC, R,C, He g &

(d) Wein's bridge osclllator
fax 16.26 (d)

e

T N s s e
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¢ Crystal oscillator &5 16.26 (e) W weffm 2 e piezoelectric quarty
crystal ¥ &R fFar s ) Crystal oscillator BRI 3® oscillatiop FH
stability Wgd € =8t At & (Variation less than 0.1%)!1

Ra

fax 16.26 (e)—Crystal oscillator

e TW—fF firea afem grT G A Crystal Ft Natural smaf @t
Fd: Crystal Oscillator fixed 39 e &ar € qar T99 variable frequency
o & w S g

* Waveforms faf¥ s @t it & foat fas 6.1 & show fFan T 21
%1 waveform % shape ¥ modifications FT ®d waveshaping IR9Y use fFd
s #

e Transients a1 &fOTHA short duration currents 3l voltages Bt &

feret afta A energy storing element ¥ T state & T state ¥ T & HRO
Bt 1

&Nﬂ*’ﬂmﬁmomﬁnnm ¥F across voltage T&HTH ¥ change & ® S wHdl
Safeh Inductance @ HRT 3t THeH A change T& B Gl a7, A Tk
7 energy storing elements F1 T state q T state ¥ 9 F o Fo &0
YR efeq ot €, f sy A1 Transients &1 ST 1

, aft felt RC cirouit [ 16.27 (2)]
& capacitor voltage exponentially charge
F&R capacitor @t discharg
RC circuit time constant hecIIdl .w_

time 31 % H

<I AC _ KO Anw

43 &) 9@ 1 GEA 449

mmimﬁnrmw?oﬂo:mnﬁﬂ_.&m_
#rdt & [ 16.27 (b) @4 (c)] T
ing £ 16.28 & show @t TE 21 wmnﬁ%ﬂwﬂ
Tq#t value fat %9 2, charging
21 (#19iq_ charging It & ST fast B

o 16.27 (a)—RC TRUL @ VY 3G A (¢ = 0 W fa= =t &g &tah)

4 Ve () iM4
S ER

t>o, Ve E

Ve (t) = E (1 - e™RC)

t=0,i=E/R

1

ml|

i(t)==e RC

R

t— o, i(t) > 0

~vY

t=0 —! — !
Ve=0
(b) RC uftweg ¥ wag @ (c) RC uftuw ¥ ofwae amy
HaT deear & e e
T 16.27
),<03 )
t=0,Vc(t)=E t> oo

= Vo(t) = Eg~VRC

to o

V() >0

t

-E/R

A

(@) Teftx @ srmvR (b) waRE W A

o= 16.28

it >0
i(t) = (E/R) e~YRC
t=0
v i(t)
(c) 3V mAYE awr
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450 T gfedl w@ WRuT |
o T @ RL circuit [f,16.29 (a)] & switch 1 1=0 R on ¥ & wm)

3 inductor current exponentially g1 @ [fF 16.29 (b), (¢)] inductor F short
circuit FT 2 T °RT 1 fall Fa 1630 ¥ show FFI1 1 1 RL IR 1 time

L
oonmgsn Z 2 R

i 3

(a) RL uftug ¥ ©u FAqe I
(t=0 W fa=r = A &)
A <_.Qv‘ﬁ

E/R |--------=n=meoomoooooozooe

tox

i— E/R

~H0.<_| =E

V| (1) = Ee ALt

i(t) = E/R (1 —e™1Y)
1=0,i=0

t—oow,V -0

| (b)RL uftug ¥ &
/ e 16.29

R L

(a) faar A Uiy A 1 ¥ 2 W
&R RL uftue &t equfad &

ferr 16.30

T N T w w451

o RC differentiating circuit—Differentiating dm,.aa o8 BT § el output

input ¥ differential % FAIIAR e 2 a1eife v e T i 1631 (a) A RC
differentiator circuit 4T RL differentiating circuit Em 16.3N\(b) & Wi 21

C i R
+o—}— o0+  +Oo——AMWW —o+
+/_\_ - | _ + VR -
° |
+ | +
!
<_ <,m R <o Vi ® " <rm L Vo
-0 o— T O— “ —O J\

fars 16.31 (a)—RC differentiator
circuit

For RC differentiating circuit,

ot 16.31 (b)—RL differentiator
circuit

RC<<T,

For RL differentiating circuit
L
R

— <<Tp

'

S

—

. _ ) 3 _
(AN 2, & 78 7 T&l 8, page 155 @UE 6.9 paragraph [ H misprint

g 20 w8l # @)

* Integrating circuit I8 Brar 2 foray output input & integral & proportional

BT 2

o= ]

RC integrating circuit fa 16.32 (a)
(b) ¥ Weff 2

v; dt

T & RL integrating circuit f5 16,32

R
FO—VWWN——— 0+
+ vy -
+
Vi ve=—=C v,
Of_’ . o-
forr 1632 (a)—RC u%w_w:qmﬂ ., o 16,32 (b)—RL FHIT
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for RC integratorcircuit ~ RC >>Tp

T L
for RL integrating circuit Z >Tp

» Clippers—
Clippers cut the waveform to desired shape.

