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Applications of commMeM emitten empPli fien !
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2. The vmmde 5‘““ Ay is less than Unity.
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Analysis of cR
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Ereblém : A cE Amplifen is dnawn by a Uottade Source
of Intenval Tesistance s = 800N and the Lead impedq'nce
(s o Mesistance R, = 1o00n. The h ponometrens ane

hie = ke, hpe = 2)«|6"f', h.Fe_:SO and hee = 25}49[_\"
cOmPoté the cumrent dq_[v] he , mPot' Nesistance Ry,
vm{-aae ath Av , and ootpot 7lesistance Rs USing evact

cmcxkdsfs and  approwimate cmaIUSu‘S-

Solution Gl{\;@_\n data
Ns = 8oo 5 , RL = 16065 , hie = 1ka ; hﬂe,: 2 ¥ 154
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Ay = —hge Ku - BoXx \ooo

hie I1oed
RB = a0

Prnobleon 1 p

\fm{-&ae Scunce C"P Ivtenvial ?leSis't-n.\qp_e

Ks = 900 drives a (<t G.,mPl.i Len U.sina Lbn.d resistance

RL= 2coon. The ce - Fuham&be.ns —_
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!

Compute the

cennent a,q‘m Ar , inPot‘ Resistance R; , Vol‘t-oae 6q;n Av
\ < ond
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\ a1 8.
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\ 3 \oe :
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ocutput Admittownce

h-FQ hne
‘/0 = hoe - -
l"tc"f RS
= Ro= ~— = 34.39b6n
Yo

Appnosimate A\'\&\gS[ 4

Ay = l‘\-h_pe 2 Tk po=48]
Kt = hije + (t+thege) R = 123.2 kK
h‘
Ay = 1 - e - 0-99
Ri
hie + R :
Ro = - 2 = Sk 43 N
I+H{Le
Problem
Fon a

CB  tAaansisten Amplifien drivew by a Vb’l‘boﬂt‘i

Souvnce of mtenvnal ﬂes:stance_ Ry = t2co "‘HA& load

impedanice is a Pesiston Re= oo . the h- Parnameteny

ane hip= 220, hny = 3164, gy, = ~0:9€ | ho, = 08 LA| V.
Compote the Current ﬂa‘.\q Ar , Trpot impedance R,
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Coupling of the amplifier

» RC coupling
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Purpose of coupling device:

The basic purposes of a coupling device are
e Totransferthe ACfrom the output of one stage to the input of next stage.
e To block the DC to pass from the output of one stage to the input of next stage, which means to isolate

the DC conditions.

Types of Coupling

Joining one amplifier stage with the other in cascade, using coupling devices form a Multi-stage amplifier
circuit. There are four basic methods of coupling, using these coupling devices such as resistors, capacitors,
transformers etc. Let us have an idea about them.

Resistance-Capacitance Coupling
This is the mostly used method of coupling, formed using simple resistor-capacitor combination. The

capacitor which allows AC and blocks DC is the main coupling element used here.

The coupling capacitor passes the AC from the output of one stage to the input of its next stage. While
blocking the DC components from DC bias voltages to effect the next stage. Let us get into the details of this
method of coupling in the coming chapters.

Impedance Coupling

The coupling network that uses inductance and capacitance as coupling elements can be called as
Impedance coupling network.

In this impedance coupling method, the impedance of coupling coil depends on its inductance and signal
frequency which is jwL. This method is not so popular and is seldom employed.

Transformer Coupling

The coupling method that uses a transformer as the coupling device can be called as Transformer coupling.
There is no capacitor used in this method of coupling because the transformer itself conveys the AC
component directly to the base of second stage.

The secondary winding of the transformer provides a base return path and hence there is no need of base
resistance. This coupling is popular for its efficiency and its impedance matching and hence it is mostly used.

Direct Coupling

If the previous amplifier stage is connected to the next amplifier stage directly, it is called as direct coupling.
The individual amplifier stage bias conditions are so designed that the stages can be directly connected
without DC isolation.

The direct coupling method is mostly used when the load is connected in series, with the output terminal of the
active circuit element. For example, head-phones, loud speakers etc.

Role of Capacitors in Amplifiers

Other than the coupling purpose, there are other purposes for which few capacitors are especially employed
in amplifiers. To understand this, let us know about the role of capacitors in Amplifiers.




The Input Capacitor C,,

The input capacitor C.. present at the initial stage of the amplifier, couples AC signal to the base of the

transistor. This capacitor C., if not present, the signal source will be in parallel to resistor R. and the bias
voltage of the transistor base will be changed.

Hence C. allows, the AC signal from source to flow into input circuit, without affecting the bias conditions.

The Emitter By-pass Capacitor C.

The emitter by-pass capacitor C. is connected in parallel to the emitter resistor. It offers a low reactance path
to the amplified AC signal.

In the absence of this capacitor, the voltage developed across Re will feedback to the input side thereby
reducing the output voltage. Thus in the presence of C. the amplified AC will pass through this.

Coupling Capacitor C.

The capacitor C. is the coupling capacitor that connects two stages and prevents DC interference between

the stages and controls the operating point from shifting. This is also called as blocking capacitor because it
does not allow the DC voltage to pass through it.

In the absence of this capacitor, Rc will come in parallel with the resistance R: of the biasing network of the
next stage and thereby changing the biasing conditions of the next stage.

Amplifier Consideration

For an amplifier circuit, the overall gain of the amplifier is an important consideration. To achieve maximum
voltage gain, let us find the most suitable transistor configuration for cascading.

CC Amplifier

e Itsvoltage gain is less than unity.

e |tis notsuitable for intermediate stages.

CB Amplifier

e Itsvoltage gain is less than unity.

e  Hence notsuitable for cascading.

CE Amplifier

e |tsvoltage gain is greater than unity.

e  Voltage gain is further increased by cascading.




The characteristics of CE amplifier are such that, this configuration is very suitable for cascading in amplifier
circuits. Hence most of the amplifier circuits use CE configuration.

In the subsequent chapters of this tutorial, we will explain the types of coupling amplifiers.
* From the above graph, it is understood that the frequency rolls off or decreases for the

frequencies below 50Hz and for the frequencies above 20 KHz. whereas the voltage gain for the
range of frequncies between 50Hz and 20 KHz is constant.




RC Coupling Amplifier

The resistance-capacitance coupling is, in short termed as RC coupling. This is the mostly used coupling
technique in amplifiers.

Construction of a Two-stage RC Coupled Amplifier

The constructional details of a two-stage RC coupled transistor amplifier circuit are as follows. The two stage
amplifier circuit has two transistors, connected in CE configuration and a common power supply Vcc is used.
The potential divider network R; and R. and the resistor R. form the biasing and stabilization network. The
emitter by-pass capacitor C. offers a low reactance path to the signal.

The resistor R, is used as a load impedance. The input capacitor Ci.. present at the initial stage of the amplifier
couples AC signal to the base of the transistor. The capacitor C. is the coupling capacitor that connects two
stages and prevents DC interference between the stages and controls the shift of operating point. The figure
below shows the circuit diagram of RC coupled amplifier.
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Operation of RC Coupled Amplifier




When an AC input signal is applied to the base of first transistor, it gets amplified and appears at the
collector load R which is then passed through the coupling capacitor Cc to the next stage. This becomes
the input of the next stage, whose amplified output again appears across its collector load. Thus the
signal is amplified in stage by stage action.

The important point that has to be noted here is that the total gain is less than the product of the gains
of individual stages. This is because when a second stage is made to follow the first stage, the
effective load resistance of the first stage is reduced due to the shunting effect of the input
resistance of the second stage. Hence, in a multistage amplifier, only the gain of the last stage remains
unchanged.

As we consider a two stage amplifier here, the output phase is same as input. Because the phase
reversal is done two times by the two stage CE configured amplifier circuit.

Frequency Response of RC Coupled Amplifier

Frequency response curve is a graph that indicates the relationship between voltage gain and function of
frequency. The frequency response of a RC coupled ampilifier is as shown in the following graph.
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From the above graph, it is understood that the frequency rolls off or decreases for the frequencies below
50Hz and for the frequencies above 20 KHz. whereas the voltage gain for the range of frequencies between
50Hz and 20 KHz is constant.

We know that,

Xc=12nfexc=12nfc

It means that the capacitive reactance is inversely proportional to the frequency.
At Low frequencies (i.e. below 50 Hz)

The capacitive reactance is inversely proportional to the frequency. At low frequencies, the reactance is quite
high. The reactance of input capacitor Ci, and the coupling capacitor Cc are so high that only small part of the
input signal is allowed. The reactance of the emitter by pass capacitor Ct is also very high during low
frequencies. Hence it cannot shunt the emitter resistance effectively. With all these factors, the voltage gain
rolls off at low frequencies.




At High frequencies (i.e. above 20 KHz)

Again considering the same point, we know that the capacitive reactance is low at high frequencies. So, a
capacitor behaves as a short circuit, at high frequencies. As a result of this, the loading effect of the next stage
increases, which reduces the voltage gain. Along with this, as the capacitance of emitter diode decreases, it
increases the base current of the transistor due to which the current gain (B) reduces. Hence the voltage gain
rolls off at high frequencies.

At Mid-frequencies (i.e. 50 Hz to 20 KHz)

The voltage gain of the capacitors is maintained constant in this range of frequencies, as shown in figure. If
the frequency increases, the reactance of the capacitor Cc. decreases which tends to increase the gain. But
this lower capacitance reactive increases the loading effect of the next stage by which there is a reduction in
gain.

Due to these two factors, the gain is maintained constant.

Advantages of RC Coupled Amplifier

The following are the advantages of RC coupled ampilifier.

e The frequency response of RC amplifier provides constant gain over a wide frequency range, hence most
suitable for audio applications.

e Thecircuit is simple and has lower cost because it employs resistors and capacitors which are cheap.

e |t becomes more compact with the upgrading technology.

Disadvantages of RC Coupled Amplifier

The following are the disadvantages of RC coupled amplifier.
e Thevoltage and power gain are low because of the effective load resistance.
e Theybecome noisy with age.

e Due to poor impedance matching, power transfer will be low.

Applications of RC Coupled Amplifier

The following are the applications of RC coupled amplifier.
e They have excellent audio fidelity over a wide range of frequency.
e Widely used as Voltage amplifiers

e Due to poor impedance matching, RC coupling is rarely used in the final stages.




Transformer Coupled Amplifier

We have observed that the main drawback of RC coupled amplifier is that the effective load resistance gets
reduced. This is because, the input impedance of an amplifier is low, while its output impedance is high.

When they are coupled to make a multistage amplifier, the high output impedance of one stage comes in
parallel with the low input impedance of next stage. Hence, effective load resistance is decreased. This
problem can be overcome by a transformer coupled amplifier.

In a transformer-coupled amplifier, the stages of amplifier are coupled using a transformer. Let us go into the
constructional and operational details of a transformer coupled amplifier.

Construction of Transformer Coupled Amplifier

The amplifier circuit in which, the previous stage is connected to the next stage using a coupling transformer,
is called as Transformer coupled amplifier.

The coupling transformer T, is used to feed the output of 1+ stage to the input of 2« stage. The collector load is
replaced by the primary winding of the transformer. The secondary winding is connected between the
potential divider and the base of 2« stage, which provides the input to the 2~ stage. Instead of coupling
capacitor like in RC coupled amplifier, a transformer is used for coupling any two stages, in the transformer
coupled amplifier circuit.

The figure below shows the circuit diagram of transformer coupled ampilifier.
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The potential divider network R« and R. and the resistor R. together form the biasing and stabilization network.
The emitter by-pass capacitor C. offers a low reactance path to the signal. The resistor R. is used as a load
impedance. The input capacitor Ci. present at the initial stage of the amplifier couples AC signal to the base of
the transistor. The capacitor Cc is the coupling capacitor that connects two stages and prevents DC
interference between the stages and controls the shift of operating point.

Operation of Transformer Coupled Amplifier




When an AC signal is applied to the input of the base of the first transistor then it gets amplified by the
transistor and appears at the collector to which the primary of the transformer is connected.

The transformer which is used as a coupling device in this circuit has the property of impedance changing,
which means the low resistance of a stage (or load) can be reflected as a high load resistance to the previous
stage. Hence the voltage at the primary is transferred according to the turns ratio of the secondary winding of
the transformer.

This transformer coupling provides good impedance matching between the stages of amplifier. The
transformer coupled amopilifier is generally used for power amplification.

Frequency Response of Transformer Coupled Amplifier

The figure below shows the frequency response of a transformer coupled amplifier. The gain of the amplifier is
constant only for a small range of frequencies. The output voltage is equal to the collector current multiplied by
the reactance of primary.

Voltage gain (dB)

—
Frequency (f)

At low frequencies, the reactance of primary begins to fall, resulting in decreased gain. At high frequencies,
the capacitance between turns of windings acts as a bypass condenser to reduce the output voltage and
hence gain.

So, the amplification of audio signals will not be proportionate and some distortion will also get introduced,
which is called as Frequency distortion.

Advantages of Transformer Coupled Amplifier
The following are the advantages of a transformer coupled amplifier —

e An excellent impedance matching is provided.
e  Gain achieved is higher.
e Therewill be no power loss in collector and base resistors.

e  Efficient in operation.

Disadvantages of Transformer Coupled Amplifier

The following are the disadvantages of a transformer coupled amplifier —

e Though the gain is high, it varies considerably with frequency. Hence a poor frequency response.




e Frequency distortion is higher.
e Transformers tend to produce hum noise.

e Transformers are bulky and costly.
Applications
The following are the applications of a transformer coupled amplifier —

e Mostly used for impedance matching purposes.
e  Used for Power amplification.

e  Used in applications where maximum power transfer is needed.




Direct Coupled Amplifier
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The other type of coupling ampilifier is the direct coupled ampilifier, which is especially used to amplify lower
frequencies, such as amplifying photo-electric current or thermo-couple current or so.

Direct Coupled Amplifier

As no coupling devices are used, the coupling of the amplifier stages is done directly and hence called
as Direct coupled amplifier.

Construction

The figure below indicates the three stage direct coupled transistor amplifier. The output of first stage
transistor T, is connected to the input of second stage transistor T..
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The transistor in the first stage will be an NPN transistor, while the transistor in the next stage will be a PNP
transistor and so on. This is because, the variations in one transistor tend to cancel the variations in the other.

The rise in the collector current and the variation in B of one transistor gets cancelled by the decrease in the
other.

Operation



https://www.tutorialspoint.com/amplifiers/transformer_coupled_amplifier.htm
https://www.tutorialspoint.com/amplifiers/power_amplifiers.htm

The input signal when applied at the base of transistor Ty, it gets amplified due to the transistor action and the
amplified output appears at the collector resistor R. of transistor T.. This output is applied to the base of
transistor T. which further amplifies the signal. In this way, a signal is amplified in a direct coupled amplifier
circuit.

Advantages

The advantages of direct coupled amplifier are as follows.
e Thecircuit arrangement is simple because of minimum use of resistors.

e Thecircuit is of low cost because of the absence of expensive coupling devices.
Disadvantages
The disadvantages of direct coupled amplifier are as follows.

e [t cannot be used for amplifying high frequencies.

e The operating point is shifted due to temperature variations.

Applications
The applications of direct coupled amplifier are as follows.

e  Low frequency amplifications.
e Low current amplifications.
Comparisons

Let us try to compare the characteristics of different types of coupling methods discussed till now.
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A 400
A‘F = — :80
t+APR | —l—(LI-OfJXO'c:\)
New Lower 3dn ':F""—‘{/U‘e*’*"—i-l
‘F\ — °° — 18 HB‘
"F D — T 0-0\
£ I ap L + (4o0x a1)
nNew  Upper  3dB 'JC“’Q‘-U“*’*L@
0 = (14 F\'ﬁBK £9
'FLF :(H— i-rooxtn-ol) X MOR“‘E - IM\r}y




Bis Yo on IR 2PN "Fe.e& botk

H-F}P 5

£eedbock Cenneckiowns !

Types of NEGO:H\JQ

“hene ane Ffoun digperewmt Cembinations v

whi e\ he(jq%:we, .{laeéback Moy be GCQQMPHS'\neJ .
') veltagqe senies .Fgec) ba ¢k
D) Veltoge shuowv b+ feed back
39 cornent senies Aeedback

l+> corren t Shaun b «FGLQCJ balCk .

Senies feedback Cemnechom wmcrease +ae 1|P keSistang

b

shunt feedbactk cemnection decrease +he P re S1$+ane
Vo\*ﬂde "y v decreane +Hae ©IP "

7 /)

cvarent 0" nd®crease |

1) Vol-\-a(je senies eFeecl baox ineAeaSe ?npuk iN\PQC\&hCQ

decarealen GU\:PGb T

?) VuH—Q@Q Shunt  feed bactk decsieat v Hua ‘w\?q% INCANE NS

detrearen e outprt )

-5) cument  sexies  Feed batk  increasen M POt ALST Idant
increann Hao DU(-PL)'\‘ 1]

q) CUAA Y Shuon t feed botK  decreanmey Hae Inpu*r “
nCreowan  Har  outpot v




It 4 desinoble that mest cascade Prmpli{-.‘e.n.s

heed o have htahen nput  tmpeddvice fesistavce and

Lowe rn oukPQ{' ne s stonce -

The vo\%aae senies typPe of feedback has the

L‘;ﬂ\" tnpot ‘mPeleV\be and leow cxok—Pot ﬂesisbawae)

bot 1t deereasesr Suffens the b\iakest‘ d\eaxee N

voH:aOe_ -aaiﬂ'
en the Othe n hand 5 connent Shunt «Fﬁedbo,(:lé

hos the leost desinable effects since it decreoasesy

inPo’c resistonte and mCreases G\prqt Nnesistawnce.

