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Switching Theory & Logic Design, Pulse & Digital Circuits

Course Objectives:
1.To introduce the basic building blocks of linear integrated circuits.
2.To teach the linear and non — linear applications of operational amplifiers.
3.To introduce the theory and applications of analog multipliers and PLL.
4.To introduce the concepts of waveform generation and introduce some special ~ function ICs.
5.To understand and implement the working of basic digital circuits

MODULE 1:
Unit 1: Introduction to Linear Integrated Circuits

Ideal and Practical Op-Amp, Op-Amp Characteristics, DC and AC Characteristics, Features of
741 Op-Amp, Modes of Operation - Inverting, Non-Inverting, Differential

Unit 2: Non-Linear Applications of OP-AMP
Instrumentation Amplifier, AC Amplifier, Differentiators and Integrators, Comparators, Schmitt
Trigger, Introduction to Voltage Regulators, Features of 723 Regulator,
Three Terminal VVoltage Regulators.

MODULE 2:
Unit 1: Introduction to IC-555 Applications

Introduction to Active Filters, Characteristics of Band pass, Band reject and All Pass Filters,
Analysis of 1st order LPF & HPF Butterworth Filters, Waveform Generators — Triangular, Saw
tooth, Square Wave, 1C555 Timer -Functional Diagram, Monostable, and Astable Operations,

Applications.

Syllabus




Unit 2: Timer and Phase Locked Loops(PLL)
Applications
IC565 PLL — Block Schematic, Description of Individual Blocks, Applications.
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2. The 4differeviial npot \Jol{-ade_ Vq betweewn hew-

iv\\)e%\—in‘j evnd inve%binﬁ ;V\Fut +emuminvnals s

easent iQ\\a ZeAD.
Inventing HmpU-Fieﬂ :
the  cimesit of  Frvenkag  Amplifier cucsir s

shewwn  in ..Fia\)LQ, belew .
R¢

— 4

Fia: Inventng Amp\?¥€eq
The 0utP\Jt Vol-kaae Vo 1% fed back to the invenking

fnpot  tenminal thnovgh the Rp - Ry netwonk whene R.@\
e the Leedback HesistoR ‘1‘“\:\5% 5}8‘“0* Vi (ot on de) is
lapplied  to the wyenrting inpot +tenminal fhkcda\’\ R, ond
now in\)em‘civxﬁ ‘mP\y‘t tenminal of op-Amp I8 ano\Jhc\Qc\.

Hno\\ﬁs\‘s :

Forn  Simplicity | assume awm  jdeal op-Amp- As VA IO

node ‘o' is ot a”DU“d then’ciQL and the coarent

-Hm\oua"q R, is
L = = — O




Mseo Synee ap - ROP drovss  no current , all  _the cuareny

l-FUavo‘\V\S ‘EL\ADUG‘(\ Ry Mmusk £low ‘-meoua\f\ Re The

oot‘:oh \ro\tOﬁe

Fao ‘H'\@W cianeut t

-V -
L, = Ve o - Ny o - N N
Ry R \
L= Ya-Vo - 0-Vo _ -Ne (3
®-=-6 Vi '___—VO = AL = Ve . %%
Ry R Vi Ry

The Lhe,aa*cwe 80 indicotes o phase sSkigt of (8¢

between V; and V4 -

Mgo  Since inxl@.«n%—ivxa ivx\bu\t tenminal is okt Vintual
ianoo\r\c\ , the epfeckive inpot impedawnce is Ry ™he

valie of R, should be Kkept {Jq;nxd Lc’unae. +to avNoid

loading effect-

Problen
'Des‘\aﬂ an Amplifien  with o 8cuM of -ic and
inpot  Nesistoance equal Lo 1o kKo,
Soluotiomn:
Stnce  the 8a‘m ef  the amp‘\x.g;gn 14 V\Qﬁo:\:%\le) oy

iwVenting  amplifien. has 4o be made .

the 80\‘m of Inyenhng amP\i.p:ee:. A AL = ——Zf
}
—\o = :R_f’ >

Ry




chpese Ry IoRJIC
RJ - —hAq Ry = "C"‘OB *IOKA. - 100k,
Problem :
For e Circuht Shotawn  in —Fiau.\& belowy Ry Z 16 RA,
Re =tcokA , Vi=1V: A lcad of 25kA I Cormne cted
to the ovEpot 4enainal ¢+ Ccoalcolake (') 4 G‘l) Ve

(W) 1. and total Cusmient g v the GU":P(J{‘ Pin.

0 R (\DDKJq

Vi
. . . \l'L ;
Selutiom | &) Gz o oz o—— = o4 mA
Ry 1D S
- R 6o kS -
b) \IO: __f_ Vi pl RY; TRV
R o K
-V v - (-lov
c) (=Y —W ¢ ) = orma .
d) To kal currient lp = [‘-\-i‘_ = 0-1 + 6-Yy
10 jponsil OQS'mR‘

——

AN an W\\J!@_r\i:\‘na QmP\i,p;Qm Lo o Ve ‘ﬁ\bu‘t‘
ovkpot  wi)  be -ve “Hf\eLQ__FoLQ_ +he direction of le

s as Shown  in ,,F;aqke above




Prnagedrinrnal TwvN e+
1 v cadl bn e

Jemking —Amplifion

For o Pnaci cal opP - AP +he exPnessicm Lor
the .closed loop V'o\Jccxae ao&\n sheuld be Calculated
Osing  the  low »?Lecbuuxc,j model of ?vwek\%vxa ﬁ“\P\“\F{w
\Tine equivalent  cikcoit of o PpiocRcal i\r\\renﬁv\d oonp\ifren

15 shewn  in -{’—iau.\e below:

R‘F E@ ‘ Ecu.xl\lq‘lewti

f Circuik of &

Ry
= , o+  Proctical
(%) Vg %’?L + Vo o, :
invehting
- Acr vy
l/+ . Hmp\"\-cieh_

—

This cincoit can be simpligied iy ?lePl‘“—‘"‘S the |
sranq\ Sovnce Vi and  %esisktong R, ond R{ by Ftheyiniv's

ch.,\l\fQ'\Qﬂ‘:' as Lo tan in {:iaOAQ below ; which Omolg&ecl
‘%o |

Calcolate e evxoct eiFnessiaﬂ fon Ctosed \obP GQM

Ber  ana npet impedance Rip

' _LRJF F;-(j(b)z S{mp\‘u{-’iecli
Re«;,:M l+ ciheoit by !
- 17 R Ry AerLVd ° Erpui\}alen’c' .
‘—;'* \\/ i -
.
Fiat Simplified cirevit by Using e uivin QT}JJ\\]O\\QV\"tI
te inpet impedance Ry of an op-0mp i3 vsvally
much 3LQQ"CQ}\, Hon R, , So Wwe May  assame |
\feq/’:‘\fnL ond Reqg = Ky




. 7} } 3 i A ']
e The UUL‘P\JC \;OO[J T 1— ﬁu:u_

Ve = iRg + Agvg —> O

Also .
\/d+tf~2_F t Vs =0 ,—;@

Potting the  value of \fd DCAoM e_;@ +o e?,CD ond
SimF\i{lﬂfnj

VO = E.T'-\)O +- AOL (m;R‘F _Vo-)

\fo(H AOL) - L(Rc ~ AL R«C) —_ @

Mso e KvL LOOP e%a«fﬁ\‘@ﬂ ﬁ\‘vas

> ®

V; = L(RARp) + Ve

potting  the Value of L Lrem G_cﬂ@ in '9-?,@

and  Selving fo closed Leop aq?vl

- VYo
Rer =

Vi

AV 2R Vo(("‘AOL\

L

{ @ R+ Rf(’.) + Vo
RO - P\QLR,F

y\«: Vo ( ya—ﬁm_) 4/ Vo Ro - A/o[R,@ Vo
; .