Clippers—fFaTd € wftug &d &, S input waveform % & portion
H clip TN FT T 24 21 Biased clippers ®'dc voltage i &t St Bl TF Tue
TrrE fFR fa7 16.33 ¥ W 21 Positive half cycle & D, @ T & fad
N_ﬂﬁﬂw«:g%@% input 6 V .@ﬁﬂﬂg,b_g%émﬂg
6 V W f&7 & WM Negative half cycle H D, df @1 & fad smaw wm,
fiFg T R & 4V ¥ = S, D, on & 1AM fSEY output 4 V |
forera & wmRAR [fa 16.33 (b) T (c) <@ ]|

wl%? . %U» u
h<41

<m:nc. output

[ o1 o1 ]

(a) Double diode clipper

<5u:.

30

A
NEVAY,

(b) Input waveform example

Voutput

6V “j \||/ N
—~4V h / /
(c) Output wave for above input
fax16.33

*

R B T A 453
» Zener Diode Clipper—

fa 16.34 ¥ w_f¥@ 31 Positive half cycle ¥ Z, reversed biased T2 &
Z, % breakdown ¥ W V7, T output clip 8 I ¥ THR negative half
cycle : Z, reverse bias W@ A91-59% breakdown T W output ¥, W clip
& < [fe 16.34 (b) 9 (c) 2] “

R
+0 VWV - —0 +
Z,
<_:us <9_€S
Z;
-0 o—

(a) Zener diode double clipper (Vz, = 15 V, Vz; = 9V)

<_:n:.
30V j

-30V

( h A
' [ '
! ' ]
) ' ]
' ' '
' ' '
' ' "
' ' '

(b) Example input waveform

<o_.=u5
15V

AT

(c) Corresponding output waveform

fa= 1634

1
|

!
'
1
[
[
|
|
|
|
'
1
1
'
'
1
1
'
]
1
1

!
'
]
'
'
1
1
1
1

> g —

| T 5% 9Rkad B & S input'® de level M shift FX 2 ¥ (F 1635
<) input 1 positive cycle A diode 6 V 3T on & SI&TMI Capacitor 20— 6=
4V R charge 2 SR 34: A= v,=v,— 14 51 it afe waveform F de
level 14 v 59 shift & s
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454 TR gfwal ©@ IRAY
o7a: 9g ffed peak clamper B
c ,
+.¢|||_ _7 _ _ 0
| D ;
V; : R
6V
i .

(a) Clamper circuit

[N\
IRVARV/

Auv\mxm:._v_o input waveform

[ o S—

%S:us

n
o
o <

< utput
6Vt
ol / 1\
-34V

y
(c) Corresponding output waveform

ferx 16.35

» Transistor as a Switch—

Transistor saturation region ¥ closed switch @1 %ifa & &Ll & <l
cut-off &% & off switch F1 W HaT &1 Transistor switch 1 o7 16.36 ¥
seffa foa T 1 TR ¥ saturate B F R Fre v w1 Q@ A IR

&

Iy > ~|mq. (sat)

i

|

| Yy

e # saturate ¥ 9H W

IGH HeIFA 9 THE & 7 °F 0.2
V I voltage difference I& STdl T

Ver(say™ 02V

Transistor ! on ¥ off 9 off @
on B .w M I W9 transistor
switching time Fgeirl €, St o7 16.36

H weffa 21

» Multivibrators—

T N A T GEW 455

& 16.36—Transistor switch

Multivibrators Teh HhI{ % electronic circuits mﬂw_ um., N I g1 TR

T T FE@ B

— Monostable multivibrator ¥ Fad T I e Bt .w~ ﬂm.@ Kiesu ol
> Bistable multivibrator ! 3 3ETR TR 8 &
-5 Astable multivibrator T S Taeard T Bt B

e Astable multivibrator—TeelaIgsieX IRYY regeneration W THRA B4 &
(fa3 16.37)1 R back-to-back coupled transistors ¥ ¥ T | W e g/ 3faw

B W IGH el
voltage H\D FH B S
w« g ﬂﬁw 1 base
voltage VwN ELEIES T
T TR H TR G
I, ¥9 & w3, fd

TG S R TR process
AMIR repeat B A T,
saturation ® qgr T, cut-
off ¥ Jen w1 ? faw
16.37 (c) %9 a9t

+V
*—e

& 1637 (a)—Astable multivibrator

Vei

<ON 1’—

L

fa= 16:37(b)
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T, % saturate T Ve, effectively ground & STl 2 a9 " B C %

1

through ST %1 T frw e &1 o ¢ W A G w4, frwd |
w1 Tt ® I 1637 (c) 3@ a1afq T

Ici>Ic2

Ver § Va2 4

Vez | ez 1 |
Ico « ~0m ﬂ |
Ve 4 “.\\8 M |
Ve 4 HM .