') VDH:O@Q senies feedback

A block c\icxamm o‘g Vol{jaa& senies
feedbock is illustxoted w {%‘Gme below . Hexe the
. iy \el
mput  to the Heedback netwenk s 10 ‘P&»\Nl

| with  the oo%puk— of the cemp\i fien. A fraction of
%hsﬁmoah Hhe Leec batk n)wo

comnecktion o be ol

the sutpet \fc:\{-o-ae

15 ap P\io_d W Senies

shunkt

the amplifien The dhe Series

N \ . Ro -

rRSLS tanCe

cduce s e botpc’c )

o \ 3 +he  input
neckiow ot twe i\n?ot inereose np

ne s .5vrente .




Inw +his ease  the QmPUF'E.L v o thwe Uol'l-:oae

iamP‘i‘F;M‘ The vm-i—oge Jﬁeedbaak factor 138 @:"W by

Basic amp\i Berc
VS Vi \ i Vo R
. With 8ain A

i S e S

Feed bacX
| vV
!- V‘F ne + wowK p e

—

F"a-; Block dioﬁ“"“” of +the Vol-l:aae. Serxues —feadback,.

I_npol: and ovtpot Tesistoncesg -

Ftauw below Shows +the Vol-toae, Series ‘Feﬂdback

cincvit  Used to dlclate inpot and ootpot fesistances

ST ‘I' _ Ro 1-':0
+T: AN/ '1&_ ..-I-T
+ ; + LI
VL.] Ri HVVI: \ R Vﬁ
eyl *
| [ =L k e |
’ b ( g
i ]
R;% = _E\‘i_ T -

Ry vorboge. sesics feedbock cincoit LU e colenmlabion of

'm?ot ond ookput  Tesistances.
Hene V5 - Nr 4 V_p

Vg = TiRL + BV . A= Yo Vo

Vs = Ty R + BAT R




'ﬁ\em,{‘oxe. Kig =

I: R; +T3H;?i

‘ = : -, = (H- Pt]':";) R

H }05

Hence the inpot Tmesistance of a Voltage Semies Feedback

D.MPI‘\ fFen s 5?\19,71 by
Q;_F = (& aﬁ) Ry
when e ®; B +he

inpot Aesistance of +the amplifies withook

feedback.

For.  ™MRasuming +the ovkpot %esistonce  R. s
dis conmected and Vg is setr to Feno - then etteanal
VD‘L*Oﬂe VoS Q‘DPlG&C‘ across the ovkpot tenminals ond the

= o
coment I delivered by V. is coalevlated . Thaw Fof'" T

. o
poe 2 Y2 ]
Re T

Doe to feedback | inPo{' Vo\{-aae YF b

v

Teduces gotpot Vo\’caﬁe Av; whichh
opposes V. Thereforl

V- AVi _ V+ BAYV
Re - ==

E =
o

Ro

There fore Ropg =
L+ AR

Hence “the cotpot TMesiSrance of o Vol%oﬁe Sesues
feedback  omplifien s given by

Ko
Rof

L+ AR

wheae Rg 3 the ookpot resisktonce of the o.mpnfru
wnth ot Ffeedhack.




Pwblen ! A vVoltege - Senies ﬂaﬁcctwe feedbock a.mf)la"fliem
has o valtaae @aiv} witheu b feed back o&. = 500,
inpot nesistonce Ky 3K, potpot iresistance Ro = 2o ka
and feedbock Gotio F:: 0.0l calculate the VO”“‘@E.
Jain Ap, inpot Tesistance Rip ond outpot nesistance

Rop of the amplifien with feedbock.

selution/ A=soo , % =3kn , Rp = 20K .and B=o0l
. A So0
VDHGﬁQ 8&1“ Pn__F g s B e - 83.%
HAB L+ (soo xo-ol)

I—“F‘Jt Nesistance -EE-F -

= (1+ F’tp) Ry = Cl+ Soo xofol)xm3

= Bk .

ootpot Tesistance Rep = Reo _ S v
l-l-ﬂﬁ = 333 kL
L+ Socoxo.0)

i) VOlJcoae shont feedbock -

A Vou-oﬂe shunt feedback  is  illystrated
in %‘60,@ below « Hene @ frockion of the c:obfm{— \zoltaa\g_
s SOPPHQ& in Po.M:L“Ql with the |‘nfout thaae fhmuélq
the feedback netwonk - The feedback Signal Tp 1is
propontional  to ghe  ookpok \fct’c&aQ Vo Therefore the

i \ £ 16 type of
feedbock foctomt is  gven by B — this typ

&m?\i{aem is co\Vled a +rons nesiskance &m?\i%en.
The \m&oae - shont  feedback pnovides o stabilised

i d
ovenal\l ﬁoj\n ond decreases beth mPu{- ond oukpat

Nesistanroa by a Lacton (Vv + GBS
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Va; To Ro - Pfﬁ\/g

Va[1+P~F> = Yo Ro

Vo Ko
Rop = = 8 g
D’F 40 L+ 6 ﬁ

[5~cUnmaﬁ1- Sernies feedbock Amp\t fen

’B 3i LiGe
Vs vl oo ety b “drs "O%RL
With 6ain A _}'

Feedbock .
v -0
{ Net woalk "5

F\'d: Block diaﬁm oy[ Ha  cusmoal .Pw:m ﬁeauzach.

A block dio.am o‘L a  Gumesk Seaies feed back

5  Moustiotred |y ﬁau& obove . In cumeul seules
. ' n+H )
feedbock , o Voll:a_ae_ ) devemrecl which v ?MFO“ fvia

to +the ouvkpot curnent: This o called cument feedback

eumwouaz‘m (R R T S <\ \Im’coﬁe thot sobtrocts PLUMHM-I

npot Vt}l%oae,e Becauste of +the senies Comneckion ok
i
the mpor and oukput | the input angd  oukpot Lesis&anga,s:

get  inweased . Thi Hype of amplifien o colled

trons conductance ampli fien » the trawns conductonce

feod hadie LFartaw o R A 93en bha R - V‘{/T..
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4—) Cuonnent — shuownt -FP_eramc :

the block d\‘dﬂ»\am “of cuarent Shunt feedbock i

Shown im F{am.e be low

_j .- Basic QmPh.F—.eh_ \--:}_ S o
I I ; 3 ' V. % L
115 Wit ﬁain A -
- Fig ! Block
Feedba ck C““a &2
. ]3 corrent Shont
o J feed back

The  shunt Cernectipn ot the mpot  Aeduces
the npot  Nesistonce and the Senies Comnection at

the ootpot incaecases the oukpot Hesigtawnce. This g

a +true connent amph{‘-;en. the cunnent feedback facton

)

Here ﬁmf’“{:;e,h, acdv\ A = -_j__:.‘_'-"_

Tnpokt :
ZRENL ond oulpot Resistances

T
L

Fig: Equivalent  cghveuit  of Ourrent Shunt —~feedbaeck (on ﬂéc-h'm;!_



j‘n!:ot' Resistawnce

Froen  Hie Ely_dvai&wi’ Oineui b
I-S iy .LL‘I' I’_F
L= XL 4+ pr, [:-(3:&
R: T
Ve
Ta = + AT
5 — — ‘ =
2 P [ Pz ?]
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R: 5 R
I3 = Yo (1 + 4\‘3}
®
V{‘ ®
E}‘F X e T e
_ % B
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we Know thaot
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Preblem
When neaqiciue feedback is applied to an
Aenplifien. op gaim 100, the ovexal goin folls te So.-

Colevlake (i) +he feedback facton B i) S the Some

feedbatic Lacton maintained , the valne of the amplifsen

Jains ‘mzcwu-&l il the overall gain ‘s ‘o be IS

M‘_ Q) A:mg; 'A'F = 50
[a
F\_F = = }3_‘.‘_ D a |
A +aR
(”) AE = 76
A A
Ap s = =D 15 =
L+AR (+ 0-0| A
= A= 300.
Prieblee |

The gein of  the amplifien withoot feedback is
50 where as wrﬂ,‘wgepeedbacx % 1t folWls to 25 8,1.—-
due. ko -&aeina,-’cke amplifien @ain falls to HO- Fi‘“_d
the rPe-Lcorﬂ}:o@e Jednctisn W ﬁo":“

. ID _
1) withoot feedbaci (i) with Higradie Sfeedback

Solakhon® A{_ - .- G pr_r_ :;2-3‘} a = 5O
H—t’-\-“B
Hhem p = 609
i i S . 50-40
’ < 20 /.

DRl JHAL C?M withoot Feedback was 50,HA_L6M Wi+
.Fo.@.dbﬁCK-'—‘,-- Wwos 50 .New Hee JAAN\_ wi M put -{-‘ee_dbucx .FuJ.,h o 40

L3 ” " . —22-2
Hawse Af = '.'{j:_f_:a = ;’.ét;—-m.xuo* 22 l /- ke ducHon b gam = u‘" :,z K"*‘-’ﬁ:U’iJ




QSCILLATORS

Any  cincuit  which 18 vsed to Jenenate
on Qa-c Vol’ccxﬁe. withovt anw a< inpu‘l‘ s;anq\ s Called
osci\laton -

a@m&uﬁ& a-c Vo!*tc:ﬁe . the cincuit ig

Supplied ene‘r\,ag frem a  de¢  Sovncee.

positive feed back s Uéed to 8&neuxte
agsci\lations of degined -’{-‘LQ?).LQV\C_S.
classification of oOscillatong

oscillateng ame classified w to +he Pol!bm‘wlg
diggenent mds

® Accemding +o the woNe £onm aene_,ua:ted
@ siwusoeidal  oscillaton @ an eleckromice device +hat
a&mam\:e, sinuseidal  escillatieony of desired Fm_cvxentﬂ

s Kvown as a sivuseidal oscillaton.

I/\/\,c

VvV

'F\a’. Sinvugeida) wan/@ '{:Dhm :

6) Relavationn (o) Nen Snuseidal sscillatens ©  the

oscillatens  which PpPapducl Square waves, quqnaolqk
waves | Sawkocoth Wwaved are known a$ Relanat owm

asci\latems




lnn.. ., B

- Fig: Tamangulan
Fig: g Fig. SawtootW 3 a

@hcccmd‘mg to the fondamonta) mechanisms involved

o) Meaa’tive nesistavnce oscillateng ¢ t\ledqifive e sistance

oscillateons dJses vxe.acd:we. nesistavnce of the Qmphﬂ.lmg
device to neutralize +he positive resigtonce of the

oscillgteon

b) Feed back oscillatensg: These oscillatens uses positvg

feedbock W +the Ffeedback amplifien to Satisey the

banklhausen criterienn .

© Accending to the f{reguency qenerated

o) avdioc frequency oscillatens (upto a,okHE)

b) Radip frequevncy oscillatens (20}(!—}5 +o SDMHS)

c) Veny \f\lﬂ\'\ frequency oscillaten Cso 'MHS to 3600 Mﬂa)
d) olkra \n‘\ah fregpency oscillatern (300_MH8 &6 EGIHED
€) Microwave fregiiency oscillaton ( akove EGH5>

@) Acconding to +he type of Cicoit uvsed

a) Lle tuned  oscillater

b) Re sscillatong .

Basic —Hr\e@nﬂ of oscilatems

The feedback is a Propenty which allowsg +o

conmect  the Pont af the ovtput ko the Same Ciacult




As +the phase of the feedback s‘\anat '8 Some Aas
that of the nput applied, the feedback is called

positive feedback.

. Vg
S NS i %’Lﬂmp\i{iieﬁ} - ~
7
Ve

Feed back
NetweaAk

Fia: Concept of pPositive feed back .

Here P\mp\‘\{liu aojn called open Locap aqih (aqi\q
Witheut {le&dbcmk) given by

A= >®

The 8q;n wWNHA _Fep_dbam(( dgsed ~'L:30P aQi\n oL oVek
all a&m} dencted by Ap

V

Vs

the feedback 15 Posibive ang »vmmﬂe Vg 18 added

to Vg o a@_ne:\&*ce NG
\['L = V3+V_F > @

the feedbacek v@lfaae Yo depends ow +he feed back
acxm B a'w'@_ﬂ by

€ ® = N{= Vs +RVe [ Vg = B Vo ¥wm@]
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But Ap = _\_"_D’_ = Vo - B 5 H:E"Q
¥ Vs V[(\-—H’F;) t_HI'S \J;J

fere \Rg\ > l&) -

The product  of open Loop acﬁﬁ and £eedbacex foctor
ts colled loop gaiv (&B>

_ Ve

i Anpl =1 them  Ap= @ =

Vs

- Ng=0
Hence +the 8q‘m of ‘e amplifier with
Posifive feedbock ls infinite and the am P fRen

V2 ' an Oo3cillatoer.
phe amplifien acks OS

Bamkhaousewn <nikerniom (Cmc\{k“\ms for @sd\\cﬁ:‘\mg);

Mechonigm £on Stamt of oscillahions '

Te osciloton cincoir 18 Set in 1o ocscilationg

by & %andem YortokXiow cavsed in the base cuorent due
to weise Compoment Ob a  Small Vardation in the de
powest Sopply: the neise Components le Small randem
electnical \fol-Eaae.s and cCuirrents are oimc.as P'nasewi‘. i
any  Cenducton , tube or +ransiston . Even when no elec-

-trical Saancu is &Pplied,-the ever. PTLQ.SQY‘\t‘ noise twill

cavse Some Small 5¥@nat ot the ootpot of the amplifien.




8 a smoll frockion B of the output SianaL (s fed bacx
to the npot with pnopen. phase Nelatiown , then this
feed back signal will be amplified by the amplifien .

3\1 A 7“]]3— (ie BB -;1) . then the ovtpot inceases and
themeby the feedback Signal becomes langen. this procen
cenrinues and the outpot 5oescm inuea@in@- Bot as the
s‘\a\'\at level increases | the aa‘m of the amplifien decre-
~ases$ and atr o Panticolan Value of oukpot, the gaiv

of the omphifien 15 reduced exactLU equal %01/[3

(e fa P&‘:—'é- = a'@:1)‘ then the ootput VolEOﬁe AecHaing

Censtant ot  frequency i called fYequency o 05 cillathon.

tonsiden. o basic invan-ﬁna qu\if—xen Wita ay

open loop a&in A- BS basic c;LmP'\",_F;eg-L (s h\\!"&ﬂ"f‘iv\ﬁ it

Produces a Pkcxse Shift of 180° between mpat and

dukpot  as  showwn in ‘Fiaw.e be low °

Vo /\
]@V V;-————(Pw\\"\'\?%am1 = ’,[&/ =

Now +the inpax \j QPPI}Q‘;\ +e the canplifien 13

i

+te be dgni\le.c\ Lo 1te coJcPo-t Vo Usina feed back h)m.
bot the Lfeedback must bpe Positive e the VOF‘L‘OﬁQ desived
froon  eutpot usin@ feed back netwonk must be inphase

With Vi - Thol +the feedbatk netwoNK motk  intisduce

o, phase sWgt of 12 while -Feedina back the Vellcaaa_

fron ootrpot  to impot « This ensures pPosihue {eed back.




The aum.v\ap_meﬂ)c is  Shown n -Fiaoke below

Rasic iﬂ\ie'n‘}:i\naw Vo
Hmph,f-g en. A

Feed bock

hetiwonk p,

>

" \J’P = H"B Vi
Fok  +the osGlloYon |, we wWaent 4hat Feed back
shoold  dwive the amplifsen and hence Vp must act as
Ni from Eqpation @ , we G Write that Vp i3
Supficient &6 act as Vi Whem AR =)

And 4the phase of Ng U Same as \; e feedback
netwenk  shood ntanduce  18¢ fPhoLS& shift in odditiow

+o 180 p\nuse shigt Wnitaoduced by inven{—ma amPlifsen.
This ensured  positive feedback - So +otal phase swip+

anocond  a loap 13 360 .

Im this Cenditiom U.F dsives +the Cirluit  and

Wwithoot @xtennal inpot, cikeoit Wonks as an oscillator.

The +wo Conditions  which ake tequired forn the

cincoit to Wwoenk as an oscil\ater  axe CAH&C‘
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The BanKhousen cnitenien Stakes that

\- The total phase shigt anound a4 leop ; as the
Siana\ Phoc_eeds £aoon inpot HnAoua\n omplgien
feed bacx nerwonkK to  inpuot &fSiwn, :’_omple{:iha a
leop {5 Ppnecisely o' or 360

2. The nnaaw:tud@, of 4he pnoduck  of the open loop

dain of the amplifien and  the Mmognitvude of the

feedbackx fatkei B S unity 1€ \ﬁﬁ\:\

Dipferences between Avkernator and sacillaten !

Al o XoA os c\lakoa
i 9t 14 o Nekaking device . gk 18 not & Notaking
which lhos 7Netaking ponts device.
2. gt (reakes Ehexag 2. .st doesn't Creake

energy - enly ConVerts
dac QnQLﬁg Lo GC

e_nen-ag ;

3. 9t hos fived frequenty 3. The frequencty of the
osGi\lator mnaes Laem

few Hy to MA3.




_l__E osc\latons !

general Lorm® of Le. Ose Waoktons

Figa: Geneaal form o) an oscillator Figle) © Tt's Equivalent CKE

T the Se\nem\. form of oscilloken shown in £ig

aobove ony of the ackive Aevices such oS Lronsiston ‘FET,

. Fe
and oPQLcUtiUV\&\ .amp‘n%l&n may be osed wn the ocnplifien

Seckiown.

Z,, z3 ond Zz ane the %eockive elements
constituking the feedback tank AAculE Wwhith determines
the {vequenty of aacillationn . Here 2z, oand Zao Senve 05
a-¢ wﬂ{-c_ae Adividen fexn the ouvtpuk \Jnlt-&ae ond
feed back S\ahql_ Therefore +the Vo\taao_ acans s Zy 158
the feedbock Siav\aL- The freguency of oscillakion og
Le oscai\\otoa 1S

£n DL L.

