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Course Objectives:

e To introduce the basic building blocks of linear integrated circuits.

e To teach the linear and non-linear applications of operational amplifiers.
e To introduce the theory and applications of PLL.
L

To introduce the concepts of waveform generation and introduce some special function
ICs.
e Exposure to digital IC’s

Course Outcomes (CO):
e List out the characteristics of Linear and Digital ICs.

e Discuss the various applications of linear & Digital ICs.

e Solve the application-based problems related to linear and digital ICs.

e Analyze various applications based circuits of linear and digital ICs.

e Design the circuits using either linear ICs or Digital ICs from the given specifications.
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 Op-Amp and its
features, the ideal Operational amplifier, Op-Amp internal circuit, Op-Amp characteristics - DC
and AC.

UNIT - 11 Applications of OP- AMP

LINEAR APPLICATIONS OF OP-AMP: Inverting and non-inverting 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, Multivibrators, Triangular and
Square waveform generators, Oscillators

UNIT - II1 Active Filters and other ICs

ACTIVE FILTERS: Introduction, Butterworth filters — 1st 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 astable operations and applications, Schmitt trigger, PLL -
introduction, basic principle, phase detector/comparator, voltage controlled oscillator (IC 566),
low pass filter, monolithic PLL and applications of PLL.

UNIT -1V 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 to D converters - parallel comparator type ADC,
counter type ADC, successive approximation ADC and dual slope ADC, DAC and ADC
Specifications.

UNIT -V 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 CIRCUITS USING TTL 74XX ICS: Study of logic gates using 74XX ICs,
Four-bit parallel adder (IC 7483), Comparator (IC 7485), Decoder (IC74138, IC 74154), BCD-to-7-
segment decoder (IC 7447), Encoder (IC 74147), Multiplexer (IC 74151), Demultiplexer
(IC74154).

SEQUNTIAL CIRCUITS USING TTL 74XX ICS: Flip Flops (IC 7474, 1C 7473), Shift Registers,
Universal Shift Register (IC 74194), 4- bit asynchronous binary counter (IC 7493).
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Textbooks:
1. D. Roy Choudhury, Shail B. Jain, “Linear Integrated Circuit”, 4th edition (2012), New Age
International Pvt.Ltd., New Delhi, India
2. Ramakant A. Gayakwad, “OP-AMP and Linear Integrated Circuits”, 4th edition (2012),Prentice
Hall / Pearson Education, New Delhi.
3. Floyd, Jain, “Digital Fundamentals”, 8th edition (2009), Pearson Education, New Delhi.
References:
1. Sergio Franco (1997), Design with operational amplifiers and analog integrated circuits, McGraw
Hill, New Delhi.
2. Gray, Meyer (1995), Analysis and Design of Analog Integrated Circuits,Wiley International, New
Delhi.

Online Learning Resources:
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2. https://nptel.ac.in/courses/108106069
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| nduwetors -
., Most  often B s simply @ geststive o]
o +he. ouPPu% 0%

aum‘non

—t proyides voduced ‘Pofrimon
\gudback &'kanos\-ko the ‘inPM mixer Network.
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51 Mixer  Network s
“% L 75 alep have o quJc ob mmng -t(?ﬂ_dbor.lr pY

"Unoj

U.J‘I"h | hye '(ﬂ[)u{ .crana\'

Serleg mpu{ connetHon (o) Serfes mizer
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Tronsfer ratio (o0 qoin : |
—> The ratio pf the ou-[‘Pu-{— Stana\ -to -the 1ﬂPu"l' Sn’anal .
- 0f he basic amplifier s 12P1aseh’red btf +he svmbollﬂ

\oltage r_]m?n (Av) = V0
{ g

| Cuyyent Qain (A5) = To

a5

Tran e conduckancs Cqmj = :19.
V‘,

| Tans restskanu (Pm) =Moo |
| a qi ) { T
yf14) . Fia X

| |
— The -fouy Quan Bles Ay Ag, Qmi Pm are Tekerw_dau +he
| -{*mnsbe'r Umn the  basic amPllJﬁm without tu.dbatk

ond use o) A%{mbol (A)
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s The -twansfer gain with teodback s resented by the
T gen with § 9 wep "
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— Here ,the t—udback Sn‘dﬂa\ 1S t@dback o ~the ,nFuf
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Transconduckane with feedback o = g
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Trans fesistance with feedback Vo
is

:ClassfFicaH'on 0F Feedback amPr.p;e,rS:
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1 Positive ﬁudback amplft:er

|
|
l
' R Nﬂga’cf\re Jﬁudback amplita’er

Theve &rd +wo J‘?PU’ of ﬁudback ampliﬁers-mfy are ;

?S‘ : qbg + ;éF
#} — o r Basic |
S | Mixes ampliFier Po Sanpler
— | A
feed bock
Pt | hetwort 2 po

Heae,

A = Goin of the basic amP\lee_r = %%
B = feadback vokio = —%E ;

Ap = qain oF fedback armplifiey = g2
Ps = ac S‘am\ in —the EIP Sida (v o7 I)

Br = fesdback Sicaﬂa\ (Vor T)
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| Positive feedback amP\?HGT: l
> 1f the fedback @ fs nphose with input sigral %o

| then the net  effect of the tedback will InCTeme he

! sven 4o the omPl‘fHQT ﬂ@, = @s_i‘é{l

?nFul: s:canu\ a
—> Hence 4he “m?u% VOHmae applied to the basic amplifs,
exPonf_nJﬁal(a_-

(s intreased, -P(\Eﬂ?_bLJ increasing Bo
—Thig “pe ot Feedback s said ‘o be posi
sative Feed back.
— 3 dIn this ?os?-\’\ve —%udback,omP\T%’

i AF = _%)‘ s ¢0
953 @;_QjF

tve OF Tegen,

o OCUL]’D['S @5 = Gst

B! 2
:I -
L P
A
AF ) I*A}_’;

Here |Apl> 1Al

— The Fmdudc o e open  \oop i (A) and the Jﬁudbad
Fackor (p) fs catled toop , et {Ap:

— I |Apl=1 ) Ap=eo

— Henw -the gain oy —the amPU'E'feT with  positve Eudbﬂt
o5 infinite and +he Ompliﬁ“ a?vex an ac ou%fu% awif
ac ‘inru’c s:‘anal- [

— Thus +be O‘mfm"‘“ acts a4 an oscillator.

' Disad Uan{‘a?QS?,

- The +Ve Hfoodback  intreases ,the ?ns%ab?]%j 0} ém

I am,g[";'f-f?j-
5 b veducr the band width.

3. b intreased the distorbion  and noise .
o y
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0stillators |

Neqabive Feedback omP\ih‘erS'

— 1P +the -tedback @ 1s  not ?nP\'\Me w T+h “{nPu\:
S\fdhﬂ‘ @ > then +he net epfeck o the eadback. will
decrease the input s‘.ana\' yiven o Ahe amplitieT:

~— Henct tht input volm?e oPPhecl 4o +he baaic am?

is de@’mmedﬁrlnembnd c)\nueaxmc(] %o QKPD’”Q”EG”‘@»
> This -h”)ﬂ of fordback fs saild to be ﬂeﬂﬂ’ﬁ\'&

~+eed back (o) dlﬂ@nemﬁ-\\fe ferd back .

—» T +his =ve feudback ,ng\ Hier accapts @ = ¢$ B

A = Bo - o
- B Byt

|

D14 Be
Zy Do

|+ AF;
teve |Ap|< (Al o
& The Prrocluct of +he wode caam tay and the 4p
I Al =71 +hen A = —‘-{5 '
— Henwe e caam dSLPP_T‘)dA Lsg on the OPETIC\'H'O(J
pote ntials and the chavackevistics ot the -transistol (07).

» vaccum tube ‘
on —the

[i""” The aa‘m ma‘j be made o dePenc\ w{q‘w\ld
| “toedback network. | L asive
hY
—> 1t the Fedback notwotl containg only Stable pa
e

elements ;the ﬂo‘m of “the amF e “5‘”1
+eedback 13 also stable.
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Advantages ¢ S

'~ve —fodback s used —to improve ~the Peftmmanm
electonie dovite CO"\PI iiend: |

o It alwa(/h helps o ,mFmVe —’(h(?. bandw;d‘rh

3 It veducs the dictortion and noise
k- It modif m[:uf and ou%Ful” vesistanus ar dusired.

— All above odvanlca&ea are obtained ab the expense Ot
Teduttion tn Volkaﬁa 8am
General Charackerisscs of —Ve {eedback Gmﬁ'#ef’éﬁ

- The +ve feedback in amPl‘ifw‘er civcuibs WSUIE_T“

oscillator - -

— The -ve Feedback fin arnpti lifser ccuits vesults 0

borkion and inCren
dQCYQOAEd Vo[{-aﬁq @ojn ,no.se and dis !

°n  bandwidth .

{ I+ Better Stabilized \rﬂl{,-age %G"m .
9- Enhhanud —f—mquincv fresPOﬂSC |

( 3 Highey thUl' |m|'>cd0f)ul

L4 Lower ou’cPut 1mPeda/nc,a

5. RoducHon in Naise

e. Tncreare 1N L’mea-r}’b;f

. Betker stabilized \roltaae ?a‘m: |

—3 The ﬁa‘?n ot -the amFlH-“i'er With -ve feedback s
Ap ~ B s
I+A[5

D7+Fe_ren{—?a+in8 e_cinm wrt A

dAe _-A (0+ﬁ)+ 1 (HAP) v ul - U-‘f'
dA 1+ Ap)> N

= Ap+ ‘-Prp
U+AP)1

1
(HAP)?-

=
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where ofe TQPWSQ“S the “vackional Lhonae n ampli{ﬂ'“

\ro\’ma»e aa‘m with +eedback
E\ﬁ Y‘QPTESQI’\"L‘S +he frackional chan%}e n Votkqae

acﬁn wihouk —Q'Q_deack,.
.___\_.-———" 13 C(ll\Qd Stab‘i\‘i’ry "(:UC‘{:UT (OT) ik
here |+ AP Vil ¥ " the amplifier-
'f\Ck‘QC‘&Qs “+he SQY\Sf'D\h{"d Uk P
inad
tBuiby 18 called desensitivi
—5he Rmci[r/oca\ 016 +he 8ens By ‘d . H/

| Enhanced  Freque

| Decteased distorkion ¢
- D
D= X
£ |+RF)
Decreared Noise ! ’
an amplifier dﬂPe.ndme

—>There Qare mamd SOW C2A ob noise N
|

. upon the ackhve davice wsed:
— WITHh ush‘? +he -ve feedback with the feedback YGEOCF:)

t
and +he noise (W) can be Tecuced by A factor OF I+AP

\

' - N

| N = .
F |+F\F>
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~—> The bondwidth of an C\mr)”-pr'@’f fs -the difference bPPmu,\ ]

|
5|

- An amplfier should  have F\?(Jh toput impedana (resistance)

|
6 Decreosed ou’cPul- !mpaolante:

——
—

—s Suth dusfrable characterisife can be achieved whth +he hélP Oy

B

Increase OF Randuwiodth !
¢

upper cub aff {!mqu&ncrd (43) and +the towey cutoff _Heoj'wnty[f
—> The product of \)oltmae 2a‘fn and bandwidth g an amplifee,
with feedback and eoithout fecdback are same - '

[pTFx Bwp_ = A'Bwl
— AS Ar veducey b\d_ +he 'tacto:r t__,4ks band width woyy

!-H\F.:

be increaxed bU '+P’]3'

| B, _=_('f+ﬁp)[5»hdl- at nid band fa&?ﬂ-A=?
— Due to -ve feedback in +he. @um:feT'%@ upper 3db
cut off —Precluency (f34) is tncreased by +he factoy CI+AF)

and -the tower 2db tut Off 'H“i‘”mcﬂ (£ I8 dacremedby
‘e tcxd_—or (H_AP_'). ;

‘F&'F = “Fa (+h p)

-F,-'F = ‘F‘I
I+Qp'

Increased lnPuE lmpadomuz, 1

o that it will not load <he SOUrce .ty 'inPu’c voltaﬁe Spuvee-

-ve -feedback: _
[z# = 73 (H—ﬂﬁﬂ




er ﬁMe+f$ (o=
Effect o ttagobvefudoak mtvmplfe
KRt 2k derfe.
% % - 3 Me_yc—:ﬁz me;}:rrﬁ_— o
No Mw&[‘h . JVd"‘?t '5“‘-‘5 Vﬂ'h’ﬂ'ﬁ""{- G.rl'ﬂ’-nf-&ﬂ'!.!’ Gﬂmj—.ﬂmf"-
1 amﬂm . Decreates | Decreates | Decreages Decyeages
vﬂw i Srpuoves.or 1
2|  Bardwidth Increases | Tncreadts | Tnoreates | Tncrenges .
3| Hoawenc Dxfortion | Decm;és"? p'um Decreades | Deoypogac
4 A’ﬂl’fﬂ- ﬁc&:nﬁ:’j l Decyeatss Pecreases i _;Dﬁttmks )
F and— Qesishance InCreases .i Docwenses JRM:H-B Dem;nu;
R (BB ) | B | A
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’ ' I,
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™ Types OF negakive -
P Qg% Ferdback  amplifrer :
I+ Voltage-Seties fedback amF‘r\ Se-sh
2. Voltage -shunt  +eedback amP',n Sh-sh

3. current-serigs -Feedback amﬁr se-6e
g Curtent ~shunt  eodback OmP'Y Ch-Se

_oIn the classtcation ,the st +eim voltage feters +o

| COnnecHng lp vo\l.-aﬂe, o5 fifp o the feedback n|w-&
|

curyent T‘Etafs <o Jcakma oF Olp current oy ‘i]P +0 the
teedback Nw-

‘__;. TF\'?,‘ SQLOHC\' terme , Sevdes Tetws Lo connec l—f_ng, +heo
‘ fordback siana\ in Serfes o the lp uana\ & séunk vefer
| +o Cﬁnher,l(%nca “the fendback sf?nal 'n  ghunt with an ?IF

g?(ona\ :

Loltage -series [ setes ~shunt toedback ¢

& :
-_ \10‘{_ : ofe

I W D\"de amP\!%ET -
| +o A A= No w} R
| i Vs —]
l
I
I wheve A=Ay
| __ Heedback .

e =BV o

=2B% e @)

:-——»The aamcr +he am\o\mu without feedback ‘Az—\iv“?;

IF the teedback ¢s Connecked g =Vi+\p

\r = Vg-Ve
5 = Vg =\ =BV
UD ?
US:V€+‘5\IO

Vs = Vi+B (AV])




= \No . AV
e Ve . (v AR)

hAg_. |
Hf\p ,.

