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Course Objectives:

1. To introduce the classification of Integrated Circuits, internal blocks and
characteristics of Op-Amp.
To analyse linear and non-linear applications of Op-Amp .
To gain knowledge on active filters, timers and phased locked loops.
To understand the working of Voltage Regulators and Converters.

5. To study about different types of Digital ICs and their applications.
Course Outcomes: At the end of the course, the students will be able to

B0 2

1. Understand the classification of Integrated Circuits, internal blocks and
characteristics of Op-Amp.

Analyse linear and non-linear applications of Op-Amp .

Gain knowledge on active filters, timers and phased locked loops.
Understand the working of Voltage Regulators and Converters.

Know about different types of Digital ICs and their applications.

W

UNIT 1 ICs and OP- AMPS

Integrated Circuits and Operational Amplifier: Introduction, Classification of IC's, IC
chip size and circuit complexity, basic information of Op-Amp IC741 and its features, the
ideal Operational amplifier, Op-Amp internal circuit, Op-Amp characteristics - DC and AC,
Features of 741 Op-Amp.

UNIT II Applications of OP- AMP

Linear Applications of Op-Amp: Inverting, non-inverting, Differential amplifiers, adder,
subtractor, Instrumentation amplifier, AC amplifier, V to I and I to V converters, Integrator
and differentiator.

Non-Linear Applications of Op-Amp: Sample and Hold circuit, Log and Antilog amplifier,
multiplier and divider, Comparators, Schmitt trigger, Multi vibrators, Triangular and Square
waveform generators, Oscillators.

UNIT 111 Active Filters and other ICs

Active Filters: Introduction, Butterworth filters — Ist order, 2nd order low pass and high pass

filters, band pass, band reject and all pass filters.

Timer and Phase Locked Loops: Introduction to IC 555 timer, description of functional
diagram, monostable and a stable operations and applications, Schmitt trigger, PLL -
introduction, basic principle, phase detector/comparator, voltage controlled oscillator (IC 566)
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UNITIV  Voltage Regulators and Converters

Voltage Regulator: Introduction, Series Op-Amp regulator, IC Voltage Regulators, IC 723
general purpose regulators, Switching Regulator.

D to A and A to D Converters: Introduction, basic DAC techniques - weighted resistor
DAC, R-2R ladder DAC, inverted R-2R DAC, A w0 D converters - parallel comparator type
ADC, counter type ADC, successive approximation ADC.

UNITV  Digital ICs

CMOS Logic: CMOS logic levels, MOS transistors, Basic CMOS Inverter, NAND and
NOR gates, CMOS AND-OR-INVERT and OR-AND-INVERT gates, implementation of
any function using CMOS logic.

Combinational Logic IC’s: Specifications and Applications of TTL-74XX & CMOS 40XX
Series 1Cs - Code Converters, Decoders, Encoders, Priority Encoders, Multiplexers,
Demultiplexers, Parallel Binary Adder/ Subtractor, Magnitude Comparators.

Sequential Logic 1C"s: Familiarity with commonly available 74XX, Synchronous Counters,
Decade Counters, and Shift Registers.

Textbooks:

1. D.Roy Choudhury, Shail B. Jain, —Linear Integrated Circuitl, 4th edition (2012), New
Age International Pvt.Ltd., New Delhi, India
2. Floyd, Jain, —Digital Fundamentalsl, 8th edition (2009), Pearson Education, New Delhi.

References:

1. Ramakant A. Gayakwad, —OP-AMP and Linear Integrated Circuitsl, 4th edition
(2012), Prentice Hall / Pearson Education. New Delhi.

2. Sergio Franco (1997), Design with operational amplifiers and analog integrated
circuits, McGraw Hill, New Delhi.

3. Gray, Meyer (1995). Analysis and Design of Analog Integrated Circuits,
Wiley International, New Delhi.
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Lommon Mode Gam ;- : l
|- The qaw " which 1t amplijles -the common mode stgnals |
 (Ho saroe sqnals)  to produce -the output 1 called asg Commcm‘:i

tode qan of the dipfevertial amplifter . 4t 11 denoted by Ac-|
> A we o«PPlLd two wnput voltages which are apphed  tor)
| eq{ucﬂ in all the respects to the dltb@\'@\’f‘tla[ QmP[l'ble}’ “then
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| ‘dm“‘d output voltage must be -zevo-

te VO = V[—V2 !
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Hy we know that | Uy =Na

we get ,[Vo = (Ll
be V'er\"\,lO\ QN\P\‘ tle T

—y Bul the olp voftage ¢of the pract\ca\ Ay
ot only deperds on the chijperence voltage ‘iout Qlso dependt

; : uts -
on the averaqe coramon level of the {wo tnp

-» Such an overage level o -two thput stgnals 1 called

|

| cormon rocle sgnal it 1w denoted X \e .

i \1 4 Vs

| i Ve = f,Q |

| al
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> 1k Vee = totttart ¢ due to certaw change \© Vee . th
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ANing

FiE EE \ a Vee © conntant .
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- aubtyactey c\\tsbeven‘hodev ; “'“Q‘JYO\“KQY , Vo\tche o Curven—t '
T-y convertor , nstvumentation oweplijleY etc,) | the olp

~ signal VoA duwectly oy \memuj with the ip sygnal.

| Summing Amplijer .

| OP omp ™May be uged +o dexuan dhe Clircwt whose.  o(p \5{
the sum of several i[p signalk. such a crewt % called ’
Sunming Aroplygter LYY  summey - . ‘

| —s The suraming omplijler oae clomifled tp two ypes.

1- dnverting  dumeing amnph e

2. Non- tinverliing  Sumininhg oxmp\\t\er.

-

t. Trwerting Summing  Amplijlers
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i abdie 5—\3 |
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AV\S’(vumeWmtROﬂ -Amp\xb\er g

Many tndustrial systems
systere *re.qluwe o meazuyement of the P\n\dsmo‘\

consumey Systems € pProcesA

coortrol
quarrti-ties ke -lemnperoture , humidity , weght ele.
al quantitier =% generally Cavved

[ The measurement of “the p‘n\ds(c
put with the help ofy o device called

"

Tyansduleyv.

| > A troneducey wn o device which convexta one {oOrmM of
energy Wilo onothey §orm of enevqy: €q: Mero phone.

— guk ™ost o the transducey olp e qenevally veyy low level
sgnalz ¢ not  sujpciest o dvwve, the

- Hence , before the neal slage
b smdhod. 1 Yejecting the

Stgnalz% such low level
| next staqe of the Op-Qmp

o necemeny 1o O‘MP\‘W the level of suc

oW & wmterference .
— However , & general avplijtey hke CE arrphfier ¥ moR surkabe

10 Qmp\rb\.d aueh sxgr\cx\s.

¥ Fov rejectlon oy notse
prev hor low CORR -So W & not SLL&etul'

,such amplfiers must howve 'm%h

(MRrE -But CE amply

| =% orn
| t‘n&mpve Q sPecxa\

= A gpeaal arapl
o wath high OMRR Jhigh p

Jow  powesy consumption B Known &>

;,ai'\on aroplifer . A w also cavled av Qoo J\mplwg\ey_

pliley ured 40 arpihy Such signals.

w wed for such o low level

e whieh
wpedence low olp

aroplijleot
wmstrurnent -

trapedence

> The requivernents of an qood  wntvume nlodon  armplrjley ©»
ﬁwe_r\ bLA L7

: @) +\\cah e \mpec\ence

1) low ©olp impedence

e) High C(MORR
9




@) low powey Consumption
@) Eoven qown adjustment

() High slew yote

) Gan v high (oY) jinrte stable goun.

Sikkerent tal -Ampl kler '; Qo
bb P el

2,
O‘—I\M}\tf =
Q(Z_'hrn'? g o)
®y 3 Vo

G ANNN }QL

- The nstrument@ition amplijler 1% o 4pe ) cijperential

amplijiern. Hence difhevential amplijey s chown v above j—l9~

Frorn f1q.— - =
Vo = = (Va=\y)

= Tre wnctrumentetion amplijler w a ype

DA using op-amp  Con ke ued ay skrumentation
rtf)’on mslrumen-taton amplt fjer -

oy D-A ve, the

Qm\')\\ kler-

Butl -the Wiaun pyoblem tn Wsing
1’ tts ip wopedence -

~— The filp wopedence o DA W low while the T.A needs
very high ilp tmpedence - To Qe vevy hgh ilp mpedente the
DA Can be modjled btd u,s\ma Bujper (o) \)o\tcxc]e ﬁo\towen-
cweuds at dhe {p- At s shown tn below 19
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=¥ The qain & Ahe voltage jolioury  Curcat  w ur\\’cg. While &
P inpedence u \ery hkah. tlence “the cwewt prowdes same
VOl‘ECwJe gamn o p';ov\ded b% the Op- amp dttﬁf-ren‘ﬂoj amP“ﬁ“’""

—% The above (xt providex h\ah iUp wnpedence Jor actuvole

MmeQ suremne vyl °'b Qlﬂm\,g.

- 4t conuets o op-arnps AL Py § Py Op-amps Arg A

ave the non- thvevting ampl flesk form —he tp s’cmae-DP-amP

Ay 18 the difjerential amgijier jorma ne Olp staqe & tioe

omph h\ev :

-3 Ope vavltable vecwstor R, g wnsevted blw the ©Olps °\§ Al
& Na Op- amps with the help o thu vesietor qawn can e

vavied -

- Qqan depends BN the external vesistances ¢ hence can ke

adjusted accum—Le\Ld.

% The llp \mPedenCQ o\epcr\d,g on the ‘l‘P “‘(\PCC\ﬁﬁCC Oh ihe

non- tnverting  ampligiey which W very \mcah.

—» The ©Olp tmpedente & the olp wopedence  of the op-amp

Az which W vevy \ow -

—> The CMRR of the op- AMp Ay B very \'\\cah JThup dhe cwewt

wotisfles the all the rec\(uwemeniz of A qooo\. i shumn e station

omplijier g hence commonly waed 1n practcal Applications.

-A»"ja\\dg(.g =

A moy be observed that the olp stage & abaxc DA

Hence i the olp ofy Op-AND AL s Voy & olp oy op~omp As

B Vps . S0 we Ccab wyile olp of Op-armp W

e e e . e e =
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vottage ot node. Nt B V.

— The node N, Uo\taqe o_j Op -OMPp Ay B Vy -
appeored ot the node N, oy virkual eonnec Hon

= The node N3 voltage & Op-Gmp Ax W .

 appeared ot the node Na by wirtual tonnec ton

;\m\*tc;cje at node N 1w Vo,

—> The

Up cuvrent of op-omp A& Ay

Vo, § Vo, wn terme of

;> Let+ us constder -the ftrst .sfage of an T-A shousin -fl?

<o that wil be
. 30 the

so that vt be
- 50 the

kol oje %evp: Hence

- cuyrent I reouana  came ~Umrouc3h Ry 1Ry Ropaye

ohmry Wun bl the nodes Ns § Ng, we QRE

| = Apply ing

|

let |
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Now Qk 1he nodes Ng § Ng

R = Vy ~Ma
©

—> (3)

Equole eqa)y § eqd rwe Qb

Yo =0, 1 Myeie
1?_; + R R
k
mo\t\p\‘d ' on bls Wl %R
Vog - Vo Vy -V
ZE§+R 3 r
Ng-V
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R
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. %o SFeg)

| T 2R
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Thic w  the overald VO\\‘C\ge gawn oy e TR

whire R w» -the vouable yesistor -
*. The Qa0 8 de\)end»\ on the K.

Appitcation :

1. Temperature  eon\s pMEY

L L\cah{ w\{e,nsﬂ'xi metey

3. Analog weight scale
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]V AC -f\mp\\t\ﬁ 2

|
L AC amph jler .
= AL dhe OC ilp s\gnol 1A supey wmposed with the dc

t(cct\on Ob quch dce Stgho\l&, the COup\\na
ilp oh Hhe Q¢ amplijier -

restrict the anoph
copacttors mMuat be Used at the
;"5' There are 2 ‘types o AC anplifleys:
s Arwe\-t\ha AC orophpley
R Non~mve~c’uncd AC omp\\t\ev

1. Anverting AC Amplt ey éﬁ

:_;_-.q AD
obove arcut ghouwos “the trwextmca ac amplijtey  because

-y The
ey -Unta “tevrmince \.

the AC
~%» The Ccopoutor g

ilp swanol 73 tﬁd to the ww
Llocks tre de COMPO
ncy o he aunnph e

polertial by Are wvrduol

nents and  reRAtDY

B ety the lowen 3dB freque

o aince node @' woot %round

connection . The oOlp voltage No 13 quen by

W:{R{J
N¢

' .from ’jl%. (f =
‘ 55 1
R+ =,

|_.,_, jwce

> The op-owp can amplifies botb the types of signals re., Dc to
|

1 AC . The Op-aomp 're&pondm% to ac sigrol {then 1w called o |

Stgnol, to |
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133- Non- mve.t{mfa Amp\\b\e\ 2
Ra

9
1 FO
| = vio|”
| Q-AME, —0
N

’ & | cl' B! + "
| N AN\
| Ze,

= pn- NWVEN hha Ac Qrﬂﬁ\‘tl@f

The obove «(—:a‘ cdhowr the N

became —the Up AC S\qnol ® fed

Jevrm
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g e ———

\foHQa]e - Cuyvert Corveylo? <
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- ANCLOY d\ma 10 Cconne

t- Floating —tYype V-1 Conyextoy
2. Grounded -ype N-1 conve~ tOy
Ak s b\od‘tmca
conneckted 1o the qvound-

=¥ O am\mded “ype -1 conveyioy

duwectly connected 1o the %rour\d-

= Te carewt

cource (Veee) becouce heve the

Olp Current (oY)

| \m\-mcae .

> An v-7 convertor -the olp lood ¢

ctlon o \ood theve are 2 typey

type V-1 convertor ,the toad resietor Ry not

olp cuvrent w® controlled by the tnput

1o e non- inves g

rok « The ©\f voltage Mo \A %\\m\bxa-

urverilt B PYOpoY tlomal

the food resustor Ry 18

|
X alAD ca\led \Jo\tagc ¢ ontrolled cuyvent l

ilp voltage cortyor  the
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- A V-1 convertor with grounded load 18 shown n abow 19

- Let V, be the \Jol‘mge at node ‘o ,Qppl\jk\a KeL o vode o

ur Qet A 2
L ri\—k T, = J { — Wy

From £q9. 3 =
% = —3x Q)
d l Ke
- \lp- Vi
J)_ = Q ‘_§'(?>}

Sub,. eqlay § eq3) eq L)
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— Fromn the above expemon ,usw  com Aoy tat the load cunrent

I dependh on the "\P. voltage Vi -

Applications :
l I+ kow Vo\t'aqe 1 dc Uo\-tac}o, conver oy
R Rode testey
2. Zener Owode  tetten.

| Current -\Ioltoqe Convexytoy :

= Ao T-v conwertor the olp voltage md\rect\\d pyopor tonal
| 40 the {|p curyent .

| (:look 35\

wheve , Vo = o|lp voltage
| | IS = “P curyenrt

| Tus  curcwt w o\rp colled ox current cortrolled \)o\'ccuae,

source (¥Ccve) because tha Olp vo\&o%l corrirolled by tp

cuvrent Loy) Up aveent tonlyolls —the O\P \)o\’co«ae-
R

I%B
.
\
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| The obove .f-lca . Shows the Cuvrent Ao vo\taae Convest
v oY

be cavuw ol viy tuad Cdroumo\ the voltage Vy =0

Applying kel ax node ‘& .