277 JLC
the induckive oawnd capocitive Neatkoantes  one

nepnesented by  Zi  Zo ond Zz - In F\‘atuﬁ the oukpuot

fencamals @ne 2 and 3}@«\6 input fermnwnalsy Gre

\ and 3+ Fig (5) gives *the equivalent circoit of @igle).




‘ Lead E_mpedcmce ;

Siﬂce_ Z]
‘ thansiston are

| ot

L 2 is Owen by

|
ZI
; Now the

tenoninals 2 awnd

Therefore

N |
I

and +the

Zy

rﬁ\{‘ﬁ

Mpot  Aesiztance  hie of the

in  parallel , thein equivalen t im pedance

z' = z ”hae

Z, Ifl"\e_
= Z = >®
Z, + hie

locod impedance 7, betwesn Ene output

3 is  the equivalent impedance of Zg

in pPorallel with the Senies ceabinakbion of z' and zj -

= Zy “ (z'+ 13)

! )

- — 4+
Ze zt+25
|
LI
Zq Z) hie
+13
Z)+hie
5N 3. Z, + hie
Zy

hie (Z1+23 ) + Zz hie

+ Kie

|
Z

- hie (zi423) 4+ 2,23 4+ 7,22 4 hie 2o

2'2- [hfe Cz|+'z3> + 4 23]

1. ke[ 424 Zs) + 242 & ZiZa

Z4q [ hie (114 15) + 7 ZS}

27.[ Ir\:e(z,+z5) + Z 23}

hie(z,+22+23) + 2,22 + 2 23

®




Vortage §ain  withoot feedback s given by

—hpe ZoL
hie ’ @

Ay =

Feedbactk {raction B
The c\}’cFot \lolkoae between +the tenminals 3

ond 2 in tenmns of the Cument I, b given by

\ | Z) Hie
UD: ‘-I'(z +2-5.) == —Il[ + 23

Z1+ hie
\JO = —-'l_} 2y h.\e' & Z 23) =+ 'Z& hie.
Z 4 h.ie
Vo = -t [ he ((z21+2z3) + 2 23 B
Z1 4+ hie

The \*‘ol%aﬁe .Faed back +o the ih?ut' ’cekminqls

' and 3 is @No_n by

\ Z, l‘\i&
\J—Fb = -, Z Zz =& e _—> @
Z 4 \‘1‘\&

Therefore the feedboci Katip B i given by

~ \',(313 z, hie Z, hie ’
P | mawe L~
z -~
& i+ ‘e t’\‘Q (Z,-}Zg) + Z‘l 2.5 I]
Z hie
;- @

h“g_ CZ|-\-‘Z.3) + Z)Z3

Equation  for the oscillaton

For oscillation we must hove

A\JT‘S:]




Subslcikukina the Nalves of Ay and B, we ao_!:

{—}\{Ee ZL Z) hie

S =5
hie hie(ZJ+Za)+ Z)Zx3

hee Zz(hieCZﬁZB) 4 Z; 23—] Z)

=

["\‘\Q(Z‘* 22'1'23) 4+ 2127_+ zl'Z?,] h’\e (_'ZI“'} 23)']' 214.3

hee %122

= =1

h-.a{z1+zz+z3> + 2129 +22Z3

hie (z..,+zz+7.3) + 2129 + ZyZ3 ¥ hgpe 1 Z2 =0

hie (2 422+ 23) + 2,22 (14 hge) + 723 = ©

This s the ae.v\em\ Equation for the oscllaton.

Hcm{-\e_\j osci Waton -

ad +\)‘cc
Re
Ry Cco
|\ o Voot
Cc.l ) | \
¥l &
| |
R
Re Ce
\ Wmm_____: 2
Ly > Ly




( |

Tn the Hontley oscillator Shown a figore akove Z, and
Zo ane inductons ond Zz 18 a (paciton, Resistons
R,, Rp. and Rg Ppnovides -the hecessany dc bias +o the
troansgiston. Cg s & bypass C&P&Ci’cOhv ¢y and Gy
ane cespling Capacitons. The {feed back hetwenk Congtdu-
~tng aonSian@ of nductens L, and Lo, and Capacitox
C detemmines +he frequency of the ascillaton

whenn +he fSuPpr VDI'CCLGQ Pee 1s Switched
onm a  trewnsient cuareant ES #wduc.e_d m the tonk
Cihevrt  eand ccsnsaci}.keﬂkla hanooni € escillations ane
Setup n  the arcuit.

The Dsc‘\LLQ’curx.tI conrent  in e tank Ciatoik

pnoc&ncés a-c \Jo&cxaes across Ly and Qacaoss Ly -
Ias +enoina)l 3 Iy amunded, it wi\) be at+ zewo potenhal.
¢ kexmiva) | iy at Pos‘\%‘we potential  with %esFec’c
ks 3 at ony instant tenminal £ wi) be o negative

potevntiol with %es?ect to 3 ab - the Same instant .

Thus 4he phase dipperence between the tenminals |

ond 2 I8 almaa,g 180° -

In the CE MOdef the: tronsistong Pno\!ides

the phase dipference betrweevw +he mput  and 0OtpOE-

Therefore the +otal phase shipt is 360 . Thus, at

the Pkecf).keﬂq detenminant fon the +ank Circoit

the necessony cendition for Sustained oscillatiows




Leop aqin AR =1 , the circvit acts as an  oscillaton.

whene L=L,+Lly+2M  whene ™M {5 +he Co-efpicient

s 5q%\sfg1eda 3¢ the feedbock i3 &deStEArSB Erhat the

[
¢ of oscillation (5 £y =
The GLQCULQ)(} y £ ——
op mutual inductance between ceils Ly and Ly . The
cendition Lot Sustained oscillation i3
L, + M

npe P e————
Ly + M

H_n_aldgi:

The a&n&m\ equakion for Lc osclletor b

Wie C‘Zl*“?—‘).-F 23)4&- Cl+h{:e) 2,29 + Z1Z3 =0 —> @
Zy = ol + JWM

Ze = Jwly 4+ JWM

KR = s e s
Jrl wl
Sob&’clkoﬁnﬁ these Valves in g ©
> hie (CMLu WM 4+ WLy +dwom -d ) + CH‘M:Q) (ij,JrJuaM)
we
(amty +:}®M) 4 (JnaLl + -.:IMM) (_J -0
i |
Juhie L4 Ly +om - + (& "L.'.L[LL +Mm L+Lz+#
C e C hpe) J W W L2 (J )
-—jl {_‘i + _M_) =D S @
A c

The  frequency Of oscillakiowy wWsn Caw be  deteimined

by Qq}kqtina imoai'nomﬁ pent  of 51,@ to Zend




\
kel L+L-,_+2M———):o
“‘Jr‘f“e( \ ke

|

W = ‘ _— @
(Lﬂ- L?.-\'?.M) C

Let LO_CL e L]"I*L?_ Y2 M

|
\
! e = =

LeT/C \/Le-?/(: 24 JL%(’

Tthe Condilionn {or mnaintainewnce of oS&ci\\lotiony 18

obtained by Sobslc‘\{-uk‘\ﬂa Ez@ U Eq,@

@

® > dnwe( Kb+ —x v -ty -2 + (13 nge)

:..liu)"’[LILQ_ + N\CL|+L1>+M?"] + ﬂ-&-% =0
C

[
= (Li+iy, +2m) @

5 -—C1+M;e.) \ (L|L7_+ MCL,+L1)+M1] + =0
(L +leyam) C

C1+k_pe)('-1_tz+ N\CL:%LQ +N\°’) Ly 3 M

(LﬁL?_nmj}{ - f[

QCI-I—Y\‘FQ_)[L,LQ_wL M[L‘+Ll>+,\,{1’3 52 L;L+ LM 4+ LyLet Lo M

Foemlbym 4+ 2 M-

=

> Q*“«F&‘)('—\Lm 4 M (L1+L9-)+ML) -LLg - M(L1+L~,_)--ML =

L +20,M + M-




| (Lt + m () +M1'](/Jrh{.& -—/ﬁ =y + u‘marm":

L4 25 M & m>

| he =
Liby + M (LitL) ym™
. (L\*‘"M)L— Ly 4 M
; h-{:& - = !
(L; +M)(L1+m) Ly + M

the ™inia®  vVolue. of hee LQAUULU“‘?-C\ €o

mainkain  Sustoivy  oscillatiom is

Li+ M

Lo M

cCoLPITTS OSCILLATOR ¢

In the Ccolpitts oscillotor showen  In & gore ;
oboeve Z, cnnd Zg OLe CQPG_C.H:G?LS ond 13 B an Mduc—kg,g.é
e Resistons Ry, Rz and TRg Pnovide +the nece ssany

dc bias +o the taansiston: Ceg is o bﬁP&ss Capaciton




Ccy and Cey ane Coopling capacitons « The feedback
| netwonk c@ns‘as’c‘ma of Capacitons ¢, and & and

inducton L detenmines the frequency of- the

oscillatoen.
when the SuFPLa ‘Jol{aae tNee b Switched

o tionsient coment g prnoduced in the tank Cialoit
ond ccmsecvxentla escillations ame Set up in the cdrcoit
The osdllatony comrent in the Lank Cacoit produces
a-¢ \lle:oﬁes acanss ¢ andl Cy - 8f temminal (| v ok
o Positive Potential twith %espect to 3 at ony
.instmn{-, tenninal 2 wi\\ be o heacﬂ:‘\x}e ‘Poten-&iq\
with nespect %o 3 at the Same jinstant - Thus the
phase difference betweewn the tenminals | and 1fqmo.xd4
186°+ In CE mode +transiston pnovides (86 thew the
total phase shigt is 360" Thus at +the frequency
detenminant Hfon  the toank Cincoit, the wnecessany
condition £on Sustained oscillation s satkisfied.

3 the %aeébo.clc & adjusted S that the

Leop a‘l\‘“ AR=1 , the Ccincoixr acks as an oscllaton.
the f{requency of oscillation 138

£

\
] EITJ L CQ«_L

- z%:/l I e 1
CGLL C] Cp




A\r\q\ids_i:‘_a " Eon oscillaton

colpitts

e I
§ J
Wy

L]
=)
—_— J

W)

! =

——

\jh}CI

'ZS:JLGL

Z)

-

The @eneral eqpakion Lon. the ostillakon

hi@.tﬁ-‘-zl‘\'za\ i zlza.('--i"\r\{le) + %Z,Z3 =0 —

_‘ i p —:l ) J :
he (T -4 +Jm)+ -4 -4 (1+Mﬁe)+ 4 . jwl=o
LW L3Cqy k}CI WCy, MC‘
whln‘.e(—‘— i B e LA ISR
W we, = 2= -

w-¢y Cy
The frequenty of oscillakion £ is Lfound by

chmHna the im&ainana pant of eq,@ +o 3¢ero - Thus

| e get
b e ol s il = B
we, 3¢y .
o I L, _‘_) = WL
Wal < ¢y n
R S J
L. g L & &y
CirCaL
Wy = ! where C&T/ = G C
L CE‘L C) 4+ Cq

The Condition for Maintn@ace

of o8cillation

AL tex SostcHu%mG Eq/@ WA @ . +Hhe Irﬂ&ainang Pont

be Comes Zerp Hre vy the

!

of €q @ Aeal Pont




< =0
| ’ Wn~ € Cy
|
| f = (\+h;e)
c e -
I L Ceq ¢ Cy
.9 (1+ hee)
, i p oo | x fj/f'-z,
L. Cy{;___
ty hee - L Cy+Co = l+hpe = G+ Co
< L <
= l+hpge = 1+ GO
=

The minimem Valme of hee required o

hAFe > Co
)

RC O0SC\LLATORS

Ml the oscillatonsg usina Le  Cincoits

inductons ownd capacitons ﬂecz}.lixec\ fon the +time

fovnd to @ be more Suitakle. Two impontant RC
6scillatons ane
) RC phose shigt oscillaton

2) wien Brudge Oscillaton.

cineoit woold be Veny bulkﬁa RC o3cillatons ane

opexate
wetl at kiah frequencies . ar low frequencies | ag the



Rc phase sShift oscillaton '

+VNee

R\. Re

£
._1
o ——d

(0]

% Ry

e

T

A
s
A
(} e AA—
A

 Tn HWs -escillaten. the- required phase shift
! ="
of 18 in the «@"-G—db‘lﬂk LODP froton 0\3%.}:&3% to hﬁ?uk is
' obtained by 0Sing R and ¢ Com?t!‘né_ﬂ‘tﬁ mstead of
| . , = .
. tank Ciacuit -

Hene o Common emittex .amplifien is

| the outpot of +he last Sectiom be:na netuaned *0

the ?mPu’c :

The phase shift o, given by each Re
+ |

| . . —1a .

| sectiom ‘Is ¢ = -!:qw'(;c—}-a) + The Value o) 'R-- is

adjusted Svch  #hot ¢ becomes 60°. There fore 3 ReC

seckions produce o total phase shift of Ige® betweey,

followed by thiee ReC Sections of Re -Phase shift n|w,

—




-

its  Inpot and  ootput \!o\l:aao_s for o—n\d the dtiuo_“

frequency . therefore ot the specific frequency £y ; the
total phase shift faom the base of the traansiston
anound Ehe circuolt and back 48 the base wi be

exactly 3606° oA 0°, there by Satisfying Boankhavsey

cemdition for osu\latkion.
e frequency of oscillakion is  given by

|
) :
o B ——— where Rz Re

2TTRC /64 4 R

Analysis © the equivelent cikcoit o} R¢ phase shift
oscillaten uvsing h- Po.ncxme{:ex mode\ 15 Showwn in |

F;ao;te below -

F;O{ EcUJl\Ja\e,nt CiatnNE 0$\nd h- Pmamet'en_ moadel.

-

The modigied equivalent circoit is  Shown M

{liaone below -

KR " !
% NN |t Re 1 T
= 'hee T3 Re 'D R 'D/ R D, R
\;ontaﬂe T Ty Ty

SOQM,Q.

Fig: Medified Equivalent Cirenit




ﬁppltiinﬂ KVL fon +4we Vanious loops in the modified
€wua\en{: cincuork

loop \ !
: s
.J"\..Fe IaRe = L, Re + . 4 (Ii—IQ_)R
Jwe
¥ ) - T. R
-hfe Ta KR = T, kR + —L + TR -Ty
Jwe

~h{e Ty KR = Ii(KR—‘rR—%J_ - TR

Jwe

Ix[{K’r\\R "f'd‘—i;“c} ~T,R + I3 \m)ge KR =0 ——)@

Loop 2
T, )
— * (Il“‘Ig,)R -+ (Ig—-I]}R =
Jwe
Jwl
LooPB'.
T& T I&R"’(IE)_I?—)R = 0
Jwc
- Ty R +'I3(9_R+‘.l—. =0 ..__-———49-@
Jwo

\ 3
Selving the vant\cms O, and O

@H')Rar__l—t R hpe K R
Jw
-R Tr e -R = 0
Jwe
IR + -L-
B Ju e




N
=
.fv
<
2
4
L.
r \-—
~
3
f ‘J '
2
+
. I_
z
~
|
ﬂv
e
+
2
3 —
|
=
-
I
vl
4
- }__'
L
LA
- _J
+

: )
r—‘{@(ﬂ)a-\r—!—c}ll*g__j_ + 4R _e* —1125 = R +

Jw b‘]—c‘L ch Jmc

h,(:e_ KES::D

" 2
2 3o (kn)) + 3R _ (RaDR 1 L w R (k)
o 0 i e J i dwe
L
w'l-c"l.- \imt
37 ., (k)R + 4R | on ) RE
= - + J
a (8K+3 +h-F&K) ( ot o* Y
-
-2R ) - b @
wC w23

Te get {requenty  of oscillaxion £5 , +he imaginary
pant 1s made equal to Fero

- 5 Q) RT i

- + = 0
w2 ¢
[L}nC- l'\3"&.(:' n
T 2 % e _
-—h—KRLm:c.L - 4R wycC - 2R wnp ¢ *+1! =0
L R

2 -
| = 6R wWn e + 4K R waA C

wle B @+l<+6) TQLC,'L—.

Wa

!