. redues the olp Tesig,

}*> The f]«‘\?ﬂ Y the ~0mf\‘|3-(i'cf- with "de‘fm'
1

|
|

Ay =

J—

—> (he shunt conpeclion at 1he OIP
—>The sexies connetkion ab the dlp veducts the olp resistang

: Ul Yesis
— The Seriet connettion ab the ilp Maereared the lp vesiStay,
— Here the baste amplifter s @ +rue voll—a?/e O‘mf”"f“’-"
Equipodent of the \'Dlhxda ~garles —feedback 0‘\"‘?\‘%'“"

It 1F 4w ol 50 |
' +
V¢ Vs { F\\Il " Iy R
‘ |
4 | feedbback |- ‘

\1\» n\h) p - y\}E_ Vo
- 0 i

\nput Tesiskance 3
\ly =Vs-Vg  (or) V;= I;R,
Vg = Vi+ Vg
= TR PV, (Vg tpy,)
= TR+ AR\, (v, - A
=TiRi+ap (TR
\g = TR (1+Ap)

Ripg = Ms o Q‘T(H_ﬂm

19

(-H?: = Ryt Apj




ol T " F/ A P o~ ‘
Output vesistance :
\lo = IORD+ AV?
Vi = Vg~V

(% Vg T5 bonspered to the of, side hence Vg =0)
\lj = ~Vg

'Vo = Io Qo" AVF‘ ;

Ry = U+AR)Vo
Tp

Rp = -0 (144
0 IDC P)

_ Vg - _Ro

e

| lor T I+AP

(1+AR
—s Hence the ofp wesistancw s reduced by @ ﬁﬂcitj: T P
4 Hhou
“+rom the Ou{Pu{- -%mPedonco_ ok e OmP\t%eTb w\O S
eedback and the input Impedants increased by @ FACOT O
(L+AR)- |
: VOlta%QFBi shunt +eedback ompl‘:‘#er (or) ghunt - shunt &

— 0t
| 7 Tyans vesistance T
Qé Vi ampl?f-ﬁ‘ev (A) 1
Ll pe=yo |
Bmf ¥ "

Vo Vo
The c(;ai’n of +the ompl?-f.‘er without -Feedback A= T

o = I "j
T = Tg+ T (00 Ty = Te7F
= Ii’"“ﬁVo
= :rﬁﬂF;T;

"

(! +HPJ I
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Ap = _ATE
(+AR) T
Ar- A
I‘lﬂp
Equivalent civcust ~for volﬁlg‘i‘smmlC feedbock amplitier
NEER B W

I, §RI +@Hj, vy gRL
o i
7 l Where A=Rm

Vg

- Input Tesistance ¢

Rep = kil
I




V(!4 AP) = Ty R,
) l-_-\—‘—h_“*—-

Aop = Y0 = Ry
1o I+ AR

e

" S TN

of the amplr-r-fer without -Feedback -
‘| Current ~Serfes feedback amplifier (o) Series - Sevies *

+ 'T— S —— ___jo
“ \TI\ vans conductance ﬁé
= . Vp Re
L L]
V.c:ﬁ'uo Feedbad‘\ _ U\Jhere A‘gm

T
network 2

The ?ain of +the ampliﬁier witthout -feedback
A :..:_r_o- ) Io = AVT
i

Feedback ratio Cp): .%if_
0

Ve = BTo
The 8&% of the amplifier with Feedback
R VIEIV AV AEE SUTI R
Ap = To
Vs
= Tp
4+ VE

= AV}
Vi +ABV;

= AV]
Vi (14 AR

Ag = A
FI+H

!npu’c Tesistance ¢
Vg = Vi+ Ve
= \fl'—f-pID

T

_s Both the input Tesistance ¢ output veststance fs teduced
by @& factor of (14AR) +rom +he input and output Teststance



Vg = VilI+AB)
Vg = I:R; (1+ AP)

s - R (14PAB)
TI-

Rip = RIHAP) |
‘Output Tesistance °
VS = \fe ‘I'VF:

tput wi
~—Jf K =0,V is -hanste'n’ed +o OUP

\,'l':~—V|:
Io=m'i+-\é%
Iy = —A\’F'}‘-:;—z
T :-AﬁID"f%g

+AR) T, = Vo
(=6p) T, 2,

Vo -y (1AR)
Iy

Ror = RD(H-Hp)’

_._),Io

Current amP\? tiew

th US S"\O'll-ed_

K Current shunt —feedpack amplifier (on) Shunt sevies !

‘The gain of +he amplifier without —ferdback

A= do =N jO = A':'L;
is
. .
Feedback 1a¥p (F) =

?F; = If =PI,
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mPl;{{QT with 'Fitdbotk
g +he Q@
The (J(\!ﬂ C%

AF:

{ .

: $ o de k
: nl:,,—Feg_d’bac
t creuit of c,amnt,s'ng
ivalen '
+q: &clt.uv

lﬂpu’c resigkance ¢

o
c+-__|_F
IS:II
. T
IS :‘%"'P 0
= \i +H]E‘ﬁ1
IS,_E?_
Vi
Te = B TAHAP 2
o= ¥ +ap >
R
Iq:= \;s O—H%[B]
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Soj ¢

N ‘

R =

Tanp

Oukput vestistance ¢
R

(or) I; = Qg tF

i Jcmnswc%'red +0 OU’CPU!:

;. Ig =0 , the source

Ii‘ - —QF
= 1+ W a2 :

Mo _ Ry (1+AP)
To

Ror = Ro (1+APD
i\ of 200 kHz and o

(@ An amplifier hos o band w0 *
voltoqe caOu’n oﬁ IOOO-NhaE will be -the neLd band widt
-\te «Fudbach 1S ?nhoduuzd‘

and cdam,;# 5 %
(5 What s the caojn banduw
. uwhthout t&dback? o W]
What should be —the amounk

dth p»ro&ud: with and

ob 4erdbock 1F the
band width racl'uimd is AMHz-

Bondwidth without -feedback (Bw) =200 KRz

voltoge qoin without erdback (Ay) =1000

(@) p=5° =003
The 4etm (I+AP) = 1¥
= D
Band width with feedback (Bwg) = BW( 1+AvP)
i, =109 MHz
Voltage gain with feedback (a, ) = A
VE) = v
I+Pwﬁ

(1000 X 0+05)

= |9,
9.6 e




R NESSS e A o . N, . —
(b) Gain bondwidth product witheut teedback :

Ay X BW =1000%x200K

-_—*25”08
Gasn  bandwidth [x‘oduc‘c with +edbock :

Ayp X BWE = 19:6 x10:2x10°

J
|

| =9xip®
2-I An amPlH'—re-r has Qn open LOOP ﬂmn ot 1000 - It's Lower
‘and upper 3dB frequency are 50 Hz and 200 kiiz T@sPec-‘c'lvely.

‘1t has a distortton % 5% Without —reedback: Determine the
| ., X
values OF Ayp ) Lower and upper 3dB —requencies and Ne

fd?stm’don i+ a -ve feedback with p=0-0 is Op?lfﬂd-

|
501‘-| Given
J AV =000

i p = 0:0l

?

( F, (or

F (o) FL = 50 Hz
)FH =200 KHZ

’Dfst—mk‘ion withouk; +u:dbach 7 §°/o o
| =0-05
‘votta?a qain with ~Feedback (Ave) = by
TR TR 0T g Ay P
1) DAbE0 e duge
I N ‘ s
: 77 141000 x 010
_ 1000
e
| ' ! TN , -.90:9,

L4

\UPPQT 3dB ‘f"fa,(iuenud With —-eedback ¢

— 200 (1+ (1000 x0+01)]

=200 (11]

= AMHz




i
(14+AvP)

Fip (o0 Fip =

~ &0

= 50
1410

I
= H;SH Hz

Pistortion wtthy tardback (bp) -

1A cuvrent aroplitier withouk +
PQrametes values.

tnPut Tesigtonce (R) =4 k82
Ou’(Pu{' vesistanc (%) = bo Ks2
Lload veststance (R) =1kn
Band  width = 300K K.

Cemp te Ate ) R

shun teedboack s used,

+h -Feedback
Lower 3dB —[—ra,ciuanctf with

Shovt cireutt Current agjn(ATj -

tr ' Ror Qnd By, 1 s

[i+ (1000x0-01]]

D. .

TS

0:05

+(1000X0-01)

0:05

—_ —

L
= O'OU(f

= 0'(.r 70
adback hog +he ol ow

=200

- vent
0 /o \re cur
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Given data ¥s

p=5% =005

short CiTcuit Current aa‘m (A1) =-200
Input Tesistance (py =4 ko

Output resistance (o) =40 ka

Load wesiskoance (PLy=4kn

Band width (B W) =200 k2

For —ve ‘teedback (1+Ap) fs -ve-
ey (-AR) ¥4

So;we have +o take p=0:05, Sinke Ag 18 ~Ve:

! Factor Desensi’{w'v?hd {1+ Ay B)

lnPu{r Tesistanee with -fexdback —fov cuvvent shunt Feedback

1016

= 92-94 &

Output vesiskance with feedback
Roe = Ro(1+AzB]

= 40 [10:16]

= 4304 kO
It toad fs consider (Ryd = Roll R

= wokfl1k

- HOX1
4

K




SL

!

Ry = q15:60

I+ Asp = 1+(-200) (-0°05)

= i
[:T"} AIP '1|O—1'G’

}
' - |+ A
R, = Rol+Ap)

4+ Az P

- (0976 k) x 1

-

10-76

= 107316
10-76

= 99T

Y
RoF = 0:99% ko

Arg = _AT
H‘Hiﬁ
= =198%|3
-_-__“_—-_'
1076
Ach = =8 |3

= 3238 MHz



| 4

;’

S = S W ‘
H; An amplifier has VOH:M}Q ain  with -feedback of 100- | ‘
i{h( ?(’ﬂ\\ without ‘{‘QﬁdbaCk quangeg blj 20 % and ~the %Cﬁn
with -+eedback should not vary more thon 20k Dekesmine the

‘value OF open toop qainta) and -Feadbock vatio ().
Ay Given  that

Qf;‘ = 20% = 0
ARE = A% = 001
A
(S
:“\cns?l%\.-:fgj@) = Uap _ 002 o
[df:\) 0+
CA
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are used n no.of eleckronic

deo or vadio communicakions,

Inversion aoc‘ ¢O oY -

The Linear Te's

scalt ke audio o Vi
OPPI calions

medical electronice and ?nshumen{-nl-'.on contvol ete.-

iDeFTn‘it‘ion OF Qperat?ono! ﬁmp\'..?.ef'.
HE.T is a ('\11(‘.(“.‘: COllP\Cd h.lﬂh ﬂ“:n

‘-_-, An Opnmlfonal amP\'i
I more differential

Tnﬂ of one O

| nmPl?U’eT consist
a level Janslator and an mllPuE

arnPli t%e.rs, tol!omu‘l le
| &taac-
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— It is o wversatile device that can be used +o 0”"?‘”‘5] ’
ac a» well axr de inpub s'r?nuls and chc?odned for CUmPul—?nai
mathematical 4unctions such a4 addition , subtraction |

mulLfFl.‘coHDn,?nte?ra{mn ¥ dijperentiation.

Bosic Circuit §Hmbol and terminals Hor IC °
i o e a - . ‘:
rs a +viangle o phown in fig. It has o inpu

. ; wi-l
d one output +erminal - The +evminal with
d -ve Sign is non-

i—-> An Op—amp
-‘ teyminals an |
—\e g',(gn is inue:tincj ilp terminal an

inveftimj '-‘}P +erminal -

inv - WP .___\

f .
! Non-irv- ?[P -—]f P

_f.g(J etreutt QLJMbO[

sih kg various “+erminals
L}- The svmbol 'EDT an OP-amP alunﬂ with 1

s ghown below:

.'.
+\g O V
NV ‘]p i \ O]P
Non-inv: ?,P T _
“Ngg O V

s Al +he op-amP's have atleast ’Eollou]fn 5 terminals:
» +Ve  power supply uoli:uae terminal (Ve 0 VT)
. =g Powu gu}op!? uoll:age Yeyminal (Vg OF V)

olp terminal
inuar’c:ncj ilp terminal (-ve sian)

| . Non-lmm’dnﬂ ilp terminal (+ve s?(c}n)-
'Inve.rt‘.ﬂ? Op-amp !

V?n,

Vo
/

+Vee

N

\78
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Non - lﬂve.'r-i;.?ng .:Qp_amP :

= g >t
/i

%| 141_Op-amp and fks EQ_O*UF?-S :

| L —U_ _“‘— .
| of f set Null 1 TC 941 il No connection
Inve thin 'aIP tcimina| o (=
= 7 +Vee
o o T [
‘Non-1nver {ing ilp
t +erminal IZ “"E_’ Olp
"JEEIE\' 75-' oftset Null
o cd

—> The ThI op -amp 15 h?ﬂh P?Ttm mance  monolithic OP_amP .J.C-!
It is aveileble in 8 pin,lopin, Ik pin wntiaumh'on- |
s AR OutPut s preduced  without any ilp 7t is 0ffset volue -

Offsel value is cancelled b? using Otfset null.

!
Features !

1. Short  Circuit prol:achon is va‘.‘dad

9. No- bfﬁf]uﬂﬁ(y comPensa{i‘on reolu’nrt?_d

3- Offset antaae null Cﬂpobﬂ?{‘l

k- Large Common mode & differenlial Vo\l‘aron range

'5- No latch up:



Il
| Yntroduction = '

ﬂn’ceﬂm{&i Crcuits (I0) PlCUj a very wnportont port
€lectvonics.
| Most of the TC's 5pecual\':| made for a speciyte tosk
and contars  upto thousands ¢ Transistors , Ruodles § Resistors:

special puyrpose Tc's such 08 Audio amnpllers , £V
- radws |, logqe blocks , vequlators and even a whole micro
| computer N the Horm ob— a Merd cormtroller can ke Blt'h‘ld

iNalcle a 'Uhl_.] pquo\c]g.

| Some QE sxmple Inteqrated crreuts are showh mn
below f1qures.

b ] | | |
T .
|
\

A |
| f
l d 3 12 2\ . I 396 3%
Oepending  on the way o Monufactunng nteqrated
Catrcwts can be dwvicled \wto two groups -
[+ Hybnd
: A. Momnolithi ¢
1'1 Hybrd :
| Hybnid comtauns more than one laver.

| Monp \tthe -

[ At corvtaing Onhj one lcujm'.

Most o the imteqrated  cirewits are i DIL (Rual

= _— . 1
_ .




n line) package: This means that there are two rous g;.l
Ping . ' &
The device w YRew from -the dop and -the pins

!
are numbered 1N an anticlackwice durection. i

|
J

High power Te'% can generate more” heat and "‘heﬁl
have metal tcua that can he Comnected to a heat sk

to dissipate 4he heod.

>0 ( | ~

N —

2

TTTTTT]

By 5 6 F I
Ic's can be dwded nto 4two Jurther q¥ OUps -

\. 'P\!"‘\CklOC]
R @lCJl‘tC\‘

“’A"ﬂOdCB IC“% .
Analoq Ic% 1 vepered o a3 O output voltage g a
\tneay Circuit ¥ contivowg  andl jollows cm,-qu cxmd nput -
ex : -Audip -ﬁ-mP\tbmr
When signal frora a m\c_rophmc v connected to -lhe
Wput |, the sutput waill vcmd M the Same way Qs the voltaqe
-frorm m\crophone.

ngxto\ Re's 1
it ® Tepered o arx @ output uo\taac 2 not con{mou,;]

it v either low o3 hth. and 1t c\'nncjed {10 One stale o
olhey very quickly .
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/’ﬂ{ &]mbo\ of an IC 1 cormonly uwsed ot a ampliyrer

tov) Dpe.rcxttom\ cxmp\tblev.