Xis 2%}
f[g b o

(ional 1o e ip curveol o

—> Thus the olp volOGH » P‘OPO
oltagqe conveiion - 4t A

the circrut WOYKA ax tuvrent to N
alto calud o Trans yeawtante QmP\\’G\ev.
; . Applications -

1. Photo diode detectors

| a. photo fet detectoy -

And Ho\d Cireu®

Sornple
= \
A2 “_OO/F ;
+ Yo |
S
No?%Y
R
= La rc : - .
?i Cample hold Ct whb ® a crewtt o which Samples the ([p
i wgnal and holde on B ity lout sampled value umtll the ojp
. gampled agaih.




—»  Thuis tqpe, o} cweutk mveua WS%\L\ n Q\‘\o&Dﬂ 10 dtg\'tod

convevtors g dl%!tQ\ Communt cationg etce.
> ‘the oabove f19- E-mosFET acte o switch § 1’ controtled

by the tontrol voltaqe Ve & Copacrioy ¢’ stores the charge -

| e
:—+ The cmolcxa sxana\ Ui o be samp\ed 1t applied at the

non-nvevting  tevminal o Au Op-Omp & Lhe Same akp \tg
appeared Ot the dvary “levminal 9 - mosfen . Wihen the

- tontol  ubttage Ne applied 1o W2 caa,tﬁ the +ve halp cyce |

RS Png - the MOLFET w oN which aclr asy o Closed Swwuch

g the capoerior ‘¢’ charqed by the
appeoss ax the olp of the Op-AMp-

1 qong {ne WOSFET ® sunt
\nveyting

ip voltage Vi and the |

came voltage
thed OFF

= when -ve Yalf cycle
& Oﬂl‘d drschouge path  for capacitor € “thiough NOR-

| tUp of the Op- AR
I__-\. Swnce  the P mnpedence Of the oOp-Qmp vgh«ah'i‘ne uo\ta%m

| gk retoned & o w Oppevs ok the olp oy the Op-aMp.
‘-* e P g olp LooNe 0TI Q{ the ciremt shown 0 below 5\3.

l
1 gug\ \\L"\

ey T %

25 | s i 124
GETERE

= GND
o the S((Jr\a\ dufu\a which the

5

|

= Tthe tive pexted

: voltage ocvon the Capattoy (ve) W equal to Vi » called
|

|

comple peviod (Te) Gy On Hme lov) Charging e .




> The tme perod ©of the signal duning which the .wottage

ocYosC the capuutm Ve tx held oratoamt e coalled Hotd

pevtod (Tw) @EY) OFF e o) AQLSChougmg “‘me.. {

N
h »
Jot [ 7
\0% ‘l?
- S
!
@ ' | %%
. . Yo
A SFET
\)/‘T\ 903;\:; ‘ /o§ |
A ' | g |
] | W
; B
t | @ “9‘\/
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T T —>
' |
Jo
A \a
‘J\Q\vfﬁf\\o
g Q\\,
2 >
tor ¢
Inteqra , s uegrl 5

% a cwent M whida olp YORAg

ki wewmt.
' \ vt tor €
Wp voltege - The e low t\ﬂlcs;hom the dea eqra
=
2\ '
Ll gony b
o~ Py W

-

= anp

¥ The ilp voltage Vi ® opplied 10 the twertwng Hp terminal thioyh




{

Ry resistor .

— The capacttor current £ W quen by T = (¢ G ¢

> Snce op Cuvvent off Op-omp 1B %er0 -he entie Cuvvent 1
-t\owmca -H‘\rouah Ri § Cg.
Applyng kel ot node p'cY

Ji-Va
R

Eor {p ade I =

where Vo= 0V ; be@ure VW tual connecton

, % _
\1 = 3. — (V)
Vo -V
At olp side 3 3 = Cg d (Vo-Yo)
: dt

equating  eq ity q eq )

NG dvo
M- -Ce G
t

AMg = - l’i_d—
E\CF

ntegrating  on ks v 98

+ +
J dVip = =i S \l At
o E"C‘F O
S i
Wolt) — Wolf) & == Ve (1) At
RiCr Sb
) 1
Nokey = T I Nfltyat 4 \lo (0)
WCF 4

Where, RiCg = N = Tiae tonwtont of e grator
Volo) wa the wtial ©lp voltage
—* The above egqw show? +hot ihe olp =1 tunex the

R
inteqral  of i[p-




‘ practical nteqrotor

Orawbacks ¢
- ithout ﬁl\!\ﬂcd any p »ue Qet sorne  volkage al the ofp

&0 we con treat dhat 02 evroy SLgﬂol-

R. Capacitor qetr chcwq\wn g discharqng due 4o has currendy
§ add 1z ejjeclz on ofp error woltoge - Ajter sometuve ofp
of Op-Omp Moy achieve ke saluvation level -

2 Band wadth s very small fov 1deal mteqrator « Hence deal
inteqrotor con be Uged oy Vevy amall Jrequenty  range o tp's
onhd.

— Because of o\l the above drawbacks the dea) irteqratdr ®
not uged n prcxc-ucodl(d . Some additional tomnponervls e used
O«\OD% with basic inteqrotor cuewt -lo reduce the eﬁbﬁct' Q{ an
ervor yoltage  practica l\(d such On Inteqratoy 1 colled a%
practical \n-\egraiov cwreuat .
Practical Int eﬂra‘tm; ’V\I‘\QJ‘—‘:
Ta

Ry —;‘-—{_

.e J ‘
\)\ =Ny \AM \IO\ -

& o~ pr? \,{)
&

?Com 9

. A i the
— The drawbockAs o-s cﬁn deal m'tecam’cor can be mmrsea in

o} verstonee Re 0
crrenk

, which consnta
Parallel wrth  the capac_r‘mhce Ceg -
circt  Shown in obove "9

— The practical ke grator
ey COMe Ahe @yrors due

% The vesukante Reomp 1w teed o o

10 the bioa cuvends.

o -




e T R T

L ——————

| ¥ The tewsrtante Rp veduts -the low Jrequency qan of the

Op- amp.

= The pavalle) combinoclion of R § ¢y behoves LWKe a
practical capacrtoy which disipates powen untike an deal
Cﬁpcxm’lov- For -thit Yeagon thie Cwrewt 1 alko called OA

)2

Losgcd wrlegrator .

t

— Since {p current Q@ Op-OMP 1% RevD, froM thi tancept. o
viytual qmumd Vo, =0+

Applying  KeL ot node - S

: Tz dys Ty =20
l -
| gut 3 . Vi-Va
(&
§ o A
| 3
|
| r Vo
| B = =il _y3)
|
| g = =5 | B
| K—f !
i |
| SUhy  eqa) 18 & (w) wn eqll)
R adt B¢
y A‘)plnj LT on b:S ,\ue_cdet
1 Vol
_Yl—(—S) _ -SC\: VOCS) = —-"%""
. =Ry S\
| \
| . -
NS oyt [SCF + KF]
| Ry
| N ES)

(L) = ]
| - Ri [scp+ Vg




| 34 1 wed in So\vmca dijperential equation’s

Rk 3t g ured o wove shqppm% CUrC Wil -

Eob ilp voltoqe - The bdow t\% Show? the ideal d\bbemnha’cor

|y Apply ket ol node ‘o'

_AELs
s 1
Vate) = ser+ Ry

_h-h——b

Applications o

4 12 used wn Amloa computers
a- At v ued n analog 1o dl%‘-m\ Convey tors

Rifferertiotor 2~
Bipperentiator . a et 0 which olp voltage & d\\;bewn’uah:

_— T
i
Nt I

l
[ ale A

«L |
an?

-——

The nhode 'a' 12 ot Wwrinal c&mund polential e Vg =0

~» The tuyrent I t\omm% -rhrourah 1he Capacitor ¥

- 7 av
3'Cd!:

dlvi-Va)
L= £S5

OSuwe 1o virtual connection Va =0
Boxop B gl
at
i lant lkj ot -he O‘P Sld(’.

-\
q Va- Vo
Ry

1"




- —N
l L 5= ——O —-y(')_')

! K¢
€q’ucxtmca obove = egus

¢ gyt .. = Np
S dke T R
.f

| | dvi
{\Jo = ~Rpe =Ty

wheve . Rg.c - Twne constant -

=¥ Thus the olp voltage Vo 1 comstant ERp-0) tnes the
| devwative 9of {he Up voltoge-
Braw bocks >

- The gaw of the difperentiotor ncreanes ok {requenty

L increores - Thux ot some hqh {mq‘uu\u(} 1he dlrberer\ho&or

- ™Moy become unstoble £ break into Ahe 08¢ \lotiONA .

. 1
2. The 1|p Impedence ¥, = e » v tveqwzv\t% nCrecurex

tmpe dence  decrearer -Thia moakes ihe Cirtuk Very much
; genstwve o the Nowe.
3 This notse ™ay Ccmp\e—\e\kd over wte the o|p of the
d\ fieren-torloy -
Henee the differentiador Cucurt  eohiejies Sujpers From
the  stabilily & nowe problem ot h\ﬂh {requencies -
—Thete pioblemt  tan be  ovevcome by adding additional
| Componerts.

|
| Practical Oferentator s
E = The dipjerentiatos curcurt sughere jrom the Sko\b\\\t\j £ Mol

[ Probterw ot h\%h frequencies. Thete problema Can be e lmrgied

i by practical chifferentiaior.
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—""-";\%’égrm—homv etreunk c\e&qne.d by upng

‘N
rexistarye Ry 18 10 gevied with G % c.apam’(m 4 w

|
|
|

= The practcal

qu'q\\e\ with  yelistance Ry

'-»* The recictance fecom‘: i used for bar compe nAALONK.

Anahﬁsu 2
- The turent 1 Hlowing %moﬁh the R § € componenth - Buk
denoted by wapedence .

| the teviea (ombwnation o K § G

‘ Vi
SO. 3 o
y

AQ.LOYd\ﬁ'ﬂ o L.
Jilt
0 Q)

o5 a—ap L)
&
\
RIRET * -7 e L
Jwity
= R+ EZ;

%1 = R,SC‘*H

Su:b" I, \n eqty

\ics) SC,
N -
L+ RiSE,




Stm\la«\‘d S0 8 T

Apply  KCL ot node ‘a’

3_ = 3 \ il
Ui (e) 8¢y —Veol(s)
- = - SC; oY)
~A[L8)

SR !
."VOLSS[* '(’SC_;]
N Ry

= = \Vpl$) [ Jrotphy
i)

S

VO (S\ =

vise, Ry
(t+stry) (it SC_}R{V')

Let wn Gmumse Kf (‘f = Bl
gy = = Vits) SCiKf

(1+5CsRe )
L} p-}CI )' C}Ej’ lth@h {-he 'dGﬂOm\ﬂCd’DY can be r)e_jlecf-ec)

[o', Mo (§) = — \ils) SC'RJ/
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Bg aPplying tnverse LT Ao the above egn , we get

—\-I;(t”d’
a‘a VO(t) = ’R& C‘ ddt)

-App\\Ccdloh;, ”

AL 1w used N wave sko\Pmc() cwecudds

2. AL used wn ConveyiorR e ., akqgoﬁ 1o dua,w.

Compm’a‘tOr 3

| = C,ompmcrtov x a crcnt o whieh compares —the Ql%hod VO(Eafae
ot one ilp fevminal o an Op-oMp with a Known refrence \roHacjg
at another ip “4évminal of On op- amp-

-> Bo\s&mlkj tomporotorr e Sy 2 Yypen -

(+ Non- lmevt\nca Comparatdy
2 Arwe'vtmca Compai ator -

t+ Non- Anvevt\nco Com‘\)mq‘lm :

WA

5
Vo
e =Ntk
\l.(sxl a1
i

—
-

~ The obove f1q" shows the non- VNG Comparatby- |
™ A fined rejerente Voltaqe  Vigy applied o e \mm’mﬂ |
Cilp terminal & Siﬂna\ \solmﬂe Vi (& aﬂ)heol +y the Non- wovat-
,"‘(d ilp tevmunal -




| = Swanlarly when V‘x>'Vre,b

|

|

> Thus ofp veltage Vo Chomcaus

. ancthey soturctton level whenevey Vi

— Becaune oh Haie awanodeme_m% 4he fuwrcuit @ called non-

mvev't\ncq comparator -

— When Vi< Vrgp »the olp vottage Vo tn at —Vsat (2 - Vee)
because the voltooge at {he trverting ilp termunal Cve ilp
tevmunal) 1y Pigrhen Thon thot of nm\—u\ver-hn% ilp termnal

(sve P teyrmnatl) -
» the tve {[p voltdge W® greale

than -the -ve ip voltagqe - so olp voltaqe Vo Gow» o 4 Veat

£ xNee) -
trom one Sacturation l@‘{d"fc

= Viey 1 the Corresponding

ilp ¢ olp mvetmm §or +ve Teference vig A shown 1D f\ﬁ.
NN
A

- \kak _\/ 7

N <NNe g

= th the rvejevence voltage Vi ¥ -w uorth vespect ground

worth the S.thr\cx\ applied to -the tve “er minal -




— The COfvecpondirg  upvejorms  Afe shown below-

wvi N
o) : : 3.4
Aqx?**‘“"\‘
© — L

st N e X

Arwerting Coraparator : |

Novelf

-

- It v o arwt ouhich the reference VO\ﬁMje Vep w opphed
1o non- et ting ferminal & <ignal wltoe w opplied 1o the
veriing  fevminal -

= Whren Vi< Ve The C;\P voltagqe Vo 15 ot + Veqr (*Vec)

because the voltoge at the nverting nput 1 leasthan that the
non - \nvevking e voltage - |
- smtarly  when Vi > Vegy | the vmn-mvev’m\ca e 1 less thon

—he \'(Wertmca {lp then \p qoes o —Veoy (‘VEE)~




- The covve sponairy woveforrs  u shown 10 below e
\I\A\\Q>

PVICAE &
& \[g)\labf [

Vi)
A~

N§ /-\

° > L

—wnef

) ) ol ‘ ) G ) e il 3 e
' ‘/-\':L'\‘,efc\

-\’\lsak‘i-. — Y, ===

,\lsd¥ & :Z

Applications ;
- Zevo c0osang  detector

. Schmott 'htcacaqv (m]enem-lwe Couma’co*)




Schmttt Trigger -
—» An boewe comparator cirant 4l s not ured § op-omp ®
uged n open loop rhode .