Re / QoL Pf@

VZ’(RO - AP{ R,@Aﬁ = Vg (;23

O (Ro - BeL R(:) - VYo (L—i— AOL) CR\%‘R\@) +Vc>‘ Ro “VOAOLQF

VE(RO"AOL R{) ;-_\!OR({—\/QR_E 4 Vg BeL Ry +V0Pt L_R_F

"LVDRO FVD H‘%Rﬂp




Vo (RG +Re 4+ Ry (HHQL)]

‘RO — AOL R{:

.'}30+R_@+R,Cl+ ‘ProL_)

[ 3} Aoy >> 1\ ,

Ro - Rop R
Aer = ———_“iﬂ ond AoL R, >» R0+‘g_p |
Ro+Rp + Aoy R, ’
-R
Ay = T

Ry

IFpet /Resistonce Rig, 1— Frem fig) |
/ /ﬁ Vd /7Z , /f //

\.?" - /

/
m%hmﬂ +the L&c? e

/
Va +- L(RJ;+T€° Ao Va -o /

vg (1 %/ L) = (1;:45 ¥ RG) ¢
/ S Rig =/vd - -(RL + R ) |
) ¢ '/Kﬁ_

i+ AL 7
Now inven—lﬁvg AmPU-(?{eh,i

3f o S‘.anaL (cu‘_ CA dc) &PPUed to the nowm -

;‘mve‘n’cinﬂ inpet temminal  ond feedback g 8‘\’9'“ as

Eshom‘n in JC:@U’LQ’ betows:

the Ciatoit amplifies with ocut in\]eh-‘r{na +he

npot STGY\_OJ.- S0t o eiacuit s called NoN - inven-hng
amPh.?;eh_- gt ooy be mnoted Haatr ik i3 alse a N

feed - back system o3 Lfeed balk 1y being Fed back to

the invenhng inpot  teseinal -

/ /
*i c.w:d Se\//( foi "?L.F /
/

Re-‘-d

ative.




i . 9\/0
. v, - Vi
Rl R‘F
o= N @
Ry
o,
R’g_ R [
: ARiy)
R #%"(ﬁyifj
:31___1 - R‘F(’_+ . . :

— ,,*_
‘? M E/’//*_%] RcL VL 'R|
L i aiv O-F +5
Problém ! tpesi(jn o P.mlolf-Ffe?l with o a
e .

Ustng o©wne  BP-AmMP: | the amplifien is
e aq“n i3 ‘FOS}{ZE\/Q ,
Selotion | Since
Now - inventing AmPl\‘.Fie‘h :
Assume R, = \OKIL

T
AcL = I-l—___{__.

5:;+R‘Fl = 'R_F:/-[—R,

Ry

i1

4 ¥1OKS = 40K,




Tn 4he

v
lr')a—:mlr-dpm', cincoit  Shetan  ua _If‘.am\D beolow  (ep

Ry = 20K and Vi =1V . A load hesiston of 5K {5

Connecked ab the ouvtput: colcvlate

(iv) the ovtpot

e ook:Po"C JOY\CHU\’\. .

() Vo (Ei) Rer QH) +he. Loud_ Cuonnent EL
| connent (o indicating “FMJF'@’L directiom of flew.
Solotion | '
~ "y 20 KU -
) Vp = (v + B )VE 2 [ - (‘V):SV
R, 5k
0‘1-) By - :I_‘i_ - 5V - 5
Ve tv
Re
_ Ry 4
SN — 5 L
[ Vi >0 o\,
i & Ru
M
Vo
[Lll) L T -Fg-' = 1 g
- SR
. i Ve )
(W) 4y = - — oz bo2em4a
R S KM
U"B e = LWty o=zump 3 0-2Mb - -Rrm™ma
The op - AmYP ooipo’c Corrnent p -@lo‘ws ootiwsonds _Fmoo




Linst P g 5 1N A Aol fien
VYT AT 1

The m\a\ds(S‘ of Pproactical nem - inventing  Amplifien
Can be ‘FQ’QFcana by ©sing the &T/L\:l\)&\ent Cirtole shown

in figose Boiow - Rf

Fia: &Vv@\/aleﬂt‘ Grtoit  of Nom nventing HmP[ffﬂ'ﬂ‘L Vsing
Lew frequrenty model -

uo‘%x‘\-'\:\vxa Kcr -axr  the in?d‘t‘ iode

(\!o" (v + V¢ )}7 = (g Vi) i ¥ Vd Vi

Yevo = Va (YirVi +Ve) + W (vir7¢) — O
w;nitinﬂ Kel af the 0\:\:\3\3% node

(\/d TV *\’(}5 Yp = (V"c:, - AoL Vd) /o

VO(Y.F '*Yo) = Vd(P‘OL Yo "f\/.{’.) + Ve Vi '_’@

Faam EC{/@_ Vg = Y{lvo ~("/|+)’() Ve ___)@
Tityi+ Ve

sobstitute €9 ) in £ | ppten Simplifying




g

A = E_ - RoL Yo (Y1+ \/(.) - \j_{: Yi
(Fow =) Yovg ~ Coryi) (Yor V)

Vi
This 15 the fﬁefuu_ke_cl clesed LccP ao\‘\h ef ‘#mc-h‘ﬁq\

NoM  inventing Amplifian.

{Fo* Tdeal Amplifier. | App ~—> @  So LBING in ’q,@)

e 691’
‘ Ye Vi
A oty -
ACL = 425;., YG ! 'F) BorL
(7"'\{’?) - ove | (Mi+ye) [vow%)
A —_— Ao =&
oL
Aol
hew = Klhrve) =oawvx o+ Re
Vé Ye Ve Ry

—
——

1

vintuval gnound |
the digfenenhal inpot \/m’caﬁe Vd betrweewn the

nomn 'iwden’c'w\g and  imvernhng tesminals  is esSeﬂ-’r{ql[CL/

Zene -

Tis 15 gbvious because  even if output Voﬁm@q

i3 fews Velks | due to Lcuﬂe QFW -LooP aouW\ of 0P~—P\MP)
the diffenance \(ci—tade V4 ot the inpo‘l' tenminals i3
aLmoSt zerno -

. U R
g 9¢ ovkpot Veltege iz 1oV and the ApL i3 16 Hhen

Vo = Vg Aol

Vg= Yo - 2z iwmy
AoL ot

RO U, S




L

! 1

vHemJ;Q, Va 5 V@-‘n(‘j sSmail .
Ag AgL —> @ , the diffenential Vol'toae Vg —> 0, and

asseme d o be. Zeno -FO.JL thL(jSa‘ng the Cinhcuits.