Ncc
‘.ndcﬁ\e‘na{ N
) N M >
O

o/ p

e =y
}P noﬁ-'.NC\a‘:‘"ck

—-Vcc

| szbmntxo\\ amgb\iblcl_' ¥ on device which B uged to
.Omphtlex the difjevence of fwo tnput sQnals < Ik hos 4
CONfIqUYCtions .
i - Bual ilp | balarced olp Qpyerental Amplipler

3. Bual ilp , unbalonced  olp Aifferen-tial -Amplifrey

3. S\hﬂlf’- p. halanced ofp Biffrerential -Amplifley
B Slr\jle UP . unbalarced op Pifperental Amp\\btﬂf

| 7 ANew .
g
-
|
R . olf" OJP: L
| - e iy K
2| I Q, e
' | = ~ W
) - €
6!|
[ |
- Vee
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\
)

'|
|

= P

:/&6& jnfo-rmﬂ'tfﬂh Ob Op.ﬂnp -

OP" Arop 18 opera't onal -Amplifrer . Op-Amp % an

| m-[ecymtecl circemt that oPera'teA o8 Q Vol’caae amPhble.v.-An
| Op- arp has a d;bbe-rewttal mPu’(.' The syribo! oy an  op-amMp
‘alona with 1t various “leyminals 1 shown in below -f1g.

s VCC.

ipvey L) tumrni
° —
- o Olp {errtamal
- ~ f\;{\m ” +
8 B

["] - Stjml—,o] fgf oan Oil‘-f\ﬂ\P

The op-armp w wndicated by a triongle with points n |

| the direction of the SIc]nc\\ Hlow -

- Op-orop har 2 inputs of opposite polanties and b hos Slngle
olp ard hos 2 pouer supplies:

| — These oumphinem ave. called Operation -Amphijrers because

’theLd voeve mtt\alhj deslahed o8 On e%b&twc device Hor

Perjorming arithyetic operations (+,-.%,%) won °‘m‘\°9'

Ciurcutt .
> Almost all the op-arap have C\‘Ltemt % erminals

a- The positive sUPP'Y \Jo\'la(]e “{ermnal 4t Vee
b. Neclqi\ve. Supphd Vn\"tuqe teymunal — Vee
¢ output -terrinal

d: Trwerting input Aermwnal )

€. Non- 1rwe.11:ch mpu‘l. tevm\na\\L-Jc\-
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| = The e at tinvetting tevminal B positive voltagesr the
op ® -ve vottage and wvice versa:

= khile the ip at non-wverting tevrmimal vesults v Al
saoe  polarity output signal at the ofp terminal « This u
gnown - below 19

AVee Vo
Vi 1
- T™
D /\
e P L, ¢
- (‘N“
u—utf_
-i,‘].: nput s opphed to {he 'f'“-'ﬁf”'\f) 1errninal l
v
Vi + Vee
N 4 VO

BAVAR v

(J nput v app‘tfd 1o the New-\r-.\,e\hw-d “ler rvinal
=¥ 'ﬂ:\c DP—D.MF Works on dual Powexy S_.Uppltj.
— The dual powe | SUH)lld 3 qeneroihd balarced te-, the

\IO\tCl(Je Ob the +ve -SUPP\Ld 4 Vee and -Ve supp\ld -Vee 08¢

Sarne waqnitude « The 't%rP\CO«l\LJ used puyet supply voltae
are  +15v. ‘

= But W the 2 voltage wnogmitudes are not equal tn adual
SupPly 1t ¥ called a2 Unkalanced powen Suply:

— But almost we use 1he balanced dual powesy S.Upp\l.d
for Op-amp 1n prachc.a\hd_
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@T’Sck ©1agram

et Y

o Op- Amp -

e [ inPuk . A W

'“\—oa
-t c

——-——»"'
N20- 3 NH\;“p?
.tf‘ Wk

Dual Ve
balanced 9P
D' Flemealial
A\ e‘\cs\

P Talevsre - [ Level > Ouk Pul-
q.\'-f::\..-_ . —
g 5] SWifley % 2eqe [ToF, |
Qual -"F’ 2o M Ccmp\e—vnn\\cmf
unloolanced & fonowe = E\WC\'{\‘ azu2
(DY ‘?‘?C*ff'(\l:“ﬂ‘ US‘\(_/\ CuvNenk -N\np\', ?"‘cq
arnrh E:.c-:u\ Souvee

”\we f] shows 1he blockh diagram of Op- omr\p 5': consmsl‘s.l

of u cascaded bBlocks .

a. dnput staqe

b. 9ntermediate staqe

|
'!_ C. Level shnbtenr
| d. Dutput "a{acae

. jnpu't Simcae -

) The eutpuk wnput stage requires high ilp wpederce

{’ 16 avod lDadlna on the sources: j{ \'QC\U\Y@S.
§ also it requires low olp 1mpedence . |

= All suweh requ&rewxen-t;s aye achieved b"d uafncd dual ip |
bolapced  olp difjperential ormpEhijer at: the ip S{QCAG_. |
=+ Thig staqe  provides most of the \oltage qain of the

s | amplijrer & alto eatablichet the tp resistance g “the f"’“Pl‘ﬂ‘”
| 8. Intermediate Stage -

The ofp cb the 1p 5—\;(1%5 drivee -lhe neaxat staﬁe

|

¢nded O|p-

- ampl fer pith dual

5 ip termwnals

which 18 an Irtexmediale staﬁe- This ts anoibher dlﬁb&'f&'h’f_fa_l |

P unkalanced olp e, Stingle ;




[

—

—> The overall qawn s vequirernent oy the op-omp ® \very

Ngh.

—;-qﬂn roost oy the armplijler on wwtevreediote stage w a
dual {|p unbalanced olp cifjperent ol ampli jler . This stage
w

LWer.
ncreoses  voltage qawn of the ompl'h q

| 3. Level &hxb‘\:\hc‘] staqe -
| The level sh-btthcd staqe © ueed after the ‘”’CEY_*
at the olp o the

mediate stacqe. 10 shijt the de. \evel
(ntevmechate  staqe downwand to zero volts wrt e -
% Heve covplimg capo.cr’totﬂ, are not used -o Covple e

\evel
Ctmphhten A the tntermediate state « B¢ blc:lsmca \Jo\kaﬂe

und-

™
—

1

propagpectes ‘through 1he. armplijter -+ Pue to this a sigm freont

de level appears at the olp along wth ac olp-
— Rue +4p -thue e_bhect olp qets Astor teat € lirants the

moximum  o|p voltage - Thie 18 shown 0 below -{-lcq-

Vol V)
1T s 59-11}1-9‘-“""

. \evel . ' \

Or\:" /\ / .
e . . ¥
VAN

) AT A -\
VALY P n\:r‘\\. (J‘?\‘“
1 # /e
aeleve!
L\ /
{9 Arcionted olp dus fo Additenal fevel |

> Se 1bhe moun purpose & the \eve) Sh\{,t\ncd Sl‘acje v ‘o

shiyt the olp 'g' pont de level  towasdls
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MINITTUM C_\rﬂr\c}e in the oc sqnal-
— Thi aleo Saticljies that the olp should have €ual voltaqe
level of ov {or ‘0" ilp siqnal.

Eq+r . Hlow o vory olp viq b‘d qurg ilp

--!‘«_'Cc

\; =]

v
e NN D’P-

iqﬂf)

Applying kvl 0 the ip swde

Ni - Vgqg- \p =0

| Vo = Vi-Ves]

&Y varymg ilp vtq . the olp 1t decreasing-

Proof = Let us assume -thot !
\i=5B\v VG}S :VFSE =03V

\’D = \!5 —VGlg

= %»-0:4

\\lo '=‘Ll*3\l l
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Applying kvl to the cturcuit
Vi - Vge — T(R4Ry)

I(Rx*gz) :\I‘\'\’EE

T s \li -Ngge
R+ R,
No  vi-Vge
E) R\*El
Vi -V
Np , — FF % R,
Ry &
! = L
. Proof = Llet L Qucurne
i
| Vo - 5-0-1 2y
o+ 4
3%y
\y
B & ]
w

\’0; D"J: VD \l!
K- Dutput S‘LﬂC]e -

The last stoge u© a tomplimentary  Class B push pull

amphtter. The baste 'rec}ulremeh',»s o an o(p s{age ave low ofp
tmpedence .

(s ‘Lorqe o|lp voltage
a2 lavqe ©O[p cuvrent
3. low o|p wmpedence

ke low powen clisspotion
5. Short Cucwt Pro‘(ec’f\O‘ﬁ.

A pushpull amplijier  satisfler 4he alsove fequirements

& hence Coramonly uted In the olp stage o an Op -amp.
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4\JCC

\ o
e -
(P! ‘
¢ RL \’D
e :
[
5 e
~VEE
|
/
| w

A
-
L

N
*PGCP\O\C]ES ard Pwouts =

The op-omp u jabrcated on avey stoall sicon
chip and w1 package in o surteble case.

The Op -amp ® caenerollu avallable n 2 Pacmcje’v"

- Metal can
2. DIp (Qual n line packeqe )

= Metal cons  are oyvailable with 8,10 o 13 PINs.

- DIp packages are having g (o1) 1Y ptnt .

L= DIp package 18 mnost widely uged -
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f1q © ™etay Can Packagqe

4 ’—N—‘
: E 9 W e
fk".a:i; [\: . o] ne W'E g e
e B ase tee |
L) @ o e
el Igm>WE:
op- AeS = pNe B E ?ﬁp | j
: 4
E V i ’&ot‘"ﬁ“‘\%%E aal i
= ] b s
E i Igdt'b G —Vek 3 iyt
o ne (@l 5| N
{1 8- O Packeqe i woew B packeqe

lgat gea\ Op - Amp -

Tre obove f1q- shows on deal Op-OMp At how two ifp
s\qnals W §Vy apphed 1o non-inveyting  ond wver ting Aerminol

resPec:t we\Ld .

The Op-amp de\t’gtes the dijyerence blw the voltages

applied at the non-nverting ilp § (nverting P -
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:—%- Vi » the voltage applied ot the non-wverting terminal)
and 1, w the voliage cxpphe_d ot the inverting Lev minol < The
chppevence between the 2 voltages (Vi-V,) can ke acts og an

imput -to the op-amp . 9t k denoted by Ng-

= I dne qan of the op-omp & ‘A, Unen

_, " \out
| ~ Na
\ -~
|
Vout = AX\4 J

'3 The olcove expression caye -that the olp \roHoqe B directly
Proportional 1o the algekne dijjeverce blw the 2 1p voltages.

— Hence the op -anp QmPl:bmg lhe differerce blw the 2P
voltoqes.

1,=T, =0 - Hence s ip wopederce ® iy iy (2i=00) Thy
L ]

IMCC\W& that O«T\Ld source can drwe 1t & dhere ® No loading

Cl‘b‘Ect on the dnvewr stage-

\p VA = W=\, B C&-’Ler\tm\lld 2evo for ‘the bmdmca olp voltage
Vout -
—+ The o\p voltoge Vout ¥ trdeperdent ob cuvyvent drawn

jromy the o|p terminals Ahus ts olp tmpederxe % %ero.

—= Hence output can drive on l.r\bm\'te- ch other cucuits.

Seanne d with CamScanner
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—~ A tdeal Op-0mMp draws no Cuvrent at the p terminals i-c-,:

?

— The gawn ¢y on ideal Op-amp  ® tnfinrty , hence he dxhtevtnhuj?



R — S —

: #Chamc‘cﬂ:\;’ctcs of an 9deal Op-Amp =

o jhblr\l'te input Resistance :
M w denoled by Ri and 1l infinte for an ideal op—

amp - This ensures that no current can flow nto an ideal

DP-O.I’\"\P-

;&- _’Inblﬂ!fe \IDHOCJE Goawn 3

’ At w denocted btd Ao (08) A. A » lnbmde tor an 1dea
| Op-anm> -

f3- Xevo oOlp \mpedemg :

4t w dencted b\d Ro - At w infinite jor an \deal Op-amp-

E“' Yero ojpset Vvottcqe
| The presence cb the sreall olp voltgcae U, =V =0 V¥ Called
Qs on O:Hset ‘JD\’LCLEie- H 18 Zevo Hor an Ideal op-omp-

;6- ﬂnbm\tc Bord wadth :

The band wdth o an deal Op-amp 1§ mbmnie_- Thlé

means that the Operating b'recbucnttd range ® ffom O {p &~

|
|
|
IThm ensures that the gan ok the Op -~cmnp  fremonms constant
n

over the -hrec‘ueﬁuj ranqe  from de -to Inftmite ﬁrequency.'ﬂ\e%
an op-amp can amphw dc as well as ac sgnals.

6. _ﬂntlnll'e CIORP :
H 18 deﬁmed az the ralio o differen-tial gawn and commen

mode gan -4t u© mﬁmrfe jor an ideal op-amp -
" Y
/cmm’e : %7
T+ Slew Rate :
j’[ I8 deblned as -lhe maaximury vale q char\?cq’ Ofp

voltage with respect to time At 8 inimte for an tdeal op-an

— s - = - —
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\

| 41 1w denpted de 's' .

)
dVo
S = at

2 Dractical Op-Amp :-
3 YOX! -
The chavacteristice & an tdeal Op-amp Can be APP

mated closehd cnoui‘h ’ 'bOr mar\%( P"racttcal op- amp
Ichmaci—enshcs are lLttle bt d'fibemht “than the wdeal

al
op-amp  charac tevistics -

\l- jnpu‘t' Resis tance :

At 15 denoptec! bcd Ri- A has (arqc value tn practical op-amp.

|
Tire Aypical value o Op-amp B amon- .
2. Open Loop Gatn =

i 4t 1 the voltage gan of an op-amp when no feedback
5 applied , practically it 1 larqe.

3. output :Imp?dence

| 4t 15 deroted by Ro - 4t has very small value - The fypical

lvalue )] olp resistance » Jew ohmse *r-e., (2 or 2.0 etc.
'+, Rord mhdth <
91 the bond width ¢ a praciical Gp-amp . very small but

1§ e apphd ~\e feedbaCK il can ke tncreased 1o a desn'red_

value .
= J}f«ﬂ*’"cuml Grourd =
H » 4he situotion n which the m\Jevim(J nput Qf

AN cp-avp  w ot qround  potental even —fhouﬂh it 1 not
connec ted leCCtlLJ o qrourd - '

Assumnirg  that the op-amp ¢ (deal and 1+ 1 producmj

>

ome itnlt'e o[p: Then +the open [f_)oP gan will be 'sfhffe.
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M\N—F \
. QP. Arf.p . O’P
i v [ /
v.L vivkeal ( pancthon

= apo

f‘\!\)l} -
"fiﬂ - Raclical _’Inuuhn? O{)-/lrnp

For on op-amp 1 WE KNow “that

A - \'cut
Vg
Vd = \']"’\’2
‘\fcu.t
A= -V,
VW -\, = \Jout
A

\’l*\Ju = Nout - o0 O

1

\rl"'\’l_z =

Uy = Sy

|

' = Fromn above eq & 1 Observer that -the Pmehea\ potential

hat W tual
chgperence blw 2 termminolt & Rer0. We can soy 1 v tuad

“the 2 (P 1erminald .

- Heye .the word N¥ tual ©® uxed 1o cleay -that &ctua\h.d *H:

are not Shori’m “he p tlevmnals -
= A uitual chort Circutt meams ‘thot whot ever \tol{-age 2

short cwewt ewste blw

minal , & wull QulD\’Y_'\_CIUCO.U%I_W&PPHEi\v

at won- mvel-t@_cj {ey

s Pt .
S

Lot the mvertmca terminal .
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De M:kn?%)%ks of au op—
Y @a\ﬂd‘\’cal qj).m.u.p -

An ‘T("OCL\ (_\?,mu[) o\m;gg no Qu;(-;au}- 'Pa@m
e Sounce  and  pls fepre oy olio Pk f&’dw_

aup (o) properiees

ok ~\mt{>®n\tﬂe :
Howeven | & veal o
; ﬁ)-(.Uu_F )
Jakeu Paom  dhe Sowice  Suby oﬁmpﬁ%cﬁ?'ﬁﬁ-‘
Smken. oud alse e Hoo puks ~fegf®n38 JPM
hH e  cunmewst— EiUo?J—a@e, elueql., wlgwlil}pﬁ,

Pn 4“03&?3‘5131'8 .

H’»e oy eu;/- 7S

By Tnpud- b sy @ud—
U Snpub el o g
) Lopuk  offeet- \bl-hae
W) Theowal Qe
1) Topus bla% et i—rRo Loae Wk eut-¢

Eu)r@J\‘{NQ Tado e %w“ﬁ oud. hon._?r\ues@l&ﬁ
Fovanas e BRY§ Ry weg‘,g;}mdq,
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! L
. — 1p

| v
h—_—_
| b —> A,

| f19: wput b cuvients

Mcxthcmt\colud. = ix, expregzcd 0%

— Ebt"l‘ Ibs
\ -LB = 'a

= ﬂdealhd it should be Zevo, practically should be Tg=a00M

= Corerder baste lrWer{\nca amplijrer 08 ghown 10 $9-®
|

| o
| Wy
| R
|| [ /\M/ ] -

‘ et ot ll_u> —o Vg
| 5o 1B l =0}, , )

‘ S\ Dl

Sar )
L]

L-.""D

=

{'ﬂ dme\\mcl :\m?\ib':u itk brag Cuvvenis

o 4 lp veflaqe Vi w saud o 2¢r0 volts , the OIP S T

chould oleo e REYO volti -

— o|p voltage Vo ® Qven that \Vo = LR

for o op-amp have M= feedback vesislor

Vo = 200 wnwA X MO

Wu'-' 200 m\d

- The oOlp B driven to 200 PAV rorth ’Lﬁro)i\? becauge of 1
| buas currens .