Ici 4 Ver 4

Icy >>1Ico

feart 16,37 (c) fax 16.37(d)

9 regenerative ST § 9 7, saturate d T | cut-off B T 81 3d: a7a
T, 1 FT ground | W1 § 7 91 C, & Weqw A 7, F oIk I
21 7% TR TR repeat B9 A T, 991 T, ¥ collector T square wave ST
Bt 2 [ 16.37 (b))

. * Monostable multivibrator fa7 16.38 ¥ W=f¥d &1 so& C, HEFI A
T, % saturate ¥ T 9% saturate & W Al T, cut-off & T@ (stable state
of the circuit)! Al 7, & Foael W fAfea qo9 apply F T, W1 saturation
a7, 1 cut-off FX far (quasi-stable state of the circuit) @ C Ht
charging &% HRUT $E HHY 91 I T, saturation iq T, cut-off ¥ 311 M

—o Ve

Reo

e § ' —
= , =
1 _k.uwlzc..g?!n multivibrator

T N "= R 457

e Bistable multivibrator fa5 16.39 R 21 ¢ 3G R F remove
ﬁﬁ&%@iﬁmﬁ@mﬁuzn%g.w_ State charge ¥ ¥q YoW 1
v € fus il ELiE triggering circuit T B

—0 <00

Reo

&= 16.39—Bistable multivibrator

o TS WY WEE—Yeies W qwE 9% ot € fawet efiw
e input voltage # 4T load resistance & variations B9 W st firgd Tt 2

Load Regulation = Vo =Ver 100%
4

(12 B F1 981 GF el €, page 275 W o9 1@ Q7 ¥ denominator ¥
Vi 78 V,, s, 3@ a8 31 )

o 16.40 % TRieT W A w1 soAE < Wefttd @ SE 16,41 A
SHa s IRug wefifa 2

A.C. Unregulated Regulated
input d.c. voltage d.c.
voltage e voltage

— Transformer ——{ Rectifier Filter Regulator ——»

fert 16.40—Block diagram of a regulated power supply

9-0.9 D1(1'N4007)

1kQ  033uF

Input ~ ‘ A ————{ 7805
ac W /_.
_ <w F 5V

, _ { 400 I'l| zengr .ﬁ '
Transfofmer |P2(1 Aoo& i | \ ,\N% 0.1 4F

o 16.41—Basic circuit for a 5 V regulated power supply

»l
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» Zener Diode Voltage Regulator—
(an example) ﬂ
I, 2kQ

O—>—WWW\, >

i I,
| 60V

Input 30V

Zener

o—

10 kQ

o 16.42— Zener diode voltage regulator

Lets take an example and understand fow the zener diode works. First
check whether the zener diode is in breakdown region or not. For this find the

open circuit <om.s®m on the zener.

10
w\ =
0@ 1042
=50V

x 60

C aﬁaﬂi@

50 V>30V so, the zener is in breakdown and V. =30V.

Hence, \hnbn@ =3mA
R, 10

; VoV, _60-30

S R 2kQ

=15mA

I,=I~1,=15-3=12mA.

Now what \,\S&\mx %' Sm.a&@ rises to 70 volt. The zener still remains in
breakdown and v, will still remain 30 V. Hence, I, will still remain 3 mA. But
now the m:%@:r will m_\wﬁ@ more current, wméz%m the series resistance and

hence. I will increase.
= T0730 o0

- 2

Where will this extra current g7 Naturally, zener will drink this current

and zener current will increase. Now

I,=20-3=17mA

Try to understand this concept on the g

30V

Ist case I

IIst case IF -

Fig 16.43—The zener current increases but

a¥d ol 1= 70

raph shown in fig. 16.4 3.

2

- 12 mA

||||||| ..ﬂ 17 mA

the zener voltage remains constant.

Now no:%ﬂmwn the \am.gm:ﬁm table.

<m=—:= <o:€:~ Nh Nh. NN
60 30V 3mA 15mA 12mA
70 30V 3mA 20mA 17mA
80
90
100

Answer the following Question (Related to figurer 16.42).

Q. 1 What is the critical value of input voltage where the

zener enters-into.the breakdown region?