\/
Vi o _= = Vo=V, = Yo — }L@ - 0
d 7 l ya
F‘OL AOL X0
Ry \Ej;\r———ﬂ Vb

Vintual
Shoat

§ Thus  we can Say that unden Llinean ‘?‘lande
. of cpenotion thene i \!tn%UqUﬂ shon b Cincuit betweew

the +wo inpot  tenminols  in the sense +hot theuo

%
iVol+¢5€S ang Som@ . No  Coarent  flows Faom inpol
jtJctinm\‘ncx\:s +to the 8“00“0\‘ |

the.  obove q‘\‘ame shows +hat +he concept 0@:
Vintual aw\md: the Huick Linve indicates the Vintal
shont betrween e inpol  teaminals:

Nols if the Non - invenhng ‘tenm‘\nq-\ 'S @wuhdeé
by Ahe  Cemcept  of Vinda] Shont  the invenhng |
tonminal is  alse at anc\md -‘;o—l:en’cia\' -Hnou@'h thene is |

|
no P\«anm‘ Cennection between +the Invenh "erhminq_H
|

and  the am\ma’ i by the Pranaple  of  Vintua

aw\m.d .
b




[P I A ~ ]
YIS NN R

av’i Eot
v the Nown - Invenhing amplifien. f Rg=0 ond
Ryze |, we aet +the meodified circoit  showan in {:?dum@_

belown

N - : |
ow VO = VQ O\\ﬂd ’VD - VL '

That is  +he ovkpat Voltage is‘ eqpal *o "“P&' \io\tade

botn in magwivde ond  Phase - In ot Words e

jc:cm say that +the oubpoet \Io\i:oﬂe_ Lollows +the mpot

;VD&GGQ elatﬂﬂ. fence Hhe Circoit is Coled a

%\Jm%mae Followen '

| gt s also colled buffer Amplifsen ,Uh\td @&\ﬂ

amph fien end isclahien  AmPlifien .

&JQYJ_’C_&GGZ_S :

I~ Inpot inpedonce n Neny V\iah ( ie MJL) ) lowd

®  ootpet impedance . thene fore  drowds Vle@\éaib\e
Coment  fiom  the Sounte - thus a voivoge fellowe




may be Used oS boffer for —mp

that O

/

Yo Cannmeckt a L@@h impedance. Sovrce to q
lews impedance load .

2« 3%v hos Louxaﬁ band W1 AL

DifLenentia) AmP“-{-‘;e‘h :

A cheoit +hat  Amplifies the differdwnce

betweevn two S\‘@na\s i  called o di gferente o

 Pipa . P £ the ocmplifia
di £ erenial amP\\l{:i&‘rL« This tyPe of v

: P e Caiatueits -
. 1 1N s bt e ntat
1S Verny vseful 5

Ra

-

\13

ﬁmP\“\ Lrert

and




|

detecting \(Q_h,d s\

Agrert  Sim p\‘\ L£ying

Vp = % CVI_V?—)

AN a Cialuil i3 \ﬁem@ wse o) in

differences N Siﬁﬂc’x\S'

. ) R

since  the gaiwn =2 conm Dbe chostew +Ye be \e lasge
J R, R

Fos Q\Lc_\_ou\\;\e s} Ry = 10O Ry | Haoan o Smoll

difference N ~Vz 18 ampligied oo times.

Digfenence Mode and  Commen mode  gains.

ootpot  of o diffencatial amplifien
\)@ o % (Vl—VQ_ — @
!

94; \;l:\;p_ the \,no-_-_o ,  That+ is ‘-Hae, Si(jna} camﬁqo\q

to both, inpots gets concelled and Ppaoduces o

ovEpPOYT \[c\’caao.- Thiax 1 troe for an ideal Op-Amp,
howeven. o Pnaa%ia&\ op- AmP exhuhits Same small ?lGSPcme_
ro the common mede c@chmevﬁ: of the ‘m\But \folJcoau

‘o0 -

For etample , the ocotpot J, will have differownt

Valve Lol casges

Gy with  V, zlo0MY and  Vy = so pv

(1) Wit V, Z1ooo MV and V, = 9vopvV




|

|
|

eve -'t\r\o\)ﬁ\q the diggenence Sianql V-V, = 50 WV in beth :
the Ca%e§ -

the ootput Vo\%:ade cleysends ot owly vpow  the difference
S{ahcﬂ Vg at  the in‘ao%r buk 15 als6 affected by the
Q\;em)ﬁe \ro‘df&ae op the input 5*@“&15 , called  the

~ N Qs
Common — made 5‘6“‘” Vem de—?‘“ed

V-t Vo
Vem = 2

Fon digfenential amplifien | Jc\r\ooa\n the  Ciacait ig
symemetnic , bot becavse of the mismatreh +the 6q\vx at

the ookpet  with o\eg?ect to the posi-'t‘me terminal s

;sk-ia'\r\-'tlé diffenent in N\o_@ul‘\:ude +o that of the ‘(\Q@cﬂ:\\le

Yorminal. Se evewn with the Seme \’0\3‘:&6@ applied -to bot,
‘W\Pots , the ook pot i3 not Rero - The oot?g’c rherefore

mus e be ewpnesed ad
Ve = AV, + AgVo —> ®

where V| =z \Jol’coae, M\)\-H‘P“CQHUW Laoen ?nPo“‘: I 4o the

ouvtpo b withy '\‘\n‘)g% 9 8wﬁﬁdec\

Vg = \Iol’tcﬁe N\\)\-HP\RCQFHU\Q faown ‘w\?q’c 2 +to the
ooktput  with inpat 8mcmdeo\.

: Y, + V ‘ :
Since U(’,N\ = ! L ﬁV\.d Vd = (Vt - Vl)
2

V\'—‘ ch %*—éfvcl ‘—'—"’@

Vem ~

%_—Vc] ————>@




\ N I P ) NP\ ) ) N\ Lo Oa o e

sbsEitote—the—vVatve——of M S A1C S b ST g (W& a
Vo = ApmV¥a + A Ve — ®
- 1 _
w\/\QL@, ADM — _£ (A\ RE’_)

H| +P‘CL—

%

Acm
The Volkade aaiv\ for +we difference Si‘anql is Apm
Zcmd that Ffor the Comaon mode Sa‘ancﬂ s Acm
Comman mode Rejection Ratio !

the nelokive  Sensitivity of oaw  op-AmP to a
diffenence SQGY\OJ as Clompaned to & CemmoWm mode
5‘ianal 15 called Common made ReJQQf‘Um Ratio CCMRR)
and gives the -Ffauxe af menit () fan the differentia)
amplifler . So, ¢™MRR i3 ﬁ"\fe‘ﬂ by

P‘“DM
P -

Bem
and i3 Usm:\l\\d éxpressed in decibels (d%)

For  example , the MATHI Op-Amp has o minimam
CMRR  of 10 dB-

we shoold have R Lmuae . Bcm shovld be zeso

;‘clo_al_Ld . So, [ﬂi@hen the Value of CMRR, bettesn is the

OP-HMP,




1
|
|

. Prnohlem!