—> On open logp op-omp qaun © \arge - At any cost wheve
aoll noce voltages can ‘caure trgqeving o 1he Comparctor.

guch  uwnwaried nolse cauye the olp 1o jurmp blw high g low

 Sate

— The tomparator circat uged to ovold such unwonted 4‘"‘332"”8

J@\\anﬁe\ % Ccalled Yegenevative comparaioy tov) scheatt 1n%er

whieh b(l%\cal\td urex tve 4lb -
—> A coraparator cirewt worth  dve flb 18 Known 01 schm\ﬁ

| truqqer loy) regenevative comMpayotov-

\J‘(a == %
NO
-+ g’
QL
NEX:

=+ A tve s cowmparatdr with Stgnal B applied o -ve ip

5 Shown ' above 9

|
|
|
|

| —> The 1p voltage Ni tnggert the olp Vollag No eyery-me

1t exceedz cevtawn voltoge levelr .Theae uoltage levels oe called |

upper threchod vo&aae (Vur ) & lowey Hhredhold Voltage U’C\B
— The difjevence bl -thete voltagea cwie called  hystereu |

q'- \’\.‘ o VUT ._VLTj

\IO\t‘O&ie LVy)
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”** The thresbold uolmcju ane Calculoted o jollows

@) Suppose Olp \)o\taqe Vo = + Veak ,lhe voliaq‘e ot 4ve ’\\p

teyminal tan be Obtamed btd u)sm% super positton theorem .

Wyr & sty R Vo Rs
Rit Ry R\"*R'),

hese yoltage 12 called uppey threthad voltaqe LVU'Y) :
B th Vi< Vyr «the op Vo remams tomktant at +t Vet - |
L) Wwhen Vi ® yust qreater dhoan Vo | the olp re_generom\mhd

swtches {6 -Vgoq § remams ot s level il Ve Vg
AT° :

» V3

dy Eor Vo =-Wat , the voltage "at +tve ilp terminal u

Viq = Hep® o Vet R

Rl"*RQ_ R\*RL
This vol&-acde 1 colled louwen threshold vo ttage -

@) The tp wltaqe w Vi enust become lemen than Vg o
- order to Caure No 1O sintch  from = Veggp to % Vsot -

Q-s A regenerative 1ramt ixtlon taxes place & olp Vo veturm

| forn —Veat to tVeat 1 shown ™ Riow {1Q- |

@) The diggerene bl 2 threshol d wpltage called oa htjsterem

L \)H = VU'( -~ VL‘T =
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thy The bysterisic cuvve 1w showe tn below 19 -
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Multivibrators : T

Muttivibrotols 1 used T qenerate non-sinustidal signals | 1
youttiviatons oje feqenerotive ey cudg.

Bastcally  paulttivibroctorgs  ave three 1ypes.
I+ Bxstable 2. festable - 3. Monpstable

la) Bistable Multr vibrator :

Ty Bistable rauttwibrator hog tLo slable stoler we wae two

{n%caevm% pulse -to chon%e ctable state 40 Quast slable state-

!lb) Mpnp stable Mu!hvtbm‘tor z
Monostakle muttivbrators ojerstable state and One quast stable

ctade - At 1 alzo -called o one dhot multivibratoy « The cwrewk
d\qgram of rMonbetable voultivibyator aje shown w below $19-

&m & AN

R

5
2 Bt = QND
spect b\ed duroton

—> The circurt p\'oducb\ 6] smca\e pulse o}y
ch cueurk produces

fesPorvsc -to each external -\ncac‘]u S\C]ncd jor su
‘ ore ctable ctate . When exteynal -tncwex 8 applied , he op ¢

; M2 stable stote wto state 1R called "ouani slable state .

¥ The dinde Dy Clampihg  dwode 12 connected QCYORA capacmmu Cy-
|~>The diode Clorpt the  Capoctioy vottage o oAV when the olp
ot +Veat -

— " == —————




’-+ A negotive qoing pulse iqnal \’-t-POW\‘“% thiough e hgh pan
e RaCy and diode D produces neqertive qaing -tnﬁumcd
Cpulge and 1t % applied 1O the non- nwer-t\na termmal .

> To upderstand the Operation let W astume Ahot the olp

Vo B of *Veat that 1 v tlg stakle state.

— The dicde Dy conductr and the \!ol‘taat across ihe cgpamtor
® clomped ot 0.3 V:

—> the \ro\t‘che ot the Mon-wexting ijp fevmmral © convtrolied btd
Potenttommetric dwider g, , R, +to BVeat -

— Now, iy a V\e%crtwe “tnamenhci pulse applied 1o von- \‘\\;Qﬂ\ma

’tevmmod 50 thal the epyectve Woltoge ot thés tevrwmal w leas

| thao 03V becauge BVogy -\, ¢ 0.3V
> Then olp charqex 1tz ctate Hrom o+ Vear t0 ~Vear -

.“” e diode il now et Teverre bias and capacrtor stavtg
dxschmgmﬂ -ﬁ\xoucdh reautance R.

> The voltage ot the non- \vwer’:mcd e -lexy minay
~¢ When capautoy
i‘thcm

12 now ~ BVl
Voltage Ve kecomnes Jurt s,l\cqh‘tlta note -\e
-PVsar s then olp % the op-arp Qhanti% jrom  ~Veqr 10

{+Vsodc aqain  Capacdtance Qets chou*camg

R uelil  capacitoy o \toqe  reaches g,av.

4 Veat ﬂ\muca\r\ veAlntance

» b

\l\ | Q@ JN R \1‘\%‘30 gl\ﬁf{a VQ\ 5 G-

Na  5 T —— N @Sak ) o/ “\\&3&,




Lerrvation of pulse widtk (p) :
tote lowpam jilter o qureral expresion 1t quen “)ld

&
Vo = \p 4 WWi-Vg) & RE

wheve |y

.f

N

n

-}moj value ob \ml*ac&e

nthat value o voltage

n

- From the rmontoble Viorator aoe discussed about the volueh o
| \g and  \§ -

| Nl =
| S R =hel
! \J'\ = VD‘
| wbeve , Ny » olp copacitor voltaqe LVC)
: -tle
=2 VC_ - VSCLL + (VDI 2 (-VSQ.X.‘)S € 5
At , =T WNe = '@Vm
~Tlec
*?Vga_t = -Vth + (Vb“\’ VSCLt)e
~TlrC
Voot (1-8) - (VD‘ + Veat) e
-Tlec Vaay (- @)
| € =
<; \’D\«\Isa,t
l _APP\\d l0<1 on ©b-¢
Vgat ("’Ps ’]
l ~T =
‘ {E'C_ (] ’“\A( V’D\’*Vgcﬁ.
| \‘ .
a T’RC = iwn B sk
Veak (1-F)

A

\, .
| ; ‘ Lu[ 1 T Veal . h.\_—]
| Veak P

a0 el
. Lv\ [ Veedk
g




u Vp ¢ < Veut '+ Ru=Ry P05

1
T = RL In [ ”'O'SJ

. pe An [2)

['r = 0:b9 Rij.

(¢) Acctable Mu ltivibrator :
- Astable wultivibvodoy hox two guast 2table states. $0. Mo

need o %‘w_ the -tncd%umea pulge ~to Chanﬂe- dhe state.
*«uhmv\a sl bavtbratbr o AT A uxed

—» Tt wu alro called o -ﬁree

1o jenevcxte the gqlase WGV EA -

— The cweut produces two Guani stable stater -

L 3p Cafat ‘T‘(o“ Qs 55

Ne .:"EPJ’
- I I + L= \ (\)o_q-ivpzz
o | | PR \ {__P_,__:, Qo P VOV
2 P— .
No=4 VSO&
\L‘AQ# = gﬁt
Q,q;}
I‘\
%\IQ Q:—
~\' = Lm0

-

~> The obove {\a. chows dhe squone WaNe ﬁmem'tor cvveurd
> The refevente woltdge (Vo & J‘ea back to -the N)ﬁ—\\’NQY\:m(J

Herminal + whexe
Ka

Vo = +Veat O - Vgar O
—Vgak 10 + Veak
~4+ The ©Op 1 olro fed ook 1o lhe muevmmu ‘ermin al -&hmmah

Re combination (low oA \‘“Q") ;

R




S —

— When evev ilp ab the “\\J‘ex-\\r\a ey el u ex ceodh V\’eg'
C\\m\ca\md ‘taker place wn “the Ofp —then 1t Produc.u Squeue WANE |
—r o ogtoble mnaliivibrator  bolh the  chales e quan stable
state .

— 1o undenttond -the operation let s constadey Vo = 4+ NMgat now
Capacttoy qets chomﬁw\od touoasds +Vegr rough reantance K. Thua

w chown W kelae {19

W‘
| |
e e \
i o P-AC svo—;a\-\)ga‘:
%«. ‘

s
- Ag lovu& os “the copactton vo\-\mqiﬂ\éc i leas fhom + PVeat TR

dp Voltage remains ot + Vegt -
3 Ac SOOW OA cQPac\fm \toltacae, Ve Ckmcacd o a vedue S\t?h‘&\«d

| Qreatex thom +PVeay Tthen the ol voltaqe Chonau jrom |

+Veatr 4o — Vsak®

| = Now Ahe Ccopactor gets dlSC\'\O\Y’aW\% “\\'\xouah vexirtamee ®

Yowands - Vead - It W s\'\o\a’)‘(\ i Pelow Y
AN

Al

[

]
| o \
y R nVOﬂ——V&‘aL

— When the olp \lb\\:dﬂe choncdui M wNopt = -Veax the
CCLPO\C!to'V ckavxcjux raoYe  § moYe r\eacrtwdg‘ untl) s Woltage

juat erceeda - (Veat -




- T i
! The olp chanqes back 10 +Vsaxr -The cycle vepeats  rhgelp -
|

',Cmvespowchwa e & ole ROOWRFFO TN showon N below {\ﬂ-
| A

|
|

4

- LT

/

: Berivation of ~frequency o Osetliattons :
: The 9enem( €D YEAION 9{ Low pam {dt*u th given 57

\o ._\]f £ [(i=Yp) étlac

hete ,  yi = tnibiad value of Voltage
y - ol vabus o votage
S0, Nis= -BVeak > Y = Veat

wheve ,  \yg - ofp Capaciioy \lo\'%atae N¢ -

s I - ¢
VQLt) = PVSQQT

T
PUsat = Veapr + (- PVeat ~Veat) e !
-TVlre

PVeak = Vear = Veak (14§ €
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555 TIMER AND PHASE LOCKED LOOPS (PLLs)

Syllabus Contents:

Active Filters: Introduction, Butterworth Filters — 1% order, 2" order Low pass
and High Pass Filters, Band Pass, Band Reject and All Pass Filters.

Timer and Phase Locked Loops (PLLs): Introduction to IC 555 Timer,
description of functional diagram, monostable and astable operations and
applications, Schmitt Trigger, PLL-Introduction, basic principle, Phase
detector/Comparator, VVoltage controlled oscillator (IC 566).

ACTIVE FILTERS

Electrical Filter:

An Electrical Filter is a circuit that passes signals of specified frequencies and
attenuates (rejects) signals of frequencies outside this band. Based on

processing techniques, electrical filters are classified as analog filters and digital
filters. Based on the type of elements used analog filters are classified as passive
and active filters.

Passive Filters: (RC filters and LC filters)

They use passive components (R, L and C). LC filters (also called crystal
filters) have high quality factor ‘Q’. So, thy produce stable operation at high
frequencies.

L C filters are not preferred at audio and low frequencies. It is because

> Inductors are bulky (large in size and heavy)
» They are costly.
» Stray magnetic fields are present due to magnetic coupling.

Thus, RC filters are used at audio and low frequencies.

Active Filters: They use opamps, resistors and capacitors. Here opamps are
active components and R & C are passive components.

Advantages of active filters over passive filters:

e Opamps provide large gain. So, i/p signal is not attenuated as in passive
filters.

e Opamps provide high i/p impedance and low o/p impedance. So, they do
not cause loading of source and load.




e Because of high i/p impedance, we can use large resistor values. This
reduces the need to use large capacitor values. (Large capacitors are
bulky and costly).

e Opamps are less expensive and inductors are absent in active filters. So,
they are more economical than passive filters.

e Active filters are easier to tune and adjust.

Disadvantages of active filters over passive filters:

v Opamps need two power supplies

v" High frequency response of active filters is limited by the slew rate of the
opamp.

v" High frequency opamps are costly.

v' There is a problem of oscillations in multi stage amplifiers.

v" Since active filters use active devices, they are more susceptible to RF
interference.

v" In band pass filters and notch filters, practical considerations limit the
value of Q factor to 50.

Types of Active Filters:
1. Low Pass Filters (LPFs):

They allow low frequency signals and attenuate high frequency signals > a
cutoff frequency of f.

2. High Pass Filters (HPFs):

They allow high frequency signals and attenuate low frequency signals < a
cutoff frequency of f,.

3. Band Pass Filters (BPFs):

They allow a specified range of frequencies and reject frequencies outside this
range.

4. Band Reject Filters (BRFs):

They attenuate a particular range of frequencies and allow frequency
components outside this range.

Frequency Response of Active Filters:



Fig. 1: Frequency Response of Active Filters

Fig. 1 represents the frequency response of the 4 types of active filters. Here
frequency (in Hz) is taken on X-axis and gain is taken on Y-axis. Log scale is
used for X-axis and linear scale is used for Y-axis.

Based on the design of filters, analog active filters are classified as Butterworth
filters, Chebyshev filters and Bessel (Cauer) filters. This classification depends
on the Transfer function.

Comparison of filters:

Filter Type | Pass Band | Stop Band | Damping factor
Butterworth | Flat Flat a=1.44
Chebyshev Ripple Flat a=1.06
Bessel Ripple Ripple a=1.73

Since Butterworth filter has flat pass band and flat stop band, it is preferred
much.

First Order LPF




Fig. 2 (a): First Order LPF Fig. 2(b) Frequency response

A First Order LPF has a single RC network connected to the non-inverting
terminal of opamp as shown in Fig. 2(a). Here v; is the input voltage and v, is
the output.

Here R; and R¢ determine the gain of the filter.

Let v, be the voltage at the (+) input terminal of opamp.

1

~v41(S) = v;(9). Rj-ci = v(s).

1+SRC

. vi(s) _ 1
ke SN (1)

where v (s) is the Laplace Transform of ‘v’ in time domain.