- 4n applications whee Signal levely are measured N MV,
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he w otally ae unacceptoble -

~ Ths ehbect can be compzﬂmted lud Q compemwhon res\ston
Teep] bon been odded betuxen -ihe now- INvevking  erminal and

rourd (A w» chown 1in kelow .j\a

! Re

R —>

o S Ny oy
W\' NRi - Ib; \Z\
=y T Y
oV y Vo

o + .
=

— Wheve

YSReomp

+

= GND
cuyrent T,

'I{&ump] and V, woltoge drop QLTSS it

ApPlying KVl ,u& Qr

:
N

Vi g olp

i
1

— By selecting propes value 0 Reomp

W+ bV + Vy -Vo =0
\.'0 = \jn_"\,| __-'PU)
\f:_ :\h

- a

vl e %eérvo

- The value Ob RCOI“P 12 ceyived 0%

- \h
"[b1 = S
Reomp

—r(2)

hon- tnvertng terminal ® Vi . S0 we Cjet

the

1

T = — —»(3)
iy B3 (
il = .\ﬁh

Ry

o €Y
1

Jb\ommj -th ouqh 1he

cOmpemmtm:d yests oy

, v, Con be concelled with

E‘Tﬁpmﬂ \H-a atvoss Rcom‘, |
' Vi = Ty Rcum(‘;}

~— The node '@ 1 -the Voltlge becowre the \;o\bq::]e at
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\]l:v; .50 m%&t

| ~tet us comBer Ty, = T,

:__> V{ - ﬂ\ [ R1+R+
QCOMP Q‘R_‘

[ECD‘N\P = R‘R{ 7 [': RLUMP = R “R_( ‘;I

R\‘*’R_f

-, to  compentake fov blos ('_u\'r-e_r\-u ,the  tompenstotion eAu
Reomp  showld  be equal to Ahe paralle! combination o retsto
ted to -lhe \nevting Up termnal.
K2 .ﬂr\pu-l_ off set Current
It w defned ob the olgebre dijpevence betuoeen the
cuvrentt %\tmmca mto the 2 ip Aermwnaly o the op-amp . At
'[v; dendted by Tios - 5 |
Ha'thama—ucalhd % B quuen y

—

Jiot = Tpi-Toy

Ebbcut cb_ ilp sttt Current on olp vottaqe =
ket ug consider —the op-amp tied inihe cloged logp

Confiquration with Reomp as chown i below I
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c Ng
Ny
R M o= —
R
Y Reomp
R,
Now? , Eb; T+ o
o L
r.i_;, = Lha — 1) o
5b|Rc0mP
So we qe 1 — o
W 9, - O, - TR, ¥
e Koow that | s - Ns -V

~frore f1ige v = TaRg
SU: NNog = 1"1R"§ - jb\ELDmp

. T Rom =
[_lb;._ blﬁo P]E_} ~ TeReomp -

[-Tba Ri = £, Rcon‘\_PJ E—f

AP s« = 3y Reomy
R| i

jb). RJE* = Sb\ﬂ(ﬂﬂ'\p% = :Tl_-,‘ R\mep
c o L

Ry
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.Tb;_ E’tR_} - Eb‘Rcomp(Rm*Rf)

S
—

5l

R,
| TeaR®p -ﬂ‘b‘[%J (Rwrfy)
_ -
BRy (Tbs - Ti)
T
= Ry (Toa-Tu)
E’D‘: Ry Tiog

| —> The o|p voltuqe eaitts by the ilp ehtsetlcmrtrﬁ-
3. -ﬁ“pu't ofjfset” Vol%acac.f | , - ‘

The dltbeﬂ.ﬂ'ﬂa\ voltage must he applied blw the 2 ilp
termmols o on Op-0mp . to woke the Olp voltage €70 . ® r_a'\\ed
ax mput offset voltage - It w denoted by viog -

— Whenever both the ip texmnolr of the Op-Qmp ane (dfOU.nded'.
1Ae_odh.d he olp Voltaqe chould be Zevo- However | w thu condittor.
the practical op-amp shows @ swmall nop- kevo olp *\NJ’L‘C'CJLE]Q-"fh"'-,ws
n cdue to wWaw- Ma’cchmca pre,g,r_r\‘\: wn the wteymal cucmb & an
op-amp - Such a voltaqe can camse €¥¥0T N the practical

apr,ucahm . §or which op-amp (A uted . | |

\
— Top moakKe such a voltage 40 270 , 1t mecemary to appiy
cmall diffjevente ‘uo\'tm]'g blw -the o fip Aey mnals of an op -0
hir woltage w called Up ofpset woltage -

— For an 12c op-amp i[p off<et \wlhuk o 6mV.
—y ket wr See the Eﬁcd g Vie¢ on the olp Q{ Non - lh\fevhr%

ﬁ. m\,ewtma op-amp amphﬁierg Chown n below -jlaum.

-
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lr

——
—_—

Ry
——WW—qy
AN\ \&_\ .
Vo

L.

Ny =0

i . The Nj =0 -toi both -ihe -\ermmals

ar chown 0 below #19-

Uy, at the Ve Xing iIp terminal

amne
Re
2. "W\;
I _J_' W -. v \
= e
| A
\h-.‘h
| de
ed
0N "The voltaqe
Thul': 'Od aCLG'dlug -’(\Q Fd\_e_ﬂ-tlﬁ‘
I \J'DE\ '
\Jn R\‘YR{
R\ *R{—
\'O = R‘ \‘:_
N Vo = U+ ._E_f XV,
Sinie. Viae = V=Y
PJ @;U.t \li =0
f
Nips = Ny

dwidey theorem.

, the eq/uwal.mi' becomuf

A cawén

[




\’D:&'ﬁ* -g;_] % Viog ’ .
offysel voltaqe =

—» Thut +the o|p voltoge deperds ON the fIF'

4. Thermal Qhﬁ'[‘ .
Btas current , offset cuvvent (Lioe) + off set vo ltage

| (Vioe) Ckawae, rortia —[empe,wc-tu-ce . A crrewrt degigned
as’c ;mcu.d not  rewaain  So whewn Aemperature ratses to

2r°c . \hwa \X called dnb‘t-

—y Op-omp Offset ewvrent dvjt
Anft 1x espressed 0 My |[Te .

e Cireut rechnquer thot can

1% expreased nAC . F

and Dwr,tt \JD‘H.-OLcae_

3 Theve ave Nevy |
wted to mtniwmiae “1he ebhut blf c:lnbt—

[ - Pt‘lf\'\.ﬂd Crrcutt boqyd lqkdou{ [PCB)
a. Forced aur cooltng .

1. PCB LC\-WOLLL' :

4t con be uxed to keep op-amp oW rm foure

| heat

2. Forceal auv Cov['"-j:

It may be uced b Stablize —the "fe.mpcra’fum .




:

—

"odes Ob' QPem‘tlon t
Op - Arop will pevjorms —the w0 modes opeyation .

. Open loop rMode c:.S. Dvcvcrtton
= Cloced loop Mmode of DPgrt)."C\OV\-

dy. Open hoop Hode o Operm!ton:

A oys that no .jeed bock 4ermuinal tn Hw mput ond
putput but op-oamp will perfornng the three basic operation
&~ open loop mode o Ooperation.

i ﬂrwcrtmca a‘\mpht"ev
a. Non- muer”cmca AmPl\b\ev

be - L’E)tbbemﬁtta\ —Amp\‘tt‘f\‘

(:U_jn e”r?_tfrng _Amphtleft/;

= GQu\n
\ :.‘f; ‘ﬂr""t‘\\tﬁﬂ —[\mr,‘!bh‘?i»

3 % thwe the mput w appled ot wwerting er munal and the

lrsn—\n\:evtmr\q dAerminal ¥ cjrounde_ol-

'—?' An thiz the output ® out Op phose [\'80" phase _shxbt) wrth

“he nput -
s e know -that , Oped loop qan,

A= Vo
VA




rhere |, L = Vs
So, A = \lo
\l "‘\12

VD = A(Ur‘\b_)

SO .
‘)))( ‘ce resictarce Ry 1y ey sroall ythen ot 8 reglect

Vg =\l
o = A (Vv Vi)
from f19+ Y=o (7 atw ¢onnected o ﬂround)
\lo = A (0-Vi)

\o = — AV{

wheve , - Ve sign indhicates thal phase s‘mbt PTOV\déd P
N blw nput g output

The obove equ soys “Arat the olp \Jol’caeae 'A' tirres  lorgel
tov) tncreoged thenm the input

Lb,} Non-lnverhnj -Amph-ﬁlﬂ/f;

o] 2 PwnP °
/ F w? J'

— An thwe -the 1[p 7.3 apphcd at non- mve'ftmcd 1evminal 0":!
the wveyting  terminal s grounded
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An thw -tre output ©® n phrnse: (o on 360) with the t(p-

= e Know  thad epen [ooP gan

A= Yo
Vd
ol wheve | \)d ERVISR VA
i
SD, J\ = \(D
N '—Ul

No = A (Vi =Vo)

-—'-ﬂ{ Souyce Yesistance R7 W \Ic\rud small then & w»

neqlec ted.

No = A (Vi-Vs)
From 19+ W =0 (v vt 8 t]rourwc;leo‘)

Y Vo = A (Vi -0)

\fur—AVi, '

Wiheve , +ve siqn tnclicates that phase 3\-1:[;\5 % Zevo PTD“‘&AI

W nput ard outpui-
,:cj/_mrﬁucn-uar -A-mphtter’ v

-

R v

* ) \
R, ¢
N )\N\-— s L-I—-
I v‘

f L] » |
! - o1 T 4 il ¢
! 1 ' ,' IR | - / f | ‘I !

NC
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—> An these wnputs ave o.pphcd ot bcrlh ‘l:he \nvey tlwa

and ﬁDr\-\rwe,r'tln:J devrmninals . Since  the chbbercr\ce blw

two wput sgnals 1% ampljles  which 1 called Qubbererﬂla
Arnplh ftev.
—r IWNe knhow that open loop Qaun,

Ao o
Va

raheve | Va = R T

50 ’ 'P\ = VD/Vd

A = 0

\h-—\f:_

o = A (Wi-V2)

| B \very spall , then k1S nealgc

— Y source resictance Ry

R: Closed Loop Hode q szraﬁun.

An ths j{zcdback extst , in blw mpu:t & output

These -_{eedboch ®w o hecda‘twe. _-fecdbac,‘l‘i

'1| - Que to thy reqative jeedack flp reststance Increase

decyeages and notse 18 veduced » bond

f
" output resistonce
| g decyeases.

width 1B Increases and ﬂam
—* But OP'CIMP will perﬁo'rm& —{hree bGS!C Opera-hon N clo

. Loop mode gy operation .
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Ny

and hon‘_mverhma termmral 1 cﬁmurdad

—= An A dp sqral
—= The olp \loltacae Vo &
Zevyrorals ‘thmuah Ry —R, netwovk.

™ The wverting amplifier cireutt shown o below fiqure:

P Arwe,rtmca -Amph-i)xe,v
Qe l\lon—mve_vt\r\::d —AmPhb\ev
2 B\bbeve.ﬂ‘\‘,\al —AmPlxtb\eY.

:1) _ﬂmrc rH na —Amph 6—rer

P
- An A nveyBting ik applied ot the \rwevhnca “levminal

® oul oy phoxe with -the tnput SICJM\
fed bock o the tnvey ’cmca input

where ,
Ry = -j—eec\bach resistor

Fe

o
———f\ﬁf\ ﬁ[ \ 5]
i

Na( V ©No
« = 2R

——

. = GNo |
|

‘Ana[jsx 2

_ tet uy ogsurme an deal Ep-armp
(vivtoal farow"d Pc'teﬂ’cta\) then avrd

Vy =0 - and node p

1% a-l ﬂmur\d PO‘[Erftlaf

T, curvent flowh t’f\\*ouah R, Yveslshtor-

S0, i| = __.Y..'ﬁ S

Ry




—% Z\ince Op —arnp Avrawos no curvent | all the couvrent

.lbtw\nca with R, mucst 'blOUU "U’WDUﬂh .R_r resistoe The DIP
‘oltaqe Vo 1 cwen b«ﬂ

Vo = ~-T(Ry —(a)
Stree BN suy eqly) ¢ a) wWe cde.t

VO = '_-ﬂ ){R_{

Ry
| No | —R¥
| i <
|

Hernce the closed lc:op cdcxm °b the m\rertma ClmPl!b‘le-'f
| w quven bxd AcL

l 'AC_L = VD/\JT

|

\ So ) "ACL = T R'F

I RL_
Method - T ; -

Accordma +o nodal eq ol hode A,

.T.g:j:

d
But Va =o ;(beccuse Va 1 \rw’cua“ﬂ arour\de )

”.___.\lo
£ E:j

VMo _ - B
Vi ?

rhere | —ve thau i~dicactes that dhe 180° ?ha.se shifyt

provided tn blw tnput § output .



{10! Mon__jnwvtmj/-f\mph-bner:

(p

Re
Q 1 N
\
WIS |
N 67 AT ovy Y |
= GNO

=41 a sgnal 18 applied o the non-tnveyting nput -terminal

v l-—!-ﬂ)( a signal & applied -to -the hon - mverttng terrmoumal and

sron (b ® Called 08 non—mvartm% am?hﬁ\ev.

Zeed back & connected {rom output 1o input as shown N above
s1qure - |
L. 4t may be noted -that it 18 also a -ve feedback system ax
e [,
f’ﬁPUt 5 bem«a ]ted hack -to the lnvertmg lnpwl lermina

5bgrer¥‘ha| voltage Vg at -the tnput leyminal of onamP

— As a ai
Ni Same 0% the lnpu{

'z XerYo 1J(h€ \}0\‘10@& Ot hodle 'A' (2

rminal -
woltaqe applied 1o honvln\'&‘iitr\a inpul  evmina

—+ An cwcwt Ry ard R, jorme a po'ter\-'cml Awidev + Hence,

according 1o potental divider Theovem,

v Pi\No
L l?l'\‘@j'
Vo = Ri + Rf « Vi
Ri
\,D — [-f- _Q_ﬁ XVT
R1
Mo 1+ Pt

Vi R




we Know that ,

ciqrate w called 0 chijfevence amplipier lov) Rippeve

amPl\'f)ieY .
—> The dubbemr\"dal ampl

- Swee
of -the op-omp 1% *evo- ,
s Nede A ond Node B are at the same potential te Voq

\lo
W]
cL T
Aer = 1t %
. Qe (eOR2
, | Amplifrev: &
ce) .Ehjbmerrﬂa/ phj Frigs
El
(0 8
'41,9 W\l— N= \
0
o |
u{— '\]5\2[\? 3
Ry |
~5 A évrcmt thak oﬁpﬁgtepx, the dnbbevence Pw two InPuf

rHal &

fey ciycutt ® shown N above -_[—tcauv
the dlbh—f’.ﬁ(’:’_\'\'{.‘lﬁ\ voltaqe at 1he mpu'\ ey mnal

ot node A 15,

R\ R,
Na-Va \z -\p
Ry Ra B
bt o N2 Ve @y
\@[—ﬁl * By R _1:—3—‘,L o —
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Va -V \
3'-1'—5;::0

=& R,

Gl *s]- % =0 —ta)
3 Ry Ra 3 =

.sub'trac-hmca 1he apove tuo eﬁuailum, we édgt

{ { Voo N \/1 JJ( A o
—_— - -— -_21 = -__I_J_ _ V [._._ —_— —é— =
\'3(&/@2] B, R, 3| R =N t

Ny \Na \lp
1<) R Ry

[T = e,

No Ra

1| =V R,

Vo = B2 (Vv-V,)

R
ve.
1 ffererdial Hode Gam :
 mle know that , '

3 \b = A/ 'Ad [“;"Vz)
© Np = AdXVy4
where , Ag R —Lhcl di tbe.ve.whal Qan-

|
— The dijfjerential gan ® the amn i which dntheven-tfa\ ampliter
omphjres -the dtt\jevence Hw -two nput sighals Herce \‘JC
called oz dtbbe\'enha\ C‘dmr\ Ob ihe dtﬁbercn’cla\ ampl\'bler.