— =N
Wy =
i Re Jé+4k

whar K= Re IR




The condition for oaintainencte of osallatrion

is obtained by envm-t‘mﬁ neal pamt to 3HEAO

R (ks +hpe ©) _((lul) R+4Rl -

1.
Wy

RS(BKH + hee K) wn ¢© =kR - 53R =0

R (k41 + hpe k) | L= <K+5') R
(6+u k) R
3k +1 + hee K = (6+1|-K)C5+K)

3K+) +hpe K = 36 + 26K + 4K
4k" 4+ 23K +29 = hee K

HFQ - 4K ’r‘l%'ﬁ'?‘_‘:‘_

K
af K=1 | Hewn E\FQIS_{SJ

To find the minimom Value of hpee for  the osdllatog

dh
i = O
dK
dlac+23+ 29| -0
ak K
4 - 29 = a = K& 269
K-
}\,Fe(m;h) = A CZ-BQ) + 23 +__1.C]_. = 41{'54‘

269




thos Ffon the circoit to oscillate we most select

o tromsistos.  whose hpe Should be aL&aJceJL thav

Enpa >, 44—-56

wien f‘:_:__tid@e oscillaton

Mk B b4

Figose  Shouws the Circvit of o wien- bmdae

oscillaton - The Ciatuit cConsists  of ‘Emows'to_aé‘_ RC

cospled amplifien wkich pnovides o phase sWift of

360° (o) 0°- o ¥Vee
'R-, ch’
Re,
(<)
Cc
R\ Ex Cc Voot
G ] .
2- C
S a“l—-
e &‘ g
R
et Ry % Rg 2 Re
D

\
i

pa
<

feed bock Siﬁha L

a .bq\ancgd bhldtae 15 vsed oS +the Ffeoed

bock netwonk which hos he need to Paevide additiowa)

phase shift: The feedbatk Netwonk comsists of Q

lead - lag netwonk (Re¢ and Ry-Cy ) and o Voltoge



divider (Rs - Ry) -

The legd —-Loa netwoik Pnovides a

positive feedback +o the inpet of the finsk Stoge

Wi [ | \ve feedback
ong the \)3]{&8{.\_ cavdiden P-nw.des O heﬁc\h\j £

{6 +the emitter of &
R)
Z)
_'F—c't
\/0 T
I N P
- T
Faoen the Ciatott
1 U4 Ju R, ¢ o
z, = Ry — = >
':“0 C! JNQ‘
| _ Ko 3@
Z9 = Ry ]) B - :
JMCQ__ L+ Jw CQ_RQ_
p=
Vo
Froa the above Qatuik
z
Np = Vo s
2| + Zo
Ry
E= -—-——V"F = - U4+ 3w G Ry
Y I S 29 -

Jwa) 14 Juw Cy Ry




-~ s
Bz — . _
T+ Jw ey Ry

’3 -

= G+ &MR\C]> (l i‘JMRz_Cg_) +JszQ|

(Beey) (1 + jware)

- Jw Rg €y
P

L Jw R Gy Y JwRy G - w* R\Ry € G + JwRa

Jw Rz
= P =

6

(t - NLR‘RzC\CQ_.)+ i (mR\Q\ + WRyCy + WRy C)

JRRy Qy

R
(1—m"'R\ R-:.C\CL) ¥ J(WR L FWR2C + WR2Y)

(l HWLR\RLL\ CL) -J (LAR\ )+ WRy Cy + leC‘}

(1 -wrrRiRL Q) - (WRC) + WRyCy +WRLCy)

. T \
5 - S wRa Q) - WR) Ra €Fey) 4 wRpC (WR G H R+ WRG)

1 2
C\ —ngtsz‘Cl)L+ (w?\tl 4 wRa C2 + LORQ_C_\')

T £ind the Lrequenty  of oscila koL Moake imgﬁim.\(\j
pont 13 ERreo

G %

N
6]

-
92
6 — mg-R\ R'}_ C\C—‘J_) + (NR\(.} "!' LQRQ_Q;_‘\'NR)_C_‘.)
3 - ¢
Wn Ry C], = U),\R\ Ry ¢ Co_

I = s Ry Ry ¢ Co

|
! - (NSNS,
Wn = e ? @
Ry Ry ¢y o




§ A Ry gy

p e - RC

G-+ R+ Rie d qu)
¢ ReC

Hex Ry= Ry =R Gty = €

—

J T
P = J—C_:r 141) -3
e Foa  Sustained o6sctillotiown s
AR =\
B 3

The minimem  Value of Vo\{-&ae 6&17} ichUu.iJ\Qd

Pok sustoined oscillaron s 3

A=3




Fnequency Stability !

T™e measore of  okility of an osallater +o
mantain  desiie -E'LQCU.LQV\CB as 'Pxec;\seja Qs FOsS‘ib\f‘l
for @ Lemg time 1§ called fiequency stability of on
osci\laton.

The facteas which affeck the frequency  stobility
l) Temperature chcmaes —> L ond ¢ Valves in
feedback ¢ ACul b thomaes Hewnce  frequency chunﬁes.

2% .8 temperature changes , Yhe anamektens of
i ¥

BIT , FET chcméaqs Hence  freguency C.hc:maes-

3) (:homaes in  power Suppl(\j cavses cha\n@e_ n
«ercuuewcj,

) chom@&ﬁ tnatmosphesic  Comaditions , due o
O.aw\a,

5) ch&haes in  load Comnected , the effecxive

nesistonce in  feedback Cncuit ahcmﬁes) Hence
frequency chomaes :
6) col\lector base juwnction 18 in Nevense bias Condi-
~tion « S0 +4hexe Wi\l be ihtﬁkﬂa\ Capacitonce -
The capocitonce epgect the capacitance n

feedback CiAcuit: Hewnce frequenty ahgwaes,




the Nossorion ©f faequenty with tenperatore 1

given by a Lockxon
A b-b} FRRYve
= / T~

e —> desired Lfrequenty

Su}:

whexre
Tn — o?e.m&‘mﬁ Te_mpemfukﬁ

Ay —3 Chm‘\ae in  frequendy

AT — C‘nur\ﬁe in Temp:

The frequency  stability is defined oS
48
A w

Sw =

phase swift ntrcduced fon a  Small

. ‘ e cy -
chcm@e, » desired f£requenty

d6 =

\ o wwin
Frequency Skobility Cew be impnoved by following

modificakions

D) Ent\os‘\na twe osci\lakon airntuit in o cownstant

+tem ?exqt\ne clhomben

s 4N
9) maintaining the Constont \lollcoﬁe by L3} a

Zzenen Aiodes:

Cnb sta\l oscillaton?

Censtnucktion! ———J—"
T notune , dest&\ is in the @

shq?e of h81aGc:ﬂV1QL Prism .




Fer. pnockical Use the pnism s cot In to «

nectangolak  slob, whieh 13 mounted on  parallel

me tal plates.

Cryskal  matesuals @ &uontz | Rochelle salt ete.
Crystal Exhibits o propenty called piego £leckric
Effect .

) when o mechanica) Pressuse is applied o
the crystal | the c:\ds%:cu tends +o Vibrate and
dE\}Q\Q? a-¢ \Ic\’coﬁes 0CAD88  thwe mpPgsIL‘e foce g
of +the C_xﬁsfab

2) 9f we Q??\U a-¢ Uo\h&aes across  the 4wo
faces of twe udstat SE Vibrotes cansing
mechavical distontion n  the des-tck\ State.

S The Caxejs‘ca\ has the 81@&%:@\. stability v

holding the (ongtant -F»t&cuueﬂaﬂ ( Cuﬂs%Q\ oscillaton

is QO stable o6scillatoa

. é]eneku\\g we  pnefex &uqntb o3 destQL
becavst of (esS ewxpensive and Qoonty s

USuaLLU ovoilakle in hatuae.




F"[j““’- shows o C#ds’cq\ Contaolled oscilloton cincoit:
Hexe itk s a colpitts oscillaten in whith the inductoa

is Aieplaced by the CLdg-tQL. ™ this type, o piezd

elecknic Cxﬁst&\, usuq\ud cv.xcmtzj S8 !J.Sed as 0\‘

nesSevownt Ciacuik Lep\ut\ﬂa ovy LC CirCu k-

The AC Egquivalent Cirevit O0F O piezo electaic
Cn-ds’ca\ is s'h_own i J;iauxe belows-

L S

R

e
L —r— "0
& =

A

)

when  the caUsi—cﬂ i4 Yot \Iib.&u‘c‘mﬂ FE SO
equivalent to  capatitance Cm , becowse it has two
metol plates SQPQm‘c&d by -a dielectad’ T™is
capalitance s Known 0% . mouwnting Capoitoncee .

whew o Cnyskal Vibrotes it b equivolent +o

RLC Senies CinEVVE
R — Intexnal frictional Llosses
L = Mass of the dwggtka) , indicotion o

inPrnha

¢ — Stffness.




R\ Re
CC'}__
J \ ‘Vouk
r_.c‘. I
1L
|
éRL Re T-’-e'
— k-
Cy F‘L_“_' Cq
0| )
|
ci.x.ds»:&L
F:a‘. CLdS'\:-GL\ osci\latxor .
Heie the Tnesonankt Fhecr},t{ancg Loy W awgn by
|
'Fn'-‘-
1
andie [ @
i+av
& - QUC\'G"&-ES focton = XL | we

—_— pe—

R R

In geveral & -value b vVeny hi@h

9f Q*>>\ | dhen £ becomes
(
£q =
2 fLe

Senies Resonownce °

XL=%e ( ¥Yu-¥¢ :o)

(«051- "
g C

I




Pz =
21 Jte
Panale\ TResocvionce —
—
xse.nxe_s = Xem
Ri-%e) = ¥im
e ) J
P= - - @ —
wp ¢ W Cwn
IR . .
We e -\ = e
Cm
o, g = & c - cx Cmwy
Cay Cm
wet = S Eo = Wpt* = :
£ = . ? L ceq,
LC Cm
C
where C.eq, = £&m
CACmm
| |
¥ g B fp = e

Pneoblem ! Tvi hantley

osciloton. caltvlate Ly Witk
Ly =18mH |, C = 30PF and M =5MH and the -Fkavlep\cj

o‘} osaillm’cox 13 l&,gKHB,.

Solution £ - ‘
2T ./ qu/ ol

whese L@_:L = Ly+ Ly 4+2M

frz168KNE , C=580FPF, Ly =\s W, Mg = 504

S Lg = 2qhmbus




pH T  taansistonized Homtley osadlaton the +two

indoctonsd ane 2wmnA  ond 200H - while the f£requenty

1S chonge £aow 9580 Khy Lo 20S0 Kix- Caltulate

the mmae aven  towicwh the CQP&QH:DL {s to b& varded.

Sc\vkiown » given Adata
' i~ o KH
Lz 2wmw , La= 20V, M=0 £, s 5
-3 | £n,= 20650 KWy
Leci/ = Iy % La

\

—gn. = ¢y = 6139 ME

Vi

2T Leg €

* . 2.98PF

fng

W

w_t_g___m: 3n o Hoantley oscillakeon the Value of

Ca\?cxcituh. v tuwned circuit is ScoPF oand two

\ H oand 12 N
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UNIT 4

Amplifier Classifications:

* In small-signal amplifiers, the main factors are usually amplification linearity and

magnitude of gain.

° Large-signal or power amplifiers, on the other hand, primarily provide sufficient
power to an output load to drive a speaker or other power device, typically a few watts to
tens of watts.

* The main features of a large-signal amplifier are the circuit’s power efficiency, the
maximum amount of power that the circuit is capable of handling, and the impedance
matching to the output device.

Amplifier classes represent the amount the output signal varies over one cycle of operation for a full
cycle of input signal

Power Amplifier Classes:

1. Class A: The output signal varies for a full 360° of the input signal.Bias at the half of the
supply
2. Class B: provides an output signal varying over one-half the input signal cycle, or for 180°

of signal. Bias at the zero level

v

o

Power supply v
level 2
Full 360° output swing
Class A 7
dc bias
Jovel / 180° output
Class B / e
/ dc bias
level
ov > ov A > [

(a) (b)

FIG. 12.1
Amplifier operating classes.



SERIES-FED CLASS A AMPLIFIER

Voo
)oad
I R
s ey re
C Ig
,i k—-— Power
[ ) transistor
Vi ’\/
FIG. 12.2
Series-fed class A large-signal
amplifier.

AC OPERATION

2 \

N ;

Output ~ )

current swing R
I Output

< current swing < Vee Vee
B
™ Output >

voltage swing ™. Output
voltage swing

(a) (b)
FIG. 12.4

Amplifier input and output signal variation.



DC Bias Operation

Ve — DIV
B
Ie = Blg

Vee = Voo — IcRe

PowerConsideration

The power drawn from the supply is

dc load line

Q-point

Pi(de) = Vecle,

Output Power

P,(ac) = Vep(rms)leo(rms)

P (ac) = I%(rms)R(-

Efficiency:

V& (rms’
P,(ac) = C;‘,T\)
% L9 o 100%
0 —_— — 'o
P,'(dC)

Maximum Efficiency
maximum Vee(p-p) = Vee
Vee

maximum /(p-p) = —
R¢




V(‘(‘ ( V((“ ,."I R C )

maximum P, (ac)

8
_ Ve
8R¢
. __ : - Vee/Re
maximum P;(dc) = Vee(maximum /o) = Vee—5—
2
_ Vi
2R¢
_ ' maximum P,(ac)
maximum % n = - X 100%
maximum P;(dc)
Véc/8R
= L€ » 100%
VZ.(.I.‘ 2RC
= 25%

TRANSFORMER-COUPLED CLASS A AMPLIFIER

TransformerAction

® Atransformer canincrease or decrease voltage or current levels according to its turns ratio

a=N1:N2

® Theimpedance connected to one side of a transformer can be made to appear either larger or

smaller (step up or step down) at the other side of the transformer.

+VCC
Nl . Nz

= R,
RB O ) N,:NZ
s

V1=V0 I]

vi—) Vi v
) |
I
R

(a) (b)

=

Ry

~

FIG. 12.6
Transformer-coupled audio power amplifier.



OperaationofAmplifierStage

Ve (V)

e EOVER SV
\ ( i‘[‘-p (V( ':TI\L“ “min

V.
CEy

Vee(pp) = Veg,, = Yok
lC(p-p) - l('mux - I(-min

ector
current signal

{VCEMM 25 1'};"‘:Erl'liﬂ)I:!LH = !"-_'miﬂ:I
P (ac) = <
Efficiency
P(ac)
Fide) = Vede, %M = pdo)
VCE V 5 2
%n = 50( ) %
VCE

PUSH PULL AMPLIFIER

Ic(A)
05 ac load line dc load line
5 - / R
045 - 12 mA
04 { 10 mA
B J | £ mA
- | Operating point
0. 6 mA
£ 4 mA
2 mA
=0
0.05 Iy =0mA
1 1 1 1
0 10 15 20 25 Veg (V)

b——AVee—™

Verg=Vec =12V

Collector voltage
variation

®  Class B operation is provided when the dc bias leaves the transistor biased just off, the
transistor turning on when the ac signal is applied.



® Thisis essentially no bias, and the transistor conducts current for only one-half of the
signal cycle.

One-half
circuit ‘

« B Lo

One-half I
circuit
FIG. 12.12
Block representation of push-pull operation.

Efficiency & Power Consideration

VE{ rms)
Ry

P,lac) =

Vip-p) _ Vip)

P,(ac) =
olac) = —gp, 2R,
Efficiency
oy o P
T~ p(do) ’
P (ac Vi(p)/2R 1%
q n:.ﬁﬂx lw%z_l;(i)/_Lx IOO%=ZMX 100%
Pi(dc) Veel(2/m)p)] 4 Vee

_ . LT e ,
Vip) = Ve maximum efficiency = 2 X 100% = 78.5%



Maximum Power Considerations.

Vee
maximum P (ac) = —
lac) R,
. 2 2Vee
maximum /g. = wl(p) = 7R,

2vcc) _ 2V
TR, . TRy

maximum Pydc) = Ve (maximum /y.) = VCC(

P,(ac) Vee/2Ry
X 100% = - - X 100%
Py(dc) Vee 2/ m)YVee/Ri)]

Il

maximum % 7

= i’- X 100% = 78.54%

2
VL(P) —— 0636‘/(( (.—_ ;V(-C)

Whe

'?TERL

maximum Py =

ClassB AmplifierCircuit

Transformer-Coupled Push—Pull Circuits

v Ve R i

Ie
3
. RI
Vi R, . A
2 R Ny
. AN 1 ce ‘ *
%,_)
Biasing network - ' i
R
%,_1 ;Y_I \ - J (¥ v
Phase-splitting Push—pull circuit Push—pull output Load

input transformer connection transformer



Complementary-Symmetry Circuits

Quasi-Complementary Push—Pull Amplifier
The push—pull operation is achieved by using complementary transistors (Q 1 and Q2) before
the matched npn output transistors ( Q3 and Q4)

+Vee

| /\ 0, Darlington

% \./ 0, par

/\_/ Cy
Input 4%—4; gl(’z 0»—“—%~ OQutput
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UNIT -5
LINEAR WAVESHAPING

High pass, low pass RC circuits, their response for sinusoidal, step, pulse, square and ramp
inputs. RC network as differentiator and integrator, attenuators, its applications in CRO
probe, RL and RLC circuits and their response for step input, Ringing circuit.

A linear network is a network made up of linear elements only. A linear network can be
described by linear differential equations. The principle of superposition and the principle of
homogeneity hold good for linear networks. In pulse circuitry, there are a number of waveforms,
which appear very frequently. The most important of these are sinusoidal, step, pulse, square
wave, ramp, and exponential waveforms. The response of RC, RL, and RLC circuits to these
signals is described in this chapter. Out of these signals, the sinusoidal signal has a unique
characteristic that it preserves its shape when it is transmitted through a linear network, i.e. under

steady state, the output will be a precise reproduction of the input sinusoidal signal. There will

only be a change in the amplitude of the signal and there may be a phase shift between the input
and the output waveforms. The influence of the circuit on the signal may then be completely
specified by the ratio of the output to the input amplitude and by the phase angle between the
output and the input. No other periodic waveform preserves its shape precisely when transmitted
through a linear network, and in many cases the output signal may bear very little resemblance to

the input signal.

The process whereby the form of a non-sinusoidal signal is altered by transmission through

a linear network is called linear wave shaping.

THE LOW-PASS RC CIRCUIT

Figure 1.1 shows a low-pass RC circuit. A low-pass circuit is a circuit, which

transmits only low-frequency signals and attenuates or stops high-frequency signals.

Ta}-
v ()

v,-(l) m

P'——

) ——
I}

e *

|
i

Figure 1.1 The low-pass RC circuil.



At zero frequency, the reactance of the capacitor is infinity (i.e. the capacitor acts as an
open circuit) so the entire input appears at the output, i.e. the input is transmitted to the output
with zero attenuation. So the output is the same as the input, i.e. the gain is unity. As the
frequency increases the capacitive reactance decreases and so the output decreases. At very

high frequencies the capacitor virtually acts as a short-circuit and the output falls to zero.