Closed loop gain of opamp = % =1+ % ........ (2)
1 i

Overall Transfer Function is given by

_vo(s) _ vo(s)  v1(S)
HO) =5 ™ e we)

- (1 + R_f) ! {using egs. (1) and (2)}

R;/ 1+sRC
_ 4 _ Ry
= Trenc Where A, =1 + rRRTE 3)
Standard form of Transfer Function:
-1
Let (A)h - RC

Then from eq. (3), we can write

A A Apowp
°o_=-_o = Zoh 4)
1+sRC 1+— s+ wp
®h

H(s) =



Frequency Response:

To determine the frequency response put s = jw in eg. (3). Then we get

Hw) =

Ao
1+ jwRC

— Ao
1+ j2mfRC

— Ao
1+77
/(1/21'[RC)
—_ AO
1 +jf/fh

1 1
Where f, =—— or w, =—

2TRC RC

Consider eq. (5).

When f <, H(o)| = 2= =4,

. A, _ A,
When f = f,, H(jw)| == =
When f >, H(jw)| =22 =0

1+

Fig. 2 (b) shows the frequency response of first order LPF.

Important observations in Fig. 2(b):

i
ii.
iii.
Iv.
V.

Maximum gainis 4, at f = 0 Hz.

At f,, gain falls by ,707A, (or — 3 dB below A, when A4, is expressed in
dB).

Frequency response from 0 to f;, is called pass band.

When f >f;,, gain decreases at a rate of 20 dB/decade.

Range of frequencies where f >f;, is called stop band

FIRST ORDER HPF




Fig. 3 (2): First Order HPF Fig. 3 (b) Frequency response

A first order HPF has a single RC network connected to the non-inverting
terminal of opamp as shown in Fig. 3 (a). Note that, by interchanging the
positions of R and C of a first order LPF, we will get a first order HPF.

Let the minimum frequency allowed by this filter is f;.
Here R; and R¢ determine the gain of the filter.

Let v, be the voltage at the (+) input terminal of opamp.

R SRC
201(8) = vi(9). — = i(6). Tram
sC
o, 2 - SRC (1)

vi(s) 1+sRC

where v (s) is the Laplace Transform of ‘v’ in time domain.

Closed loop gain of opamp = % =1+ % ........ (2)
1 i

Overall Transfer Function is given by

H(s) = 226 = 78 71()

vi(s)  vi(s) " vils)

- (1 + R—f)ﬂ {using egs. (1) and (2)}

Ri/ 1+sRC
_ SALRC
1+4+sSRC

Where 4, =1 + %

i

Standard form of Transfer Function:

1
Let w; =E



Then from eq. (3), we can write

$4o0
_ SAoRC _ oy _ Aps
H(s) = 14SRC mi+1 T os+wp T (4)

l

Frequency Response:

To determine the frequency response put s = jw in eg. (3). Then we get

H(jw) = —
= Ao
1+ ju)lRC
S (Since w = 2mf)
1+ j2‘rt1fRC
= % (Sincel_:-j)
T 2mRC’ ¥ ]
A
= = .. S
S O
Where f; = # or w; :%
Consider eq. (5).
When f > f;, H(jw)| =
Ao
When = f,, H(w)| = 12+1 VE+2Z V2
When f «f;, Hjw)| = =0

Fig. 3(b) shows the frequency response of first order LPF.
Important observations in Fig. 3(b):

I.  Maximumgainis A, at f=0 Hz.
ii. At f;, gain falls by ,7074, (or — 3 dB below A, when A4, is expressed in
dB).
ii.  Frequency response from 0 to f; is called stop band.
Iv.  When f <f;, gain decreases at a rate of 20 dB/decade.
v. Range of frequencies > f; is called pass band

SECOND ORDER LPF AND HPF




In 1%t order LPF and HPF, the gain rolls off at a rate of -20 dB/decade. i.e.,
response is not close to ideal response. For 2" order LPF and HPF roll off rate
IS - 40 dB/decade.

Let us consider a general 2" order filter (it is called Sallen-key filter) as shown
in Fig. 4. Let us derive expression for ’;—" Then we can substitute appropriate

values for Y1, Y2, Y3, and Y4 to get the expression for :—" for (a) 2" order LPF
(b) 2" order HPF.

i

Fig. 4: Sallen-Key Filter
Let v, be the voltage at node A and v ne the voltage at node B.

Since opamp is in non-inverting configuration, closed loop gain A, is given by

Ac=2=1+2 (1

;] R;

Applying KCL at node A, we get
(Wa— vV + (v — vp)Yo + (V4 — v,)Y3=0

|e, vA (Y]_ + YZ + Y3) - viyl - UBYZ = UOY3 = 0



e, vi=v, (1 + VL +Y;) -vgY,-v,Y;

v, (Y, + Y, +Ya) - Z_ZYZ -v,Y; {using eq. (1)}
=, (Y, + Y, + V) - Z— (Y, + ApYs) ennn. (3)

Applying KCL at node B, we get
(vg — v)Y, + (v — 0)Y, =0
|e, _UBYZ + UB(YZ + Y4) = O

. vp(Yy+Y,
i.e., v, = —B(; +
2

_ Vo YotY,

A, x, e (4) {using eq. (2)}

Putting v, value from eq. (4) into eg. (3), we get

o (Yot Y. o
v, =2 (B2) (Y + Y, +15) -2 (1 + A, s)
= AZ‘;,Z {(Va+ YD1+ Vo +Y5)- y,2 - A,Y,15)

Vo

= Ty Y, + 32+ 1LY+ LY + VLY + Y, Ys - 952 - A, Y, Y3}
of2

v,

= 0;2 L+ vrv,M+L+Y;) +LY5(1- Ay}

A

.Vo ApY1Y,

= v ()

v YiYot Yy (Yi+ YotYs) + YoV¥s (1 — Ap)

(a) Second order LPF:

To get second order LPF, choose Y1 =Y, = % and Y3 =Y, =SC. Then Fig. 4
becomes Fig. 5.



Fig. 5: Second order LPF

Substituting Y1 =Y, = % and Y3 =Y, =SC in eqg. (5), we get

1 1
Ay * =*—
H(s) = 1 A

1 1 1
E* R + sC (§+ E+SC) + E'SC (1— AO)

_ Ao /R?
— 1  sC sC
Y3 + F(2+SRC) + R (1— Ao)

Ao
_ RZ
~ 1+SRC (2+sRC)+sRC (1-Agp )
R2
— AO
 S2R2C2+sRC (3—-Ap)+1 T (6)
s=0=2H(s) = A,
s=o0 =H(s) =0

So,it is an LPF of 2" order.

For any second order systems such as electrical, mechanical, hydraulic
andchemical system, the Transfer function (TF) is given by

- (7)

Where o = damping factor or damping coefficient

Ao‘“h2

H(s) =

S2+ a wp s+ wp?



A, = Gain of the system
wp =2 n f,, where f;, =Highest cutoff frequency.

Eg. (6) can be written as

A
O/RZCZ

SRC
22 (3 = Ag)+

A
O/RZCZ

= 24 S (o _
S+RC(3 Ag)+

H(s) =

1

2
S“+ R2C2

—— e, (8)

R2C2

Comparing egs. (7) and (8), we get

wh:% anda=3- A,

Where o = 1.414 = +/2 for Butterworth filter, 1.06 for Chebyshev filter and 1.73
for Bessel filter.

Normalized expression for Transfer function:

Putting s = j  in eq. (7), we get

Aowh2

H(jo) = (o)t @ wr sGa)ton? Dividing the numerator and denominator of above
h h

equation by w2, we get
. . Ao
U = e e oa e

— Ao

=t 9)

(Jw/wp)*+jaw/ wp+ 1

— AO
Spl+j asp+1

Where Sn = normalized frequency :j (wi)
h

Expression for magnitude of TF in dB:

Eqg. (9) can be written as

AO
—(w/wp)?+jaw/ wp+ 1

H(jo) =

4o

w? o

(=oalies,



20 log [H (joo)| = 20 log

=20 log 2o
w? w? 5 w2
J“W‘Zw—hz* “aon?

Since a? =2, last 2 terms in the root get cancelled. So, we get

. A, _ A
20 log [H (jo)| = o -
[ )
Ao

= (since w =2 n fand wp,=2 7 fj,
f 4
=+ (£)

Generalized expression for magnitude of TF for LPF is

Ao

20 log [H (jo)] = —=2—
1+ (%)

Where ‘n’ is the order of the filter.
(b) Second order HPF:

Consider the expression for 22 derived using general second order filter.
v
i

U_O — AOY1Y2 (5)
v; VYot Yy (V14 YotY3) +VoY5 (1— A4p)

To get second order LPF, choose Y1 =Y,=sCand Y3 =Y, :%. Then Fig. 4
becomes Fig. 6.



Fig. 6: Second order HPF

Substituting Y1 =Y, = % and Y3 =Y, =SC ineg. (5), we get

Ay * SCxsC
1 1 sC
SCx SC +3(sC+sC+ %) + 5 (1= Ag)

H(s) =

_ Ay s2C?

T 202,565, 1), SC..
s2C +R(2+SCR)+R(1 Ao)

4o

1+ &(2 + &) + ﬁ(l—Ao )
........ (6)

Ao
1
1+m(3 -4, )+

1
s2R2¢2

For any second order system such as electrical, mechanical, hydraulic
andchemical system, the Transfer function (TF) is given by

HE) =—2 (7

S2+ a w; s+ w2
Where o = damping factor or damping coefficient
A, = Gain of the system
w; =2 n f;, where f; =Lowest cutoff frequency.

Eq. (6) can be written as

— AO/RZCZ
H(S) - 52 SRC

1




4o

14z 4 o8
1+ —(3-4p) +

Comparing egs. (7) and (8), we get

wF% anda=3- A,

Where o = 1.414 = +/2 for Butterworth filter, 1.06 for Chebyshev filter and 1.73
for Bessel filter.

Normalized expression for Transfer function:

Putting s = j o in eq. (8), we get
AO

(%)2+ LE-a0)+1

H(jo) =

Dividing the numerator and denominator of above

= = e, 9)

L) Pl
1-"(3-40) — _3

Normalized expression for Transfer function is

— AO
Spl+j asp+1

Where s, = normalized frequency = —% anda=3—4,

Expression for magnitude of TF in dB:

Eq. (9) can be written as

. A
H(Gjo) = i
(o) 1- 98 95 4,
. A,
H (jo)| = 5

Since a? =2, last 2 terms in the root get cancelled. So, we get



20 log [H (jo)| =\/ Aowl4 :\/ A(owl)4
1+w—4 1+ @
= 4o (sincew=2nfand w;=2 7 f
1 (4

Generalized expression for magnitude of TF for LPF is

20 log |H (jo)| = ——2—

1+ (%)Zn

Where ‘n’ is the order of the filter.
Design of LPF and HPF:
(a) Design of second order LPF:

Select equal values of R and C in the two RC sections. Then follow the steps
given below.

Stepl: Choose value of f,. (e.g.: f, = 1000 Hz)
Step2: Select C Value < 0.1 pF (Say C = 0.1 pF)

Step3: Calculate R value using the relation

1
2mRC

fh:

Step4: Select R; and Rt using the relation

Ao:1+%:3—a

l

Where A, = Pass band gain
A = Damping factor
= 1.414 for Butterworth filter
= 1.06 for Chebyshev filter
= 1.73 for Bessel filter
(b) Design of second order HPF:

Follow the same procedure given above, where cutoff frequency ‘fi,’ is replaced
by fi, where f| is the lower cutoff frequency of HPF.

Note: Use mylar or tantalum capacitors.



Design of first order LPF and HPF:

Procedure is same as that of second order LPF and HPF. But here there is a
single RC section.

Problem1: Design a 2" order Butterworth LPF having upper cutoff frequency
of 1 KHz.

Solution:
Given f, = —— = 1 KHz = 1000 Hz
2mRC

1 _ 1

e, R= =
2nfC 2mx1000xC

Choose C=0.1 uF=107F %

i
. 1
T 2mx1000x10~7

We know that A, =3 - a

For Butter worth filter o = /2 = 1.414
2 Ag=3-1.414=1.586

ButAo=1+g

L

ie 1.586=1 +%

L

or ’;—f 1.586 -1 = 0.586

l

Let R = 5.86 KQ

Then Ri= 22¢X2_ 10 K0
0.586

Problem2: Design a 2" order Butterworth LPF having lower cutoff frequency
of 1 KHz.

Solution is same as in Problem1. Answers are also same.
But frequency response formulae are different for LPF and HPF.
Band Pass Filter (BPF)

A BPF allows a particular band of frequencies and rejects frequencies outside
that band.



Wide Band Pass Filter:

Let f, = Lower cutoff frequency
fn = Higher cutoff frequency
fo = Center frequency
Q = Quality Factor

Then

fo= A fifn

Bandwidth = f,- f;

—_ Jo
Q fan— 11

There are two types of BPFs. They are wide BPF and narrow BPF. For wide
BPF, Q <10 and for narrow BPF, Q > 10.

Wide Band Pass Filter (Q < 10)

Fig. 7: First order wide BPF

Fig. 7 represents a first order wide BPF. It is obtained by cascading a first order
HPF and a first order LPF as shown.

Let Ao; = Pass band gain of HPF
Let Ao, = Pass band gain of LPF



Then
Magnitude of Transfer Function (TF) of HPF is given by

|Hip| = —2%—where fi=—— ... (1)

’ C
. (%)2 2TR,Cy

Magnitude of Transfer Function (TF) of HPF is given by

— Aop2 _ 1
|He| = ; where fy = —— ... 2)
1+(f)
Magnitude of TF of BPF =
| HBP| - | H|—|p| * | Hp| oot 3)

Egs. (1), (2) and (3), we write

Ag1 Ag2

el foew

| Hep|

Problem 3: Design a wide band pass filter having f;= 400 Hz and f, = 2 KHz
with a pass band gain of 2.

Solution:
For LPF:

1
2T[R1C1

fn =2 KHz = 2000 Hz =

Choose C; =0.01 uF=0.01 x 10° F

1
21 x 2000 x 0.01x10-6

=79 KQ

Then Ry =

For LPF:

1
2T[R2 CZ

Choose C, =0.01 uF =0.01 x 10° F

fi=400 Hz =

1

Then R, = > =39.8 KQ

T X 400 X 0.01x10—-6

Here, the pass band gains of LPF and HPF should be same.



Let Ay -Ap=2 = 1 +%

1

i.e., Rf = R; = 10 KQ (say)

fo=/fnfi = V2000 x 400 = 894.4 KQ

_ fo _ _fo  _ 8944 _
Q= BW  fn_f1 2000-400 0.56

Note that Q < 10

Narrow Band Pass Filter:

o
j . N
o—MAf—— —
\J/ . \\
J ! i 7 == ~
5 | /
5 r——*f‘— &
f> O‘] .
ks i

Fig. 8: Second Order narrow Band Pass Filter
Fig. 8 shows a narrow BPF. Here Q > 10.
BAND REJECT FILTER (BRF):

A BRF is also called a band stop filter or band elimination filter. It rejects a
particular band of frequencies and rejects frequencies outside this band. There
are two types of BRF. They are wide BRF and narrow BRF.