The dtbbemﬁce. blw the two tnputs (v, -V2) v,.caenercx\ha
ed o4 dt-bberehce_ \{D\t&.cae_ 1hat » Tepresented bfd W -

call

o, Vo = Ad XNy




No I'

"Ad - —{-’:l_ . |
~ The QN ® vepresented btd dectbals and & % quen ‘.1

20 [ood Ay

Common Mede Gaiu :

/

¥ The cdcun in whieh 11t cmphttes ~the common mode signal '

&

(o sarce sqnals) to produce the output 1 called as Comn

mode qQan o -lhe diptereritial amplijter . 4t 15 denoted by s

—» -ﬂ._F we clPPlLd two wnput voltages which are apphied  tor) )
a

equal i all -the respects o the d.tbevﬂ-ﬂm[ ampliﬁlel’ Hren I
\dmihd putput \!o\taﬂe must be Xevo-
te . Vo = W -—V2

Hy we know that | Vi=Va2

we cagt ,|Vo =0~

—y Bul the olp vottage ¢f the practigal d\bbereﬁm\‘a“‘P\"t‘e:_

not only deperds on the diference \oltage but also depe i |

on -the averaqe common level of the two tnputs:

— Such an Queraqe level g -two tnput sxgpai& iz called

cormmon mMocde signal o, 1t B denoted s Ve . ‘ r
L-e - \Jc_ L \Il‘;‘:‘u2 — *

—7The o|p voHaqe wn qwen by Jwhen conmon tnput S
1% consdey - |

o) | 1
-5 Thue -there existe some finte olp + so -the total olp ©
any d\btﬂﬁﬂ‘tml arplifier  con be expressed o

h—
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reon Mmode gan w fevo -

st » defined o’ the chonge W 1P offyset voltage due o
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W
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Nee
- ‘\]\

- { ) +
u
NW0& . ek

er NE
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d B AVips
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-

nV
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: ) AVeg
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- CC!'\bJ(O.n'l :

& Vee




¥ Powen SpoH*
“The ¥ - Qe ke sw a dual bupply , a d 'Aw

Conyi sl Y hoo Supely -\rsﬂ—u.cra both au. de 1dwse middh @otul-
W gentally +Ra dround Fenminag - T duald Aupply b Lwc-.ﬂl.a,
Adanad « t-e > “Hia vdtogm o ke sve “{“{J‘Plﬂ tVee § -}&_h?_
-Ve Sepnply -Veg ods- Aoawma  Tn mmﬂn’,’rwha .
:7:{: e oo \)u’{hﬂau; o nd- Aome n dual /&Appk[ s
5 called a5 onbalonad duad Aepply. T Gpied Apely
utleg  und b 1SV - 30 guoral o Suppley Vohas de
Nang e sy o 295V, T The plptive P W ceomech® +o
AVe Aowinad ¥ o Acura § 4R e P’l_\:k'v: teomecldd Fo
~ve AJominad anetbon Asuwves eh lahald Ty G
Grvamun Yejinancy [P0iuts G ot growndid . _
The 2 pu volunk ~epeopdubion § fig@) o

L /B{AGLDW v #B (k) v
s “j%_do)p | _C;gp)
v

il
..j?,aﬁa.nadiq un balanad &“gu, il Aual Aijﬂ"‘f"
- l 0 ancach
Fov f_’:a-Q.O-nJ wd Hv v b B e
U"!:_\Vu_t*"; . a -—.j:" ‘
i y =
= e
e T . . P

- I V7 z-Vgg=-L vV
V Vg m sV | |

5 oltoin dual 0 Aavsl Suppy 27
“The Cesmmon Pu'ud-cq. ‘oo powen  Spelied mur-be
roundad  stbovise e Speld yefhaye woill gel= apeled 72

-H-Q UP"CU-—F H'La.v.-’ Cﬂ_g_,w\n.%, |
T augd & UMT] o0 S'G,pn&a(:' poven Spphes,

Aol powen Sepply 1 dvved Yo 2 Jogls Secpply:
“TNoure ana VoSusd w2 edn 'qr b"o]rﬂ.iﬂm_z] AKC.LL&I-&UJ

Sepplq - deva A’mﬂk powsen Spil N

¢ T



) Ralanad ™ YEEHLE“{"“-“"J diviclen Nehofik - @

“Tha —Fizr)hf,asw& a /v pouen supply -
Vb‘t‘hg,l. L} U—"’If‘“ﬂ ~\e PD*E"\}"C\J CQlUICiL‘)‘I N’Uif a ‘a’\/ﬂlnd &
Tt L Cooveld + a dual Aapply - '
Fach& A ve g -Ve SprH Eﬂmlojnpd ka_A a man?-l'h
-Q.U-\-A.h o L\A.Hq "[\-L /h""‘?‘* SkaLI VB{%[%( 1.e v __Ei‘_g_
—+to G M ‘ -
i Tha apaciis Provicle ‘ﬂLQ“*PL"’:j g e Pooer
- T Gt Reysht R lwald nel- dha,, gl

s~ o Awpply - Hene Hosy Va«fga.u a iy o
ok g, G;.,Pac‘:-l%ls ot v B ‘

Y 606l ks oHA
—t 4V
al
U?(\_.::-
- I | N
L gl
(B) Using_ 2enen dialiat= |
CF o veboges ~epuved B ARow Vo o 2000

diode  give Symmelttc Avpply vatlagss - TThe Vol ¢ €s

clwosen Sucl Bob e 7 E Aupots - Antficad- 6&1{11«)-—[:6\/

dovdes o Spaale 1 ovalanch muds T i Alwon “rlt)
¢

- } _—-—OWJ-I-V_;’ .
Vi) '
\a"f -..-.!...'_:_.---- . o -
L —0 V '.'-Vz_,

F40)
c/ US’ij polesdiomefen: - -
_————'—_’_—_——a——_—_ o Y
EP\ _ﬁau) Rs‘lm«kowc}ei h und fo
%-MWUQLJAB;{W{,U*G,*D Ve
oavoid B C.E\D\ﬂ%&d dus 4y ~eversa) b:‘cpufas;@
Ganedldw ¢ .
'HW-“'E* &rodn DY D ane wied |
R proted e T '




TThe Frowger funckon by an spanp itk 8 bea @
'F’QMQA G be  oMumed QA, |

A- fou oy Jogb Capadﬁ@)
for |l»m$,M)

LH;( )JQJ, 3@ EHJ:LJ

LUEQG‘*K‘I_ /—-‘29 A ICIECCK:L\

golrd jﬂ h Coo .
2ad8, / - wdt [decdd,
( :
: ~bodl6)dogs,
‘ |
= = L \ b
© I 4o on (8 )

T greph bl genlenn % Fponiy

' - bandufddh  Wefem ey, gein
¥ ‘ﬁefgq Cm«wgi Aot ¢ iy T e 4

Tn /Ssm& ouppbcaﬁim; pe haw b diivet (Q‘Lta,(
{‘SMC&Q*&'I'Q {q GA)E)L C.(%ch { ain - 'F:;Y"{'E.a.s '}E-IJ-LQAL
Qome  Stitebl Cm«Pwaj-cm —]u§m 19rs - o Thaons on Lkﬂmﬂ ol

C'w»po.naajwm ﬁcfnmw
' V) éxl'uw\.d Cnsupubo&fm"lmb‘w%

1) (—\IAJQ)I'ULJ A ® o, ; b
> @x&hmd (prpentadion manwu_.
e have Jo  Cenned- a Gxetl “al- -f&_n Sl
&}ME‘T’m—p—ﬁw vu'ﬂuoﬂ “Aam g Feprovis B @y
GJ Pb‘{J- 2¢%0 Cm""f’?-n&af’m

Scanned with CamScanner



C‘:) Dmn’mauj—— 'pu{-. Cmpcnéoj*m e
ASAAAN N WNNANAANAAN

‘—ﬂr\{ 0.1'(,,[," _'{'U‘f CQUM.W\.CUA.I" PU(! Cmsr)em.tc'\g‘l ) (/3
/b{nmn % _bcd - N

- [

W Aw o wa
UﬂCM{;euchId "}f&u»ﬂe‘h -ﬁmthm LM__% Al
B on op-cmp 1n ofev leop Gadibion. —f -3 e

-

8” d ot nanl- q)trtL (ewpensabi e, s
e Nebwhk v added nsouen o M BP- Qurp -—Aﬁuq{-’-.
Cownp esated "*“‘Mﬂ@t ~rur\dw'm(;4’),. be comen

A‘! \Jo = VD - VDI

-

Vi Vs V2
: A b 3
R-1Jwe
| f '
- A } 4 -Pf
Sec | T38C
____._.—-——-——"-'_-'-'_-. -
@<=, | fpecy)
€ - ——
A - 7 |

AL A ) A "C"'LSQ.“'A_&'J-?::&()
- [HJHT)] | o
R . |
;. be know ok A vala fv R brek 'ﬁw@j%
e . Y g :
. S e L
7 '([+3:i7),(1+5%).(|+3(;&)
Qb Avalata 4" M, |
L Al _
A ’@+3~4_5.)(1+3g-7)0+5£)(f4~i§j

Scanne d with CamScanner



~> Mageihs ol () W

— (PL&M o.nak o, J—:{%‘F

U+ st f@] g
D10 oo &) |
| -+

| A (B))

=) Ae "Pef)..mq ?nmmu‘;:-l%n\-?a' e amn v met-
Cowtand- bud- C\:\({M + ‘*E'A‘am-n_ -mcanus i a vak Y - 2odl
P clac&( o <y

Dl ._ 'a'\cmimum AT tchim.hrLﬂ W ~90° by obsenve
’E*Effd,ﬂt-«f_ 'ft?/\.Pmse E_‘L (e T2N b'PPGw\.p e ;aLn.am-'.

— QU[ D‘L;smu\vﬂ .P&Wu't ’(Oa’fmﬁ. —jEQ_-H\C.Q_Cjﬂ?M chﬁad'eg.erL_‘

[« VN

J

), fov -PQ'U'W —FCC.‘FL», —h% mcgn'."ud,_ %-"B; 86"" %
" 90‘,53 AL i dQ £ ‘ T
G AL -Ft(/waacﬂ o da‘*;« ‘v &d@ b 169,1
+LL Oc val.o L AL Ad. 1k '{:annng,, [—ﬁ,)l.o
Collid ™ Covinenn {'@{’J"if_“i-‘ _’ |

AT

000 fov Po5fo b gosn mtl.% ol Ha val: g
Pen anCD.L' (&) Z¢da éy.@ octave (e -—&cl&’@(M)
— o ol |, 4, phar chatectesishe
Q) e phar angls v 2e0 ot & : -
g) Ak Cosner -@ﬁéq—ﬁ; ) Abe PL:EQ:? c-{ono-as"’(fozggr'u )
an)pl ,l;j-m“k Feppany ﬁ«a&aua& b -9 :
—> A Pradical Sp-awp, Lcmvmm no. /g,,%u ¢, &l 5L%

-S’c)d{g

Scanned with CamScanner



'P"eq}*‘?-“ta N Aol 99 D
 He _ Awn) jﬁufrrﬁb
e *—-—-*_tia 1+,
o oG oIt
]
IC3. 005
o)
9 0206
loo
F99g
I
59.49 Z¢o
o
K 37199 = 4
M
6 o
—
A B

> (4=

I?“HI'?-

@(F) = - tan' ('“t/,tn)
Ao =shy

O

457

- 6843
-83.13
- 89 31

- €997

89.999

f@ﬁfOMAGz of au thxbuﬁp

Scanne d with CamScanner



@st«)
AoL= 1999000 | (
Aok | ghey= —tan! (7,
14otif)] =20fog (\JHtFZf ) | BersKHZ ) i
| 06016 ' 0 i
103005 _ Lo
q2.09 6 _6343°
#9.95 B
$9.99= 60 _g e
39992 4o -$9.93°
0 ~$949°
. -
TP

N s Mt N

ST T T,

=




“the (‘afoc:hnu ‘o'
Clhooten Ao Hhak ‘.\‘kﬂ—mtz&{;g(ﬂ.
wep goan dvtps 4o ocla oMk 4
A{QT’Q] ?.Od&!dm&d‘_o.} a ﬁ[/

B el g Conqonsaded

'H‘"OM&% Tunchon A’ cabul
h&‘a&aebb_ q)Ltu( ,bc,*l—

Y Vel gq_ CD—P&O\""?L ! o V) '@QU,%,! L,
Can be  Caladalid by, - d

- 1 y.
' E—L“ T‘mufrj
2 Advande

¥ Cornesn -F(ewmcx% Al oﬂn@wmws (L
3} phour gl Ml be (b o “lz0
PN TR smmumL, t_!;l tko S'aéjrﬂ.m 1S '“‘-PYMd

= Vi Scwg\fctm:aﬁ%}b

* Rouwnd e 8&’3 OQ&CWMM-:

G') Po{; - 70 , Cw;—pv_n&a}f_g’) EECL‘“‘?}AL .

—

Fov Pq{n— 2o ‘C\Fvwfn.m..boj'fm, e 1) Ceomecd-
CGW\-PQVLACLP'I‘M. Nehotk as Aoz ‘1511

Ll A be e OnGwpaadiz ik
——h- Vi w & al
awyen funthi oo - T “}ro_mq-uu va
—(:und}m % +ra CM—PMQI:J U/A.Ho %i ii"
Kivam by I
| A A.A, —0 -
pele LY fu
- on (mu{»m&a ’thawzﬁek nchon
Mo @

M et )

Scanned with CamScanner



1 3ot (en@C 2,2 &
' y AL R‘L‘*-—Qr‘bj
0 ) e,
Ay 2L 1 Zrac,
Tt ) (_%) fo )
fo=4a - .?Tr(@f""fzjcq_'
_T].-ﬂ. evenall '\Vm&eﬂe}l Hunch o 13 4ba  Gyecl-
A AA .
ﬁ‘ 741)1._. ” (H'?l’ +i 2

R mAsE) )
A

) ‘ADL_ -

= *’_‘_,’——/——“4‘./
Qﬂ%)(m :f, )(HJ%)

bt e fehiched

{5



Acnvm%m:- d |
._.—_—_—.-=-—'-"'"’
& @Mcﬂmcﬂ-"ﬁs [ O'MP"N{J
L
= A (owpudabion g Aominant- b € ples2on0 (ompassahon
"‘lecﬁmiq}m ) ,B[mn belew aﬂ';‘;

The dbmfand b & Ackiclis Aq
—Ral- k. Cn*q)um_@ _|’f°-‘“’;]€)1 ‘B
Foes -H:mah odg af sl EAG of
He Onewpensalis Systewn

——

9]

—Eﬂ PA O A lu\f)iwef\b‘k

2) Gndonal Gepaation Tedlyers-
% TThe Sudeinal Gompadabion Hechague O olos Gllsd a8
follor giacl- Compentation  Technipua’ o

- ws deke Fwgc has Dwe Gpacth siich
bus [F Anbehoean . oo awkishiS - present twids & o |

Bposps The Subenal Cki- & A3 - aup ia Ao

Scanned with CamScanner



T T T —— P SPE— —
- ——— - ——

_'ﬂrw_"ﬁcq}}mﬂ*—( Q% MO‘P—MM,—[’E‘;‘ lf*-[bﬁ*ﬁ

TR Cn

His ool e G Twmpraz e stabibl ] Op-Cup-

s Cuboma)  Gompensation dednigpes b wmalidy wid
beGur. bv Tnshumentadien, -

< :?L(l ?IJ-— > M@%’
T ne gt bigh puffimans mendtite op-ounp
hc. gt v avicalable i, S 10y 1 P (U“f"ah‘ﬁu;éﬁm.