Detenmine the ootpot of a diffenential amplf.‘C;e,L»

fon the fﬂpol’ Vo\%aaes of SOO}L\/ ond ZhopVv - The

digferential  gain of the amplifiern. is 5000 and -the

;Vqloe of CMRR 5 (i) 1o (Ef) 105~

i&:lukim: EMRR X
: -2 Vv
Casel CMRR =100 V= 3oopVv VY, z2ho M
- BHOMV
Vqg = V, = Vg = 300 Y - 240 BV pd s
: v
v = Vi +tVa o Boomuv + ZAORV g
CM . = -
= 2
Apm = 5000
Adm _ fA»n_ boo0
CMRR 2 e > Bem = 5
A CMRR !
<M
= Ao = 50
Vo = Apm Ya F flam Vem
Vo = (5000 x 6opv) + (50 x 270 AV)
Vo = 315:-5mv .
Case 2 CM]QR—! 5 . ,
' Z 1wV z3cepy  Vy = 240K
CMRR = Apm = Bem = _Pr-pm - 5005’0 -
Aem CMRR. Lo

Vo 2 300+r013S MV -




Used —S 8\\,'”\ bg ,Hé;aguu. Wt Reamo in Ila
] T
Gircoil  Haewm -
R R . .
- . ; = [+ BEW ¥
Vor = (* ——: Vies + Rp TR$ Vot (‘ T{l)\llos Re Tos
I

"Fncwido. o;_(lse,t— .'CDmP@,ﬂSQ-HU\q Pi‘ﬁﬂ

Many  OP- AmPS
ol below awes the

to wollify the of( set \fo\'!:cxae,‘ Fi’a

the Tkl OP-AMP-

16 K '(bat"e.n“Hor‘F\O,’CQh, ‘\?’0

Lox The ma\nu_.FCLC{-UJLQhS
Connectiong o

ﬁeaomm(;n(& +thot o

be ‘atace,c\ cLeos S OfFL

Yo o M & e

get Mol ping | ‘and 5§ and  the

negative SUF?\d Pivn b The

o the
wipen be Ccmnectec\

: of the wipen is pajosted to nolligy +he
O

posit
oot pot agfset \lol{—aae.

Ra-

: TL\QJLMO\,) "Dnl_F{' .
) O-HlSeJC‘ Corrent and affset VO[%OL@Q
W nolled ot

Riog Clorrent
: . \ ) 5
c}_m&ndg, wikh —kemPQm_CL{:ULe, A Circuit Come l

K e ora fore nises +*o
QSBC_ Moy not Nemain 50 whown the ‘lme |

sc - s 35 celled dnafte

opfset corkent duipt IS eipnemed in V\ﬁ/"c ond

ofpset \Ioi»icoﬁg c:\nl{:’c L mv/’c_ These indicate the t:ko.vxae

wn offset  for each cleafuee celcivg  chonge in temperatunre .

o




? the \(m{—aﬁq Vo ot the tnven Hwg tenminal s

-~
Ny = VO__EL—
rR,+ K¢
R+ R ' R
=5 Vo = V2 _L_ﬁi):(l-'r 1 Vo
Since Vios hut \V{"Vl\ and Vi O
VIOS - lb—VL\ = Vg
' R
Vi, = (U + 5 v
o = _—
( R tes

Thus +the out—;FUt affsel Vol*:aae, cf on Op-Amp

W closed L°°P (’_cmﬁavm*‘“@"\ is 5qu by Gbove Q?/.
Tot al cok:‘:-o{‘ offset \10\{-&6&'_

The +otal ouvkpot ogpset \fu\’ccxﬁe Vot <ould he
either. Mmore on less thoaw the ofgset \!olfaée prodoced at
the cu\:Po’C doe  to ‘w\‘;o*: biasg Cuorenkt oa

mput ofLset

Vo\’ccxﬂe alowe . This i3 becavse input off£set Volt&ae Vigs
and the inpot bias connent Ty Couvld ba eithen pesitive

on V\eacxﬁve with %es,:ect‘ to »ﬁnound' Thereforne +he Mag

opfset voudege at the outpot of on lnvending and now

L'in\reh-ﬁvxg omplifien.  wbthoot ony Compensating technigmeo




IhP\)t' opfset \[m{-cxﬁe_;
A\

Injf)i”t'e of the uvse of the. above Ccml:ewn&ﬂwxﬁ

e m sl
'l’echvxizf/lws it s f‘ound +hat the autpot \[ol-l:aa ay st

\ Vvoltoge . thin 1 due +to
not be zero with Feso mput ca

na: ~-Am and o Small
Wnovsidakle imbalances inside the op P

Blwy . + tenminals to
, - ) (4}
Vowaﬁe is +o be opplied o FThe TP

tage 18 Called
EAD Thig Vol
| make oo‘rf:o’c \/c\foﬁe > O(j

rhis is the Vow‘lﬁe ’ke?f’“‘ked ;
Tmpot  offset \/oLtcsﬁe \fLOS

Kin output VYoltagée
o be opplied at the npot forr. Ma 6 P 6

to Zeno Volts as Shown M aume below - :
Vo = OV
= Vios i

: t Voltage.
Figly op- Amp showing input of-fSe (7

Fia\me 3hows  +the Nm—,fn\fen-\-;nd ond ‘I-nvean‘mg Amp\\{i;u CKts
R#

i

i

& -0
VO
Ve
FiaCb): Nen Twvenhng Amplifien F"‘aCQ + TInventing  Ampligien

8¢ v Vs get +to zeno | the above Ciatuits become the

sam@ 2 Showw i ,Gauna belows .




To ob¥ain "\iéh 'm'ilbo’c Nesistance R, must be Kept

Lcm.ﬁe» W Eln R\ L&Aﬁe , the DCeedbcch resi storn 72_{_‘ most

alse be kia\'\ s6 as o obtaim  Reasomable ﬁm
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T{MU\S 10 }ASQC o'l be %o - e_C\ bﬂ an O?FQmP o
change  outpot by oy .




UNIT-2

UNIT =TT
o) Linean Applications of OP-AMP
Invenhng RMP\WW—?’L . [:D?Scossed RN vai{;-|1
Now Tnventng Amplifren (:b%sauss ed vy Unik -1
= the inventing , New mventing and difgenenhal
CM{’{%ONQ%\‘W\S ane Vsefol i dvdh applications as
Seecncning - Scaling and d\:‘enobainj qmph{ii‘ens
) Twvventng COﬂFT@\JAqHUV\ :

a) Scale c\/\a‘nﬁp_n/ Inventesn R

In Pie basic
mven Ying amp\i(—'ien, \/(
it the %atio RE -
Ry
the  closed leop Fain

Aoz —X - _K
Ry

—

The Circoib Could be uvged +to muittiply by a Constant

fockon. if Rg and R ane selected as Pprecision

hes.stons -

For Rp =R, AcL = -V, and the circuit 18 Called aw
inventen . ie- the ocokpotr i3 186° out of Phase with

fespect  *o mpPut H/Loua\r\ He Ma@hi%uc\es ane Some.