Q. 2 Find the value of V,, I}, I; and I, for an input value below

this critical voltage.

Q. 3 Draw a graph betweem input and output voltage for input

voltage of 0 to 100 V.

Q. 4 Now suppose the fnput is fixed at 60 V and the load
resistance in decrease from 10 kKQ to 8 KQ. Find the value of Vs I,

Iyand 1,
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table sh below o
Q, 5 How complate the il sipes " Means, there is a virtual short circuit between two input terminals in
Y R, v, T, I I, case of smmﬁ oe-m@.. o
60 | 10kQ 30V 3mA | 15mA | 2ma | The . .asaaémﬁ of \N eal OP-amp are
60 8 kQ 30V .| 375mA | 15mA | 1125ma | (@) Differentialgain 4=
60 6 kQ (i) Input Impedance Z, =<~
60 4 kQ (iii) Output Impedance Zy=0 ,
60 2 kQ () Bandwidth BW=co
— (v) Common mode Rejection Ratio CMRR = e
Q. 6 Find the critical value of R, for V, = 60 where the zener wifl (vi) Slew rate SR = oo and Perfect Balance
enter breakdown region. Find the value of V, /1) \Igand I, for a The above characteristics are supposed not to drift with temperature.
value of R, below this critical vafue. Plot v ? 7y
e of X, this eritical vafue. Plot an Ry V¥V, curyfor R, = 0 The block diagram of OP-amp is shown in fig- 16.45.
to 10 kQ. oy ¢
nverting
. . _ input
> Oﬁn—.».ﬁo:»— .>-J~.._.n2. , O—1 Input 1 Intermediate [ | Level Output IOOS_UE
erational nﬁ.ﬁ@nsﬂ or OP-amp is a high gain differential amplifier o_| stage stage | | shifter stage
usable from 0 to over 1 MHz. Non-Inverti
) . ; y on-invertin
It has two input terminals ﬁ.&. 16.44) called inverting and §<3§% output 9
terminals. The output is proportional to difference of the two inputs: a5 16.45—Block diagram of OP-amp.

Some ﬁ‘sa‘tciasn ﬂmgg.:omomw related to @?ni\ﬁu

Inverting Vi |_ (§) Input offset voltage : 1t is the voltage that must be applied between
terminal thié two input terminals of an OP-amp to null the output. Tt is denoted by V,p,
Aq Output (i) Mmput offset current : 1t is the algebraic &Mﬁ?&:& between the
Vo =Ag (V41— Vo) current'into the non-inverting and §<m§=m terminals 1.e.,
Non Inverting lel v ijo =|ig — i
termined + _ oo =|im ~ig :
(§#1) Input Bias current : Input Bias current is the average of the
Rt 16, P-amp symbol nmz‘mﬁ that flows into the non-inverting terminals and inverting terminals of
4—0 the O%-Eéu.
Vo< V1=V,
o Vo=A44(V = V5)
. % :
9;\2 \ ’ A ‘= > oH\ ‘ , p Q& CMRR : CMRR or coinmon mode 1@‘22\3 ratio is the ratio &a
o F 1= "2 ifferential mode gain A , and common'mode gain A
For ideal OP-amp, i g4 %d g ¢
Ay, >, SoV -V, =0 GEHMQI
or “\_ =V. A,
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(v) Slew rate : Tt is the maximum rate of change of output voltage per

unit time

AV,
At maximum

Ans. OP-amp as Inverting amplifier : Ref fig 16.46

SR=

o= 16.46
vt=0

Since there is a vertical short circuit between NI and I terminals mw OP-amp,

50
v =0
vi—v  v.—0 v
Mow TR TR R
1 1 1
m&:&ﬂ@ JH|< |<ou0|<onlco
R, R, R,

Since the 1deal’ OP-amp has zeri input impedance, No current enters the
@?E&s ence

i Yo
-R

| M.

S0 0= Vi
R,

Qumm :».%n:eﬁ\w_wz mzawhanazmn:mn :%:mmaad.zcs‘ﬂ&hm.u%mﬁ.ﬂn::
works as an inverting amplifier. / ,

(in V/ps)

TR F A T TR 463

\0%-5:\\ as Non Inverting amplifier
(Ref fig.16.47)

R

Vo +

&I 16.47 Non inverting amplifier

+

Since v =Y
So vV =Y,
O — V.
= i
R
= Vi — Vo
, =12
R,
Putting I =1,
Vi _Vi—V
R,

i Vo =| 1+—=|v;
or 0 x_ i
OP-amp.as adder
Ref fig.46.48

\ <— - O
N— ——
R,
:. — <w I..O
f2 xw
o - —NO
~ =
F Ry
. . - . + . -
lp=6H7h fast 16.48 Adder or Summer
Rp R, R,
S Ut
So Vo =—Rp| —+—=
0 IR R,
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O%....::\ as Differentiator
Ref fig. 16.49 (.