Wide Band Reject Filter:

It has a Q < 10. It can be made using an LPF, HPF and a summer. Its necessary
constraints are (i) The lower cutoff frequency f, of the HPF >> the higher cutoff
frequency f, of LPF. (ii) The pass band gains of LPF and HPF should be same.



Fig. 9 (a): Wide BRF

Fig. 9 (b): Frequency response of wide BRF

Fig. 9 (a) shows the circuit diagram of a wide BRF. Fig. 9 (b) shows its
frequency response.




Problem 4: Design a wide band reject filter having f,= 400 Hz and f, = 2 KHz
with a pass band gain of 2.

Solution:
For HPF:

1
21TR2 Cz

fi =2 KHz = 2000 Hz =

Choose C,=0.1 uF=0.1x 10°F

Then R, = ! =795 Q ~ 800 Q

21 X 2000 x 0.1x10—-6

For LPF:

1
21TR1C1

Choose C;=0.1 uF=0.1x 10°F

fh=400 Hz =

1

Then Ry = =3978 Q=4 KQ
21 X 400 x 0.1x10-6

Here, the pass band gains of LPF and HPF should be same.

Let Ay-Ap=2 = 1 +§

i.e., Rf = Ri =10 KQ (SQY)
Narrow Band Reject Filter:

Narrow BRF is commonly called a notch filter. It is useful for the rejection of a
single frequency like 50 Hz power line hum.

There are mainly two ways of realizing notch filter

First way of realizing a second order notch filter:
It is achieved by cascading a second order narrow BPF and a summer. It is
shown in Fig. 10 (a)



Fig. 10 (a)

Second way of realizing a second order notch filter (Twin-T filter):

Fig. 10 (b) Twin-T notch filter



Fig. 10 (c) Frequency response of notch filter

Fig. 10 (b) shows a Twin-T notch filter.
If f; = Lower cutoff frequency

fn = Higher cutoff frequency

fo = Center frequency

Q = Quality Factor

From the analysis of the circuit, we can show that

1
fo " 2mRC

Bandwidth = BW = f,-f, = 4f, (1K)

1

o _ 1
Q_BW T 4K

As K approaches unity, Q factor becomes very large and bandwidth approaches
0. Mismatches between resistors and capacitors also limit the value of Q and
bandwidth.

R; and R, are used to adjust gain of the filter.



Fig. 10 (c) shows the frequency response of notch filter.
Problem 5: Design a 50 Hz active notch filter.
Solution:

Consider the Twin-T filter in Fig. 10 (b)

1
2 RC

Given that f, = =50 Hz

LetC=0.1 uF=0.1x 10°F

1

ThenR = T

= L =31.8KQ

"~ 2mx50x0.1% 1076
For R/2, we can use two 31.8 KQ in parallel.

For 2C, we can use two capacitors in parallel.
ALL PASS FILTERS (APFs)
All pass filters (APFs) allow all frequency components of input signal without

any attenuation. Their main advantage is they provide desired phase shift at any
frequency. Thus, APFs are used in phase correction in analog systems (e.g.:

Analog telephone systems).

APFs are also called delay equalizers or phase correctors.

Fig. 11 (a) All Pass Filter



Fig. 11 (b) Waveforms of All Pass Filter
Fig. 11 (a) shows an All Pass Filter where v; is input voltage and v, is output

voltage and Rs = R;. Fig. 11 (b) shows waveforms for All Pass Filter.

Let the voltage at node ‘a’ is v,,.

By using super position theorem, we can write

R R
v, = - R—:.vi+(1 +R—:)va

Since R = R;. above equation becomes

v, =- v +2v, ...(1)
1
— sC_ — 1
Butv, =v;. ==+ = v
R+E

Egs. (1) and (2) =

1
1+SRC

=7; (— 1+ 2 )
1+SRC

_ (-1-SRC+2)

Tl 14sRe
1-SRC

~ “litsRC
1-jwRC

" Yl 1+joRC

Vv, =- v; +2v;.

vy, _ 1—-joRC
v 1+jwRC

e,

U 14srCc

- (2



_ 1-j2mfRC

1+j2mfRC

Magnitude of 1;—" is given by

|v_0| _J1+ @ufRC)?2 _ 1

vi' 1+ @nfRCOZ
e, |v,| = |v;| for all frequencies.
The phase shift ® between v, and v; is given by
= - tan (2nfRC) - tan! (2nfRC)
= -2 tan! (2ntfRC)
Thus, the phase shift can be varied with frequency for a given R and C.
We can obtain phase shift from 0 to 1800 as we change the frequency from 0 to
Q0.
As phase shit here is negative, the output v,lags input v; .
The phase shift can be made positive by interchanging R and C in Fig. 11 (a)

*kkkk

555 TIMER (Introduction)

e A 555 timer is a monolithic IC that can produce accurate and highly
stable time delays or oscillations.

o It operates with supply range of + 5 V and produces a delay ranging
from‘usecs’ to hours.

e [tis compatible with TTL and CMOS logic circuits.

e [tisavailable as an 8-pin metal can, an 8-pin mini-DIP or 14-pin DIP.

Applications of 555 timer:

=

Monostable multivibrator

Astable multivibrator

Waveform (Pulse, ramp and square waves) generator
Burglar and toxic alarms

Voltage regulators

Traffic control

Digital logic probes

Temperature measurement and control

Infrared transmitters.
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PIN Diagram of 555 timer:
Fig. 1 (a) represents the pin diagram of a 555 timer.

Here R and C are external resistor and capacitor. Let us assume that the width of
trigger pulse is very small.

Fig. 1 (a): Pin diagram of 555 Timer

Functional diagram of a 555 timer:

Fig. 1 (b): Functional diagram



Fig. 1 (b) shows its functional diagram.Three 5 KQ resistors form voltage
divider. They provide a bias of % Vcc to the upper comparator (UC) and é Vee

to the lower comparator (LC). In some applications, we apply modulation
voltage at pin 5 to vary the time. In other applications, a capacitor (0.01uF) is
connected between pin 5 and ground to by-pass noise or ripple from the supply.
Q and Q’ are outputs of control Flip-Flop(FF). Outputs of UC and LC are R
and S inputs of FF respectively. Power amplifier is basically an inverter. Its
output at pin 3 is output of timer. Since Q’ is the input of inverter, output at pin

3is Q.

In standby mode, Q=0, Q’ = 1. So, o/p at pin 3 = Q = 0. A negative going
triggering pulse is applied at pin 2. Its dc level is > the threshold level of LC
(i.e., gvcc). When trigger pulse passes through % output of LC goes high and
sets the FF. i.e., Q=1 and Q’ = 0. During + ve excursion, when voltage at pin 6
passes through g Ve, 0/p of UC goes high and resets the FF. i.e., Q =0 and Q’
=1

Reset input at pin 4 is used to reset the FF, irrespective of o/p of LC. This input
IS < 0.4 V. When the reset input is not used, it is connected to Vcc.

Transistor Q, acts as a buffer and isolates reset i/p from FF and transistor Q;.
Vet IS applied from supply Vcc. It drives Q.

MONOSTABLE OPERATION USING 555 TIMER
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Fig. 2 (a):Pin Connections for Monostable multivibrator



Fig. 2 (a) shows the timer with required connections for monostable operation
and Fig. 2 (b) shows the functional diagram. Fig. 3 shows different waveforms

of the circuit.

Fig.2 (b) Functional Diagram for Monostable multivibrator

Fig. 3: Waveforms of Monostable multivibrator



In standby mode, FF is reset. i.e., Q =0 and Q’ = 1. Here Q’ is the input to
transistor Q;. Since Q” =1, Q1 is ON (i.e., Vce = 0). So, capacitor is shorted to
ground. Output at pin3=Q =0.

Fig. 3(a) shows the triggering pulse.
As trigger pulse passes through % FFisset.ie.,Q=1and Q’ =0.

Since Q’ =0, Q1 is OFF. So, capacitor is not short circuited (i.e., capacitor is
unclamped). Output at pin 3=Q = 1.

The timing cycle begins now.

Now C charges exponentially through R towards V¢, with a time constant RC
as shown in Fig. 3 (b).

After a time T (say), capacitor voltage v is just >§ Vce. So, UC resets the FF.
e, Q=0and Q’ =1.

Since Q’ =0, Q1 is ON. Then C discharges rapidly to ground potential.

The o/p returns to standby state or ground potential as shown in Fig.3 (c)

If a second trigger pulse is given as shown in the right side of fig. 3(a), before T,
it has no effect on the operation of the circuit.

Derivation for Qutput Pulse Width ‘T’:

We know that capacitor charge equation is given by
v, () =vp + (v; — vf)e_t/RC e (1)

where v; = Initial voltage =0

vy = Final (target) voltage = Vcc

=~ EQ. (1) becomes

Ve (t) = Vee + (0—Veg) e /re

Att=T, v, () == Vec
~ Eq. (2) becomes
gVee =Vec (1- e_T/RC)



. -T 2 1
ie.e /Re=1—2==
3 3

ore'/rc =1In (3)

i.e., T=RCIn (3)

e, T =1.1 RC seconds

Applications of Monostable Multivibrator:

1. Frequency Divider

2. Pulse Stretcher

3. Pulse Width Modulation (PWM)
4. Linear Ramp Generator

Problem 1: Design a monostable multivibrator using 555 Timer, shown in Fig. 2
(b) with a pulse width of 100 m Sec.

Solution:

Given T=1.1 RC =100 x 107 Sec
Choose R=100 KQ=10°Q
Then100 x 10°=1.1x10°x C

C=10%107 _ 6909 yF =1 uF

1.1x 105

ASTABLE OPERATION USING 555 TIMER




Fig. 4 (a): Pin Connections for Astable operation

Fig. 4 (b): Functional Diagram for Astable Operation

Fig. 5 (a) and (b): Waveforms of Astable Multivibrator

Fig. 4 (a) represents the pin connection diagram for 555 timer in astable mode.
Ra and Rg are external resistors and C is external capacitor. Fig. 4 (b) shows the
functional diagram. Compared to monostable operation, timing resistor R is
split into two sections Ra and Rg. Pin 7 (collector of Q;) is connected to the
junction of A and B. When V¢ is connected, external capacitor C charges
towards Vccthrough Ra and Rg, with a time constant of (Ra + Rg) C. During
this time output at pin 3 = High (i.e., Q =1 and Q’ = 0). Since Q’ =0, C is
unclamped.

When v is just >§ Ve, Upper comparator (UC) resets FF. i.e., Q=0and Q’ =
1. So Q; is ON(Vce = 0) and C discharges through Rg with a time constant RgC.

For better operation Ra and Rg are taken large to limit current.



During discharging, when v is just <%, lower comparator (LC) sets the FF.
i.e.,Q=1and Q’=0. So Q; is OFF (Vce = Vcc) and C is unclamped. Thus, C
is charged and discharged periodically between 2 ‘;CC and VBCC respectively.

Fig. 5 (a) and Fig. 5 (b) shows the waveforms of output and voltage v across
capacitor respectively.

Derivation for Time Period ‘T’ of Output:

We know that capacitor charge equation is given by
v () =vp + (vi — Uf)e_t/RC o (1)
where v; = Initial voltage

vy = Final (target) voltage

Let ty = Time taken for C to charge from% to 2Lcc

:tl—tz

2Vcc
3

Where t; = Time taken to charge from 0 to

and t, = Time taken to charge from 0 to %

Let t. = Time taken for C to discharge from ZV% to %

For ti, vi= 0 and vs = Vcc.
~ Eq. (1) becomes

VU, (t) =Vcc + (O — Vcc) e_t/RC

Att=t1, v, () =2 Vo
~ Eq. (2) becomes
%VGG =M (1- e_tl/RC)

] -t 2 1
l.e., e /RC=1——:—
3 3

ore /rc = In (3)
l.e,, t; =RCIn (3)
ie, t=11RC



For tp, vi = 0 and v = Vcc.

~ Eq. (1) becomes

v, (t) =Vec+ (0-Vco) e Y/re

Att=ts, v, (1) = L8
~ Eq. (3) becomes
Veel3=Mec (1 - e_tz/Rc)

. —t, L
1.e., e /RC:l— 5:

wIlN

] tz/ 3
l.e., e 'RC =E

Taking logarithms on both sides, we get
ie, tb=RCIn()
ie., t, = 0.405 RC
~th=t1—-t,=11RC-0.405RC

= 0.69 RC (where R = Ra + Rg)
Thusth=0.69 (Ra+Rg) ..... (4)

2V
Fort., vi= 3CC, vi=0

~ Eq. (1) becomes

3

e /rc .....(5)

ve (1) =0+ ( —0)e ‘/re

_2V¢c

Att=t|_,vc(t):%

= EQ. (5) becomes
Veof3= (2Mee 3) e re

. —tL/ 1
l.e., e RC = E

. tr,
l.e., e /RC =2



Taking logarithms on both sides, we get

e =1n(2)

i.e,tt= RCIn(2) =0.69 RC
Here R =Rg

~t. =0.69 RsC.... (6)
aT=ty+t

l.e., T=0.69 (Ra + 2Rg) C{from egs. (4) and (6)}

Frequency = = = : = L4
9 Y =7~ 060 (Ra+2Rg)C  (RA + 2RB)C

% Duty cycle = —-—x 100%
L

th
0.69 Rg&
"0.69 (Rg+ 2Rp)€E

X 100%

— Rp
(Ra+ 2Rp)

Problem 2:For the astable multivibrator in Fig. 4 (b), Ra = 6.8 KQ, Rg = 3.3 KQ
and C = 0.1 pF. Calculate t nicn, t Low, free running frequency and duty cycle.

Solution:
thicn = 0.69 (RA + 2 RB)
=0.69 (6.8 x 10% + 2 x 3.3 X 10%) x 0.1 10

= 0.7 mSec

ttow=1.=0.69Rs C
=0.69x3.3x103x0.1x10°
=0.23 mSec

_ 1.45 _ 1.45
(R4 +2Rg)C (6.8x103+2x3.3x103)x0.1x107°
=1.07 KHz
Duty cycle = (RAfE; 5
3x103

=0.25

= 6.8x103+2x3.3x103
% Duty cycle = 25%
Applications of Astable Multivibrator:



1. FSK Generator
2. Pulse Position Modulator (PPM)
3. Schmitt Trigger

555 timer as Schmitt Trigger:
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Fig. 6: 555 timer in Schmitt trigger operation

Fig. 7:Inputand OutputWaveforms

Fig. 6shows the pin connections of 555 timer used as a Schmitt trigger. Here the
two comparators are tied together and externally biased at Vcc/2 through Ry and

R, as shown We know that Upper comparator trips at>2<and lower comparator
trips at ~£¢  The bias provided by R; and R is cantered between these two limits.

2V 14
Now a sine wave is applied. If its amplitude exceeds (—= <. CC) reference levels,

the internal FF sets and resets alternately and prowdes a sgquare wave as shown
in Fig. 7(a) andFig. 7 (b) show the i/p signal. Here frequency of square wave is
same as that of input signal.