b)Sommimg Hmpli{iie,n CIn\len-E\VIs) CAc\denj
A typical Summing omplifien with Hiree

mpot Joiteges v, ,Vy and V3, three inpot  sesistons




| nesidton Re as Showy
R,, Ry ,Rz and o feedbackK 9Nesisto Id V)

in -Fi‘aone below -

Re

R AN
Vy &— v l

R
Vg  o—ANAY o - \/0

Ra '
Vg o—AMAN— Eia@;l'nv&h%hj

RCom.P = 'R,HR;_” ES“ R~F 50‘“"“\’\3

Anplifien

The f£ollowing avolysis 5 Cosvrued ovk assoming that

the oP-HmP i s an ideal one e AL =0 ond Riz-® -

Since +he inpot bias cument s assumed +*o be Feno,
Herne g NO \)ot%aae drom P acaoss +the Hhesistorn

R and hence Hie Nen iNVestng dnpot termina)
is abt 6/\,0\3\(1@ "tDO{'eY\*‘iO.\'

The \lo\lccxae axr Wvode ‘a’ is 3eno as +the wom

%w\jenlcw\ﬂ inpot terminal i3 @wonded‘ The Moda)

ewa-\;iw b\\.\ KcL atr hnede ‘o i3
V]'_O Vz—o +\/3—0 _ O-—-VO
R R
= Vy= - | Be vy + Zf oy, o+ Re oy
R) Ry Rs
Hevnce

the cvkpat 1S mvented and the w"—ia\\%ed
sem of the inpoks -
sf Ky - Ry :RB = R_c = Vof_ *(V,‘I'VL—\' V3>

Hence +he ootpet s inyented oand Som of 3

inPu%s.




C) \ Avenaae Cincuk

Tin p{a[a) T R,= Rz = R3 =R
Re ) = n = numben Of '\V‘PO%S
R n
af =3z = & _
R 3
R
From fi@Ca) Hae ouhpo’c Vg = - -~ Vy + ._R_‘E Vy +§EV5
Rl R)_ RS
R
Dy, = | Fva+ Ry +P£V3
R R R
1 s |
Voi—[sV'Jr TS V{}
Vi + Vo + Vi
Vo = -—{ - 3
3

Oo’cPo’C IS mven{_—ecl, and a\)emae of thnee in‘)o%s -
A Nowm nvesting Cm@.‘aum+iw X
@) Somming Anplifien ( Nen i\\m/@”l“riﬂg> [.A'C!de‘h] .

A Svwemen thot 8?\}@5 o Non  inyented Som i3

the wnom “\W\}QS’L-H\nj Somminﬂ Oﬂ"zP“th\@?Le gt (i sShowwn in

.(:iamue below - R,p@
._E: -MRW:WL——O Vo
V| o——nanr Yo |+

Ry
‘VLMW' F;@(;@ﬁ Nen inVen¥ing
D AT N N
Vs R SOmmsvlq Am?\\f« e




nown 'i’V\\/e‘n‘E\\Vlg ‘\hPQt‘

wniting keL ot
\/[—\/Q N \]l-—\/q + \]3—\/0\ -6
| R\ Ry Ra
N = Mooy N2 V3
/L 4 L + _l_
R\ Rl— Rs
N R XL' ¥ Xg; + __\E_\
2378} 2 _ . =
(LCD = \/o = [/fﬂl— ___‘_F_' - : z 3 — @
R 2 y 4 b
R\ 2 Rs

Vo i3 V\Un\n\le,ex%e& ond meiahted Sum of ‘nn?gfs.

Vo = (\/‘ +VL"'\’3)

invented , wm Som of 1‘0\30“\'5

Lel

ookpot is  Nom

b'> A\le,naﬁing Amplifien |

From &9 (3) tet R =Ry =Rz =K
VOZ[(-F R'F‘ —R‘“\’TP:'}'—‘_?

=R
R =3 R

N ’[1+RG Vit Vot Vg |
o — —_—
R 3

| inputs .
Vo 15 ‘-"_Rﬁ +timesg ’&\lem‘ge of a\l Huee . P

R
Vsing an op- Amp

problem ! Design  an adder. cincevit

the ookpat expnessitm as

Vy = - (O‘) Vy + Vo + “3\/5) whexre \,"VZI V_S
° oare.  inpPutrd

to gelb




@ Diffenenticd  Cenfy aum’c‘xm’vx'.

@ sobtractom .
basic

A differnential

Subktroton. A5 shown  n —Fn‘aon& below -

| solotion quem Vo = - (‘0.\\)‘ 4+ Vo + 1o ’\I3>
The OOL—\DQL' Vo of ‘\V\\Jen-Hn_g SUmm’\ng chP\(..f.\Q_,,_
R¢ V. -+ RQ E_[_ N
Vo = = | =V + = Vy + -x V3
Ry Ky R3
Assume R_(; - 10 Koo
jo K-
= R . =, =z 106 Ko ool
> S - e = | v
V3
Re l =) Ry = lok I PRS- Vg
Rl RCDmP
s R3 = R =
e s =
Rz

omP\i~¢iem Covy be Used as a

R
gf o\l Tesiskons gye
chxol in Valoe | then Vs
the ovkpot Vol’coae v, ) \/O
. R
Con be derived bs Fig' Basic c\‘i-FFQLQYV\\‘a
Using Supenposition Pronaple . — Ampli fiex vsed as
3 P g # P - Subtra oA -
To £ind 4he v,  due +*o vV alene make Ve =0
Q -
pr= 3+ =4V = 2Va
o\ ( R) a
v, ~Va
; = ,\)3;_ = Vy = W v
R’ —_ )
2
\,o\ - 2V, = 2 % V) = V)




R
Voz. = =Vg
VO e vOl + Voo
Vo = V, - Vy

R Com{?au/\cx-‘tic-v\] ’
free—— A NN NN

The. oukpot R

\/‘ oSN

VO‘*O»@@ Vo Con

R
'VL O A \ ’
be obrained / —© Vp

R -+
by USing \’3

R \ " N ~ “~
SoperpPositiom Vy e~ Fsd. Summing ng\"?"U\
Heorem. R Usfng d\‘{l@eﬁ_@-\:‘\'q\

1)

Comfy g rokiown .

To find Vg, dve +o V; alone Moke Vg = V3 = Vg =0

R AL
- -R v
VO\ - —_ X _’-'— R 1
R/?_ - ey \\
hon ? —0
R ,/ Vo)
B R
Sim‘\\a‘n\d . the 1[—NW—'“ < ( by using
00\:?\3% Va\taﬁe % ‘ Hevivin'sg
- \" S—W'\IO.\Q‘Q)C Q\r,\w‘\«l)
Vpe dve to Vo Rl2- R

Q

V)
—_— O—ANNAN A
. 2
Alowm € 1§ : 3

ol




R
R —_— A
Vo = (. P NVR R PO Va >
J Va_ |+
Vog = 3Vq
R R
\]3—-\/5\ \Iq
R Rl L
N3 = 3Va — @& Rle vy R
Feo O A (@) °
‘Vag
VOS = \I3