IR R
- AN

ic O—!
v o——|

& 16.49 (d) Differentiator
C m..@.. across capacitor
Q=C,-0)=Cv,

i ?ah\l@."ﬁl\AﬁJ—.v“ﬂJm—l_..
Codt oA dt
0 -, )
" TR Tk
ﬂ.:ﬁ:.:% ip =i
\ N
Oﬂua:mv asa .?:.m..ﬁsx
QQ..\, .H.-»& 16.50
e O
ic R _
v, 0—> MAN- -
—C
+

far% 16.50 Integrator

me:%n across capacitor
0=C0-vy)=-Cv,

¢ dr di
v =0 v
"R TR
Putting ic=ip

A B T T R 465

1
RC '

By _v dvy __ 1
= "
|
or 2= ke vdt
OP-amp as log amplifier
x&. fig. 16.51
!m s ° - v\s
W
ip= ..em:c- )= e ~kv
Purting ig=ip: W.n ie

1 v
or Vo "lﬂ——-ﬁ.n.lllu

farx 16.51 log amplifier.
OP-amp as antilog-amplifier
Ref fig. 16,52 P

fax 16.52 Antilog amplifier

in= _.an?.

_0-vw v

"R TR
%:3.:% ig=ip
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Y =i &v
o

— : V;
or <o||x~em_f

or Vg &< gnm—om 4]

» Scales of Integration—

fefsea IC wifws 13 =i T8 & SMER W IC &t Fr sftral ¥ fawfyg
fiFan = W 2—

() Fror et $A9TT (Small scale integration of SS)—39 T F IC A 19
¥ w1 it T2 B R

(i) ATEAfiTER @heT SEHIVI (Medium scale integration or MSI)—3% a1 &
I.C. ¥ 10 ¥ 100 7% =it 72 2 B

(iii) aﬂ%wﬁiﬂn— (Large scale integration or LSI)—8d T FICY
100 ¥ 10,000 WS 2 BW R

(iv) SET ITo WheT SERIVIT (Very large scale integration or VLSI)—3# &
F1C ¥ 10,000 ¥ R 3ifers wifors M2 B )
IC fabricatior using planar technology (look at fig. 11.4to 11.15)
W it HaevE 87 (A1 1C A w1 W o wRug S
%) fafa= yhEme ® w89 ¥ fe R @ ot fEm W v i —
(i) TH P-TWY substrate f&@ e 2
(i) 39 W n-type epitaxial Ta FHE R 2
(i) 39 W Si0, H T TS WA R
(iv) Photolithographic etching Ft Sfshar 51 SiO, F1 WA ¥ windows
et e #)
(v) ¥ window ¥ p-type Sifdm FF STUFETT F epitaxial T A fawww
HAH T Th g S ¢, fo@ fafs=t isolation island &7
R €l
(vi) 37 5T & Tl wafer T Si0, F1 @ SRR St #1 AL et
g fasfeal QI p-type S F Al 2 .
(vii) fFt @ Tl wafer W Si0, R ¥ wiet famm 7Y fesfEA
Bt n-type ST F IR 2
(viii) @ gEqul T W Si0, Al S ¥ fafir afiell @ R 8
%ﬂgﬁai@mﬁ@mﬁﬂaﬁggw.ﬂ
ctching &R1 €1 & Il B

A D T 467

555 as bistable multi ScBSm The most common 555 applications are that of
a Astable and Monostable Z:ESE.&Q but it can also be used as a Bistabl
3::2638_.. Let us see how. The concept used here ¢

H ” . .
(SecFig 16:53) 'sthatofa Schmitttigger.

-~
2 -~
555 3 L 5V
6 T
L 1K
Ih = 5K
! =
Toggle
1 R
50K

C 1uF

=+

&= 16.53 555 as Bistable Multivibrator

Let us see how it works. Since R, and R, creates a voltage that is in the
middle of the dead zone (hysteresis zone) of the Schmitt Trigger the output of
the 555 will remain stable, It will hold the last state it was set in The capacitor C1
is at the samé voltage.as the output of the timer. When the toggle button is
pushed the nwﬁmom\ﬁaﬁ.—: put the same voltage on the input, causing the 555 (an
inverter), to EU\mSﬁm. The capacitor will quickly charge or discharge to the
voltage level that the network of Ry, R, Rs now presents. Since R is ten Eua
larger than R, and R, this voltage will still be in the dead zone of the Schmitt
Trigger and the output of the 555 is stable in its new state. When the toggle
button is released the capacitor will'again charge or discharge to its new voltage

Hence we see that the capacitor is being used asa.memory to compliment the
555.