PHASE LOCKED LOOPS (PLLS)

Phase Locked Loop (PLL) is an important block of linear systems. PLLs were
first used in 1930s in communication applications. Previously, they were costly
because they were realized in discrete form. Now PLLs are available as
inexpensive ICs.

Principle of Operation of PLL:
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Fig. 8: Block diagram of PLL

Fig. 8 represents the block diagram of a PLL. It consists of a phase detector,
Low Pass Filter (LPF), an amplifier and a VVoltage Controlled Oscillator (VCO).

Let Vs = Input voltage
fs = Input frequency
V, = Output voltage
fo = Output frequency

Before i/p signal is applied, PLL is said to be in free-running mode. When i/p
signal vs of frequency fsis applied to PLL, the phase detector (or mixer)
compares the phase and frequency of v; to that of the output v, of VCO. If the 2
signals differ in frequency or phase angle, it generates an error voltage v..

The phase detector is basically a multiplier circuit. Its o/p mainly consists of
sumterm (fs + f,) and difference term (f; - f,). The LPF rejects sum term and
allow difference term. The o/p of LPF is called error signal. It is amplified by
the error amplifier to get a dc signal ‘v’ called control signal. This v is applied
to VCO. It shifts the VCO frequency in a direction to reduce the difference
between fsand f,. Once this action starts, PLL is said to be in capture state. The
VCO frequency f, continues to change until it equals the i/p frequency fs. Then
PLL is said to be in locking state. When locking occurs, the loop tracks any
change in fs.

Now the phase difference between i/p and o/p signals generates a corrective
voltage v, to shift the VCO frequency from f, to fs.

Important definitions related to PLL:

1. Lock-in range: It is the range of frequencies over which the PLL can
maintain lock with the incoming signals.



2. Capture range: It is the range of frequencies over which the PLL can
acquire lock with the i/p signals.

3. Pull-in time: It is the total time taken by PLL to establish lock.

More details (Short notes) on lock-in range and capture range:
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A‘Fig. 9: Lock-in range and capture range of PLL
Let us consider a monolithic IC with analog phase detector.
Its lock-in range is given by

2 AfL = kv koA

Where k, = Voltage to frequency transfer coefficient of PLL (Hz/Volt)
ko= Phase angle to voltage transfer coefficient of PLL (Volt/Radian)
and A = Voltage gain of amplifier
Its capture range is given by

2 Afe =2 /f1. Of,,

Where f, = —— =3 dB frequency of LPF

2TRC
2 Af = Total lock-in range
Fig. 9 shows the lock-in range 2 Af_and capture range 2 Afc. Both ranges are

expressed in % age of f,. Both ranges are symmetrically located w.r.t. VCO
frequency f,. Lock-in range is always > capture range.

We need large capture range. But large capture range will make the PLL more
susceptible to noise.



COMPONENTS OF PLL

e Phase Detector (Phase comparator, or Mixer or multiplier circuit)
e Low Pass Filter

o Amplifier

¢ Voltage Controlled Oscillator

Phase Detector:

Phase detector compares the phase and frequency of incoming signal v; to that
of output v,0f VCO.Its o/p mainly consists of sum term (fs + f,) and difference
term (fs - f,). Output of phase detector is fed to the LPF.

There are 2 types of phase detectors: analog and digital. Abalanced modulator is
used as analog phase detector. An XOR gate serves as a digital phase detector.

Most of the monolithic PLL ICs use analog phase detectors. For discrete PLLs,
digital phase detectors are preferred because of their simplicity.

Low Pass Filter:

R By ot

o AVV . o R

Iapul fvgwn _L o LA u ~ eI o 1 g
Praat deleckov d Yo L A Yo

g Lo T el ey Y e [~ vieo

& 0 Proane

N — O‘\L\’l(- -
Fig (@ ro Fia- (&

Fig.10: Low Pass Filter of PLL

Low pass filter removes the high frequency components and noise. It also
controls the dynamic characteristics of the PLL such as lock-in and capture
ranges, bandwidth and transient response.

If filter bandwidth is reduced, the response time increases. But it also reduces
the capture range.

This produces a high noise immunity and locking stability.
Amplifier:
It is used to amplify the error signal, i.e., o/p of LPF.

Voltage Controlled Oscillator:



Initially when no input signal is given to PLL, it runs with a free running
frequency f,. When input is given, PLL action starts. Then v. is the o/p of
amplifier. It is a dc control voltage.

This v is applied to VCO. It shifts the VCO frequency in a direction to reduce
the difference between fsand f,. Once this action starts, PLL is said to be in
capture state. The VCO frequency f, continues to change until it equals the i/p
frequency fs. Then PLL is said to be in locking state. When locking occurs, the
loop tracks any change in f.

Now the phase difference between i/p and o/p signals generates a corrective
voltage v. to shift the VCO frequency from f, to f.

MONOLITHIC PLL IC (NE/SE 565)

IC PLL 565 is available as a 14-pin DIP package andas a 10-pin metal can
package.
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Fig. 11(a): Pin diagram of 565



Fig. 11(b): Block diagram of 565

Fig. 11 (a) and Fig. 11 (b) represent the pin diagram and block diagram of 565.
When inputs at pin 2 and pin 3 are grounded, VCO output is given by

0,25
f =
RpCr

Hz

Where Rt(2 KQ to 20 KQ)is external resistor connected to pin 8 and Cr is
external capacitor connected to pin 9.

VCO free running frequency is adjusted by changing Rt or Ct and is kept at the
center of i/p frequency range. PLL is 3.6 KQ.

PLL is internally broken between VCO o/p and the phase comparator i/p. A
short circuit between pins 4 and 5connects the VCO o/p to the phase comparator
for comparing f, and fs. A Capacitor C is connected between pins 7 and 10
(Supply terminal) to make an LPF with the internal resistance of 3.6 KQ

APPLICATIONS OF PLL

Frequency Translation

Frequency Multiplication/Division
AM Detection

FM Demodulator

5. FSK Demodulator

B whN e

1.Frequency Translation (frequency shifting):



Fig. 12: Frequency translation using PLL

Here, a mixer (or multiplier) and an LPF are externally connected to PLL as
shown in Fig. 12. Let f; be the signal to be shifted in frequency (by an amount
f1).Let f, is the o/p of VCO. Then f; and f, are the two inputs to the mixer
(multiplier). Output of mixer contain f, + f..

fo + fs is rejected by LPF. So, LPF o/p contains f, - f.

This f, - fsis given as 1%input to phase comparator. Offset (or translation)
frequency fy is given as 2" i/p to comparator. When PLL is in locked state,

fo- fs=11
i.e., fo=f+ 1
Thus, f; is translated by an amount f;.
2. Frequency Multiplication and Division:

(a) Frequency Multiplication by N:

Fig. 13:Frequency Multiplier



Fig. 13shows the block diagram of a frequency multiplier. Here a = N network
(counter) is inserted between VCO and phase comparator. Let f,' be the output.
At locking,

fs=f," = /N
ie., fo=Nfs
Thus, the circuit actsas a frequency multiplier.
(b) Frequency Division by M:

Here + N network is not needed. If VCO is rich in harmonics, division is
performed by locking M™ harmonic of VCO output to the input signal.

3. AM Detector:
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Fig. 14. AM Detector using PLL

Fig. 14 shows the block diagram of AM detector using PLL. Here PLL is locked
to the carrier frequency of AM i/p. VCO o/p has same frequency of carrier. But
it is 90° out of phase with AM signal. So, AM signal is shifted in phase by 90°
before applying to multiplier. Thus, both inputs to multiplier are same in phase.
Multiplier o/p consists of sum and difference terms. LPF allows only difference
term. Output of LPF is demodulated o/p. This circuit has high selectivity and
noise immunity.

4. FM demodulator:

Here PLL is locked to FM signal. VCO tracks the instantaneous frequency of
the i/p signal. Output of LPF is demodulated o/p. It controls the VCO and
maintains lock with the i/p signal.

5. FSK Demodulator:



In digital data communication, binary data is transmitted by means of a carrier
frequency which is shifted between two pre-set values. This type of
transmission is called Frequency Shift Keying (FSK). The binary data can be
retrieved using an FSK demodulator using PLL.

Problem 3: Determine the dc control voltage v. at lock, if the signal frequency
fs = 10 KHz, VCO free-running frequency is 10.66 KHz and the voltage to
frequency transfer coefficient of VCO is 6600 Hz/Volt.

Solution:
We know that
fs = fO + kV V¢

ie., vC=f—S;f°
v

Given fs =10 KHz = 10000 Hz
,=10.66 KHz = 10660 Hz
And k, = 6600 Hz/Volt

10000 — 10660 _

= DC control voltage v = o0 - 0.1V

Problem 4:For PLL, Determine the dc control voltage v, at lock, if the signal
frequency f; = 100 KHz, VCO free running frequency is 5 MHz and the voltage
to frequency transfer coefficient of VCO is 2 MHz/Volt and N = 100 in the
frequency multiplier circuit given below. What is the dc voltage at lock?

Solution:
gm?\;'
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Given
fs =100 KHz

f, = 5000 KHz



N =100

5000 KHz _ 5000 KHz
s fo = = =50 Hz
N 100

fs=f0,+kva

fs= fo
ky

e, V¢ =

_ (100-50)x103
2 x 106

Problem 5: A PLL has a free running frequency of 500 KHz and bandwidth of
low pass filter (LPF) is 10 KHz. Will the loop acquire lock for an input signal of
600 KHz? Justify your answer. Assume that phase detector produces an o/p of
50 mV dc.

=25mV

Solution:

Olp of phase detector contains sum term f; + f, and difference term f; -f,
Given fs = 600 KHz and f, = 500 KHZ

fs + f, = 600 KHZ + 500 KHZ = 1100 KHz

fs - fo= 600 KHZ — 500 KHZ =100 KHz.

Hence both sum and difference terms are outside the pass band.

So, loop will not acquire lock, irrespective of v, value given.

QUESTION BANK ON UNIT-3

Main Questions

1. What are different types of Electrical filters? Define and describe the
frequency response of each type.

2. Describe a first order LPF/HPF and derive the necessary expression for its
transfer function. Also derive an expression for the magnitude of the Transfer
Function in dB.

3. (a) What is a band pass filter? Derive an expression for the transfer function
of a wide band pass filter.
(b) Problem on BPF.



4. What is an all pass filter (APF)? With the help of a diagram derive the
necessary expressions for the magnitude of its o/p and phase anglebetween i/p
and o/p. What is the main application of APF?

5. With the help of pin connection diagram and functional diagram explain the
operation of a 555 timer in monostablemode. Derive an expression its output
pulse width.

5. With the help of pin connection diagram and functional diagram explain the
operation of a 555 timer in astable mode.Derive an expression for for its time
period/frequency and duty cycle.

6. With the help of a block diagram, explain the principle of operation of PLL.
7. Describe 565 VCO used in PLL using Pin diagram and functional diagram.
8. Explain a monolithic IC (566 IC PLL)

9. Describe a second order LPF/HPF and derive the necessary expression for its
transfer function. Also derive an expression for the magnitude of the Transfer
Function in dB.

2 Marks Questions
. Distinguish between analog active and passive filters.
. What are the advantages of analog active filters over analog passive filters?
. Draw the circuit of a first order wide BPF.

. Draw the circuit of a wide BRF.

1

2

3

4

5. Draw the circuit of a notch filter.
6. What is an APF and what is its main application?

7. Draw the Circuit of a first order LPF.

8. Draw the Circuit of a first order HPF.

9. Draw the Circuit of a second order LPF.

10. Draw the Circuit of a second order HPF.

11. List the applications of a 555 timer in various areas.

12. Draw the block diagram of a PLL used for frequency translation.
13. Draw the block diagram of a PLL used for frequency multiplier.
14. What is the role of a phased detector in PLL?

15. What is the role of an LPF in PLL?



16. Define the terms lock-in range, capture range and pull-in time.
17. List the applications of a 555-timer used in monostable mode.
18. List the applications of a 555-timer used in astable mode.

19. What is the role of reset input in 555 timer?

20. What is the role of Pin 5 in a 555 timer?



UNIT-4
VOLTAGE REGULATORS AND CONVERTERS

Syllabus Contents:
Voltage Regulator: Introduction, Series OP—Amp regulator

, IC Voltage Regulators, IC 723 general purpose regulators, Switching
regulators.

D to A and A to D Converters: Introduction, Basic DAC Techniques—
Weighted resistor DAC, R—2R Ladder DAC, Inverted R—2R Ladder DAC,

A to D Converters, Parallel comparator DAC, Counter type ADC, Successive
approximation ADC, Dual slope ADC, DAC and ADC specifications.

DTOA&ATODCONVERTERS

Some electronic systems operate on only digital signals. If analog signals are
available, we need to convert them to digital form. This can be done by a circuit
called Analog to Digital (‘A to D’ or A/D) converter or ADC.

Similarly, some electronic systems operate with only analog signals. If digital
signals are available, we need to convert them to analog form. This can be done
by a circuit called Digital to Analog (‘D to A’ or D/A) converter or DAC.

DIGITAL TO ANALOG CONVERTERS (DACs)

A DAC is a circuit which converts digital signals into analog form.

Basic DAC Technique:
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Fig. 1: Schematic diagram of a DAC

Fig. 1 shows the schematic diagram of an n-bit DAC. Its i/p is an n-bit binary
word. It is combined with a reference voltage Vr to produce an analog o/p
signal. It may be voltage or current. If o/p is voltage, it is given by




Vo =K Ves (12 1+2°2+ ... dn2°")

Where

v, = 0/p voltage

Vs = Full scale o/p voltage

K = Scaling factor (usually K = 1)

d; dz ... dn= n-bit binary fractional word with decimal point at the left.

d, = MSB with a weight of ==
d, = LSB with a weight of %

Types of DACs:

1. Binary weighted resistor type DAC
2. r- ladder type DAC
3. Inverted R-2R ladder type DAC
1. BINARY WEIGHTED RESISTOR TYPE DAC

Fig. 2 (a): Binary weighted resistor type DAC

Fig. 2 (a) shows a binary weighted resistor type DAC. Here opamp is in
inverting mode. We can also use non-inverting mode.

Opamp is a summing amplifier. It acts as a current-to-voltage converter.



S1,S2, ... Sn are MOSFET switches used as Single pole double throw (SPDT)
switches.

Upper end of any switch is connected to — ve terminal of opamp. Lower end of
any switch S; (i=1, 2, ... n) has two positions. In left position, S; is grounded.
In right position, it connects a resistor 2' R to reference voltage — V. Polarity of
Vs may be + ve or — ve. Here VR is taken — ve.

From Fig. 2 (a), we write

lo=li+bL+...+1,

VR d Vg Vr
= +—=d,+...+——d
21R "L T 52 U2 anpg "

= {2 +dp 22+ .. +dp 27}

fvy =l Rf:VR%{dl 214022+ . +dn 2™ ... (1)

But general equation of a DAC is

Vo =K Vs (A1 21 +2 24 ... 27" ... (2)
Comparing egs. (1) and (2). We get
Ri=R K=1 and Vgs=Vg

Accuracy and stability of this DAC depends on the accuracy and temperature
tracking of resistors.