S\mi\c:nLC\j t ,Fir\o_\ VO,_? dve +o Vy chcme, [

Vou = Vg
Vo = VNt Vo, +Voz + Vo
Vo = Vi =Vy +Vz+Vy

Vo = (\}5 +V1+> - (V[“\‘V‘L>
Instrumentation AmPILFfen—

In o Momben.  of  FIndustrial and Comsumen

applications gt s ﬁac[/,«,uad to meosure and Controld

Physical  quantities . Some +typical eramples ane measarement

and contnel of Jcempe)mtume,, ‘/\um§d§f5 , L:ah’c in-tens?’cg ,

wates. flow etc. These Pkaucq) quantities arne USUQ\L@

measured with +the help  of thansducens. the ovtpot of




tnonsducen hos +o be O-W\P\'\VF\‘ed 50 that it Can dnive:

the indicaten on display System. this funckion is
pPenfonned by on instnumentation Qmp\?-ﬁem‘ the imPoH—cm‘c
feakumnes of an Insbumentation QmPli‘Ffen ane

) H{ah gain accoracy

2) Htﬁh CMRR

3) Hsah goin stability with low +emp Co-efficent
%) Lew dec offset

5) Lo w ootPg‘t imvi)e_domc€~

considert +the basic diffenential amplifien. shown in

vavie below-
‘F‘a R;(lODKJ\_>

Vo

Rip (ool fig(e) © Pisseremtial Amplifien
051v13 S\V\g\e op- Q"\P

T

Voy doe *to Vy alene , moKe Vy = O

Ve = (""EBVO\ —>®

Ry
\l‘-\lo\ \Iq
/3 Ry
Y
o Na| & o+ A 5
R3 K3 Ry




Vor due +o Ny

.olone ,

make V=0

Tn ?i@(p) Source V| Sees on  inpot impedance = Rz + Ry
(torks) and +he impedance Seen by Seukrce Vp s D‘V\\d R,

(\K.ﬂ.) This low ‘m‘spedance may load the S?ahcx) SaUACO

heavily + Therefore , \r\‘sah Nesistavce buffer 15 vsed

Proceeding @ach input to ovNeyd Han LOQdSV\a epfect as
shown  in {{6(53 below .

the op-AmMPS A and Az have differential mpot Novtoge
as zeno - Fon N Vv ,that is, Ondes. comnmon mede Conditian
the voltege across W will be zero: As no Corent L£lows
Jcmouah R and R' +the nen inventing emplifien A, acks
ad Vo\’caae followen, Se itS outpot \I,'_ =V,
Similony -V‘i =V,
However bV, _—7\5 Vo , corent +flows

|
in R ond R cmc)




(\I?_"’V|'> > 6’2-\’0 . vhere fore  Hais  Circuit hag |
digfenential goin and CMRR ™More Companed *0 the S‘ma\&

OP- AP  Cincuit (-P(a(q\> - The Outpat vb\*:aae \Np Con be
calcoloted as  follows -

Vo o :
oV
N

Fi@Cb)‘. An ‘m\bmved %ns%m‘;eﬂ‘cofcim Amplifiern
Compone Rg OPAMP -3 with op-HmP In —§i6(<>~>,4‘\/\€h

outpot Vg Con be wuitten as (bg tompPoring Q‘L@
Vo ¥ ]

" 1 1
Ry

Since npo coaent flews nte op-8mP the Coraent I

. . Ny =V
Flou\ng CUP‘«OO—T\dS) n R NPY r had { > and PQSSQS
R
+\\woav\ e %esiston R .
\ \ ( : 1
Vo = IR +V, = V> - ¥, - Tr = Vp- (\'l'VL)R
R
, } !
v, - m R (ueve )ty — ®
R
\ A1, - Vo /
y  vzirr' by = ) = WFHIR :V\+<‘R )P

R S R >




From 27/'5 @ and @ Eq/@ becomesg

! Rl (v-v, ) BV
Vozi{%(v,—vz)ﬁ—vl + ——R—(Vl 2.> ‘L]

R
. 7-. ' * .
Ry R
' !

Vo= R (1 4 2R (V\_vl) —s ®

R\ R

l -—

Tn £9 (6) , 9} we choose Ry =R; = 25kn R =-a25kn , R=50n

’

thew o aaiv\ of 1o¢l Can be achieved. the difference 8qi\q

of this nstrumentation smplifien. Can be Vasded by

heplacting +he %esisrance R by & Potentiometen in —G?ﬁ(b}.

the nesigtance R, heweves, shovld heven be magde Heno

a3 s wil make +the 6q§n iv\{iinﬂfg‘ To oVoid Svech a

Situatiovi in a ‘FMC{‘{CQ\ cives\t o £ived Nesistance
4 .

i N Serie 3 with «o *bc’cevﬁ\ometem i3 vsed wn ,p\qce of R-

Fiaune (e) beloew Shows a diffenental instnumentato

&mp\%-@i&n. VSINg  transdices bmldae~

Regigtive

Rr+AR
Transducer .
7 i 1
-+ o .

e 3 0p-Amp Indicaton
Ins trumen- ok
ampli Fien device

’.\_1_

F“a(c): Tastnumentation amphifien VSing —l;mﬁsc'\ocgn,.bmdse

T[qe cinecort L3es a gnegigtive thansducen wheose
nesistance c;\nomaes ¢h as o fonction of the P"\d5§c<\\
quantity to be meosuned - the bnldae 15 ‘m‘\{:‘\‘o\\_tj balanced




by a dc SopplY Vo\t&ae Vae So that V,=zVy - As +the
P\r\dsmcx\ qpomt‘»%_g C_\nocnae,s , the nesistonte Ry of the taons-
-dvcesn also c\'\omﬁé.s/ cavsging an unbalance in the bnlclae
(vy 2= v ) - this diggenential Veltage now gexs amplified
by the three op-&mP differenna) instruaumentorion Amplifie
thene one o nomber op pnacktica) applicakions of
inskrumentation gmp\‘\{iiem with. the tronsaduvcea bnlc\ae_/

Socwh & s ‘EQN\PQ?'LQ'EU.LQ ‘w\d‘\ccﬁcon., "L‘QMPQLO;\-UA,Q_ Cmi\-nc\\emj

Ua\ﬁk intensity meterxr. exc.

Tastnumentation  Amplifiert 0sing  Tionsducer 'Bkic\@e

Fid ! Pi-F?QLe“Ha\ WS Yoo en oy on cxmp\} Len ua“\f\s Q.
Fromsduce s bniclﬁe. .

Rgose shows o  Smplified digferential

< e . J b A .
instuumentehom Qmp\\«&er\. vsing Qa +ransducen B Oe

A fesistive transducen whose Hesistawnce Changes as a



foveren of some 1>\fud\ic.&\ enen63 13 Connected in
ene anmn  of the br@c\@@_ with o 3mal]l Ciacle around
it and 15 denoded by CRT;[-_AR> wheaw Ry s the
nesisronce ©of  the fisnsducer. aond AR Hae quvﬁe
in hesistance R

The bnldao, M the  ciaculE ‘ué de  excited
but  could be aec  ewcited as well. Fox e balonced

bnlda& at some. ﬂefenence Cenditiown

Vi = Va
Rb VdC RanC Re RT
Rg + Re R A+ Rt Rg Ra

eﬁnem\\a fesistons Ra /R ovnd Re¢ ane selected
so that they ane egpal in Value to the transdue

e sistance  avr Seme  Teference Conditiown.