The  §p% %ﬁm%m g ) p-oup ob Jdensn mdig:

-;L—- " I_locﬁ—nnec,&f""
D el ekk Zvﬂ“w‘*m pdfsek '.gwa’
N M‘&L | ?nuanl‘vg?lPJ Z nc
o 4 e fpant] CMMJ A " s ’X)\\ A podp—
uv.aaru:g . Nm—ﬂﬁﬁﬁﬂf :{j#&d ;lu"
. ) gfpeot Vet ol C“f"]""u‘\ e L
l’l)f,mgc (srovasn s d}%muﬁﬂ W{Jf“’a‘ o




UNIT -4

Tnteqxa ted C_B’Cu\f& :
T U

Applications of L i

Bag:c c:s'cu\kﬂ Sdmbol and -Ee:s'mmabs fox .Icf/&i*

An op-amp A a -h’}an.ale, as  Shown n 'rg 3 L\q;,q
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Summing Amph frer -
Op-amp m™May be Uzed to design -the cirewt whose olp

ihe sumn of several i[p signals. Such a crewt B called

Sunmng  AMPLE pler oY)  summer - X

—s The suraming  OmPURLET axe clomifled nto tuwo types

- Anverting  suenrming amnp §ieT
2. Non- invevling  summing mmpkt\er-

T : \der :
1. Trnverting Svmming  -Amp 2k
N

AN ! \
- '\Nﬁ" a .
\1.3'- W
+

L

i
—

1 v, ,
— A Hypreal summing  aeoplipel wth 2 1P voltages VisVa, T3

€ thvee ip resictovs R R, Rz § One Jeedack vesistor Ry
in abdve 5‘%
- TThe vdtogqe ot node ‘o

verting  d4ermminal & carounded-
The nodal equ Ot node' o' s gwen =y

S

v& 1EYo (Va=0) becavse the non-

Vi-Va Ny ~Va . N3 -Va : Va-Vg
Rl R:__ EB R_[
Y

1 A 32_ - -YE - -j_c

_R—t Ry Ry R_r
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\lo = -[\J.‘-k\b_# \'3]

Srere ve " SN wndicates +that phqse. digherence blw Up & olp.

it w callud ony tnvetting  summing omph prer

E ~lon- Anverting Summumdm'phyer :

W L&_

Q‘ \ .
2 peny” :
iy = N\N\l; 2?/ Vv
-

- - above 419 -
—~ The nON-1nveriing  summing amp\t'slet shown' N ‘f‘ﬂ

= The 1lp voltager NiVarViy 1 fed to the noN-1nve ¥ ting ey wim

Tre voltage Ot hon- invevtng e evmwnal -1k Va

= The whage ok the wverting ip derminal wil) also ke Va
cange they mu Wslally  qrounded-

=2 the voltage acrost Ane mue.mhg 1ernmimal 18 Same an that

= the noh —tnveyting {ervanal.

The nodal eqe ot mde o % quenby

-\f \’ r\jQ
E Ul'“a A AVEN Q A 2 55
Rl R;.
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Rn

Vilg, + Valg, + VaRs
Va =

Y . YRS (8
A V3 :Vo.[-"‘ * ]

”Rl + ‘qu__'t "R3

Lo KT caom

'A T -\b’— = L B
yd =
But Here Na =Va

w-[r 8]

SUb  YJa 0 Qbove eq

Vi[R + Valr, 1 V3(Ry
\lo = [l+ %] [ ]

YR 4+ Mlea+ ‘IRy

= Ry = R = Rfls

<
o
n

Ri[2

o)y YON- tnverting omphjler 14

= 3 X ELVHVA-%Vs)
g 3

\Vb = V1+V2+Vﬂ

2V 2Vy
[14_-3&_ { 1\"/9{: 4 "IP{:" _[EE’J

Q-IR{ " .ng‘r + ’th.{

ilp
— Heye -he 0Olp voltlage A 1n phase with su oj he

voltaqes. So t w called o4 non-wnveyting Sum



ﬂnstvumen'mtlon -Amphh—ne.r :

Many tnaustral systems , CONSUMEY systems g pioce

corrtrol  systews require a measuyemeni of the Pw;\sw.a\

quarttties e “emperature, hurndity , weght ete.
stcal q,uonhtla 8 <3|ene.mlhj cov

vt

—» The measurement of the POy
put wth the help ofy a device C.o.lled,‘ Transducey-

- A -rancducey w1 o device whieh convexis one \,orfn oY
' energy \\WLO anothey §orm of ene{rq'j- eq MMCTO Phone. - '

- puk most oy the trancducen olp e ca@.new\\hd vevy low le

signals csuch low level signals o€ not s,uyomew\ 1o dywe the

. Henee , before 1he nent slage it

neat stage oy the Op-amp
evel oY such s.tcano.l .rqcctmcl

. necemany 10 omphipy the \

notwse g ey vater\ce.

= Howoevey & cjeneml amplipiey tke CE amp\t-\stei w not Sw

10 amplipy sueh smgncx\s.
oty no\se , such am
prey hoa low'U“\?R .o vt w nat Suset,d

¥ tov rejection pliyrers roust have ™9

Thereqore @ spectol ornplipley % uredt Ao amphiy Such’sign

- A SPECIQ\ o.mp\\'b\fv m‘n\ch A
oy wath huah tMRR .\*mah

wed  §or such o low “level

| aroplijeat ilp npedence \ow ol

\ow PowLy consumpiion B Known &> mstyume

A w» also called as Qoo Ampligley.

wrrtvumen-ioion arnp\hieY

1mpe_d ence

ation Qmp\t«h\er .
- The requwemeﬁbr, of ON c'Jood

qven by v
@) High e \mpec\ence.

(o) low ©olp \mpedent e

H{S) -H-\cah CrORR
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= Llow powey  consumptton
Ecmen gawn adjustment

=
15 qh’ slew rate -
7 Gan » hlcah Cov) 't\m'h& ¢stable ﬂoun.
Siiperental -Ampl fler Q.
N | \ ) H
e—N\\\— e
'3 =
o of=Arn h
O—N\N‘\ +
Ze.

—= The lnS'tTUW\Q{n{#‘thﬁ amP\it\ew 12 O '\L“E t)b dl\tere.f\'ual

acopligien. Hence  diffevendtal awmplijey ® Shown (b above f9-

Vo = —:i (V:'Viq

\

Fyom 1q-

|

8 ¥ ’ thL
i ey \gti u I‘('\Eﬁ\ (:1‘ oM Qm‘)\l %tf I W O “‘tipe O\‘ D A Lk
P\\h\f‘. -

o
D-A using Op-arp  C(on ke wed Ay tnstrumentation
using . On. nstrumen-teartion amplifier.

=ut -the y™vaun Pwoblem mn

2 s 1p npedence -
— The \p Wwpedenc
ey high ilp inpedence -
A can be mod:fled de Lw.ncd Bujper tov) \Joll:ac]e bolloum;

~weuds  at dhe ilp: At 15 shown n below £19-
l Re

N
ﬂl “"‘—'—'——\ U. ' )

e 9 oA B low whle the T.aA need&
- To ﬂtt vevy ht(ah i1p tmpedente ,1he.
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—¥ The qan & ihe voltage jollouey Circut & umia; while 1
fIp wnpedence ey hlcah. flerce he cwewt proudes same
Voltage gan Qb p-:ovtded b‘ﬂ the Op- amp dttﬁc-ren"ha.’ amphﬁle'r.
ilp tmpedence {or aceurale

1

— The above (kt providex h\ah
measuremenst of  aqnals-

— 4t conacts ah op - AMOpPs A Py § Ps
ave the non- thverting amplufrers {orms ~he ilp staqe- Dp-@
Ax 18 the difperential ampligier jorma he Ofp staqe o the.

C\mp\\tltr.
— Ore vaviable veetstor R . 1 nserted blw -the olp's of M

& Ax op-amps  wth the help o 4hie vesistor %'mn con

. Op-amps AL N

vavied |
- @Qan depends OD the exteynal vesistances §& hence can
adjusted accura-teh,d. o
—» The ilp wopedence depends on the ilp Wdencc o he

non- werting  amplifiey which w very hgh.

— The olp tmpedencte 1 the ©lp wapedence of the op-amp

Ay which ® vevy \ow -

The CMRR of he op- Amp Ay W Nery hgh -
S(xt\s-tlez the all the vequwe ments of a qnud
amplijler g hence Commonha ured 0 pract cal

CThus e crewt

.Aﬂnhdsns ‘
baste DA

A omay be sbserved that the olp stage & a
p-amp A

Hence . "the olp oY op-amp N B Vo, & ofp o} ©

W Vo, . So we can wyite olp of Op-amp W
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e aAIDD 4or Vo, § Vo, tn termt o)
the e1presdt 3
ted us k‘rd out _

.4“1 ] R.5|. R{.;ie
Let us considey -the frst Stage o an I-A shouwnin 1g-

Ny
-~ g_____—-.——-—-—_" .
; M\ —‘D\la‘
N %
A —- 5 Rs
V‘ ‘L ] (4‘5
’x“zﬁ

L- V_"’_\ ‘I._L F—f -
: Pl A ¢y by
-the / ' -
o
Ny

N, ¢

toL The node N, woltage of Op-omp Ay BV,

eecoved ot the node N, oy vivtual  connec tion .

wortage at node No VB V.

. hot vl be
The node Na voltage o Op-0mp Ax U v, . So

aspeared ot the node Na by virtual tornection ¢ SO 1he

=itaqe at node Na 13 Vo

. Hence
The 1p current o op-amp Al & Ay both 1€ %evo

Applying  ohma o blw the nodes N5 € Ne , We QU

Noi - Vog
Ret+ R Ry

1 =

Lek , R—}t = R-Sz ""R_:;

.SO 3. = -
b RRy 4R — ()
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3 = Mo l — (3)

®

Equote eqa) & equ® rwe Qb

Vo - Voy Vi -Va
2R +R R

mu\'\:\phd _' on bls o we ‘&Qr

Voga - Vo ) \y -V,
2Rg +R R
Vg-V
Q- v
Vog-Vou = — (2R +R)

o [ 5

2R
Vog-Vo, = Va-Vi (% =) | —w

Sub, eq ) \n eq,tv AV %&\7

R

g = Ra [vx 3;*) (Vg-W1) )

—d

Thic u  -the overall vo\tage, gan of e 1.4 -

whine R w1 -the vauable yesistor -
<. The Qan W depends 0N 1he R.

Applhcatiom =
1. Temperature €

2. hgnt ndensily meter |
ght scale :

orlro\\e

3. -Amlcxa wet |
4. reaswe Ahe premun weght g humidity .

Seanned with CamSeanner



-
L

. \
An V-1 convertor -the olp lood cw‘rerr\ w propoytom

=5 the llp voltaqge:
Actoy g 1o connection of \oqd ther

ol C_]e. - Cuyvert Convey LOY

e are 2 ey

- Flooting —type v-1 Conuevioy
- G{touq'ded type V-1 (onvey 10Y
type V-1 comvertor Ahe lood resitor Ry ® not

M k\oﬁttn’ca
-annected 1o the cdround.

ed -type v-q corwerior ,the tood resistor Ry \8

An 3[0\\1\&
directl!d connected 10 the Cqurd-

1 alwp cal\led ax voltaqe controtled Cuyvent

—= e avewt "

~ =ource (Vees) because heve the lp voltage corttyvolr
ut

olp Cuvrent tov) o[ cuvrent w controlled by -the np

w\—mcae :
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—

——y ——,

I+ Floating 'Iapc v-I converior ¢

=L- w;-“: AW

T \{l

L

ono

- The above f\a?shom the Vv-I convertor. Here the load

resistor R_ 1 not connceted to ibe qround-

ainte the Uoltoae at hode ‘e g (Vi = IR

o T . N
S R

- Thut the load current ©w directly onPbi"(anal 10 the t

voltage anad d ® q\ven bnd

EL O(Ui

e the tip voltage Vi 12 convevted wnto on ofp current 1

tere we observed -that the pxoporttono.\\q constant 1

Qenerally ‘I, - Theveyove 4hig Ctreurt 13 called (Trmucnnduc

araplijrer.
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2 v-1 convertor with grounded load 18 shown n abow 19-

tet V), be the voltage ot node ‘af .apphﬂnﬂ Kel ot node ‘o’

R a
T4 1, = 2] —w
- Vi-V
O 19~ Fy = — —18)
r
= No- Vi :
iy = — (3)
14
sub, eq(a) § equn \n ey
(- V Vp-V
V" : "“ o ‘ == ¥ J_L_
R R
Vi-Vi 4+ Vo-V, = IR

Vi4Vp- T, R
2
wkeT |, oA = Jo . o, K¢ J
v, R

Bub #eve wo have Rt =R

N
v, R
= &

No tauy ._;-L'S)

Sub  eqtu) n eq ()

\’o: —
¢

v;*y{, — I R

Vi
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. epurce (¥CCVS) becawe the olp wottage corrtroled by ilp

— From\ the above exprevnon ,uwie  con Aoy that the foad cu

IL dependi on the tlp voltage Vi

p‘-. r-LL “ Ui

Applications :
- kow voltage +to dc voltage convertor

- Dode -testey
8. zener owde testen.

/C,uﬁent - Voltaqe Covweytoy

— An I-v convertor the olp woltoqe  dwectly propor kione
10 the {p current.
wheve , Vo = O|lp voltaqe

Is “ (o] tm"r@rﬂ

"

- Tt crcwtt o olrp colled ox current cortrolled \Jolmca

cuvrent Lov) (p ctuvrewt corlvolls —the 0\p vol't:acat-
Q ]
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The above  f1q- Shouss 1the Current -0 voltage converior

caun ofy wir flat Caroumo\ Ahe voltage Y, =0

Applying kel ak hode o .

¢ - V) ~Vo
R
Ny =0
— Vo
T =
r\l‘o = "35RJ
| : 3
Up cuyveryl %o
Thus the olp voltage W pYOROY tonal 1o tne \{P .
e 10\ »
circatt wWOYKA o cuyrent o \Jol-ta.cqe_ COnNV
nso calwd O T rarw mu-ta'n(_e_ Qmp\\tlE.T-
PP\tC.ﬂ'tle .
N

.. Photo diwde detec tons
pPhoto Fet detectoy .

-




)
_nteqralor :

B Wnteqral O
x a cwewk o wheh Olp yoltage q

ﬂ An-tegrodor
9 chowr khe deal
I
|

of- P Y
r”

= QuD
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9= KTF
#\-{2_ P Ac
5 . ;. 2
R A
Ao B
= _—— .
J-Tj("Q'I-PJ oL = ('(L/-ﬂ) -
|HEp] - Ao

7

(=) b)WY

\H()) = Ao
J1+Bela)y

Jor wth ovdex buffrer worth HPE,

1-5“&,"- . ’ . - . . - . . - "
Scanned by CamScanner

Scanned with CamScanner






Band Pa.f_(' FIH‘!J':
3 A band pat ftHon hoa a pad band blw two cut
fu g 4u- ves, 1t B pames the frequenciet 3 & 4. . Outside

% thw w&;ﬂvd warll S{DH}E‘ e ‘trlwulﬂtlﬂ-

-olp mm'w’

Sranned with CamSearsm



&

There are —tuo -tt]pu ob baﬁr‘;“pm «btltL—a ﬁ;{uch e Clamiyred
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(5 Narow boud veject -b\l‘tw
Whde Band ered Filter ;

£ R . \5

I W _‘-MA/'— e

wnto Q 'F1pu .

s
. — &
K —MW\——
b i 24 .
AV = 3 \Jo
e L]‘x 3 A ¢ s
W T 1/ “avr

L2 .
‘;-H:g"._ >

— Band reject -6:“14. n a tf”u w whieh glop the jrequencier tu

Sfep bawd § passex all 78 -bmqumtm out fide the sraP band
S M 1 aleo called on Rowd Chp fulter (o0 Bowd elim

wmatton

bppo.(l‘i 5 e boud

Scanned with CamScan,




'Lb

—7 Like WBPF this it also comrts of o et ovdev HPE ¢ Lpr
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Bark tlausen Cniterwn :

At stetes thot -
i~ The total phase shijt around o \cop should be  © or 240 .
2. The magm-tude of the product o open lop Jan o the op-
omp Ond  feed back Jactor(f) 18 unty - ’
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O v 360 - :
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Vo = AV [~ ]
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"’.g = —PBVo g = Vf Vo
V.i = Puﬂ

wihete, -ve sign indicates that 1807 phawe st provded
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—> For the osullator  mwst acts a4 an ilp voltage vi- So

Vi = -—P\ib
we knpw thot , No = AVY
W = -PAVA '
-BA =1
tet w take magnitude on b-s
S AfR) =

- The obove condition ® called o Bogls -Hawsen Critenon.