Fig. 2 (b) show the transfer characteristics of a 3-bit weighted resistor DAC. It
Is a staircase waveform. The inclined dashed line passes through averages of o/p
value in each step.



Fig. 2 (b) Waveform for binary weighted DAC
Problem with this DAC:

It needs wide range of resistor values. We use large number of bits to increase
the resolution. This increases the range of resistor values.

Example:

If smallest resistor is 2.5 KQ, largest one is 5.2 MQ. Such large resistance
cannot be fabricated in IC form. Also, voltage drop across it affects the
accuracy.

If smallest resistor is < 2.5 KQ, it causes loading effect.
So, this type of DAC is very difficult to fabricate in IC form.
2. R-2R LADDER TYPE DAC

Wide range of resistors are required in binary weighted resistor DAC. This
problem can be avoided by using R—2R ladder DAC, where only two resistor
values are required.




Fig. 3 (a): R-2R ladder type DAC

Fig. 3 (a) shows a 3-bit R-2R ladder DAC. Its binary input word is d; d, ds,
where d; = and d; = LSB. Sy, S; and S; are 3 MOSFET switches used as Single
pole double throw (SPDT) switches.

Upper end of each switch is connected to — ve terminal of opamp. Lower end of
any switch S; (i =1, 2, 3) has two positions. In left position, S; is grounded. In
right position, it connects a resistor 2R to reference voltage — Vr. Polarity of Vg
may be + ve or — ve. Here Vr is taken — ve.




Fig. 3 (b)

Fig. 3 (¢)

Fig. 3 (d)
Fig. 3 (b) shows equivalent circuit for Fig. 3 (a), where d; d, d; = 100.

Using network analysis, Fig. 3 (b) reduces to Fig. 3 (c) and then Fig. 3 (d).

2R
=_ 3 _—_ 2R__ &
Voltage atnode C=- V. o Vk. = ’

Then Fig. 3 (e) represents the final circuit.



Fig. 3 (e) Final equivalent circuit
From Fig. 3 (e), we get

. = Vr (—ZR)_VR_VFS
0 R 2 2

4
Similarly, we can find v, for any value of d; d, ds.

3. INVERTED R-2R LADDER TYPE DAC

Fig. 4 (a): 3-bit Inverted ladder DAC

Fig. 4 (a) shows a 3-bit Inverted ladder DAC. Compared to ladder DAC,
positions of MSB and LSB are interchanged.

S1, Sz and S; are 3 MOSFET switches of SPDT type. In left position, S; is
grounded. In right position, any switch is connected to the — ve terminal of an



ideal opamp, which acts as a virtual ground. Since both terminals of any switch
are at ground potential, current flowing in any resistor branch is constant and
independent of switch position (i.e., input binary word).

Important property of this circuit is that current divides equally at each node. It
Is because equivalent resistance to the left of any node or right of any node is
2R.

Fig. 4 (b) Hlustrative example with 2 mA current

Fig. 4 (b) illustrates the division of a 2 mA current at each node. For example,
current divides equally as 1 mA to the left and right of node A.

Current remains constant in any resistive branch. So, nodal voltages remain

Vg V Vi . . .
constant at 2—’; 2—’; and 2—§ But current |, in feedback resistor depends on input
binary word.

The circuit works on the principle of summing currents and operates in current
mode.

Problem 4.1: The basic step of an 8-bit DAC is 10.2 mV. I1f 00000000
represents 0 Volts, what is the o/p produced if the i/p is 10010111?

Solution:
The o/p produced for input 10010111
=102mV (Ix2"+0x28+0x2°+1x2*+0x22+1x22+1x2+1x29



=10.2mVx151=154V

Problem 4.2: Calculate the values of LSB, MSB and full-scale output for an 8—
bit DAC for 0 to 10 V range.

Solution:

LSB =25 and MSB = -
Given that Veg =10 Vand n =8
#LSB=22Y= 039V =39 mV

256
MSB==~=5V
Full scale o/p = Vzs — 1 LSB
=10V -0.039V
=9.961V

Problem 4.3: What o/p voltage would be produced by a 4-bit DAC whose o/p
range is 0 to 10 V, for a digital input 01107

Solution:
Output voltage = Vs (d; 2 14+d2724d32 3 +dg2 _4)
Given that V|:s =10V and d1 d2 d3 d4: 0110

- Outputvoltage =10V (O X =+ 1 X~ +1X=+ 0x —)
2 4 8 16
=?v=3.75v

ANALOG TO DIGITAL CONVERTERS (DACs)

An ADC is a circuit which converts analog signals into digital form.
Basic ADC Technique:
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Fig. 5: Schematic diagram of an n-bit ADC

Fig. 5 shows the schematic diagram of an n-bit ADC. V, its analog input
voltage. Its digital o/p is d; d; ... d,, where d; = MSB and d, = LSB.

Functional value of output=D=d:12-1+2-2+............ d, 2"

ADC has 2 additional control lines START and EOC. START input indicates
beginning of conversion, EOC (End of conversion) output indicates end of data
conversion.

Applications of ADCs:

(1)  Microprocessor interfacing
(i)  Todirectly drive LCD and LED displays
(iii)  Digital voltmeters

Classification of ADCs:
ADCs are mainly classified as Direct type ADCs and Integrating type ADCs.

Direct type ADCs compare a given analog signal with internally generated
equivalent signal.

Direct type ADCs:

1. Flash type ADC

2. Counter type ADC

3. Servo tracking ADC

4. Successive approximation type ADC



11

Integrating type ADCs (Indirect type ADCs) perform conversion in an indirect
manner. They first convert the analog signal to a linear function of time (or
frequency) and then to a digital code

Integrating type ADCS:

1. Single slope ADC
2. Dual slope ADC

Direct Type ADCs:
1. FLASH TYPE ADC (PARALLEL COMPARATOR TYPE ADC)

It is the simplest, fastest and costly ADC.



Fig. 6 (a): 3-bit flash ADC

Fig. 6 (a) shows the circuit of a 3-bit flash ADC. It consists of a voltage divider,
7 comparators and an 8-line to 3-line priority encoder. Analog voltage V; is
applied to the + ve terminal of opamp comparators, Xi, X, ... X7 are the
outputs of the comparators as shown. Xo, Xy, ... X7are the inputs to priority
encoder, where X, = 1. Y,Y1Yj is the binary output word where Y, = MSB and
Y, = LSB.
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8 resistors form a voltage divider between reference voltage Vr and ground. Let

Vg be the input, fed to — ve terminal of opamps, where v4 changes from % to %
as shown.

Vo\o\

1 b

V, o— —

A

Fig. 6 (b) Comparator

Voltage input | Logic output X
Va > Vy X=1
Va < Vg X=0
Va = Vg Previous value

Fig. 6 (c) Comparator truth table

Input X7 | X6 [ X5|X4|[X3|X2[X1L|X0|[Y2 |Y1l]|YO
voltage va

0t |0 [0 [0 [0 [0 [0 [o[1 [0 o |o
8

Ve (o 2V& [0 [0 [0 [0 [0 [0 |1 [1 o o |1
8 8

2Ve 03V [0 [0 |0 [0 |0 |1 [1 |1 [0 [1 Jo
8

3Ve oo #Ve [0 [0 |0 [0 [1 [1 [1 [1 Jo [1 |1
8 8

4Ve . SVe [0 [0 |0 [1 [1 |1 |1 |1 [1 [o o
8 8

SVe (o8& [0 [0 |1 [1 [1 [1 |1 [1 [1 [0 |1
8 8

6Ve oo 7V& [0 |1 [1 [1 |1 |1 |1 [1 |1 |1 o
8 8

Ve o 8= |1 (1 [1 [1 [1 [1 [1 |1 |1 [1 |1
8 8

Fig. 6 (d) Truth table for flash ADC
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Fig. 6 (b) shows any comparator circuit. Fig. 6 (c) shows truth table of
comparator. Fig. 6 (d) shows the truth table for the flash ADC. The circuit
compares Vv, with each nodal voltage.

Here conversion takes place in parallel (simultaneously) rather than
sequentially. Conversion time is limited by speed of comparators and speed of
priority encoder.

Drawback of the flash ADC:

An n-bit flash ADC requires 2" — 1comparators where n is the number of bits in
binary o/p word. i.e., number of comparators approximately doubles for each
added bit. Also, the larger the value of n, the more complex is the priority
encoder.

SUCCESSIVE APPROXIMATION TYPE ADC

It uses successive approximation technique and converts analog voltage to
digital form.

Fig. 7 (a)

Fig. 7 (a) shows the block diagram of an 8-bit successive approximation ADC.
SAR stands for successive approximation register. Opamp ‘A’ is used as a
comparator. V, is the analog voltage to be converted to digital form. V4 is the
analog o/p voltage of DAC. Output of SAR is a digital word d1d; ... d,. where
d; = MSB and dg = LSB.

This 8-bit ADC requires 8 clock pulses for conversion process. An extra (9™")
pulse is used to load the output register and reinitialize the circuit.

SAR finds required value of each bit in digital o/p by trial and error.
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When SAR receives START command, it sets MSB to ‘1’ and other bits to
zero. So, trial word is 120000000.

Comparator compares V, and Vg.

If vq < Vv,, trial word is < correct word. Then MSB is left at 1 and next (2"
MSB is set to 1.

If vq > v,, trial word is > correct word. Then MSB is set to 0 and next (2") MSB
issetto 1.

The procedure is repeated for all bits (from MSB to LSB). Whenever vg4 > v,,
the comparator changes its state.

For simplicity’s sake, let us consider a 4-bit ADC as an example.

Then, Fig. 7 (b) indicates the conversion sequence for a typical analog input.

Fig. 7 (b): Conversion sequence
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Fig. 7 (c): DAC output waveform

Fig. 7 (c) shows DAC o/p voltage waveform. Here the o/p voltage becomes
successively closer to the actual analog i/p voltage.

DUAL SLOPE ADC (DUAL RAMP ADC)

Fig. 8 (a): Functional diagram of dual slope ADC.

Fig. 8 (a) shows functional diagram of dual slope ADC. Opamps Ai, A; and As
act as buffer, integrator and comparator respectively.v, is analog i/p voltage. —
VR is an internal reference voltage. Control logic circuitry is used to operate the
switches S; and S,. START input command indicates the beginning of
conversion and EOC output command indicates the ending of conversion. The
digital o/p is taken at the o/p of the n-bit ripple counter.
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Fig. 8 (b) Output waveform for dual slope ADC

Fig. 8 (b) shows the o/p waveform for dual slope ADC. Before start command,
S:1is grounded and S; is closed. Then any offset voltage due to A;, A; and As
appears across capacitor Caz (AZ means auto zero). Later, when S, opens, Caz
acts as memory and holds i/p offset compensating voltage.

Let START command is given at t = t;. Then control logic opens S, and
connects S; to v,. It also enables counter start from zero count. The counter
resets after 2" clock pulses, say att =t,. Let T be the clock period. Then time of
integration T for v, is given by

T1 =t —t; = 2"T where n is the number of bits of ripple counter.
During T, output of integrator v, is — ve going ramp voltage.

After T, control logic connects S; to — Vg. Now — Vg is integrated and v, is a +
ve going ramp voltage. When v, becomes zero at t = t3 (say after N clock
pulses), control logic issues EOC command.

Derivation:
Ti=t-t:=2"T .... (1)
ts;—to=NT ..... (2)
For an integrator

1
V, = — R—Cfvl- dt .....(3)

Att=t;, v, =Vi(asshown in figure)
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Here v; = v,
=~ Eq. (3) becomes
Vy=— %ftt:va dt =— 22 (t,— t,)

— VUq
= 2" T {Fromeq. (1)}

V1 is given in terms of Vg as

_ 1 rt; —_ Vr
V1——R—Cft3—VRdt— E(tz—t3)

_ Z_IZ —NT) {using Eq. (2)}
_ VRNT
—— ? . .o (5)

Egs. (4) and (5) =

~ZaognT= _ ZBNT
RC RC

.e., Va = VR (ZN—n)

Since Vg and n are constant, v, is directly proportional to N and is independent
of R, Cand T.

Advantages of dual slope ADC:

(i) It is available in monolithic form, which is compatible with microprocessors
and LED displays.

(ii) It provides excellent noise rejection.

(iii) Suitable for accurate measurement of slowly varying signals (e.g.: outputs
of thermocouples and weighing scales)

(iv) Used in many instrumentation and control systems.
Disadvantage:
It has long conversion time (around 20 mSec). i.e., it is slow.

Problem 4.4: A dual slope ADC uses a 16-bit counter and a 4 MHz clock rate.
The maximum i/p voltage is + 10 V. The maximum integrator o/p voltage

should be — 8 V, when the counter has cycled through 2" counts. The capacitor
used in the integrator is 0.1 pF. Find the value of resistor R. Refer to Fig. 8 (a).
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Solution:
Clock period = —— = — - Hz
4 MHz 4x 10
216
—_ n —_ —_
L-t=2"T=_—-=16.38mS

Output of integrator v, = — :_Z (t, — t)

Givenv,=-8V,v,=10VandC=0.1x10"°

=il

~R= - A (tZ_tl)
=— 1 x10x16.38x 1073
—-8x0.1x10
=205 Q

Problem 4.5: If analog voltage in the problem 4.4 sis 4.129 V, find the
equivalent digital number.

Solution:
=V ()

.'.N:v—aZn
R

v

_ (4.129 V) 2 16

8V

= 33825
Above decimal value is equivalent to the binary value 1000010000100001
DAC/ADC SPECIFICATIONS

1. Resolution:

It is the smallest change in DAC output, when its i/p is changed. It is given as
Resolution = 2‘1/%1 volts (= 1 LSB increment)

Where Vs = Full scale o/p voltage
and n = number of bits

Resolution of ADC is defined as the smallest change in analog input for one-bit
change at the o/p.

Example: For an 8-bit DAC with Vzs =10V,
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28-1

% Resolution = Resolution x 100% = 39.22%

Resolution = =0.3922

2. Linearity:

It tells how close is the actual o/p of a DAC to its ideal o/p. It is expressed as a
fraction of LSB or % age of V. It is determined by the fitted line passing
through measured outputs.

Fig. 9: Linearity
If the staircase o/p waveform is symmetrical w.r.t. the line as shown in Fig. 9,
DAC is said to be linear. Otherwise, DAC is said to have linearity error.
3. Offset and Gain Errors:

Offset error is the o/p of DAC for a digital code, for which the o/p should be
zero. Gain error is the difference in slope between the gain of ideal DAC and
actual gain. They are indicated in Fig. 10 and Fig. 11 respectively.
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Fig. 10: Offset error

Fig. 11: Gain error
4. Settling Time:
It is the time taken by the DAC output to settle within a range of + (%) LSB of
its final value. It ranges from 100 nS to 10 pS.
5. Accuracy:
(i) Absolute Accuracy:
It is the maximum deviation between actual o/p and ideal o/p of a DAC.
(1) Relative accuracy:

It is the maximum deviation between actual o/p and ideal o/p, when gain and
offset errors are removed.