.
o U
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(vii) Find the output waveform of the circuit shown with the input given.
QUESTIONNAIRE .

(i) Findthe Output Voltage v, Vi 1kQ

m<7 W —
Vi=1mv 10 10d8| V, — t v,
[ % < i V,
T 20V

(ii) Find the Output Voltage ¥/, -5V . .
Vi=1mV A=10 % (viii) Find the output voltage ¥
- [
L "
B=.1 AW
1K
1mV MY +
(iii) Find the Output Voltage ¥, ok
o 2 mV o—AMA\N— =
Vi=1mV A=6dB v,
p=001 (x) The lower and upper cut-off frequencies of an amplifier are 5 KHz and

100 KHz respectively. Find the Bandwidth of this amplifier. Find the

bandwidth of a multistage amplifier by coupling such similar amplifiers if
(a) two such stages are cascaded.

—o (b) three such stages are cascaded. '
= . = v, .
Vi=Smy P- —r| A1=200] |Ay=20 QG ° [Hint: see page 423]

(iv) Find the Output Voltage V,

() The input impedence and output impedence of an amplifier without
B =0.09 feedback are 10 kQ and 1 kQ respectively. The gain of the Amplifier is
100. If a negative feedback of feedback fraction 0.09 is applied to the

) ] amplifier input, find the value of gain, input impedence and output
(v) Find the Output Voltage ¥/, impedence, ifthe feedback is:

(a) voltage series (b) voltage shunt

V;=10mV A =100 %“\e

(x) If the resonance frequency-of tuned circuit is 100 KHz, Bandwidth is
2 KHz, find its Quality factor.

ba sn (xii) Ifthe bias currents at theinput of an operational amplifier are 2 nA and

100 6 nA respectively, find the value of input offset and input bias currents.

(vi) Iff,andf; and IMHz and 1kHz of an Amplifier with 4 = 100, $=0.9, find
the Bandwidth of the amplifier with and without feedback.
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"(xiii) Calculate the time constant of the following RC circuit—

10 uF
AW\ |1
10 kQ
AMWW— — —
10 kQ . 10 uF

(xiv) Which of the following two capacitors C, and C, will charge faster?
10kn Cqi=10pF 5 ko' G2 =10WF

C, OM l’

= _ 1
10V 10V

bais m.wé If the voltage at No load is 100 V and changes to 95 volt at full load, find

”_}A the percent regulation.
Problem:
tron. ® Explain the working of op-amp Differentiator and Integrator using

Laplace Transformation model.

Jel’s . L 1
int: ® In Laplace Transformation model, capacitor is represented as —

sC

fughit Inductor as sL and Resistor as R.
e Op-amp Differentiator

vi=0
#i dil;i Due to virtual short circuit,
vi=yv'=0
Pl =19 ~scvge
sC
0-Vols) _ Wo(s)
h="% "7k

W N @ T A 471

Vols)

Due to infinite input Impedence of Ideal op-amp,
5=1
Vo(s)
R
= Vo(s)=-sCR V{s)
Taking Inverse Laplace Transformation
dv, (1)
ar
dv;

or v (f) e I&h

Hence the circuit works as differentiator.
Op-amp Integrator:

sCVi(s)= —

<e:v = —-RC

Vyls)

vi=0
Due to virtual short circuitof two input terminals,
V-=¥t=0

1(9)-0 _Vis)

R R

Now I,=

228 1 234
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0-7,
= _03 ==sCF(s)

sC
Due to infinite inputimpedence of ideal op-amp,
h=5h
Vi(s)
R

==sCVs)

1
or Vo)==~cg"i(s)

Taking Inverse Laplace transformation

-1

v,(n= RC v;(r)dr

or v (Mo [v(0)ar
Hence, the circuit behaves as an Integrator.

Qaa

e Thgnel ¥ g8 Y am
HEwaqul gy

| (@ T RS AE T T TR T v o $

(b) Coupling J o9 T e €7 fafvm coupling schemes & ST
dfsai

(¢) RC coupled yatie H1 RIS TR THH FRINIE 9 Sl sEiE
%1 afas F9EEd) .

(d) Transformer coupling % IRyg SRy 9 sIqfa sfe w1 wfaw
Fuit THEEA

() Direct coupling & WRTY, FrdTTR 9 gl Sfwd & ofe
e ToE F Ry €7

(f) Two stage RC coupled amplifier F voltage gain i TV Fifsl

(2) Bandwidth J = o 2 Upper 9@ lower cut-off frequency 1
it &2 T 3 dB frequencies AT half power frequencies i Fel
T 27 Direct coupling & lower cut-off gty fat Bt Y]

(h) Differential amplifier 1 TR IERAI CMRR H TRsfia FR|
% differential amplifier ¥ o7 3w 7 sife g =fed @ F?