Sinusoidal Input

The Laplace transformed low-pass RC circuit is shown in Figure 1.2(a). The gain versus
frequency curve of a low-pass circuit excited by a sinusoidal input is shown in Figure 1.2(b).
This curve is obtained by keeping the amplitude of the input sinusoidal signal constant and
varying its frequency and noting the output at each frequency. At low frequencies the output is
equal to the input and hence the gain is unity. As the frequency increases, the output decreases
and hence the gain decreases. The frequency at which the gain is VN2 (= 0.707) of its maximum
value is called the cut-off frequency. For a low-pass circuit, there is no lower cut-off frequency.
It is zero itself. The upper cut-off frequency is the frequency (in the high-frequency range) at

which the gain is 1/\2 . i-e- 70.7%, of its maximum value. The bandwidth of the low-pass

circuit is equal to the upper cut-off frequency f2 itself.

T

|

s,'
amors

e

(a)

Figure 1.2 (a) Laplace transformed low-pass RC circuit and (b) its frequency response.

For the network shown in Figure 1.2(a), the magnitude of the steady-state gain A is given by
1
Ve _ Gt v 1
T Vi) I " 1+RCs = 1+ joRC 1+ j2mfRC

R +—
Cs

IAl = :
;]1 + (2nfRC)*

1
At the upper cut-off frequency f;, 1Al = —
ppe quency f, 5

1 1

N ,/ 1+(2xnf,RC)?



Squaring both sides and equating the denominators,
2 =1 + 27H[RC)*
1
27RC

1
and 1Al = ~————1

o 2
1+ j=— ¥
1 4

s +[ﬁ]

The upper cut-off frequency, f; =

So A=

The angle @ by which the output leads the input is given by
i

@ =tan™ —
2

Step-Voltage Input

A step signal is one which maintains the value zero for all times ¢ < 0, and maintains the

value V for all times t > 0. The transition between the two voltage levels takes place at t = 0 and

is accomplished in an arbitrarily small time interval. Thus, in Figure 1.3(a), vi = 0 immediately

before ¢ = 0 (to be referred to as time # = 0) and vi = V, immediately after t= 0 (to be referred to

as time 1 = 07). In the low-pass RC circuit shown in Figure 1.1, if the capacitor is initially

uncharged, when a step input is applied, since the voltage across the capacitor cannot change

instantaneously, the output will be zero at r = 0, and then, as the capacitor charges, the output

voltage rises exponentially towards the steady-state value V with a time constant RC as shown

in Figure 1.3(b).

(a) (®)

Figure 1.3 (a) Step input and (b) step response of the low-pass RC circuit.

Let V be the initial voltage across the capacitor. Writine KVL around the 100D in Fieure 1.1.

. L,
wm_mm+zj«om
Differentiating this equation,
dv, (1) di(r)

1
=R — + —i(t
dt dt C'()



dvi(t) _
dt

Since vin =V, 0

-‘m - %i(r)

0= R
Taking the Laplace transform on both sides,
0= Rs/(s)- l(O‘)l+%l(s)
1
1(0%) = I +—
(0% (S)(s 3 C]

The initial current /(0*) is given by

l(O*):ZL_V:
R
+ o ’
I(s) = I(Ol) Vv Vl
5+ — R(H.T?-E)
V-V)R v V-V
and V,,(s):VKs)—l(s)R:{—-(———-l)——:;— :
R(S“'}E) S+R—C

Taking the inverse Laplace transform an both sides,
v(t) = V = (V = V)eRC
where V' is the initial voltage across the capacitor (Viiia) and V is the final voltage (Viaa)
to which the capacitor can charge.
So, the expression for the voltage across the capacitor of an RC circuit excited by a step
input is given by

Vo® = Vit = (Vina = Visici)e ™€

If the capacitor is initially uncharged, then v, (1) = V(1 - ¢7R%)

Expression for rise time

When a step signal is applied, the rise time #r is defined as the time taken by the output
voltage waveform to rise from 10% to 90% of its final value: It gives an indication of how fast the
circuit can respond to a discontinuity in voltage. Assuming that the capacitor in Figure 1.1 is

initially uncharged, the output voltage shown in Figure 1.3(b) at any instant of time is given by

V() = V(1 - e'RG



At t = t, v(t) = 10% of V =0.1V

0.1V = V(1 - ¢*1/RG)

eRC = 09 or  ¢1RC = 0—1§ = 1.11

t;y = RC In (1.11) = 0.1IRC
Att =1y, v(r) = 90% of V = 09V

0.9V = V(1 - ¢™2FC)
1
=01 or M=o =10
f, = RC In 10 = 2.3RC

Rise time, ,=h-10 = 2.2RC

This indicates that the rise time ¢ is proportional to the time constant RC of the circuit.
The larger the time constant, the slower the capacitor charges, and the smaller the time
constant, the faster the capacitor charges.
Relation between rise time and upper 3-dB frequency

We know that the upper 3-dB frequency (same as bandwidth) of a low-pass circuit is

fz = : or RC = !
2nRC 2rf,
Rise time, 7, = 2.2RC = S % g3

2znf, f, BW

Thus, the rise time is inversely proportional to the upper 3-dB frequency.

The time constant (T= RC) of a circuit is defined as the time taken by the output to rise
to 63.2% of the amplitude of the input step. It is same as the time taken by the output to rise to
100% of the amplitude of the input step, if the initial slope of rise is maintained. See Figure

1.3(b). The Greek letter T is also employed as the symbol for the time constant.
Pulse Input

The pulse shown in Figure 1.4(a) is equivalent to a positive step followed by a delayed

negative step as shown in Figure 1 .4(b). So, the response of the low-pass RC circuit to a pulse
for times less than the pulse width #p is the same as that for a step input and is given by
vo(t) = V(I — e RC). The responses of the low-pass RC circuit for time constant RC » tp, RC
smaller than 7 and RC very small compared to #p are shown in Figures 1.5(a), 1.5(b), and
1.5(c) respectively.

If the time constant RC of the circuit is very large, at the end of the pulse, the output

voltage will be V(1) = V(1 — e_tp/ RC), and the output will decrease to zero from this value with a



time constant RC as shown in Figure 1.5(a). Observe that the pulse waveform is distorted when
it is passed through a linear network. The output will always extend beyond the pulse width #p,

because whatever charge has accumulated across the capacitor C during the pulse cannot leak

off instantaneously.
v
Vu(t
i: u(t)
Ls
I
4 i -
0
~Vu(t-1t)
i -V £
0 !

(a) (b)
Figure 1.4 (a) A pulse and (b) a pulse in terms of steps.
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Vi
Vi~ & ——
09V == "
K | | Y
] | 2
| (
0.1¥} ; :
>t . : > {
0 ""lr"'! ’p

(o)

()
Figure 1.5 Pulse response for (a) RC >> #,, (b) RC < 1,,, and (¢) RC << 1,

If the time constant RC of the circuit is very small, the capacitor charges and discharges
very quickly and the rise time # will be small and so the distortion in the wave shape is small.
For minimum distortion (i.e. for preservation of wave shape), the rise time must be small
compared to the pulse width 7. If the upper 3-dB frequency /2 is chosen equal to the reciprocal

of the pulse width #p, i.e. if 2 = 1/tp then #r = 0.35tp and the output is as shown in Figure 1.5(b),

which for many applications is a reasonable reproduction of the input. As a rule of thumb, we

can say:



A pulse shape will be preserved if the 3-dB frequency is approximately equal to the reciprocal
of the pulse width.
Thus to pass a 0.25 p.s pulse reasonably well requires a circuit with an upper cut-off frequency

of the order of 4 MHz.

Square-Wave Input

A square wave is a periodic waveform which maintains itself at one constant level V' with

respect to ground for a time 77 and then changes abruptly to another level V", and remains constant

at that level for a time T2, and repeats itself at regular intervals of T = T7 + 72. A square wave may
be treated as a series of positive and negative steps. The shape of the output waveform for a
square wave input depends on the time constant of the circuit. If the time constant is very small,
the rise time will also be small and a reasonable reproduction of the input may be obtained.

For the square wave shown in Figure 1.6(a), the output waveform will be as shown in
Figure 1.6(b) if the time constant RC of the circuit is small compared to the period of the input
waveform. In this case, the wave shape is preserved. If the time constant is comparable with the
period of the input square wave, the output will be as shown id Figure 1.6(c). The output rises
and falls exponentially. If the time constant is very large compared to the period of the input
waveform, the output consists of exponential sections, which are essentially linear as indicated in
Figure 1.6(d). Since the average voltage across R is zero, the dc voltage at the output is the same

as that of the input. This average value is indicated as V&. in all the waveforms of Figure 1.6.

In Figure 1.6(c), the equation for the rising portion is
Vor = V - (V’ - V))e-‘lkc

where V, is the voltage across the capacitor at ¢t = 0, and V’ is the level to which the
capacitor can charge.
The equation for the falling portion is

Vo = vV’ - (V” = Vl)e—(t - T\ MRC

where V, is the voltage across the capacitor at + = T, and V" is the level to which the
capacitor can discharge.

Setting vo = V, at t = T,
Vi=V = (V - V. z)e-rlmc = V(1 - e-r,mc) + Vze'TI/RC
Setting vy, = V; ai t=T; + T,
Vo= V” — (V= V)e"TIHT2TORC _ yo( . o T2RC) 4 y, o T2IRC



Substituting this value of V, in the expression for V|,
Vi

V(1 - eTVRG) 4 [V(1 ~ eT2RC) 4 Ve T2IRC)o-TIRE

Similarly substituting the value of V, in the expression for. V;,

i.e. V|

- Vn(l - e-TzIRC)_’_ V'(l " e-T|/RC) e-T;/RC
2= | — ¢~ +TYRC

' P
bt 7| 7, 74

Average
[ voltage

(@

Figure 1.6  Response of a low-pass RC circuit to a square wave input: (a) square-wave input wave form,
(b) output waveform for RC << 7, (c) output waveform for RC = T, and (d) output waveform for
RC>>T.

For a symmetrical square wave with zero average value,

~

falimr wmd Vs -v"=.‘21. So, V; will be equal to -V,

N

<

Ya - emacy _ -‘:(l ~ ¢ RRCY TRRC
2

-
i
(&)
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s e-T/RC



V §- e—TQRC'_ e—TI“’RC +¢-TIRC
i ] =T
B K (l - e—MRC)l'

2 a+ e-mkc)“ g e-Tm)
T2 |1+ T
_ Z_ eMRC =

2 | 275

7 % e

= Ll : = L tanh x

2 | e +1 2

where x = 4; C and T is the period of the square wave.

v 1 - ™) v (1 -7
Now, V=V —m———— | — | —————
ow 2 1 2[]+t-m] 2 [|+CMRC

1.1.5 Ramp Input
When a low-pass RC circuit shown in Figure 1.1 is excited by a ramp input, i.e.

v{(t) = ar, where « is the slope of the ramp

we have, Vi(s) = 32.
5

From the frequency domain circuit of Figure 1.2(a), the output is given by
I ,

Cs a. | a ]
V@=Ve) = —— == ——
R+ L s 1+RCs RC S,(“_l_]
Cs RC

_ o |-(RC} . RC . (RC)
e | e—  — i —
RC s & e
RC




Taking the inverse Laplace transform on both sides,

vo(f) = ~ aRC + ot + aRCe™RC
= ot - RC) + aRCe™RC

If the time constant RC is very small, e¥kC » 0

V(1) = oft - RC)

When the time constant is very small relative to the total ramp time 7, the ramp will be
transmitted with minimum distortion. The output follows the input but is delayed by one time
constant RC from the input (except near the origin where there is distortion) as shown in Figure
1.7(a). If the time constant is large compared with the sweep duration, i.e. if RCIT » 1, the output

will be highly distorted as shown in Figure 1.7(b).

v V}

Ed
(2}

§<

L | T, e

0 0

(a)
Figure 1.7 Response of a low-pass RC circuit for a ramp input for (a) RC/T << 1 and (b) RC/T >> 1.

~/RC

Expanding e in to an infinite series in #/RC in the above equation for v,(1),

t t 2 1 t 31
= - RC RC | L o | s ! v |t | i
Velt) = it L C( RC+(RC) 2! (RC) TR ]

2
& at—aRC+aRC—m+ﬂ-—...

2RC
o o
2RC RC\| 2

This shows that a quadratic response is obtained for a linear input and hence the circuit acts as an

integrator for RC/T » 1.
The transmission error e; for a ramp input is defined as the difference between the
input and the output divided by the input at the end of the ramp, 1.e. at t = T.

For RC/T « 1,

_ ot - (at — aRC)
t o t=T

_QaRC _RC _ 1

of T 2zf,T




where 2 is the upper 3-dB frequency. For example, if we desire to pass a 2 ms pulse

with less than 0.1% error, the above equation yields f2 > 80 kHz and RC < 2 p.s.

THE LOW-PASS RC CIRCUIT AS AN INTEGRATOR

If the time constant of an RC low-pass circuit is very large, the capacitor charges very
slowly and so almost all the input voltage appears across the resistor for small values of

time. Then, the current in the circuit is vffylR and the output signal across C is

Lif. I v;(®) l
=—|it)dt= — | —dt = — | v,(1) dt
W@ = Jiwar= <[22 ar= = [y
Hence the output is the integral of the input, i.e. if v(f) = az then

2
at
UN R

2RC

As time increases, the voltage drop across C does not remain negligible compared with
that across R and the output will not remain the integral of the input. The output will change
from a quadratic to a linear function of time. If the time constant of an RC low-pass circuit is
very large in comparison with the. time required for the input signal to make an appreciable
change, the circuit acts as an integrator. A criterion for good integration in terms of steady-state
analysis is as follows: The low-pass circuit acts as an integrator provided the time constant of the
circuit RC > 15T, where T is the period of the input sine wave. When RC > [57, the input
sinusoid will be shifted at least by 89.4° (instead of the ideal 90° shift required for integration)

when it is transmitted through the network.

An RC integrator converts a square wave into a triangular wave. Integrators are
almost invariably preferred over differentiators in analog computer applications for the
following reasons:

1. Itis easier to stabilize an integrator than a differentiator because the gain of an integrator
decreases with frequency whereas the gain of a differentiator increases with frequency.

2. An integrator is less sensitive to noise voltages than a differentiator because of its
limited bandwidth.

3. The amplifier of a differentiator may overload if the input waveform changes very rapidly.

4. Tt is more convenient to introduce initial conditions in an integrator.



EXAMPLE 1.1 A pulse generator with an output resistance Rg = 500 Q is connected to
an oscilloscope with an input capacitance of C; = 30 pF. Determine the fastest rise time that
can be displayed.

Solution: The circuit works as a low-pass filter shown in Figure 1.1 with a time constant
RsC; = 500 Q x 30 pF = 15 ns
Fastest rise time, f, = 22RC = 2.2 X 15 ns = 33 ns

EXAMPLE 1.2 A 10V step is switched on to a 50 kQ resistor in series with a 500 pF
capacitor. Calculate the rise time of the capacitor voltage, the time for the capacitor to
charge to 63.2% of its maximum voltage, and the time for the capacitor to be completely
charged.

-

Solution: The circuit acts as a low-pass filter shown in Figure 1.1.
(a) The rise time of the capacitor voltage is

t, = 22RC = 2.2 x 50 kQ x 500 pF = 55 pus
(b) The time for the capacitor to charge to 63 2% of the maximum voltage is
T=RC = 50 kQ x 500 pF = 25 ps
(c) The time for the capacitor to be completely charged (99% value) is
5T=5RC =5 %25 us =125 ps

THE HIGH-PASS RC CIRCUIT

Figure 1.30 shows a high-pass RC circuit. At zero frequency the reactance of the
capacitor is infinity and so it blocks the input and hence the output is zero. Hence, this capacitor
is called the blocking capacitor and this circuit, also called the capacitive coupling circuit, is
used to provide dc isolation between the input and the output. As the frequency increases,'the
reactance of the capacitor decreases and hence the output and gain increase. At very high
frequencies, the capacitive reactance is very small so a very small voltage appears, across C and,
so the output is almost equal to the input and the gain is equal to 1. Since this circuit attenuates
low-frequency signals and allows transmission of high-frequency signals with little or no

attenuation, it is called a high-pass circuit.
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Figure 1.30 The high-pass RC circuit.




Sinusoidal Input

Figure 1.31 (a) shows the Laplace transformed high-pass RC circuit. The gain versus

frequency curve of a high-pass circuit excited by a sinusoidal input is shown in Figure 1.31(b).

For a sinusoidal input v,, t;he output signal vp increases in amplitude with increasing frequency.

The frequency at which the gain is 1/V2 of its maximum value is called the lower cut-off or

lower 3-dB frequency. For a high-pass circuit, there is no upper cut-off frequency because all

high frequency signals are transmitted with zero attenuation.

bandwidth B.W= f2 - fi =0

Therefore, f2 — f1. Hence

1/Cs i
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‘ ..........
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Figure 1.31 (a) Laplace transformed high-pass circuit and (b) gain versus frequency plot.

Expression for the lower cut-off frequency

For the high-pass RC circuit shown in Figure 1.31 (a), the magnitude of the steady-state gain

A, and the angle 0 by which the output leads the input are given by

_Y@_ R 1
O gl 14l
Cs RCs
Putting s=jw, A= : e e :
[ welfciies 4 o
T oRrC I 3nRC
1Al = 1 - and 6= —tan-! 1
: 1 2nfRC
1+
2nfRC

At the lower cut-off frequency f;, |A| =12

2 2
1
I+
(2rtf,RCJ

Squaring and equating the denominators,
1 =1
2mf,RC ~




This is the expression for the lower cut-off frequency of a high-pass circuit.