The bmd@e is bolovnce d \V\‘\*\—:\cx\\\d ot a C\QS\th
nefernence conditiow. Howeven as twe Physical
guoankity 4o .be meocsured c\,\mmdes.’ the e sistance
of the Yromsduten. also -chcmﬁes,- whith Cavuses +hweo

bnldag 4o ovbaolance. C\/a;b\IbB

et t™he Q\'\vaae [ fesisktance of -kLc:msd\)QQrL

be AR. Hrean

Ra Na ¢
Vo =
Ra 4+ (R 3 oR)
R
Vy = —BVdc

KRR+ Re




- Ra NVdc _ Ry Nac
Rp Rt &R Rr +Rc
Howevex s} Ra = Rg = Re = R = R | Hien
aRv V
Vor = — ac

2 (2r4 5R )

The V\anﬁ:i\l@_ S‘\av\ ivdicokes +hat Va < Via

becovse g+ e increanse ‘N the Volue of Ry .

TQMPQ)\OA—\J)LQ_ wWAadicakon. The oabolVle ciacultk  caw be

Vsed o8 o +emPu&%oLe indicakan. 1} the tronsdoucn

in  the bh.ldae cirCuit 18 a4 thernmidbtort and the
sekpot meten s callbriaked mn de@kees ce\ecivus on
Fahrenheit. The -br&da@_ Coyy b bkalavnced ax a

desired megeremce Cemdikiowm (£ 25%¢). As the
temperakure Vosues faom ks reference Valve, the
nesistance of the e stan C\'\QV\G&S ond the baidge

becomes unbalanced- Thn onbalanced br&&\@Q induan
Prodvces the motxea MoNemewt - che MEtex con ke
coNibrored 46 reod a desired temp Aleange by Se\ec—\-;.f

an  oapprspaiate  gan fon e - Atefexenval  INSTAUMmenk

oh on Amp\‘.fse,\-ﬂ meter Mmoyement oL AVgy , OVg X AR}

Aus AR = TenpP Co-efbiGuat of ('@“Q\ femp - e +EAMP’>

Ae gl yawce




Ac’ AmPU—Fien_I
The \V\\JQn—Hn_g ond Non- nventhng op-hAmp Hmp\i-ﬁen_,
Nespond to both ac and dc s%dnqls. But +o @@L— the Qc‘
--Fnec!/LE,Y\Cj hesponse of an opP-fAmp on g the ac ‘WPQt
5»‘5nal is SUFanmPosed withh de tevel , it becomes essenhal
to block the d¢  Component - this & achieved by vsing an
Ac amP\E«FXQn, e a C-ooPlIY\S CO.FCLC;'ECJ?'L'-
Ac c}mp.\\—Fiens ane of two types

I+ Tnvenhng ac Anplifien .

2- Non inventing ac Amplifien.
l. :Cm/em%ns Ae ampliFTeh'.

The cincoit  of \V\\IG,nHV\S ac amplifien. s shown

in AF-KGQL_Q, below-

— I
\fo o-_—* 1——N\/\/
' c r ) \/0
L a s Dwwvesi na Ac HM?\\ fiern
Y., — Va Vi
Iz - ol : —_> @
! Ry, + —
Rl + ;—Z \ Sc
i we No Ve o ve o
Fren @ and (@ -Vo o _ + V¢
R,\: R‘ + 1

S




‘VD - R’F - ‘R_Q_ )

|

V; Ry + — R| L+ L
- Sc : SR, C
. ’-—R.(l- !
- =K S =
em (e V][R (R
Ry 5(14.,‘_ X J2TERC
SR\C
i s —EF_( !
- -R R v~/
Aoy = —°F < — ! (ﬁc)
R S ¥+ —
) : R1C

Here +Hhe lowesr 3418 —F.LQCUJ_QQ% _(:L - —
2T R, C

In the mid-bond Aanqe of frequencies , capaciter (

behones as a Shent Geuit and

t

Here  Hae Coopling Capactiton “C  not O’ﬂ\d blocks
the dc Volboge | ot also sets the low frequenty

cobt-of £ Umit Wi th W 6\\)0M by

!

TFL:

21T R, C
NoY) -inveshing  AC AmP\;.Igieh“,
AC mp\"'m@b '8

- inivenhwn
e  cimeoit of  Nom - nWenmwng

Shown  in —fiauw below

—]

vl
(|




N \‘ \e-m
F;a Nm»l'“\leﬁ%v:j Ac AmP\\{L

| Jide
s ?wv‘fd&é\ added +*o &w

Here a “Gesistor Ry i

a\)
d. Howevesw +his Teduces wen
o de detuvnn 4o 6won .

the amplifien , which Mo approwtmately
' iv\‘ao.’c ‘lm\‘bedance, of

Ro - e " . @
Hene \[O =/ + _;
| 1
- Va
ond V( ’\/Q \/Q :_> \,L__\/cL -
— i R?- ONC' RF
Jw ¢ ) ‘
=V L
Vi a[ JuciRy
Jw¢) Ry .
Vo. = Ny —>3
1 ')’\)DQ C'I Rl

Vo= [0+ Rpw N R Vi
S N RN IRE

h \
¢, R )
\,a; l+E db&l ) VL
N2 '+ g 2T £ R, Q, Y,
) 2T £ Ry €
+R_(: d?_T\_F\ \}i
- 1 s —

£



(

i L =
Yor (/\+ %;) where " 2T R, ¢

The ‘anob\am of  lew MFQK— imPQdQnaQ 'S

eliminatred by Covnecting A capaciton <3 os  sShown
in Fiaome, below - capaciton (g s Lo;nae Qﬂoudh to act
as Shent cincuit o oc Siav\ods - The  non iny ening

tenminal ond the vode *w will be almost  ar the Same
petevntal Se that™ R Covnries almost ho Coraen+.

donce +he cincuit WY haye an ex tremely Ma\r\

i\r\‘)ot ‘\m‘;edance. | R 4

o)

—

i)

3 . mplifien .
F%G: Hw‘(jh npot ‘;mFeAcmae nov - invenhng ac AMp £




-\Vol't‘uﬂe +to Connent (ovnventern [\l to T Co—nveﬂ%es{) :

VOHCQ@Q to Coment Cemventen with Floating load

R\ Vi
e AN

—L 1',0 —

—

n

Fig® Vv to T Conventen. with floating lead

F;auﬂ,a shows o Voltage 6 Cuoanent cemventen
m kit lood hesistore 'y is Fleating (netr Cormected ‘o
awond)a the npot Vo\'tqae_ is Q‘DFHQC\ to the Won -inverting
inpot  tenminal | and the feedback VOH:&de across Ky
drives -the ‘\V\\)Qn’t\v\S npot tenminale This crcot 15 also
called a connent serdes V\Qﬂa_—k‘\\)e feedback QmP\‘s«F;eJL be eause
the feedback VcltOﬁe acress R, depends on the ouvtpot

Hene Vin .‘:\/_‘F_

Ry
0 an  inpubt \Jo\‘coﬁe, Vin O (enVented In te an OQJCFQt_

cpnnent of _V;"_\_ »  In  othes LOO?tdS, ?ﬁFot VO\.%Oﬁe \I\“q

cxp\:oeoms acps s Ry -

3 R b a brecision fesigton | the cukpot  Conment

(‘Lo: V;n} w\l  be <*>ne¢;5e\_\j :fivted-
Ry




Applications of V4o T ConVenten wi th Flating lood

. low vo\kaﬁe dc ond ac Noltmetens

2. LED 3 3. Zenen Jdiode testens.

Lows \Jc\’ccxae e voltmetrere
The V 4+ I Cenventern tith j—'looﬁ:‘\nﬂ load ¢on be

modified a8 a low \Iot’co@e de  volkmeten cincuoit. the

Jesistance R, is to be neplaced by  DAnsona) meter

movement: this 138 Showw  In _fkaope below.