T dfed W G

——

2. (a) Voltageamplifiers 79T power amplifiers ¥ SR B Fifodl

(b) Power amplifiers ® impedance matching ¥ fagr | waEEdl
(c) Power.amplifier, i S&T I UM el ﬁﬂnm.w_
(d) Single ended'class A power amplifier ¥ circuit
T TE qam Teed o &2
© gﬂ&ﬁéﬁ%m@ﬂﬂ@%@_ s as
(f) Heat dissipation curve ¥ 39 F1 wwga &7 Power amplifiers
fis # wew Wy Sl o
(8) Class A, Class B, Class AB, 9 Class C power amplifiers ¥ m_ﬂ e
T T < frad O €7 Qﬁuﬂﬁﬂ%wwﬂw
(h) Push pull amplifier 3 TIRTY FHREA| Thel yaeeh Hi T

Y e

TARY 9 FEEY
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ﬂaq.w..ﬂﬂv ﬁﬂﬂaﬂﬂ%ﬂm&mﬂq@a&m@

) gmﬁ-&amﬂﬂﬂ%%_

(m) TEHRR fydty (transformer less) ST et yads 5 ey wfgg
A S T fafead

(@) Power amplifiers & Tt i 3 1 mwc_o%&mm_.ma.van nfigurati
- . b , _ in configuration

3. (@) Feedback § ST T ¥ v YR %) e S
(&) 771 =1 TEme—

() Positive and negative feedback.
(i) Voltage-series, voltage shunt, current s
type feedback.
(€) Feedback &R ¥ watfs = 19 vt =y WA TS 2?2 Negative 7

positive feedback e Waefs & gain % ¥ fafag

(d) Negative feedback F1 yat% F f= parameters W UYE Hogngd—
(1) Gain

(i) Stability of gain
(i) Distortion (iv) Bandwidth
(v) Input and output impedance.
(e) g%ﬁ%&%%m%@ﬁm@mgﬂ
Frea® et B 22 I volta
ot fefad

(i} RC coupled amplifier with by-
(i) Emitter follower circuit.

I RN F fafimr sgwdni = F fafgh
4. (a) YA & YR W Wadat w1 Fhwo Fifrd
(b) Series  parallel tuned IfR9e =t =rEm i,
() Tuned 999 =1 B &2 4% Fel use B &7 ¥Teh! Narrow band #ii
I S §? & WHE FAH A R R e ey )
(d) Series tuned amplifier & double tuned amplifier ¥ wfqy a Ry @
TH FEFR fagr, smafa sfear qm AT THEEA

eries and current shunt

g€ gain 9 input impedance .W A

Pass capacitor remove.

A< wheeh ¥ (@ I @ wEEl WA 475

: -
Staggered tuned amplifier F1 Bl 27 g wfug -
© s ad ST wHAEA| |
Ltralization ¥ fagr= W fevqul fafaa | ]
0 Mmﬂnﬂzwﬂ.m. Y &1 1§ T F=fea IC block diagram, Pin
@ configuration 91 working ofed qaznEd

B 7 Tl foFE THR F feedback T O 82 FH
5. (a) Oscillators 1 !
B S (applications) fafEl N .
Oscillations (2 ) H1 S HA ¥Y positive feedback/negative
(b) Osci
resistance & AN #1 fagra awsmsdl . o
(©) Oscillations T 37T HIA &g FHelF1 1 ¥l (Barkhausen’s criteria
for oscillation) &7 Ieoig Hifs|
(@) Frefaf@d oscillators ® I7% Ry, wEeRt foam, smfv 3=,
o 9 TN T afed SHEEa—
() Tuned collector oscillator
(i) Hartley collector oscillator
(iii) Colpitt’s collector oscillator
(iv) Phase shift oscillator
(V) Wein’s bridge oscillator

(vi) Crystal bridge oscillator.

© Oscillators % fafim s ¥ wr=fera 1Cs 9 SIEA block diagram,
pin configuration a9 Hrefsromeh qfga Fifsman

6. (@) fafm yax =) waveshapes ®1 fa3 wfiq R Waveshaping &
AN = gz &

(b) RCERL, TR ¥ transients (forerd) wﬁw@wmwu@ﬂmwﬂdﬂﬂw_

() RC .dm,dﬁ ¥ capacitor 3 charging 9 discharging & TRt fafad
T time constart ¥ HEd I WOgEd w21 uf, 10 kQ 9 RC
g * time constant Ealic| Hife)

d) ww mn:ww RL dfiyg & inductor ® flow &1 aref Ry w1 A fafad
qqr Ty time constant

1 B WUHIEA | 33 mH 99 20 kQ RL serjes
Y F fime constant =t TR i | ,
©) RLgRC differentiat

s & ng IRYY T FEEEd Proper working g 37
&wwvrmowﬂﬁﬁaiﬂﬁ_ﬁw%ﬂ%_

Square Feq rectangular inputs T TF outputs HI TN =+ Tfay

ST Hifv,
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. o ARG TR
() Double diode clipper Voo e Ff

AE Zener diode double clipper
(1) Transistor clipper.