Relation between f1 and tilt

The lower cut-off frequency of a high-pass circuit is /i = V2nRC. The lower cut-off
frequency produces a tilt.For a 10% change in capacitor voltage, the time or pulse width
involved is

t=0.1RC = PW
PW

-R? = 0.1 = Fractional tilt

PW
Fracti ilt= — =2 - PW
ractional tilt RC 7 fi

This equation applies only when the tilt is 10% or less. When the tilt exceeds 10%, the voltage
should be treated as exponential instead of linear and the equation Y» =¥~ (¥ - Voe™ should
be applied.
Step Input

When a step signal of amplitude V volts shown in Figure 1.32(a) is applied to the high-

pass RC circuit of Figure 1.30, since the voltage across the capacitor cannot change

instantaneously the output will be just equal to the input at = 0 (for f <0, v,- =0 and vq = 0).
Later when the capacitor charges exponentially, the output reduces exponentially with the

same time constant RC. The expression for the output voltage for # > 0 is given by

lt) = V= (V= Vi)™ = 0 - (0 - V)e™ = ¥ Figure 1.32(b) shows the response of the circuit for
large, small, and very small time constants.For ¢ > 5r, the output will reach more than 99% of its
final value. Hence although the steady state is approached asymptotically, for most applications
we may assume that the final value has been reached after 5f. If the initial slope of the
exponential is maintained, the output falls to zero in a time t = T.

The voltage across a capacitor can change instantaneously only when an infinite current

passes through it, because for any finite current i(¢) through the capacitor, the instantaneous

1 ¢0
. . . . — i(t)dt =0.
change in voltage across the capacitor is given by ¢ I Ml

vi(1) V()

v v
RC large
RC small

RC very small
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Figure 1.32 (a) Step input and (b) step response for different time constants.



Pulse Input

A pulse of amplitude V and duration 7, shown in Figure 1.4(a) is nothing but the sum of a
positive step of amplitude V starting at # = 0 and a negative step of amplitude V starting at #p as
shown in Figure 1.4(b). So, the response of the circuit for 0 < ¢ < #,, for the pulse input is the same as
that for a step input and is given by vo(t) = Ve RC Att= Ip, vo(t) = V= VeRC  Att= Ip,
since the input falls by V volts suddenly and since the voltage across the capacitor cannot change

instantaneously, the output also falls suddenly by V volts to Vp - V. Hence at ¢ = ¢ * va(t) = Vel p
ARC_V . Since Vo< V, V- Vis negative. So there is an undershoot at ¢ = #» and hence for t > 1,
p p 4 P

the output is negative. For ¢ > #p, the output rises exponentially towards zero with a time

constant RC according to the expression (Ve™p C. V)e'(t—tp)/ RC.

The output waveforms for RC » tp, RC comparable to fp and RC « tp are shown in Figures
1.33(a), (b), and (c) respectively. There is distortion in the outputs and the distortion is the least
when the time constant is very large. Observe that there is positive area and negative area in the
output waveforms. The negative area will always be equal to the positive area. So if the time

constant is very large the tilt (the almost linear decrease in the output voltage) will be small and

hence the undershoot will be very small, and for ¢ > f,, the output rises towards the zero level

very very slowly. If the time constant is very small compared to the pulse width (i.e. RC/tp « T),

the output consists of a positive spike or pip of amplitude V volts at the beginning of the pulse
and a negative spike of the same amplitude at the end of the pulse. Hence a high-pass circuit with
a very small time constant is called a peaking circuit and this process of converting pulses into

pips by means of a circuit of short time constant is called peaking.

Yo(0) i P Yolt) Yi

“ O . . -
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Figure 1.33 Pulse response for (a) RC >> 1, (b) RC comparable to #, and (c) RC << 1,



Square-Wave Input

A square wave shown in Figure 1.34(a) is a periodic waveform, which maintains itself at
one constant level V with respect to ground for a time 77 and then changes abruptly to another level

V" and remains constant at that level for a time 72, and then repeats itself at regular intervals of 7 =

T\ + T2. A square wave may be treated as a series of positive and negative steps. The shape of the
output depends on the time constant of the circuit. Figures 1.34(b), 1.34(c),

1.34(d), and 1.34(e) show the output waveforms of the high-pass RC circuit under .steady-
state conditions for the cases (a) RC » T, (b) RC > T, (c¢) RC - T, and (d) RC « T respectively.

When the time constant is arbitrarily large (i.e. RC/T1 and RC/T2 are very very large in

comparison to unity) the output is same as the input but with zero dc level. When RC > T, the

output is in the form of a tilt. When RC is comparable to 7, the output rises and falls

exponentially. When RC « T (i.e. RCIT\ and RC/T2 are very small in comparison to unity), the
output consists of alternate positive and negative spikes. In this case the peak-to-peak amplitude
of the output is twice the peak-to-peak value of the input.In fact, for any periodic input waveform
under steady-state conditions, the average level of the output waveform from the high-pass
circuit of Figure 1.30 is always zero independently of the dc level of the input. The proof is as

follows: Writing KVL around the loop of Figure 1.30,
1 4.
v;(t) = ra jt(l) dt +v,(t)

" é Jrote) dr+ v, ( ir) = ”Tf’))

Differentiating,

dv;(t) _ v,(1) " dv, (1)
dt RC dt
Multiplying by dt and integrating this equation over one period T,

t=T _ t=T vo(t) dt t=T
szo dy)= J-mo RC " dimo av ()

I=

i.e. vi(T) - v(0) = }% j:vo(t)dt +v,(T) = v,(0)

Under steady-state conditions, the output waveform (as well as the input signal) is repetitive
with a period T so that v, (T) = v,(0) and v(T) = v,(0).

Under steady-state conditions, the output waveform (as well as the input signal) is repetitive

with a period T so that vo(T) = vo(0) and v,(T) = v,(0).



T
J' v,(t)de =0.
0

Hence Since this integral represents the area under the output waveform over one

cycle, we can say that the average level of the steady-state output signal is always zero.This can
also be proved based on frequency domain analysis as follows.The periodic input signal may be
resolved into a Fourier series consisting of a constant term and an infinite number of sinusoidal
components whose frequencies are multiples of / = 1/T. Since the blocking capacitor presents
infinite impedance to the dc input voltage, none of these dc components reach the output under
steady-state conditions. Hence the output signal is a sum of sinusoids whose frequencies are
multiples of/. This waveform is therefore periodic with a fundamental period 7 but without a dc
component. With respect to the high-pass circuit of Figure 1.30, we can say that:

1. The average level of the output signal is always zero, .independently of the average level of
the input. The output must consequently extend in both negative and positive directions with
respect to the zero voltage axis and the area of the part of the waveform above the zero axis
must equal the area which is below the zero axis.

2. When the input changes abruptly by an amount V, the output also changes abruptly by

an equal amount and in the same direction.

3. During any finite time interval when the input maintains a constant level, the output
decays exponentially towards zero voltage.
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Figure 1.34 (a) A square wave input, (b) output when RC is arbitrarily large, (c) output when RC > T,
(d) output when RC is comparable to 7, and (e) output when RC << T.

Under steady-state conditions, the capacitor charges and discharges to the same voltage levels

in each cycle. So the shape of the output waveform is fixed.

For 0 < t < T), the output is given by v,; = V,e™/R¢

Att =T, v, =W =V eTRC
For T) < t < T{ + T,, the output is v,, = Ve~ ¢-T)RC
Att=T + T v, = V, = V,e R/RC
Also W =V, =V and V, - V=V
From these relations V;, V{, V, and V, can be computed.
Expression for the percentage tilt
We will derive an expression for the percentage tilt when the time constant RC of the
circuit is very large compared to the period of the input waveform, i.e. RC » T. For a symmetrical

square wave with zero average value

Vl = - Vz. i.e. V. = |V2|, V; = - Vé. i.e. V; = lVil, and T| = Tz - g
The ou'put waveform for RC >> T is shown in Figure 1.35. Here,
V/=VeTRC  and V, = V,e-TRXC
V, -Vi=V
i.e. V) = Ve T2RC 2y, 4 Ve TRRC = y
|4
= e  of V=Vl +eTRC)
' 14 eTRRC 1
A s - ~-TRRC — o~TNRC
wtilt, P = A=Y x100% = L= V™ 2000 = L 2009
vV V(1 4 ¢m2xC) | + e-TRRC
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Figure 1.35 Linear tilt of a symmetrical square wave wien RC >> T.
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When the time constant is very large, i.e. — << 1
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P = x 200%
1+1+
EEAL
.
_ 2RC x 200%
2
= i x 100%
2RC
= Th x100%
f
where f, = is the lower cut-off frequency of the high-pass circuit.
Ramp Input

A waveform which is zero for ¢ < 0 and which increases linearly with time for / > 0 is
called a ramp or sweep voltage.
When the high-pass RC circuit of Figure 1.30 is excited by a ramp input v/(r) = at, where a is

the slope of the ramp, then

Vils) = —

From the Laplace transformed circuit of Figure 1.31(a),
R __a RGCs

R+—l— 2 1+ RCs
Cs

1 s 1
S| §+— S+—
RC RC

Taking the inverse Laplace transform on both sides,
V() = aRC(1 - €RC)

Vi(s) = Vi(s)



For times ¢t which are very small in comparison with RC, we have

o - P (R (R |

2
aRC[—r— . + ]

vﬂ( f)

RC 2(RC)?

ar? {
= ot ———=af] |~
2RC ( 2RC]
Figure 1.36 shows the response of the high-pass circuit for a ramp input when (a) RC» T, and
(b) RC « T, where T is the duration of the ramp. For small values of T, the output signal falls

away slightly from the input as shown in the Figure 1.36(a).

ik l vi4
Input = oz ! -_-_-_ Input = ¢ -
' T Output
i Deviation 1
Ourp"t: from N
! linearity 1 ORC
: e W W
0 T 0 T

() (b)
Figure 1.36 Response of the high-pass circuit for a ramp input when (a) RC >> T and (b) RC << T.

When a ramp signal is transmitted through a linear network, the output departs from the input. A
measure of the departure from linearity expressed as the transmission error e, is defined as the

difference between the input and the output divided by the input. The transmission error at a time

at—at(l ——t-)
v,—Vv, 2RC T
€, = = =2 — = ]tflT
Vi ey at 2RC
=T
where f = is the lower 3-dB frequency of the high-pass circuit.
t = T'is then

For large values of 7 in comparison with RC, the output approaches the constant value aRC as
indicated in Figure 1.36(b).
THE HIGH-PASS RC CIRCUIT AS A DIFFERENTIATOR

When the time constant of the high-pass RC circuit is very very small, the capacitor
charges very quickly; so almost all the input v,(0 appears across the capacitor and the
voltage across the resistor will be negligible compared to the voltage across the capacitor.

Hence the current is determined entirely by the capacit nce. Then the current



dv,(t)

ity=C ¢

and the output signal across R is

dv,(1)
= RC =412
v,(t)=RC i

Thus we see that the output is proportional to the derivative of the input.The high-pass
RC circuit acts as a differentiator provided the RC time, constant of the circuit is very small in

comparison with the time required for the input signal to make an appreciable change.The

derivative of a step signal is an impulse of infinite amplitude at the occurrence of the
discontinuity of step. The derivative of an ideal pulse is a positive impulse followed by a
delayed negative impulse, each of infinite amplitude and occurring at the points of discontinuity.
The derivative of a square wave is a waveform which is uniformly zero except, at the points of
discontinuity. At these points, precise differentiation would yield impulses of infinite amplitude,
zero width and alternating polarity. For a square wave input, an RC high-pass circuit with very
small time constant will produce an output, which is zero except at the points of discontinuity.
At these points of discontinuity, there will be peaks of finite amplitude V. This is because the

voltage across R is not negligible compared with that across C.An RC differentiator converts a

triangular wave into a square wave.For the ramp vi = at, the value of RC(dv/dt) = aRC. This is
true except near the origin. The output approaches the proper derivative value only after a lapse
of time corresponding to several time constants. The error near 6= 0 is again due to the fact that
in this region the voltage across R is not negligible compared with that across C.

If we assume that the leading edge of a pulse can be approximated by a ramp, then we can
measure the rate of rise of the pulse by using a differentiator. The peak output is measured on an
oscilloscope, and from the equation = aRC, we see that this voltage divided by the product RC gives
the slope a.A criteria for good differentiation in terms of steady-state sinusoidal analysis is, that if a

sine wave is applied to the high-pass RC circuit, the output will be a sine

wave shifted by a leading angle 6 such that: with the output being proportional to sin(a>t + 6).
In order to have true differentiation, we must obtain cos wt. In other words,0 must equal 90°.
This result can be obtained only if R =,0 or C =0.

However, if oRC =0.01, then //wRC = 100 and 6 = 89.4°, which is sufficiently close to 90° for

most purposes. If ®RC = 0.1, then 90 - 84.3° and for some applications this may be close enough



to 90°.If the peak value of input is Vi, the output is and if wRC « 1, then the output is

approximately VinwRC cos (at. This result agrees with the expected value RC(dvy/dt). If oRC =

0.01, then the output amplitude is 0.01 times the input amplitude.

V.R

m

V. = sin(wt + 6)
R2 +

@?*C?
ATTENUATORS
Attenuators are resistive networks, which are used to reduce the amplitude of the input

signal. The simple resistor combination of Figure 1.61 (a) would multiply the input signal by the

ratio a = R2/(R1 + R2) independently of the frequency. If the output of the attenuator is feeding
a stage of amplification, the input capacitance C2 of the amplifier will be the stray capacitance

shunting the resistor R2 of the attenuator and the attenuator will be as shown in Figure 1.61(b),
and the attenuation now is not independent of frequency. Using Thevenin's theorem, the circuit
in Figure 1.61(b) may be replaced by its equivalent circuit shown in Figure 1,6l(c), in which R is

equal to the parallel combination of R1 and R2.

Normally R; and R2 must be large so that the nominal input impendence of the
attenuator is large enough to prevent loading down the input signal. But if R1 and R: are large,
the rise time # = 2.2[(R;||R2)*C2] will be large and a large rise time is normally unacceptable.
The attenuator may be compensated by shunting R\ by a capacitor C\ as shown in Figure 1.61(d), so
that its attenuation is once again independent of frequency. The circuit has been drawn in Figure

1.61(e) to suggest that the two resistors and the two capacitors may be viewed as the four arms of a
bridge. If R;C; = R2C2, the bridge will be balanced and no current will flow in the branch
connecting the point X to the point Y. For the purpose of computing the output, the branch X-Y
may be omitted and the output will again be equal to Cy, independent of the frequency. In
practice, C7 will ordinarily have to be made adjustable.

Suppose a step signal of amplitude V volts is applied to the circuit. As the input changes abruptly by
V volts at ¢ = 0, the voltages across Ci and C2 will also change abruptly. This happens because at / =

0, the capacitors act as short-circuits and a very large (ideally infinite) current flows though the

g= Joo_’ i(t)dr .

capacitors for an irifinitesimally small time so that a finite charge is delivered to

each capacitor. The initial output voltage is determined by the capacitors.



Since the same current flows through the capacitors C; and C2, we have

o’
Charge accumulated in capacitor C, = Jo_ i(t)dt=¢q

:

(

Figure 1.61 An attenuator: (a) ideal circuit, (b) actual circuit, (c) equivalent circuit, (d) compensated
attenuator, and (e) compensated attenuator redrawn as a bridge.
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The final output voltage is determined by the resistors R\ and R2, because the capacitors C[

and C?2 act as open circuits for the applied dc voltage under steady-state conditions. Hence

Looking back from the output terminals (with the input short circuited) we see a resistor R =
R{R2/(Ri + R2) in parallel with C = C7 + C2. Hence the decay or rise of the output (when the
attenuator is not perfectly compensated) from the initial to the final value takes place
exponentially with a time constant » = RC. The responses of an attenuator for Cj equal to, greater

than, and less than R2C2/Ry are indicated in Figure 1.62.

v Input v, =V v
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(&) perfect compensation means
R,Cy . .
vo(0F) = vy(ea); o € = fﬂ Lic RC=RC,

(b) over compensation means

v (0 ) > v () 0 > RCHIR,
{(c) under compensation means

v, (07 ) < (ea); . C < R,G,/R,)

Figure 1.6Z Response of compensated attenuator: (a) perfect compensation, (b) over compensation, and
(<) under compensation.

Perfect compensation is obtained if v,(0*) = v, (o), that is, if the rise time , = 0

C_ _y R
C, + G, R, + R,
i.e. R\C, + RC) = RaCy + RCy
ie. RC = RC, o (=05
R]

This is the balanced bridge condition. The extreme values of vo(0") are 0 for C7 = 0 In the.above

analysis we have assumed that an infinite current flows through the capacitors at r = 0% and
hence the capacitors get charged instantaneously. This is valid only if the generator resistance is
zero. In general, the output resistance of the generator is not zero but is of some finite value.
Hence the impulse response is physically impossible. So, even though the attenuator is
compensated, the ideal step response can never be obtained. Neverthless, an improvement in rise
time does result if a compensated attenuator is used. For example, if the output is one-tenth of
the input, then the rise time of the output using the attenuator is one-tenth of what it would be
without the attenuator.

The compensated attenuator will reproduce faithfully the signal, which appears at its input
terminals. However, if the output impedance of the generator driving the attenuator is not zero,

the signal will be distorted right at the input to the attenuator. This situation is illustrated in
Figure 1.63(a) in which a generator of step voltage V and of source resistance Rs is connected
to the attenuator. Since the lead which joins the point X and point Y may be open circuited, the
circuit may be redrawn as in Figure 1.63(b). Usually Rs « R1+ R2, so the input to the attenuator
will be an exponential of time constant RsC', where C' is the capacitance of the series
combination of Cj and C2> i.e. C' = C1 C/(C1 + C2). It is this exponential waveform rather

than the step, which the attenuator will transmit faithfully. If the generator terminals were



connected directly to the terminals to which the attenuator output is connected, the generator
would see a capacitance C2. In this case the waveform at these terminals would be an

exponential with time constant T = RsC2.
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Figure 1.63 (a) Compensated attenuator including source resistance Ry and (b) its equivalent circuit with
VE = V(Rl + R’z};’j(Rs + R| + Rz)
£ & C

When the attenuator is used” the time constant is T' = R$Cf. * an

improvement in waveform results. For example, if the attenuation is equal to 10(a = 1/10),

then the rise time of the waveform would be divided by a factor 10.-

RL CIRCUITS

In previous session we discussed the behaviour of RC low-pass and high-pass circuits
for various types of input waveforms. Suppose the capacitor C and-resistor R in those circuits
are replaced by a resistor R’ and an inductor L respectively, then, if the time constant LIR' equals
the time constant RC, all the preceding results remain unchanged.