— The phase of Y ™ust he a3 ilp vottage Vi Ve feedback nw

Invtroducer '1-3.0' phose shijt - 4o acdction “to \&0 phose §\'-ﬁﬁ
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— The oabove 2 Condittorw e A
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equwed 1o Qo.hshl.d the

t 1ARY > ¢ |
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(1) According —m‘ wone Form

() Acwrdtn% to prequenty ange

(3) ﬁcwvdmca 4o RLC mmpomma.
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e
L /_\\//\\/
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(2) J\tto.-qu o *teqtunma Aouaqe Acwrdmca o frequeancy
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“ypes.

@y Audwo E&C‘Uf&m“d ‘3;5&,‘”%95 ‘— 2013 - 20KHY
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ey \eyy t‘v“lhwtm% Oéallaigt - 3pMHY ~ 30001

. H
) Mo wave t\-ec\mnud oscul{l\g-tow\; 1= > 300K
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(3 Accordig 1o RLe corpenenls 3 -Ac.mrdtrrd 40 RLC
e occillortoy can be clamt\ed woitD At

B Py

ertt
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(@) RC %{l’},\mozg} The oxcilloioy using +he tomporenits R g C
VA s
we colltd on Re osttlocton . 4t con be uned to qenerale -he

low i,TuWJ:nt-li slgnalh n aucho Tﬂf\c\xa.

by ke oscllotors @ The oscallactor  using -ihe comgponeris  L¥C
VYV AW VWA VW -

e called os Le oscllators o 4t can e uped o qenerate
‘he htcah treqmnua suano,l;s.

. The osctllatoy WsING ihe cryjstal
o ﬂenera\"e.

W
<
() Q&L&%{g\} %&llcdov

called Oow (‘_qs.tq\ osc \latOr -
the \ferld htqh trequ.lnc.l.d gﬂno\l& ;
Re Oscillator &
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which raenerote»
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!.mxﬂc) :
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PC Phase S'F‘nltt Osuffa{or ‘ .

! 4?1 | er—
Yi ] 3 ;‘) §L— ’)éfa.‘,;
| * |

\

\/
—> A consists oy CE O;mplttler tﬂllawed by & 3 sections o}+RC- -
phaee shipt hebuodk - An the RC phase shijt nlw Re osallador
con ke wsed v 0 jeedback patn.

— 3n osciliotor, amplifler produces 180" phase shipt § -feedboch
st intreduced 180 phase shit 4o dstan a4otol phose shipt
avound a loop 1 260 -

— One Rre netwoak émduceh phose dujt o & =5 .
— Here 3 Rc netwovks oje ovaulable 1o produce phhase
1 (60+60+ 60 ) - The feedbock helwoak % alzo called ay lodden

shpt

| hetwonh.
i-> 4n thw netwomh all the resictances & copacrtances valuos

‘ Oje same - o “thod jor o paxbeudon - frequency each section dy
(ke produces a phase shift 15 60" . The olp of re prose St Pl
{ 1 tonnectled to the input of CE amphﬁkez -'(thﬁh RC jeedbldﬁ
i netwok .
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1
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t
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— The phase shijt ¢ producd by the RC Secton u

¢ 1an’ [G:E_C]

I
. |
an [ QN RC

, ¢ zotuf  F =1 KHY

"

ret ug oxsume R - (KN

|
fay an’ - ]
= tan | ovax 1x 102y X100 ¢ 0-1XB°

é = 53.85 60
— AF alt the Yesistors § Capacrtorz are come wn 3 section
then each section con produce a phose shijt o bo’ « So, Xhe,
loddey network produce &0 phase .dmb't in betuxen ofp g 1P

Vottoqex.

—¥ The +total phate shigt ﬁrom the bw.e. Ob the op-amp ovound

The curcwt wall be E'lﬂc.'l.lta 260 . So there 'DH ga\tswmg

Bayk -hausen Critevion {0 Oscllatiorn .
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-
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RV -\D ‘§r 5(: % JD ?z Vo =z
\/
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lep™ 5o 1, (foe) 4R ($5-T) AR(T,-T3)
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— Jar) -RT, —¥(
= - RY 4 Iy Joc 13R)-RIy
loop (3) \ ) ‘ - ‘
1
= T3 ((foc *2R) -rT
- S
No= —RT, « T:_,L\‘lm( "'1&) — (3)
By sdving +he 3 equ¢ we qet
. { b,
3 = U | =— :
R | (-Beat)g ju («*6)
f = —— (o) « = :
T L RC - 21 RC
hWo-K-T \lo = TaR

\
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the 1ehagqInaay
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-Ad\nn’rafae& 2
i+ The circwt 1 stmple -to design .

Q- A 1 switable to produce olp waave oY v Yo oudtio ’g.tequ.nnclu
Oh\l.d-
3. M produw, sinucordal o\p vottages.

4. A » able tO ﬁer\cmﬁ. 4the low Jﬁmqumud sujnal,\.

E):sadvarr{aau :

t- By changmca the values g R § ¢, the -{wqmncy 9 oscellator
can be clmncaeol-

2. A b unable to genevale ire.high jrequeney siqnals .
() e BFId‘je ODscillator =

:‘ "-u Rair

(ﬂcc
V( Nop
—vee

Of-ownp
Non - ‘\nuem\-'-.\n

-—%Gmnerqih.d i an oscillator —the amplijen S{st, wntroducey

0" Phase S.\'u’ui’ and -}ted back Petwork troduces ansther 180°
phase shijt. To obtaun O phane Shajt of 260" o0uNa & looP.

— Bub wew-bvidge osellator constet of non-!nve“'fmg amplijter
€ hence does not provide any phase shiyt dll!lﬂla arnph Hev
stoqe:

—% As he totol phase st kL reqmred R 260
becouse N0 phase shift w necessoxy -

n wewn bridge ,

— The olp O amphfer » connected bBlw teymmalr a g ¢ which

w o dp-




kK o

1= While the amplijter Tlp 1 connected blw termimals b d
which ©  olp. '

—The bndge nlw consists oy 8 arms namely g ¢ 1n sevies §
C Ry paralle) - These Grmz Ore called -brequenr_ld Sensitive axms
which decides the frequency-
— The frequncy o wen b'nak]e, psellatoy
\
af RC
—> This 15 alto called at lead g nlw becouse ak low frequncy

sqnalz  the voltage leads cuvrent:

|
"t.t‘-‘—Rt'\'j W, ]\ R,

C
= W R Cy !} Vin

e, l ‘I
1
Ty = ——sz vjhﬁ(‘.,_ __I— ._l(

1
Ry, 4 __':i'*’(:
Raljut,
J1noc, Ry 11

Jwess
Ra

—

L4 JWGR,

-

%, - (+ SR, C . Wy = Ra

S, (4SCyRy

From —jua- T = Yin \.€ - V—f E i S Y

e Kmow that | P_.__ __V-I
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WnX %>

it Fa

N

E SN
At %y

1

SC_‘EQ_ 3 b

4 SCR (14 8C4R,y) + SCiRy

SC Ry

I

T+ SCy Ry + 8SC1R 4 S RiCiRyT SORy

SC¢ Ry

- T
-

1+ s (3R, tCRt CiRy) +STCURR,

Inoc Ry

=

14 Jw (CaRaa QR+ CR) ~ 18 C1GRIRy

_ R R lsc,ﬂfm

(\ soiRy) (HHER0) + R S

sa (& 5%—)

R:SCI

(14 SR (1 SRE,) Ry3E,

SRy €,

- —

S (R RG) 4 & p R, 00T SURy

p—

P _ — j‘kgf.llkl

Lt gk CR‘C‘+ RaCs) « - o RiRy g, :]Wcllel_

:‘M C‘ RL

—— e

3‘\9 (Rl C| + R-;_Cl X d_| R.-)J — (HJ.RIRI. C|C1_‘)
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Rocttonalising  woith  eaprestion

hen .
WeiRy (RCi+ RyCy Cl’Ra.) 4 WGR, (l*"-g RiRy C1C)

P = -

(1- v RiRy C1C2) 4 492 (R, Cy4 RyCyt RyCy)

= N9 U-—w‘R‘R,_ Civ¢3) =D

a2 I
R~ - ~

Ry Ry Cit €y

let R.:l?; - E

: C' - C’ L C ¢
.k9,' - »
- RC
uep - L
| — — ke
{ e
aft RC

Here P = Yg

WM % 3

l
Withouwt any phate __d-.rbt , qamn of armp ey

-Advarrfacau :

- Bijferent {requanty rongw am he sotamed by vong the
3 Copocrtoy values -

% Pexject sine wave w postible-

3. T4 » o usejd bor oudio bna'unnc_-.d ronge .

———— -
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) : _
UANE  Wave Generator [ Astable m.u.ji’-r‘w‘émft?]
The " astable mulbvibedor i alto called @ #’eé |
| Yuming  escillator :
The Prfna',ale 06- WVH Od- Squane wWore O/P is to e
{an op-amp r oferak in the <cturabon  yegion. ne _Ct‘mfle _
f quane wave genextor ab shown in —fr‘g.
o | \{J
J T2 ANV
4 Ve |V = Z 1 “\I \ r
L L pwtf (
> 1 e

4‘1;:[; Sz uone wane %u'lf-l’f""

tlp — ms
J'L'!«::.b.zc mud b vi proder fjf O/P }/JOW'ETI'

T _p;a_ +he W’C’?fc loltzge s obtaine d 5(? u.s.ina %
divider at ofp and Fedback —p (+) ilp terminal (i-e)
2

V-re é—- = R 2 Vo S @

- RitRe é’_
vefy =B Yo ® where, P = e

The dp is aho Rdback 4o e C-)ijp Herminal ofter
‘rn-[-gamli’a la meand 06— a.fow-f’a.h Re  (mbination. T asalde 'I
:ﬂu(:jwb:::;:mbai‘;’l +f:; Stakes . one | Guasistable stales
' . P +e (-) f"rui' tenminad  £xcee d s
g —“"“’ﬂf‘a olkes place fﬁSul-h‘-g ) ASuane | B
wave. dfp, GRE

i-e




Lek us Comwider the ofp is ot ot 5 the (apecitor \
States Chﬂ!jﬂiﬂa —f‘ﬂww’ld—( +Y_<a.f 'quﬁuﬂl“ resistor R- Tne !
VuHﬂﬂe ak (+) ilp serminal s hdd ot + [ :

The olp is shll Ve untill e Cafacib*’ ”-‘:‘ |
4 ami

Exceeds -*-F M(Ureﬁ') ;6, +he VoHa{fe 06 =) '}F
qvealer Haun Ve Haen Hhe o/p dyiven o -Ye

‘the Cafau'fo/ Hus  ctater dischanges fvom +B Veal
—Harnua“ vesisor R —towands  -VUgb . Jpe ofp is ~'eal
unhll . whutevey +ne Capatitor gucecda -p U a2l4er
that olp  switches  back +Veap . s Cyele is vepeals
it selb

The Fesuency s dubtrmined by e Fime it et
—the cafaa'-{m’ —o c,lmmie +rom -P Voot o +P Vsat

af‘“"d

% \ice \ersa-

= The \Vokage acress e Cafacﬁr‘f as a—ﬁmch‘m% ff

“fime s grea %t tfo
W) = Ve 4 (vi-')e —®
wlhere
) Ve =+ Vsaf (r;m! value) —>@ |
Vi= =P Veat (Im'h'a.( VJ.LUF) — & |
Sub @ 4@ and &) g |

— {,
Sl = Ut (Rt “’:3;__
WD) = Vit - Vsak (P — @

- I 'U 'b'
At 4=T; \ohege acroSs e @fnﬂtﬁf is + B Vsa

vy Ve (TI)’—“ +p Vaat” /R
- Vet (R e

e _fiom 5,%3 lﬂmb g
& Y 4

O T YETTIVES TR AT © e e T Sag e e

EI T
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-T
(1+B) Jre p
-Tl[RC _ |~PB
= =
-AP')I& ‘L"j"'H"’”‘" o both Sides em
- I-P
"%‘ - o ()
T = =Re in('—l_;%)
= fe o (122
/I _ R, ln( ,)

This is Vﬂij me lalp of he PunoJ The Hotel Hme
P&mocl s —wice +Hiet of halfr Pe,mo

e 1.9

= & Re 1!’?( 1’;)

The olp wave-frrms  ane _Srjmme%ﬁcaj 1t Ri=Ru Hum
B=o0.5 fa. Subsﬁhxh‘nﬂ

T= aRc¢ lﬂ( —:j—t%) = 2Re A (3)

ﬁ" TIRCJ
%Wca, +£= /
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Artvoduction :

565 Timer @

% 555 ‘timey o timng crcurt that can produce -accuraie &
hgh stoble “tirae de_lmf; (ov) osctlliections. 2

— 5655 timey (8 available tnh § pin DWP § (4 pin DIP packqge,s-

—> 4t con be used with S'UPP\L?I' votages range ™ blw tsy to

+8V-
— The below fiq- shows fhe pn dlagram & 8 pin Dip package.

S _
& [ ' 5] +Vee
555 | _ ‘
T [2] - TieR a] BBA“""&L
¢ontw)
geset ] :a Notteqe

Feotures {1q: 555 Timey

- 4 can be used with sopp\,ti voltoget obver a mnae, n blw

+B8V {0 T8V

Rt 1 eqz.td ‘0 UAE:.
3. At con drwe the leod upto 200 mA .

k At w c.omm{obla with  TTL Transistoy ‘transtcfor fogtc) ;

wutal O
tvos (complirmernteay |, senicon ductoh )

5 A wed tn Vauow cx\:phcorlom such o1 squar wane
geneyvatoy , vamp £ pulse wove eneratoy oxtable § monostable
multv (brators - _

Functional Riaqram - | ‘ .
= A comirtr ey 2 cnga"ﬂa‘l‘Drx mmehﬂ U?P@l comparatoY &
lowen covpancton -that con dnve set (9 & vewt (R) -terminols

Db— & thp t‘OP'
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—> These +lipjlops can Control the ©oN & ofF cycles oy the
dischooige  trarsistor Q1 - |

— At her 3, 6kn reantort which acts an po’cen-ha\ duwnder
P\romd\nﬂ b“”"‘“ﬂ vottager of 33 Vee 1o the LpRF ComeTG’(Dr
& U2 Vee 4o the Llowen cornpajato wherr Vae = s.uﬁal-.d W\’“&ﬂl‘
= Thete '\lp“-ou‘je;s mie called o felerence Vo Hagth - Thexe

ae Aequired to corrirol Tthe Hne -

— ThL '{'tmmca con be C_.nr‘l'tmllecl b‘d 6-1"1‘(’.’([\&\\&.& &EP\L.I[K%'
vottage {p -the comtrol Voltage ~levramal. -
= Af ho such control voltagqe racbulrwl —then the ¢ ortvo! Vd%

1terminal  can b?_ \D‘-dFGM!.d bl.d o C—QPQQ‘{QT 1o ﬂml‘lhd-
t» Chowen & abbut ot HE

\-

- T!:IPtca“z —the MPac,rtOY valluu;
DPerahem : | _
“ An the Stand by Sate Lstable ca2) che ole @ % “the

eorvtrol flp Hop 1 'mcag (g =" ;,'s;:o) This Maker ofp Yow becartt
g power amplijr con e O

Vee ahe olp o) the
— A -\ *’tﬂcaq@umi pulsf; FOMQA ”fh‘“"."lb z ! ‘ ,‘.l D)

| Lowey Comparator goen hqh & sl the flpyep (R=1&F
= When the —thveshold voltage at P b .Pamth .‘t\wn\)‘a\\ 23 Vee
the olp of upper cornpaaator Qo qh g reaets ihe. gl_p\,\oF

o o nuertoR.