(h) Clampers § a1y El|

. (a) Ty gﬂﬂﬂmﬂriﬂ%

(b) ﬁﬁgwﬁﬂmWﬁamzo%ﬁwﬁimﬂﬁ_i?

St fear 3 weai % am (e sy R, 7 37 wfede R )
M Fi fafa T

Aaﬂ.ﬂﬂgﬂﬁ@ﬁaﬁ—ﬁﬂwwwﬁwﬁ% -
g 7?2

(d) Multivibrators ¥ 19 T THFI &2 Collector coupled bistable,
monostable T4 astable multivibrators it uftuy ufga saren Ffd
T Al F rpmEm s fafad

(e) Multivibrators F spram fafaan

(f) Multivibrators @i fZnftn & 39 Fa1 WHgd €2 7€ fvd? YR &1 g
22 @fas EHFEAI Triggering ¥ positive pulse % a4 negative
pulse F F Mufawa § I 21

(g) Schmitt trigger 1 BTl £? 9% WYY TAH TS HEWOTA
|uAEd| UTP a91 LTP &1 #1a &2 Hysteresis voltage 1 o &7
Schmit trigger ¥ 33T W f&HH WaFR # waveform 1@ ¥l &7
Schmitt trigger % 3wam fafadl )

(h) Transistorized voltage controlled oscillator fagr @ oftey wfed
HHETEA . .

(i) ¥ multivibrator circuit #q wg® IC F block diagram, pin
configuration 991 Frd-xorel wfed THEEA |
Sfqt yads 1 T sl STEAM TR ﬂn«__uw

- @ e il .m.a_ @ il ifications faf@al

(b) aEd AT yad® (ideal op-amp) % speci

it st 8 @ WA T WA

(© e gfewfaa %ﬁl R
(i) Inverting and :o:-_=<mn.=m input.
(i) Differential voltage gain.
(i) Input and output offset voltage.
(iv) Input offset current.
ut bias current.
%HW MH.BBc: mode resection ratio ( CMRR)
(vii) Power supply rejection ratio (PSRR)
(viii) Slew rate.
(d) Explain the method of offset null adjustments.
(e) Explain the use of op-amp as—

() Inverter (ii) Scale charges
(i) Adder (iv) Subtracter
(v) Differential amplifier (vi) Bufferamplifier
(vii) Ditferentiator (viii) Integrator
(x) Comparator (x) Schmitt trigger

(xi) Square wave generator (xi)) Triangular wave generator
(xii) Logandantilog amplifier  (xiv) PLL and its applications
(xv) IC power amplifier.

(f). What is phase loaded loop? Where it is used.

(g) Op-amp & = ﬂqug I ﬁﬂﬂ—mm«'
(@ Inverting-non inverting VCVS.
(ii) Integrator
(i) Differentiator i
(V)AVCoCs M_a”w S\Mha
@.w Instrumentation amplifier
(viii) Active low pass; hi
(X) Oscillat
o 5 3.“ ; ors . () Log antilog modules
(d 1S10n rectifier. (xi)) Peak d
Mx__.w -mm.sv_n and hold circuit ecter
xiv) IC anal N . C
o Ans Og multiplier and its applications

/ 0g multiplexer and demultipl
(xvi) Unity gain amplifier N

gh pass and notch filters.
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11.

(©) Explain the working of series and shunt voltage regulator circuit?

(d) What are three terminal voltage regulator ICs? Explain with block
diagram, Pin configuration and working of positive, negative and
variable voltage regulator ICs.

(¢) Exlainthe 78XX and 79XX series of ICs? Also explain IC 723(f). What
do you mean by current limiting and current fold back.

(f) Write a short note on SMPS.

(a) What is integration? What are integrated, circuits? What are their
advantages.
(b) Explain the types of integrated circuits. Monolithic and hybrid.
(c) Explain the following stages of fabrication of ICs—
() Substrate preparation . (i) Epitaxial growth
"(iii) Oxidation and film deposition
(iv) Diffusion and Ion implantation
.(v) Lithography (vi) Etching.
(d) How are BJTS, MOS, transistors and other circuit elements fabricated
on a monolithic IC?
(e) Write a short note on VLSI.
() Why can’t inductors be fabricated on ICs?
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