When a large time constant is required, the inductor is rarely used because a large value
of inductance can be obtained only with an iron-core inductor which is physically large, heavy
and expensive relative to the cost of a capacitor for a similar application. Such an iron-cored
inductor will be shunted with a large amount of stray distributed capacitance. Also the nonlinear
properties of the iron cause distortion, which may be undesirable. If it is required to pass very
low frequencies through a circuit in which L is" a shunt element, then the inductor may become
prohibitively large. Of course in circuits where a small value of /?' is tolerable, a more
reasonable value of inductance may be used. In low time constant applications, a small
inexpensive air-cored inductor may be used.

Figure 1.73(a) shows the RL low-pass circuit. At very low frequencies the reactance of
the inductor is small, so the output across the resistor /?' is almost equal to the input. As the

frequency increases, the reactance of the inductor increases and so the signal is attenuated. At



very high frequencies the output is almost equal to zero. So the circuit in Figure 1.73(a) acts as
a low-pass filter.The circuit of Figure 1.73(b) acts as a high-pass circuit because at low
frequencies, since the reactance of the inductor is small, the output across the inductor is small
and the output increases as the frequency increases because the reactance of the inductor
increases as the frequency increases and at high frequencies the output is almost equal to the

input.

Figure 1.73 (a) RL low-pass circuit and (b) RL high-pass circuit.

RLC CIRCUITS
RLC Series Circuit

Consider a series RLC circuit shown in Figure 1.75.

+ +
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Figure 1.75 A series RLC circuit.
Writing the KVL around the loop, we obtain

di(t) [
’ — | i(t)dt
dr ¥ CJ“( )

*

v(t)=Ri(t)+ L

Taking the Laplace transform on both sides,

V,(s)=l(s)[R+ Ls+ -]—} - —I—(s—){LCsz +RCs+ 1)
Cs Cs

1
V. (5)=1(s) —
o Cs

The transfer function of the circuit of Figure 1.75 is
V,(s) _ ] _
e e [52 + % 5+ —l—-]

LC



The roots of the characteristic equation s; and s, are the values of s satisfying the equation

2

s,.32=-—-—[i x (—R—-] - -l—

2L 2L LC
If (RI2LY® > 1/LC, i.e. R>2JL/C, both the roots are real and different. The circuit is
overdamped and there are no oscillations in the output. If (R2LY? = 1LC, ie. R = 2‘[[7‘ "
both the roots are real and equal. The circuit is critically damped. If (1?/2L)2 < l/LC, ie.
R < 2JLIC, the roots are complex conjugate of each other. The circuit is underdamped and
there will be oscillations in the output. The output is a sinusoid whose amplitude decays with

time.
The term J7/C is known as the characteristic impedance of the circuit.

For a step input of amplitude V, V,(s) = L

1% |
""‘”=(‘“J A T
Lc S[sz+£s+~l-]
. L. &

and 1(s) =

The current response is:
Case (a): overdamped circuit, R > 2JL/C

W o P Y
x(t)—m[e -e ] here 51 > 53

2
where A= 5 i —1-
2 LC

Case (b): critically damped circuit, R =2JL/C

. Vi _
l(’) = — Ri/2L

Case (c): underdamped circuit, R < 2JLC

vV : 2
i) = — e *L sin Bt Lpere =]l [ K
BL LC 2L

The response of i(z) and the response of vo(t) for the above three cases are shown in

Figures 1.76(a) and 1.76(b) respectively.
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Figiu'e 1.76 (a) Current response and (b) voltage response of series RLC circuit to a step voltage.

RLC Parallel Circuit

In the RL circuit shown in Figure 1.73(b), to include the effect of coil winding
capacitance, output capacitance and stray capacitance to ground, a capacitor is added across
the output. So, the RLC circuit shown in Figure 1.77(a) results. In terms of a current source, the
equivalent circuit shown in Figure 1.77(b) results.

The transfer function of the network of Figure 1.77(a) is

Vo(s) 1 s :
Vi) RCla, L 1
RC LC

The roots of the characteristic equation are

1 1 Y 1
SppS &=t e | - —
2= ToRC \j(zkc] LC

These are also the characteristic roots of the network in Figure 1.77(b).

The circuit is overdamped if R< %JUC. critically damped if R= %JUC and

underdamped if R > .;.\/UC. The response to the voltage across the RLC parallel 'circuit

1s similar to that to the current through the RLC series circuit with the difference that the input to
the RLC parallel circuit is a step current.
In the series RLC network, the current response to a step input voltage ultimately dies to

zero because of the capacitor in series. In the parallel RLC circuit the voltage across the RLC

network is zero because of the inductance.
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Figure 1.77 (a) v; is applied through R to a parallel LC circuit and (b) parallel RLC circuit driven by a current
source.



UNIT -11
NON LINEAR WAVESHAPING

Diode clippers, Transistor clippers, clipping at two independent levels, Transfer characteristics
of clippers, Emitter coupled clipper, Comparators, applications of voltage comparators,
clamping operation, clamping circuits using diode with different inputs, Clamping circuit
theorem, practical clamping circuits, effect of diode characteristics on clamping voltage,
Transfer characteristics of clampers.

In the previous chapter we discussed about linear wave shaping. We saw how a change of
wave shape was brought about when a non-sinusoidal signal is transmitted through a linear
network like RC low pass and high pass circuit. In this chapter, we discuss some aspects of
nonlinear wave shaping like clipping and clamping. The circuits for which the outputs are non-
sinusoidal for sinusoidal inputs are called nonlinear wave shaping circuits, for example clipping
circuits and clamping circuits.

Clipping means cutting and removing a part. A clipping circuit is a circuit which
removes the undesired part of the waveform and transmits only the desired part of the signal
which is above or below some particular reference level, i.e. it is used to select for transmission
that part of an arbitrary waveform which lies above or below some particular reference. Clipping
circuits are also called voltage (or current) limiters, amplitude selectors or slicers.

Nonlinear wave shaping circuits may be classified as clipping circuits and
clamping circuits. Clipping circuits may be single level clippers or two level clippers.

Single level clippers may be series diode clippers with and without reference or shunt
diode clippers with and without reference. Clipping circuits may use diodes or transistors.

Clamping circuits may be negative clampers (positive peak clampers) with and without

reference or positive clampers (negative peak clampers) with and without reference.

CLIPPING CIRCUITS

In general, there are three basic configurations of clipping circuits.
1. A series combination of a diode, a resistor and a reference voltage.
2. A network consisting of many diodes, resistors and reference voltages.

3. Two emitter coupled transistors operating as a differential amplifier.



Diode Clippers
Figure 2.1(a) shows the v-i characteristic of a practical diode. Figures 2.1(b), (c), (d), and

(e) show the v-i characteristics of an idealized diode approximated by a curve which is piece-
wise linear and continuous. The break point occurs at V5, where V= 0.2 V for Ge and Vr = 0.6

V for Si. Usually V¢ is very small compared to the reference voltage VR and can be neglected.

R}—= 0
R =oa
: K=0
s 4 .
— 0] of %,
* (a) (b)
ik i
Rf= 0 R}, finite f finite
R, = R, = oo _R, very large
v, finite v, finite Vy finite
= o~
0 lr; 0} }:,y v
(c) (d) (e)
Figure 2.1 v~/ characteristics of a diode.
Shunt Clippers

Clipping above reference level

Using the ideal diode characteristic of Figure 2.2(a), the clipping circuit shown in Figure 2.2(b), has

the transmission characteristic shown in Figure 2.2(c). The transmission characteristic which is a plot
of the output voltage vp as a function of the input voltage v, also exhibits piece-wise linear
discontinuity. The break point occurs at the reference voltage VR. To the left of the break point i.e.
for v+ < VR the diode is reverse biased (OFF) and the equivalent circuit shown in Figure 2.2(d)
results. In this region the signal v, may be transmitted directly to the output, since there is no load

across the output to cause a drop across the series resistor /?. To the right of the break point i.e. for v(
> VR the diode is forward biased (ON) and the equivalent circuit shown in Figure 2,2(e) results and

increments in the inputs are totally attenuated and the output is fixed at VR. Figure 2.2(c) shows a
sinusoidal input signal of amplitude large enough so that the signal makes excursions past the break
point. The corresponding output exhibits a suppression of the positive peak of the signal. The output

will appear as if the positive peak had been clipped off or sliced off



Clipping below reference level

If this clipping circuit of Figure 2.2(b), is modified by reversing the diode as shown in
Figure 2.3(a), the corresponding piece-wise linear transfer characteristic and the output for a

sinusoidal input will be as shown in Figure 2.3(b). In this circuit, the portion of the waveform

more positive than VR is transmitted without any attenuation but the portion of the waveform
less positive than VR is totally suppressed. For Vj < VR, the diode conducts and acts as a short
circuit and the equivalent circuit shown in Figure 2.3(c) results and the output is fixed at VR. For

v, > VR, the diode is reverse biased and acts as an open circuit and the equivalent circuit shown

in Figure 2.3(d) results and the output is the same as the input.

i = . R
- 9+
R, =oe v; v
i Vy =0
l " |
v
0 K, - - -
@) (®)
e Break W;::HN = ¥y Irrr‘ ".l-[npu[
Output
1o : N 0
e Fp e}
Slope= 1 : :
Transei 1. Cliping
Teg ' region
/ Doer { Dow —

, i
0 ' H

bz '

i } i

G AN N .

(d) (e)

Figure 2.2 (a) v-i characteristic of an ideal diode, (b) diode clipping circuit, which removes that part of the
waveform that is more positive than VR, (c) the piece-wise linear transmission characteristic of the circuit, a

sinusoidal input and the clipped output, (d) equivalent circuit for v( < VR, and (e) equivalent circuit for v, > VR.
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Figure 2.3 (a) A diode clipping circuit, which transmits that part of the sine wave that is more

positive than VR, (b) the piece-wise linear transmission characteristic, a sinusoidal input and the
clipped output, (c) equivalent circuit for v( < VR, and (d) equivalent circuit for v,- > VR.

In Figures 2.1(b) and 2.2(a), we assumed that R = °° and Ry = 0. If this condition does
not apply, the transmission characteristic must be modified. The portions of those curves which
are indicated as having unity slope must instead be considered as having a slope of R/(Rr + R),
and those, having zero slope as having a slope of /?/(/?/ + /7). In the transmission region of a
diode clipping circuit, it is required that R » R, i.e. Ry = kR, where k is a large number, and in

the attenuation region, it is required that R » Rf. From



these equations we can deduce that R = J RxR” , i.e. the external resistance R is to be

selected as the geometric mean of Rf and /?,. The ratio R/IRf serves as a figure of merit for
the diodes used in these applications. A zener diode may also be used in combination with a

p-n junction diode to obtain single-ended clipping, i.e. one-level clipping.

Series Clippers
Clipping above the reference voltage Vy

Figure 2.4(a) shows a series clipper circuit using a p-n junction diode. VR is the
reference voltage source. The diode is assumed to be ideal (/?/ = 0, Rr = °°, Vy=0) so that it acts
as a short circuit when it is ON and as a open circuit when it is OFF. Since the diode is in the
series path connecting the input and the output it is called a series clipper. The vo versus v,

characteristic called the transfer characteristic is shown in Figure 2.4(b). The output for a
sinusoidal input is shown in Figure 2.4(c).

The circuit works as follows:
For v, < VR, the diode Dj is forward biased because its anode is at a higher potential than its
cathode. It conducts and acts as a short circuit and the equivalent circuit shown in Figure

2.4(d) results. The difference voltage between the input v,- and the reference voltage VR i.e. (VR

— vi) is dropped across . Therefore vo = vi and the slope of the transfer characteristic for vi < Vg
is 1. Since the input signal is transmitted to the output without any change, this region is called the

transmission region.
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Figure 2.4 (a) Diode series clipper circuit diagram, (b) transfer characteristic, (c) output
waveform for a sinusoidal input, (d) equivalent circuit for v; < VR, and (e) equivalent circuit for
v(> VR.

For v, > VR, the diode is reverse biased because its cathode is at a higher potential than

its anode, it does not conduct and acts as an open circuit and the equivalent circuit shown in

Figure 2.4(e) results. No current flows through R and so no voltage drop across it. So the output
voltage vo = VR and the slope of the transfer characteristic is zero. Since the input signal above
V R is clipped OFF for v, > VR, this region is called the clipping region. The equations Vo=Vi

for Vi < VR and Vo= VR for Vi > VR are called the transfer characteristic equations.

Clipping below the reference voltage VB

Figure 2.5(a) shows a series clipper circuit using a p-n junction diode and a reference
voltage source VR. The diode is assumed to be ideal (Rf = 0, Rr = °°, Vy = 0) so that it acts as a
short circuit when it is ON and as a open circuit when it is OFF. Since the diode is in the series

path connecting the input and the output it is called a series clipper. The transfer characteristic is

shown in Figure 2.5(b). The output for a sinusoidal input is shown in Figure 2.5(c).
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Figure 2.5 (a) Diode series clipper circuit diagram, (b). transfer characteristics, (c¢) output for a
sinusoidal input, (d) equivalent circuit for vi- < VR, and (e) equivalent circuit for vi- > VR.
The circuit works as follows:

For vi < VR, D is reversed biased because its anode is at a lower potential than its cathode.
The diode does not conduct and acts as an open circuit and the equivalent circuit shown in Figure

2.5(d) results. No current flows through R and hence no voltage drop across R and

hence Yo = VR- So the slope of the transfer characteristic is zero for v, < VR. Since the input

is clipped off for v, < VR, this region is called the clipping region.
For v, > VR, the diode is forward biased because its anode is at a higher potential than its
cathode. The diode conducts and acts as a short circuit and the equivalent circuit shown in Figure

2.5(e) results. Current flows through /? and the difference voltage between the input and the

output voltages v, - VR drops across /? and the output vo = vi. The slope of the transfer

characteristic for v, > VR is unity. Since the input is transmitted to the output for v; > VR, this
region is called the transmission region. The equations are called the transfer characteristic

equations.

v, = Vg for v; < Vg
v, =V forv; > Vg

Some single-ended diode clipping circuits, their transfer characteristics and the

output waveforms for sinusoidal inputs are shown below (Figure 2.6).



Some single-ended clipping circuits
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(p) Shunt clipper using zener diode, positive clipping
Figure 2.6 Examples of single-ended clipping circuits.
In the clipping circuits, the diode may appear as a series element or as a shunt element.
The use of the diode as a series element has the disadvantage that when the diode is OFF and it
is intended that there be no transmission, fast signals or high frequency waveforms may be
transmitted to the output through the diode capacitance. The use of the diode as a shunt element
has the disadvantage that when the diode is open and it is intended that there be transmission, the
diode capacitance together with all other capacitances in shunt with the output terminals will

round off the sharp edges of the input waveforms and attenuate, the high frequency signals.

Clipping at Two Independent Levels

A parallel, a series, or a series-parallel arrangement may be used in double-ended
limiting at two independent levels. A parallel arrangement is shown in Figure 2.7. Figure 2.8
shows the transfer characteristic and the output for a sinusoidal input. The input-output
characteristic has two breakpoints, one at vo = v, = VR1 and the second at v = v, = -VR2 and has

the following characteristics.

Input v, Output v, Diode status
v; > Vg, v, = Vg D, ON, D, OFF
~VRa < v; < Vg Vv, =V D, OFF, D, OFF
v; < =Vpy Vo = =Vra D, OFF, D, ON

= °

Figure 2.7 A diode clipper which limits at two independent levels.
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Figure 2.8 The piece-wise linear transfer curve, the input sinusoidal waveform and the corresponding output
for the clipper of Figure 2.7.

The two level diode clipper shown in Figure 2.8 works as follows. For v, > VR1, DI is
ON and D2 is OFF and the equivalent circuit shown in Figure 2.9(a) results. So the output vo =

VR1 and the slope of the transfer characteristic is zero.

T . R
s D A A S A |

(a) (b)

Figure 2.9 (a) Equivalent circuit for v; > Vg, and (b) equivalent circuit for v; < = Vi,.

For v, < - VR2, DIis OFF and D2 is ON and the equivalent circuit shown in Figure 2.9(b) results.
So the output vo = - VR2 and the slope of the transfer characteristic is zero. For-VR2 < v, < VRI,
D! is OFF and D2 is OFF and the equivalent circuit shown in Figure 2.10 results. So the output

vo = v/ and the slope of the transfer characteristic is one.

The circuit of Figure 2.7 is called a slicer because the output contains a slice of the input
between two reference levels VR! and VR2. Looking at the input and output waveforms, we
observe that this circuit may be used to convert a sine wave into a square wave, if VDI = Vm.

and if the amplitude of the input signal is very large compared with the difference in the



reference levels, the output will be a symmetrical square wave. Two zener diodes in series

opposing may also be used to form a double-ended clipper.

D, D,

o
S S |

Figure 2.10 Equivalent circuit for -Vpz < v; < Vg,

If the diodes have identical characteristics, then, a symmetrical limiter is obtained. Some

double-ended clippers, their transfer characteristics and the outputs for sine wave inputs are

shown in Figure 2.11.

Some double-ended clipping circuits
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(c) Two level clipping using two zener diodes
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For v; < Vg,,

For Vn <v;< Wy
For v; > Vg1,

D, is OFF, D, is ON Ly, = Ve
D, is OFF, D, is OFF SV, =W
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(d) Two level clipping using two diodes and two positive reference voltage sources.
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(f) Double ended series biased clipper
Figure 2.11 Examples of double-ended clippers.