(iii) It is the difference between the ideal and measured o/p for successive
binary i/p codes.

6. Monotonicity:

A monotonic DAC is a DAC whose analog o/p increases for increase in its
digital i/p. For a monotonic DAC, the error is < + G) LSB.

All commercially available DACs are monotonic.

7. Stability:

The performance of a DAC changes with temperature, age and power supply
variations. So, all its parameters must be specified over full temperature range.
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VOLTAGE REGULATORS

A Voltage Regulator is a circuit that provides a constant voltage which is
independent of variations in line voltage, load current and temperature.

SERIES OP-AMP REGULATOR

Classification of VVoltage regulators:

Voltage regulators can be mainly classified as series (linear) and switching
regulators.

In series regulator, a power transistor is connected between unregulated i/p and
load. The transistor operates in active (linear region). So, it is also called linear
regulator. VVoltage drops across it is used to maintain constant voltage.

In switching regulator, a power transistor is used as a high frequency switch.
1.e., power transistor operates in cutoff or saturation region. It doesn’t conduct
current continuously. This gives more efficiency than series regulators.

Comparison between series and switching regulators:

Series voltage regulators Switching regulators
Few external parts required More external parts
Simple design Complicated design
Less noise More noise
Less efficient More efficient
More heat generation Less heat generation
Only step—down operation is Step-up, step—down and — ve volt
possible. operations are possible

First 3 points are advantages and remaining are disadvantages.
SERIES OP-AMP REGULATOR:




23

Fig. 1: Series OP-AMP regulator

A Voltage Regulator is a circuit that provides a constant voltage which is
independent of variations in line voltage, load current and temperature.

Fig. 1 shows a regulated power supply using opamp. The circuit has 4 parts.

1. Reference Voltage Circuit (A Zener diode circuit)
2. Error Amplifier (An opamp)

3. Series Pass Transistor (A power transistor)

4. Feedback network (A voltage divider)

Let Vi, = Unregulated input voltage input voltage
V, = Regulated o/p voltage
Q1 = power transistor acting as a series pass transistor
Vet = Reference voltage
V,' = Output of error amplifier (opamp)
Ri— R, = Voltage divider
Operation:

Q1 is connected in series between Vi, and V,. Q; acts as an emitter follower.
Thus, it provides sufficient current to drive the load. R; — R, samples V,. The
sampled voltage is compared with Vs obtained by Zener diode.

(Vret — BV,) Is the input of error amplifier

v,  is the o/p of error amplifier.
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v, is used to drive Q.

R
R1+2R2' SO; (Vref - BVO) reduces.

Hence o/p of error amp also reduces. As a result, V, reduces (Here V,=V,’ for
emitter follower). Thus, the increase in v, is nullified. Similarly, any decrease in
V, is also compensated.

IC VOLTAGE REGULATORS

If V, increases, BV, also increases, where 3 =

Voltage regulators are available as monolithic ICs. They are mainly of 2 types:
3 terminal ICs and 723 General purpose IC

IC Voltage regulators can be available as:
(A) Three Terminal Fixed Voltage Regulators

1. Positive Voltage regulators (e.g.: 78 XX series)
2. Positive Voltage regulators (e.g.: 79XX series)

(B) 723 General purpose Voltage Regulators
78XX (+ ve Voltage regulators):

They are fixed positive voltage regulators. XX is output voltage of the regulator.
(XX =5,6,8,12, 15, 18 and 24 V). For example, 7808 has an o/p voltage of +
8 volts.

79XX (- ve Voltage regulators):

They are fixed negative voltage regulators. with output voltage options — 5V, —
6V,-8V,-12V,-15V,-18V, - 24 V. For example, 7908 has an o/p
voltage of — 8 volts.

Output options — 2 V and — 5.2 V are also available with 79X X series.

IC Voltage regulators are available in TO-3 (metal package) and TO-220
(Plastic package).

U"n\/cg-l»lo\YG.ek : 7% %X 13 Req .l ¥k
1V Jr ke s RO e e e
887 == T —-— C5

10-33 M¥ ?3 | M F
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Fig. 2: A three terminal VVoltage regulator

Fig. 2 shows a 3 terminal + ve IC Voltage regulator. Capacitor C; is connected
between input terminal and ground. Capacitor C, is connected between output
terminal and ground.

C; is used to reduce the inductive effects due to long leads used. C, is used
Improve transient response.

Important characteristics of 3 terminal IC regulators:

(i)  They are available as 78 XX series and 79XX series.

(i)  Vin>= (Vo +2) Volts (e.g.: If Vo, =5V, then Vi, 25+2 (i.e., 7 V),
where Vi, = Unregulated input voltage input voltage and V, =
Regulated o/p voltage

(ili)  Output current of voltage regulator can be varied from 0 up to its rated
value lo max). When it is I, max), more heat is dissipated. So, heat sinks
are provided to handle it.

(iv) IC has built in temperature sensor. It turns off IC when IC becomes
too hot (when temperature > 125°C). O/p current drops and remains
there until IC is cooled sufficiently.

Performance parameters of VVoltage regulators:

1. Line regulation (or Input regulation)
2. Load Regulation
3. Ripple Rejection

1. Line regulation (or Input regulation):

It is the % change in V, for a change in the i/p voltage V. It is expressed in mV
or as % of V,. Its typical value for 7805 is 3 mV.

2. Load Regulation:

It is the change in V, for a change in load current. It is expressed in mV or as a
% of V,. Its typical value for 7805 is 15 mV, for 5 mA <1, < 1.5 A.

3. Ripple Rejection:

The voltage regulator can also reduce the amplitude of the ripple voltage. It is
expressed in dB. Its typical value for 7805 is 78 dB.

723 GENERAL PURPOSE REGULATOR
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Limitations of 3 terminal regulators:

1. No short circuit protection
2. Output (+ ve or — ve) voltage is fixed

723 general purpose regulator can overcome the above limitations. It can be
adjusted over a wide range of + ve or — ve regulated voltage. Boosting of
current is also possible by connecting external components.

Fig. 3 (2): Functional Block Diagram of 723 regulator

Fig. 3 (a) shows the functional diagram of 723 regulator IC. It is available as
14-pin DIP package and 10-pin metal can package. It has 2 separate sections.

Sectionl: It contains Zener diode, constant current source and reference
amplifier. It produces a fixed voltage of 7 V at the terminal V. Because of
constant current source, Zener diode outputs a fixed voltage.

Section2: It contains an error amplifier, a series pass transistor Q; and a current
limit transistor Q.. The error amplifier compares a sample of o/p voltage applied
at the INV input terminal with a reference voltage Vs applied at the NI input
terminal. The error (difference) signal controls the conduction of Q;.



These two sections are not connected internally. But IC provides the facility to
connect.

Fig. 3 (b): Pin Diagram of 14-pin DIP of 723
Fig. 3 (b) shows the pin diagram of 723 for a 14-pin DIP.
723 AS A LOW-VOLTAGE REGULATOR

Fig. 4 (a): Pin Connections for a Low Voltage 723 Regulator
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Fig. 4 (b): Functional Diagram for a Low Voltage Regulator

Fig. 4 (a) shows the schematic of 723 used as a low-voltage (2 to 7 V) regulator.
Vin is the unregulated i/p and V, is the regulated o/p. V, is feedback to the INV
terminal through Rs. Vy is the voltage at the non-inverting terminal NI.

R
R+

Vi = Vet

- (Here R1-R; is acting as a voltage divider)
2

If V, becomes low, voltage at INV also becomes low. So, input of error
amplifier becomes high and so its o/p also becomes high. This output drives Q.
So, voltage across load increases. Thus, initial drop in the load voltage is
compensated. Similarly, any increase in the load voltage or changes in the input
voltage are regulated.

Reference voltage is typically 7.15 V.

Ry

~Vo=7.15 * <715V

1+ R
Thus, the circuit acts as a low-voltage regulator (< 7 V)

The role of CL (Current limiting) and CS (Current sensing) terminals in Fig. 4
(b) is described below.

Current Limit Protection (Role of CL and CS)




Fig. 5 (a) Characteristic Curve for Current Limiting

Fig. 5 (b) Current Limit Protection Circuit

The circuit in Fig. 4 (b) does not provide protection when current is large or
under short circuit conditions. Circuit shown in Fig. 6 (b) provides such
protection.

Current limiting refers to the ability of a regulator to prevent the load current
from increasing above a preset value.

Fig. 5 (a) shows the characteristic curve of a current limited power supply. Here
Output voltage remains constant up to limit. Beyond this point o/p voltage drops.
The value of liinit IS set by connecting an external resistor Rs; between terminals
CL and CS.
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The CL terminal is also connected to output terminal V,. CS terminal is
connected to the load. It is not shown inf Fig. 5 (b).

The load current produces a small voltage drop Vense drop across Rsc. This
voltage is applied to base emitter junction of Q;

When this voltage is nearly 0.6 V, transistor Q, tuns on

Now a part of the current from error amplifier goes to the collector of Q. Thus,
base current of Q; decreases. Hence emitter current of Q; reduces. Thus, any
increase in load current will be nullified. Similarly, any decrease in load current
Is also compensated.

—_ VSenSe —_— 0'5 V
Here, liimit = =—
RSC RSC

This method of current limiting is also called current sensing technique.
723 AS A HIGH-VOLTAGE REGULATOR

Fig. 6: High Voltage 723 Regulator

723 can also be used as a high voltage regulator to produce > 7 V.

Fig. 6 shows the circuit of 723 used as high-voltage regular. Here the NI
terminal is directly connected to Vs through Rs. So, voltage at the NI terminal
iS Vref.
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The error amplifier operates in non-inverting mode. Its gain is given by

A=1+3

R,

2 V,=715 (1 + %)

2

SWITCHING REGULATORS (OR SWITCHED MODE REGULATORS)

In series regulator, a power transistor is connected between unregulated i/p and
load. The transistor operates in active (linear region). So, it is also called linear
regulator. VVoltage drops across it is used to maintain constant voltage.

In switching regulator, a power transistor is used as a high frequency switch.
1.e., power transistor operates in cutoff or saturation region. It doesn’t conduct
current continuously. Hence, the power transmitted across the pass transistor is
in discrete pulses rather than as a steady current flow. When the device is cutoff,
there is no current and so no power dissipation. In saturation region, there is
power dissipation, but it is less. This gives more efficiency than series
regulators.

Switched voltage regulators rely on pulse width modulation (PWM) to control
the average value of o/p voltage. The average value of a repetitive waveform
depends on the area under the waveform. If the duty cycle is varied as shown in
Fig. 7, the average value also changes correspondingly.
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Fig. 7: PWM and Average Value

Advantages of Switching regulators over Series regulators:

1. More efficient
2. Less heat generation
3. Step-up, step—down and — ve volt operations are possible

Disadvantages of Switching regulators:

1. They need more external parts
2. Design is complex
3. More noisy

QUESTION BANK

Main Questions

1. Describe a binary weighted resistor type ADC. What are the drawbacks
of it?
2. Describe a R—2R ladder type ADC. What are its drawbacks?



9.

33

Describe a binary weighted resistor type ADC.

With the help of diagrams and truth tables, explain the operation of a
flash type ADC.

With the help of necessary diagrams, explain the operation of a
Successive approximation type ADC.

With the help of necessary diagrams, explain the operation of a Dual
slope ADC. Mention its advantages and drawbacks.

Compare various DACs. Describe the specifications of DACs/ADCs.
Distinguish between series and switching regulators. Describe the
functioning of series opamp regulator.

What is the need of 723 regulator? Describe the pin diagram and
functional diagrams of the same.

10.Describe how IC 723 is used as low-voltage regulator.
11.Describe how IC 723 is used as high-voltage regulator.
12.Describe a switching regulator and pulse width modulation used by it.

ok whNE

8.

9.

2 Marks Questions
Describe the basic DAC/ADC technique.
What is the problem with binary weighted resistor type ADC?
What is the drawback of R—2R ladder ADC?
What are the advantages and disadvantages of a dual slope ADC?
Describe any two specifications of DACs/ADC:s.
Mention the advantages of switching regulator. over series voltage
regulators.
Mention the disadvantages of switching regulator. over series voltage
regulators.
Define line regulation and load regulation.
What are the output voltage options available for 78 XX/79XX?

10.What are the disadvantages of three terminal IC regulators?
11.Draw the pin diagram of 723.
12.Draw the pin diagram of a 78X X voltage regulator.

Topic from UNIT-2
SINUSOIDAL OSCILLATORS

Oscillator:

Oscillator is a circuit that produces an ac voltage or current waveform. The
waveform may be sinusoidal or non-sinusoidal. In later case, it is normally
called a waveform generator.

An oscillator doesn’t need any input. It takes the energy from dc supply and
converts it to ac signal. A sinusoidal oscillator can be realized by placing a
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frequency-selective network in the feedback path of an amplifier. The active
device used in amplifier may be a transistor or opamp. Feedback is + ve
feedback.

Types of Oscillators:

1. RC Phase Shift Oscillator
2. Wien Bridge Oscillator
3. Colpitt’s Oscillator

4. Hartley Oscillator

5. Clap Oscillator

6. Crystal Oscillator

Principle of Oscillations (Barkhausen criterion):

Fig. 1
Fig. 1 represents the basic schematic of an oscillator. Her
v; = Input voltage
v, = Output voltage
vy = Feedback signal
A = Gain of basic amplifier
B = Gain of frequency selective network = feedback factor
Let the points 1 and 2 are not connected. Then let us apply the input signal v;.
From Fig. 1, We get vy = AB v,
If the values of A and (3 are adjusted suchthat A =1,
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Then 'Uf =;

Now let us connect points ‘1’ and ‘2’ and remove external signal v;, the circuit will
continue to provide same output, without external input.

Barkhausen Criteria:

There are two conditions to get oscillations. They are

|AB| =1

<AB = 0° or multiple of 360°

Above two conditions are called Barkhausen criteria.

First condition says that magnitude of loop gain AB is 1.

Second condition says that total phase shift of the circuit is 0° or multiple of
3600,

Practical considerations:

Suppose AB is exactly 1. Then due to ageing, replacement of transistors, temperature, changes
in circuit parameters AR may become < 1. Then gain (or o/p) of the circuit goes on
decreasing. So, oscillations will die out. (1 to 5 %) So, AB is taken slightly more than unity.
Then o/p will go on increasing. But it is limited by the non-linearity of active device. Thus
o/p becomes constant when the active device enters saturation.

There is no ac input to an oscillator. It uses noise signal like switching transient as the initial
input.

*hkkkhkkhkkkikkikkkikk
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