(g =05 & =1) . \
— A sePMe, reet terminal © produced to r@e{ the {liphlop
T s ot vaed |t We neod

— Normalty —the. vetet devonal
.CL\_DU.LC}\ e c,onne_c\-ed 10 + Ve QUPPL\d |
— The —Hambiov @, achk o bufper to wolake -the vesek

e g™ the '-bhp-tl.op e W tramntstor By -

voltaqe \ece -
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— The tranustor @, 1 driven by an wherng | CINTRE S
m’be;'remg_ Vo l&aglg \Jr%, otaned from suppl;ﬂ -uoltafaa Vec -
= 4] & 1 hugh the tansatoy 0 b oN dasTo thie it
become Lfc n blw dtsChaA_gc ptn 4o qround Srmllml(j q ®»

low the tran:istory Q. A OFF ¢ 1t betomuws open crcwt N

Bluo duc,kaxje pn —to vjmurwcl»
Wee

1 _'_______________.__———‘——__'

—

{?5*“' R convol [T ‘
-fllP |

=]

L

Pow%l

Lgn\lu tﬂ) | GIP
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Monostdblc Mul bt vibrator -

Mor‘)o‘s{-nble.. mullhwbm-.to-r s a crent which generates
the noh- ainusotdal suanals'- A4 hoa one shable state and Ohe
quou.'t' clable state - The below bva showe the manos“tabte

mul-tw\bm'tt)f"bﬂ uglNg =66 -timer.

e+ tL . '
| %
”
et —— :
R s &5
TR 3

3
l I "olp

e

Functional Bagram -
atVie

Viep
g‘;k.n,
' % geset
o I A
i Ve
R (8 ]
corel
é{;ﬂ- +he
< | P R
YaVee
.{,
LC
M _

Ci
t":‘r
N
=
v

t\lc,\\"ﬂ")

ﬁaf"l o
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The obove 19 shows -the -huntttonal Block diagram of
monoctable  mu lt vibrvator . |

(- 9n +the stand bu ctate (stable State] @ = o @':, &0 odp v
low- Urdey thu tondttion -tramsus-{oy ©w oN te. 1t betomes short
crcurt through capactiok.. ‘e’ 4o the ground.

2. Now the ‘htcaae'nnﬁ patser thvoogh Vee[s ot 2P
this \owe, coraparator  ofp 1 hqh. So @-=t, ® =0+ Thy makeh
‘trareirtory & OFF g t becomesr & OpED creurt aemwes the
C_aPac{tnf. 8o op h:gh.

3. Now , ~the capa'c'c'tof takes chakgln? bﬁ Vee -

a2 A'bie’l a ~tme. PU'DG‘ T« he mpau{:m voltage
A .SDQ:D%‘Q:L.

PN, due '&)

B Jw\"f érea’c"u' _

han f Vec and  Upper comparator olp ¥ g

5. Lndes thu Condittors ,olp » low § -trancittoY ]\ qoes bn thew

by du,dm-ua\ma copautor 't mvnldh.d +o fﬂtouncl- : -
c A1 DY
6+ The C,Driqu\&mcﬁ olp waw"bm’““{ mDm_(hblf!. multe v

in ghown M :f—la

g™y o

A0 \I’iﬂ
,/\ \c @P‘

o >
o d?

o\¢

-Annltdsu. of Time Conttont

The capacrior voltoge acios the capactor v quen b(d
—t|re

W o= Vo (1€ ) =W
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A =T ,the capacitor t‘_harrju b‘.d e
Sup  egpa) N oequd)

~£
21z Voo =Vee -Vee © Lge
H3 Vee + Vee e.—-ﬂm = \lce
E;'T’EC ) Nee =2[3\Nec
o Nee
- Peply lncd on b.C
v (aw] = - W [Pla]
- Tlre . Vee ~203 Ve
In [ e J = In [ ~

\ee .
I - 4ln ]
RC \lee -2{3\Nee

T = o Rc(3)

2T = v RC |

Applications ¢
t- Pulce width ‘aﬁf\em
2. Water level contol:

Asstable Muttinbrator:

o+Ve L
g b
Re
93
s T
TlM(’.‘
=
4
\
—t—:
3 -
e

L &nd
== AL = G‘

23 Ucc_ —¥ (2)
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D |
R
L p——"
Fug
s | Ylop [
R -
N
y

? QK I~
L Q Ll - Pa utt
T 2 popite]
f
' et @D ' = = —- = _
Operahon : b

UOos\
1. Acstable multivibrator has no stable stater. 4t baz & 9

. Stectes.
2. The axtoble wulbvibrator cucuct bl.d usIng 555 nen W ShDLOn

n Obove 'j-ﬁ
3, Compomrﬂ with monostable rultivibrator | "tba Jumma reantny

12 NOw SPU:{; tinto o ectioMm 12+ RA SIRB
k. The duchmqng tramsuton @, w connected 10 blw Rp & Rg-
5 When Supply voltoge w (onnected 5 the extermal capacrior qets

Chmcawa through  Ra € Re  reantow.
6 When -the chowcimcd voltage reacher the Y3 Voo voltage then

lowsey  companator  qoes high. Due B tw R=03 S=ts Q=05 @ =1
ond 'ﬂmmﬁom olp hvah-
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3 Slmdafhd when Charging voltage reacher 2[3 Vee “then Upper
Comparator olp QoeX Imcah- Que 10 thie R=13 S=0 3 §=13 © -0
and he olp betomer low -

8 When §=t | -he discharging “ronsistor @, 1 ON § b wokeh
short Ciremibeq acrs —the mpaa’coal. ;

9. So e capacttoy Ciet& dtsd\Oﬂamﬁ "‘h"m%h Rg restcton {owards
the Qround - The capatitor dlechar Qg voltaqe reathupr 4fz Nee g
ogan  [euwy comparatoy olp cawx hgh-

D The coOYves pord vncgﬂra1 mavetmn%& of Actable multvibratoy

Shown m©m :l—lﬂ W09 Lw%\wtn
2 o W
(‘}'\*bﬁu N \woo‘:; M o i

>hid

e

“Analysie of ~twne  Comtant =
Ve '-:'Vcc(l'-é-_ﬂﬂlc) —t)

ot t=-t, , Ve = Y3Vee

—4
Y2 Vee = Vea— Nce e e
=+
Nee @ UIRC Vee — 3Vec
é'tllﬁe_ _ Nee “YaVee
= = =

Ve e

Scanne d with CamScanner




Takma QB& on ble

+ Nee ~ Vs \*cLJ
-——_—l _ l_r\ — e e
RC 7 [ Vee

-t
Be ln [ Voo - \[_'-‘.VCC_]

1

Tt =Re n(1B)

s, Tt =2 0ypoR R

— hWhen -the Capacttor thrz]ea Fom Yz Nee T 2aVee -

at t=t, . Nca = 2aVee

' L rRe
22 Nee = Nee —Vee e

Vee Ehtkc _ \ee - 2 (3 Vee

~Blge Nee - M3 \ee
e = —_—
\!C.C. - ’

Tahmca l!)a on ble

Nee - 2[3 Vee
“Lge = o &
4, = ln RC [ - Vee ]
Vee -2faVee

2 '\__1_ = I'l F\:C_

—rc s ~2 'tﬂ_ '—tl
= t-\ — D405
= 0.6Q85 RC

L’,'fc = 0~6C15CRA-+RB) C}
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’--a- The mpam"cmf takes dts.dnmca\ma me 23 Vee O \BVee

—%
sz Ve = 2aVee e ke
—Yge \$Vee
£ 23 Nee
~Yre
e =Ya

“YUre = Inly2)
’t[m = In()

1T = RC In Q)

tq, '—rd = O-BQRGC

— Tolal tme constant

N = Tc_-'rT];
= 0:6Q(Rp+tRe)C + D'6ARC

= 064 Rac 4 0164 Re L+ 06 R C

Ef:u.bq (Ra+ i?a)ﬂ
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| Yoltage cntolled osctllator (v sz . ‘\

i A GCmmon +3Fe' Ob \lco  augilable in TIC-frm is ngnah'cr

—

f

NE/SE566o The pin C’ﬂﬂﬁiaﬂmﬁ”ﬂ and kasic  plecls dia_?mm -j—-

Gpacitor € is ﬂinwlj,"“‘”i‘f"d

S66 o are <howndn .ﬁg. ().
Refem‘nj —+ g (5 a -timing -
¢ | Sink-

(or) dicchariged l:»j o GM-lw-i’ current .S;w’; / .
The amount of Curent (G be @ND° led &y (_‘)401/‘3’8

duloking. npwt (P 5) o ba,

o lHage Ve aff'lfe—d of the m %_ﬁ re ol f

Chawging e +Himing vesistor Ry ELken - |
The \Volkage of pin & i held at the <Same VoMage as

Pin 5- ) s mgeax&effz the.
. VoHaﬂe of PN
ib the modudalt . sn less Volage aoss
—m%aif pin 6 abi f;areﬂmﬁ it = i
ey decreasing. -the dmgifg curert-
Ry andl there la, & T*“'“
L
P “%r 3
o e | | G |
15 [g] ke 6 J;“,::,j |
NC E NE/ 5E 56b _3_151- nf;é}——s“‘ﬁ"ﬂ )Lsog:;éz . | |
L V(o Tt e pufter [Zrmm —0 /‘/V\ '!
;q-‘:” 3 ¢fr vy |} w ;;_'S&Bm ; |
RN
0“7 R, Ra l
@ 1 Yy |
uretion

pIN C"”‘q& ¥ = ® R1— Iownbnn yas&sjamee
Cr— et c_aa:ar-?}ﬂ«e

Block dxagfam

- A Small Cafatitof 06- 0.0l MF Showld be. Canné’CH’O' !7)&0 pin 5 I
and b +y gliminde possible  escillakions.

= A o is commm%] used oy low —K’ng/ jizjﬂals -f"“‘
08 Efas, EKG iy an audio freguenn, range.

= These audio _sﬁnajé an be Hommitied  over elophone
lines ov @ +Hwo way vadio  Grmuniealion Sqskem
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S e |

dfajnasﬁc pur pose-< @) @n be veorded o a magnekic {afc Loy
~furtner  rebtrence . :
-+ The \/oHaﬂc Qa(ross —+ne Ca]mu'-!vr Cy i< aﬁﬂi@(f —To ‘
'mlmf Hrminal of schmitt triqger o Vi bubbtr a,,-f&her Al
= The méf’ui uof-htye Swing of -Hre schmitt 'b’l'jjﬂ! i sz!{gned ol
and 0.5 Vce . T4 Ra=Ry in Hhe -ve Sfeod batk. Loof, L \ohge. |
of Hhe oon-inverting il ool of Ay swingh Hem o5Vec
1o o.95 Vee . -ﬁij(b).

=2 Whun Hhe VoHzge o Hhe Cafuci-fm’ Cr  Exceeds 05 Ve a’zm"H,l
w" Wdi"ﬂ, e output o Ha_ selnitt Tggen goea Low
(0-5 Ve

= The Capatitd now dis chayor  an
Hie ofp of the <hmitt frigger goeh  HlEH (vee). :

> Sine e Source and  sink cervents ane  gqual Capusiiyr
Clerges and dlicchanges Sor ue Same amount °ET +Hme.

> s gives a {Tfafﬂwbﬂ VoHege Wavetorm acress Cp which ic

a)so cwailebb  af- pin 4-« o
/P 06 Hue sthmitt frigger H inverted éﬂ

d wun o is et 095 Ve, E

Ty

= The Sguane wave o
inverter  f;  and s auailoble gt PP 3 - The inverkr 73 ks

1“’“"“1% o Curent an}otiév'er u.sec/-fu drive e i"‘”/'

w e
~> 'que gh; Mmﬂ@.ﬁ;{m ane _f]a@) . The Ocdrui’ 'wa‘ (‘.3‘6‘

Vco (an be Calehated ab —ollows:
—>Uco 8 Qoo weoh 0 @ﬂugﬂj‘fjgv low E‘a‘wv
compoaants  Such o EeGs | ExG o audfo ey

T

'*Eo_uﬂe_
— “TRe. audto oB&Q%uteuoU "(Cu*ﬂ@- ?s  Qo-0c0KH2

o ad-
—7 TTRe xao\-‘ra.o& ocyosy CT U< conkaolieo] {7 st

i ent  Sowe g
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O N bl
H:g’-fn b 03 N . %FT as
Behett—F — , ;:rf}ﬁ'a PN N [
i e\ |
pdpt o5 ] &
oapd e S P
el \ connaton 3
?u ann Fon a o
{_;)ou‘?ﬁ\- wavetsora @A Typaras et J

R g
"I)he 4l V@\lcge on the qunc‘{\os C 0 Foom 0:25 Ve
05 Ve 'ﬂ-.bg, Av =~ 0.95 Ve - 'Ano (‘n\:nc?kua C\rnmrjem% wiR o

Con\-c\n}\‘ Coma@n“t SCes. e awouf‘vl' of wﬂ‘u&‘" al CT [

2o L~ = b Covkswl\ € d l:r:) R - J}—
Lt T \Joc%—g T
oY 6.8Yce - Y
L3 cr
Or' LL 2 c-35 Vec CT

'ém \ore  peoied T 01:: Tne '\‘a?qﬁao\am ‘ufh\'egrcx_?m - abk 11&—\9 m{e;t.ma
of oscillaea & fs, - :

1 = e——
f:.,__.l_-'.“‘_"_"
(=]

T 3_&.{ ~o'b Va.-_CT

~N¢
, 5 Vee —Ve - ?= r\_J__c_-_‘.__.-—-
Bo } [ %_1—-—-——-"' H) =¥ RTCT Xee

D\’veﬂ‘?; Ne Ta %o \b\kcaﬂ Q'\ P?ﬂ 5- TL"’W}Q“Q
~Ve)
g = 2 (Vm

Cr ptyﬂ'
'}f\é GG\'P"\ Q\‘_“Gqc:zﬂf(lq oF  The Veo Can b2 C&"Ghaﬁcl» hem

b
\Jc\la 56‘ Y CA e MU\A?'B ?ﬂPO\ ilm?noj

??“5. .k,q Uo\-\aaga v Gn oe vamied Bc‘j_ Cmmocki{? Q?\?l (‘Tm(‘ufl

0
C+  ame x":*.sl

(R ,(i'nc_{ &3 [N

A3 Svown n i:fa q-12 (@7 '\Shra r_’_";n'“?j‘.gl\.s “ a :
Sdedad 2o Wat Yoo o 'g:cl ;'—:neg{:e‘ﬂﬁj \es 0 Whe convae :\“

) n N\ veRag §
The opeaq\ha ?:‘pqumca Sianae . Now We nnc\da\m(j inpod ehag

8 %\’G“d vazted Joem e-1% Ve e v, onfch  Can ?C"\ccl«uc'e a
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Phase Locked loop i~

Antreducton -

L PLL 12 O phoge tock
olp frequency g olp phase (§) 1O be locked-

ortant bm\dm% Botk o \ear suﬁs&m&-
o mnany

ed loop . 4t u a closed loop JUTT R

R The PLL W On WP
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