Transistor Clippers

A nonlinear device is required for clipping purposes. A diode exhibits a nonlinearity,
which occurs when it goes from OFF to ON. On the other hand, the transistor has two
pronounced nonlinearities, which may be used for clipping purposes. One occurs when the
transistor crosses from the cut-in region into the active region and the second occurs when the
transistor crosses from the active region into the saturation region. Therefore, if the peak-to-peak
value of the input waveform is such that it can carry the transistor across the boundary between
the cut-in and active regions, or across the boundary between the active and saturation regions, a
portion of the input waveform will be clipped. Normally, it is required that the portion of the
input waveform, which keeps the transistor in the active region shall appear at the output
without distortion. In that case, it is required that the input current rather than the input voltage
be the waveform of the signal of interest. The reason for this requirement is that over a large
signal excursion in the active region, the transistor output current responds nominally linearly to
the input current but is related in a quite nonlinear manner to the input voltage. So, in transistor
clippers a current drive needs to be used.

A transistor clipper is shown in Figure 2.19. The resistor R which represents either the
signal source impedance or a resistor deliberately introduced must be large compared with the
input resistance of the transistor in the active region. Under these circumstances, the input base
current will very nearly have the waveform of the input voltage, because the base current is

given by 8= (i = V)/R

~ 0.5V for Si.

where Vr is the base-to-emitter cut-in voltage. Vy » 0.1 V for Ge and Vy

- ==
Figure 2.19 A transistor clipper.
If a ramp input signal vi which starts at a voltage below cut-off and carries the transistor

into saturation is applied, the base voltage, the base current, and the collector current

waveforms of the transistor clipper will be as shown in Figure 2.20.
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Figure 2.20 Waveforms of the transistor clipper of Figure 2.19: (a) voltage Vg which results when a ramp
input drives the transistor from cut-off into saturation, and (b) the base and collector currents.

The waveforms which result when a sinusoidal voltage v, carries the transistor from cut-
off to saturation are shown in Figure 2.21. The base circuit is biased so that cut-in occurs when

Ve reaches the voltage V.
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Figure 2.21 Waveforms for the transistor clipper of figure 2.19: (a) in put voltage and the base —

to-emitter voltage (b) the base current (c) the collector current (d) the out put voltage

Emitter-Coupled Clipper

An emitter-coupled clipper is shown in Figure 2.22. It is a two-level clipper using

transistors. The base of Q2 is fixed at a voltage VBB2, and the input is applied to B1. If initially the
input is negative, Q1 is OFF and only Q2 carries the current. Assume that VBB2 has been adjusted so
that Q2 operates in its active region. Let us assume that the current / in the emitter resistance is
constant. This is valid if IVBE2I is small compared to VBB2 + Vee When v is below the cut-off point
of Q1, all the current 7 flows through Q2. As v, increases, Q1 will eventually come out of cut-off,
both the transistors will be carrying currents but the current in Q2 decreases while the current in Q1
increases, the sum of the currents in the two transistors remaining constant and equal to 7. The input
signal appears at the output, amplified but not inverted. As v1 continues to increase, the common
emitter will follow the base of Q1. Since the base of Q2 is fixed, a point will be reached when the
rising emitter voltage cuts off Q2. Thus, the input signal is amplified but twice limited, once by the

cutoff of Q1 and once by the onset of cut-off in Q2. The total range Avo, over which the output can

follow the input is VE and is constant and therefore adjustable through an adjustment of 7. The
absolute voltage of the portion of the input waveform selected for transmission may be selected
through an adjustment of a biasing voltage on which v, is superimposed or through an
adjustment of VBp2- The total range of input voltage Av, between the clipping limits is Avo/A,
where A is the gain of the amplifier stage. Figure 2.23 shows the transfer characteristic of an

emitter-coupled clipper.
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Figure 2.23 The transfer characteristic of the emitter-coupled clipper.

Comparators

A comparator circuit is one, which may be used to mark the instant when an arbitrary
waveform attains some particular reference level. The nonlinear circuits, which can be used to
perform the operation of clipping may also be used to perform the operation of comparison. In
fact, the clipping circuits become elements of a comparator system and are Usually simply
referred to as comparators. The distinction between comparator circuits and the clipping circuits
is that, in a comparator there is 'no interest in reproducing any part of the signal waveform,
whereas in a clipping circuit, part of the signal waveform is needed to be reproduced without

any distortion.
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Figure 2,69 Example 2.19: (a) transfer characteristic and (b) output waveform in the presence of Ry.



Figure 2.70 shows the circuit diagram of a diode comparator. As long as the input voltage v,
is less than the reference voltage VR, the diode D is ON and the output is fixed at VR. When v,
> VR, the diode is OFF and hence vo = v,. The break occurs at v, = VR at time ¢ = \. So, this

circuit can be used to mark the instant at which the input voltage reaches a particular

reference level VR.

Figure 2.70 Diode comparator.
Comparators may be non-regenerative or regenerative. Clipping circuits fall into the category of
non-regenerative comparators. In regenerative comparators, positive feedback is employed to
obtain an infinite forward gain (unity loop gain). The Schmitt trigger and the blocking oscillator
are examples of regenerative comparators. The Schmitt trigger comparator generates
approximately a step input. The blocking oscillator comparator generates a pulse rather than a
step output waveform. Most applications of comparators make use of the step or pulse natures of
the input. Operational amplifiers and tunnel diodes may also be used as comparators.
Applications of voltage comparators
Voltage comparators may be used:
1. In accurate time measurements
2. In pulse time modulation
3. As timing markers generated from a sine wave.
4. In phase meters
5. In amplitude distribution analyzers
6. To obtain square wave from a sine wave

7. In analog-to-digital converters.



CLAMPING CIRCUITS
Clamping circuits are circuits, which are used to clamp or fix the extremity of a periodic

waveform to some constant reference level V.g. Under steady-state conditions, these circuits

restrain the extremity of the waveform from going beyond Vg. Clamping circuits may be one-
way clamps or two-way clamps. When only one diode is used and a voltage change in only one
direction is restrained, the circuits are called one-way clamps. When two diodes are used and
the voltage change in both the directions is restrained, the circuits are called two-way clamps.
The Clamping Operation

When a signal is transmitted through a capacitive coupling network (RC high-pass
circuit), it looses its dc component, and a clamping circuit may be used to introduce a dc
component by fixing the positive or negative extremity of that waveform to some reference
level. For this reason, the clamping circuit is often referred to as dc restorer or dc reinserter. In
fact, it should be called a dc inserter, because the dc component introduced may be different
from the dc component lost during transmission. The clamping circuit only changes the dc level
of the input signal. It does not affect its shape
Classification of clamping circuits

Basically clamping circuits are of two types: (1) positive-voltage clamping circuits and
(2) negative-voltage clamping circuits.
In positive clamping, the negative extremity of the waveform is fixed at the reference level and
the entire waveform appears above the reference level, i.e. the output waveform is positively
clamped with reference to the reference level. In negative clamping, the positive extremity of the
waveform is fixed at the reference level and the entire waveform appears below the reference,
1e. the output waveform is negatively clamped with respect to the reference level. The
capacitors are essential in clamping circuits. The difference between the clipping and clamping
circuits is that while the clipper clipps off an unwanted portion of the input waveform, the
clamper simply clamps the maximum positive or negative peak of the waveform to a desired
level. There will be no distortion of waveform.
Negative Clamper
Figure 3.1 (a) shows the circuit diagram of a basic negative clamper. It is also termed a positive

peak clamper since the circuit clamps the positive peak of a signal to zero level. Assume that

the signal source has negligible output impedance and that the diode" is ideal, Rf= On and Vy=
0 V in that, it exhibits an arbitrarily sharp break at 0 V, and that its input signal shown in Figure

2.71(b) 1s a sinusoid which begins at 7 = 0. Let the capacitor C be uncharged at r = 0.



During the first quarter cycle, the input signal rises from zero to the maximum value. The
diode conducts during this time and since we have assumed an ideal diode, the voltage across it is
zero. The capacitor C is charged through the series combination of the signal source and the diode

and the voltage across C rises sinusoidally. At -the end of the first quarter cycle, the voltage across
the capacitor, vc = Vin.When, after the first quarter cycle, the peak has been passed and the input
signal begins to fall, the voltage vc¢ across the capacitor is no longer able to follow the input, because
there is no path for the capacitor to discharge. Hence, the voltage across the capacitor remains
constant at vc = Vi, and the charged capacitor acts as a voltage source of V volts and after the first

quarter cycle, the output is given by vo = v, - Vi During the succeeding cycles, the positive

extremity of the signal will be clamped or restored to zero and the output

forv,;=0,v,=-V,.
for v, = V., v, = 0,
forv,=-V,, v, = - 2V,

waveform shown in Figure 2.7 I(c) results. Therefore
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Figure 2.71 (a) A negative clamping circuit, (b) a sinusoidal input, and (c) a steady-state
clamped output.
Suppose that after the steady-state condition has been reached, the amplitude of the input signal
is increased, then the diode will again conduct for at most one quarter cycle and the dc voltage
across the capacitor would rise to the new peak value, and the positive excursions of the signal
would be again restored to zero.
Suppose the amplitude of the input signal is decreased after the steady-state condition has been
reached. There is no path for the capacitor to discharge. To permit the voltage across the

capacitor to decrease, it is necessary to shunt a resistor across C, or equivalently to shunt a



resistor across D. In the latter case, the capacitor will discharge through the series combination
of the resistor R across the diode and the resistance of the source, and in a few cycles the positive
extremity would be again clamped at zero as shown in Figure 2.72(b). A circuit with such a

resistor 'R is shown in Figure 2.72(a).
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~

Figure 2.72  (a) Clamping circuit with a resistor R across the diode D and (b) output durihg transient
period.

Positive Clamper
Figure 2.73(a) shows a positive clamper. This is also termed as negative peak clamper since
this circuit clamps the negative peaks of a signal to zero level. The negative peak clamper, i.e.

the positive clamper introduces a positive dc.

2 nicenin

Figure 2.73  (a) A positive clamping circuit, (b) a sinusoidal input. and (c) a steady-state clamped output.
Let the input voltage be vi = Vin sin (ot as shown in Figure 2.73(b). When v, goes negative, the
diode gets forward biased and conducts and in a few cycles the capacitor gets charged to Vin
with the polarity shown in Figure 2.73(a). Under steady-state conditions, the capacitor acts as a

constant voltage source and the output is Yo = Vi = & V) = Vi + V.



Based on the above relation between vo and v,, the output voltage waveform is plotted.
As seen in Figure 2.73(c) the negative peaks of the input signal are clamped to zero level. Peak-
to-peak value of output voltage = peak-to-peak value of input voltage = 2Viu. There is no

distortion of waveform. To accommodate for variations in amplitude of input, the diode D is
shunted with a resistor as shown in Figure 2.74(a). When the amplitude of the input waveform is

reduced, the output will adjust to its new value as shown in Figure 2.74(b).

o
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Figure 2,74 (a) Clamping circuit with a resistor R across D and (b) output during transient period.

Biased Clamping

If a voltage source of VR volts is connected in series with the diode of a clamping
circuit, the input waveform will be clamped with reference to Vg. Depending on the position of
the diode, the input waveform may be positively clamped with reference to VR, or negatively

clamped with reference to VR.

Clamping Circuit Taking Source and Diode Resistances Into Account
In the discussion of the clamping circuit of Figure 2.71, we neglected the output
resistance of the source as well as the diode forward resistance. Many times these resistances

cannot be neglected. Figure 2.79 shows a more realistic clamping circuit taking into

consideration the output resistance of the source Rs, which may be negligible or may range up
to many thousands of ohms depending on the source, and the diode forward resistance Rf which
may range from tens to hundreds of ohms. Assume that the diode break point Vy occurs at zero

voltage.

. 4 * ®

Figure 2.79 Clamping circuit considering the source resistance and the diode forward resistance.



The precision of operation of the circuit depends on the condition that R » Rf, and R, »

R. When the input is positive, the diode is ON and the equivalent circuit shown in Figure 2.80(a)
results. When the input is negative, the diode is OFF and the equivalent circuit shown in Figure

2.80(b) results.
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Figure 2.80 (a) Equivalent circuit when the diode is conducting and (b) the equivalent circuit
when the diode is not conducting.
The transient waveform

When a signal is suddenly applied to the circuit shown in Figure 2.79 the capacitor
charges (transient period) and gradually the steady-state condition is reached in which the
positive peaks will be clamped to zero. The equivalent circuits shown in Figures 2.80(a)
and 2.80(b) may be used to calculate the transient response.
Relation between tilts in forward and reverse directions
The steady-state output waveform for a square wave input. Consider that the square wave
input shown in Figure 2.82(a) is applied to the clamping circuit shown in Figure 2.79. The

general form of the output waveform would be as shown in Figure 2.82(b), extending in both
positive and negative directions and is determined by the voltages Vi, V2, V 11, and V'2. These

voltages may be calculated as discussed below.

In the interval 0 < ¢ < 7, the input is at its higher level; so the diode is ON and the

capacitor charges with a time constant (Rs + Rf)C, and the output decays towards zero with the

) ’ ~T\(Rp+Rg)C .
same time constant. Hence, Vi = Viem "% (1)

In the interval T7< t < 77 + T2, the input is at its lower level; so the diode is OFF and the

capacitor discharges with a time constant (R + Rs)C, and the output rises towards zero with the
. = ~-T2/(R C ..
same time constant. Hence Y2 = Vz¢ ok (i1)
Considering the conditions at t= 0. At t = 0~, vs=V", vo = V2, the diode D is OFF and

the equivalent circuit of Figure 2.80(b) results. The voltage across the capacitor is given by



v
ve= V" - 73(1? + Ry)

At r=0", the input signal jumps to V, the output jumps to Vi, the diode conducts and

the equivalent circuit of Figure 2.80(a) results. The voltage across the capacitor is given by

Since the voltage across the capacitor cannot change instantaneously, equating

equations (iii) and (iv), we have
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Figure 2.82 (a) A square wave input signal of peak-to-peak amplitude V, (b) the general form

of the steady-state output of a clamping circuit with;' the input as in (a).
Considering the conditions at t= Tr. At t = Tr, vs = V, vo = V], the diode D is ON, and
the equivalent circuit of Figure 2,80(a) results. The voltage across the capacitor is given by

’ v/
Ve = V- #(Rf+ Rs)
f

At t = Tr, , v = V"=v9 = V2, the diode D is OFF, and the equivalent circuit of Figure
2.80(b) results.
The voltage across the capacitor is given by

” VZ
Ve = - =R+ R
(o R( s)

Since the voltage across the capacitor cannot change instantaneously, equating

equations (vi) and (vii), we get



VIR +R) Ve Vo (R + Ry)

Ry

v’

Vi(R; + Rs) VZ(R+RQ
K, R o, (viii)

V- V'=V=

From equations (i), (ii), (v) and (viii), the values V1, ¥, V2 and V2’ can be computed
and the output waveform determined.
If the source impedance is taken into account, the output voltage jumps are smaller than the

abrupt discontinuity V in the input. Only if Rs = 0, are the jumps in input and output voltages

equal. Thus, when Ry = 0, Vi = V2= Vi - V2=V QObserve that the response is independent of

the absolute levels V' and V" of the input signal and is determined only by the amplitude V. It

is possible, for example, for V" to be negative or even for both V and V" to be negative.

The average level of the input plays no role in determining the steady-state output waveform.
Under steady-state conditions, there is a tilt in the output waveform in both positive and

negative directions. The relation between the tilts can be obtained by subtracting Eq. (viii)

from Eq. (v), i.e.

RI+RS v, - Vi) - R+ Rg V3 - V) =0
f
Where,
Vi = Vi = A = tilt in the forward direction
V5 - V, = A, = tilt in the reverse direction

R R+R
Ap= —L— x L A
Ry + Ry R

Since Ry is usually much smaller than R, then, the tilt in the forward direction Ay is almost

always less than the tilt Ar in the reverse direction. Only when Rs « Ry, are the two tilts
almost equal.

Clamping Circuit Theorem

Under steady-state conditions, for any input waveform, the shape of the output waveform of
a clamping circuit is fixed and also the area in the forward direction (when the diode conducts) and
the area in the reverse direction (when the diode does not conduct) are related.
The clamping circuit theorem states that, for any input waveform under steady-state

conditions, the ratio of the area Af under the output voltage curve in the forward direction

to that in the reverse direction Ar is equal to the ratio R//R-



This theorem applies quite generally independent of the input waveform and the magnitude of
the source resistance. The proof is as follows:
Consider the clamping circuit of Figure 2.79, the equivalent circuits in Figures 2.80(a) and
2.80(b), and the input and output waveforms of Figures 2.82(a) and 2.82(b) respectively.

In the interval O < ¢ < 7, the input is at its upper level, the diode is ON, and the equivalent

circuit of Figure 2.80(a) results. If v/(f) is the output waveform in the forward direction, then the

V/(’)

ift) =
capacitor charging current is Ry Therefore, -the charge gained by the capacitor during
.71 . 1 ¢3 Af
Qg = J.O l/(f)dt— _R7J0 V](l)dt = -'l—e;‘

the torward interval 1S

In the interval TJ <t < Ty + T2, the input is at its lower level, the diode is OFF, and the

equivalent circuit of Figure 2.80(b) results. If vi(z) is the output voltage in the reverse direction,

ilf) = A1 @
then the current which discharges the capacitor is ’ R

Therefore, the charge lost by the capacitor during the reverse interval is

T+l _ 1 (e, _ A
0 = [ idi= = [ vdt = L

1 1
Under steady-state conditions, the net charge acquired by the capacitor over one cycle

must be equal to zero. Therefore, the charge gained in the interval 0 < ¢ < T}, will be equal to

the charge lost in the interval 77 < ¢t < T1 + T2, i.e. Qg = Q1

A
-—-f—=ﬁ 1.e. i [y e
R, R
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