,__./W\/\/———J mete ~ povement (Rm\
+1vv 13 K- 4
’V\Ah'\'kk

o Koo ~
LS AAA—— e — —
5 k- / switeWn

AN (\S)

tRC

lok o

FCG' Dec  Volkmnetrexn_

forL accorote head§n3 it (8 necessony o make

the wnoling of OP-AmP - dis is dene by opfset \Io\’che
Com?QﬂSQ‘t\V\g netwenk. let Rm be the meten nesistonte .
The egpeckive +thevivin $ QT}_,LL\}Q\Q‘ﬁt of Compensating
V\Q’c@ont{ 5 b .
when  gwiteh S I8 in  Position | the epfectile R is

TKae +lo S = L kKo

T Vin N e
Lek Vipn ='W then | Ip = = = Ten T :
\

InpPot  of v Tnesuvlt Lo\l Scale deglection, i% e ko

has Fol Scale  deflection  Current of  Ima.




1 owhen  Swiktew 15 wa “Fosi-bitm 2  them. R =3gpn .

Thuos  for  full scale deglechown
\/:

IX1e S = N = Vin = 5v
5x 103

T"L\)S 5V ane Le_wked t6 Cauyse JCOH Scale dQ.-FIQC'HD‘V)

Thos 91&“@8 of Voltmeter wnecreases by 5 5““’”‘”"\0
atr besitions 3 and 4 mMﬁ,m of  Xle  and X1z ane
a\so obtrained. | '_ |

For 15y SoPP\d . Mawimym ‘W\Foh \{cl%oae_ 5‘*3‘“5 s
tiev | hence w\’;h sy SUPPLZ] , Madmon  fange

Foss‘(b\e_ 15 X1

Here meten Resistance Rm doesnt affeck the valve
of Tp+r Thus meten Conn be Calibrated 'Fwibéntd to
Meagore dc voltogex .
Connent toO \Iol’cmae coviventen

In  Hig  conventen the ovkpot vonae is
propontovial to  the (v\th Connent - §t Qccepts aw
In\>\3f connent Tg  ang Yields an oukP\)’C VO\EQae Vo

50eh  that  Vu = ATg. where A s the dodv\ oL the
Cinco\t.
F:a‘”‘e below shows the Connent +o VQI%QSQ CCW\VQ?\%QK

Hene Vg = ©

; ¥ \ i
Since  the nventing npat 'Eehm\nq\ tS  at Viatua)

aa\oonc\, no  curent  flows 'H/\AOQ@V\ Re ond  Cuarent




Ts flows +the feedboek fhesiston Re - Thos the

ookt Vo\‘cuae, (S

o0 - Vo _ =Yo
T T TR Y
- 4
\IO':_ —Is R’Q‘ (\Iool IS\)
Re

VY\’T
T ] —
r VO = - IS \R__F
T Rs
.

Fta: connent to \/oljcaae_ ConVente n

the)s  oukpor Velkoge 1S propomRownal +o
the inpat ormenk and  Cincoit WonKs as a Coment
to Vo\ka@e Conbenkern: This Ccincoit 15 also ﬁe,fg,\,\gd

as  conent Condnolled \zo\%eﬁe SounCe .

Here  Hhe "DJ’\O\)Q%\—“\UV\CL\\’CS fackon Re (Resisfﬁnce)
Becavse of thig, T-v Comventens orme also Calle d

Tnons nesiskance  Amplifiens .
Appli coems

Photo ce\l  photo dicde awd Photo Voltate cey gve

an oukpot  Commenkt  Haat e ProeponBonal  to am

incident %Hadiant Qnerﬁ\j o= L‘\a\n’c. The current

hough  fhese  dewice s  Can bo

Cemvosntod o Vvolteao



bg'usmd a connenkt ko VQL'EQGQ Cenventen ond

thene by the amovnk of UG\MC on Nodioant Q‘(\Qlkaj

incident on the phoko device con be ™Mmeasuned.

Photo diede Detreckon?

R
p——— e AN
ey

| ”‘*j"_j>f T3
\\( ;:5 Nar—+ . Vo

R
—

' L cal ent
the photo diocde -Fnoduces ele ckrucal CuAren

\ i ‘ \ AAOYL lows
in ‘hechmse 4o incident L\a\f\’c This ‘Co £

'Hr\nooﬁ\f\ R
IS -_ —

Yo
R R

The outpot Vo\%&ae s FnoPonqu\ to the dicde

connenk -

’

Diffenentaton |

one of the simplest of the oP~Ap  ArCuiks
that doentain Capociton s the dAiggerential Qmp\i{;\‘e\,
As the name Suggesks, the Cincuik Penfonms the
marnemnarcal operation of digfenentatriown, that is
the ovkpat wavefanm s +the derivoXRve of  the

MPAt  waveLonm . A differenRakon  circoik i% showw

M «Giauke below.




The curre Nt e =

thus the ovtpot Vo\toae Vo 18 a Conltkank

(—RQC4\ rimnes  the desivative of the inpot Va\toae

Vv eand e  ciacuie 18 o Aiggenentiaton.

“‘d Vo(8) = -Re ¢ S Vi ()
\’0(5) _Re G P
Vels)
A = Vo (1) = -—R{:C‘J\A = —Ja2m £ Reg ¢
Vi (hw)
A= -1 £ wyhear —-€¢: '

o 2T Re




| e Al = £

The 3OAV\ N AR = 20 Loalﬁ\ = 20 Laa

|

c
— = 20 logl =zod

Let Lo = O

fa=to, £=1l0 tHhen 9_0L,oa

fa =10, £=loo , Hhen 9¢ Loa(”m 20 dRR

£a =10 =
a , = looo, Hiewn 20 Leﬁ\loool = 4o dB

so A €eVven
£o Y4  decode 1 ’e koa (f- )
the aQ§n incACoses ok o ko dR
noke of +20 C\B’ decade  thus 20dB
odi
ak "\\é‘\f\ fFreguenty a Qigferen - 5 .
=fa F

—Elokon moey beceoeme unatab\e
ond bneak in +o  oscillaReown-

there is one oone Pnoblem jn the idea)l differento-
“ton CGinewt 1S 8f —G/Lecz/ugv\c‘g incacases , the
feactance of the CapPociton. decreases  theire by
MmaKing the cincoit 3ensikive to \mah frequenty noise.
These ’Pnob\QmS Can  be Connected using Some
cddikional Panamekens in the basic differenRaton
cncoit ¢« Such A ciacult s calle d b«ack‘xco\\
AvLcerenRaton dincult.
Practical DifgLenenkiakon |

The weise ana stakility at Ma"\ frequency

Can be corhecked , in the Practcal diffenentiaton

b

cincwit V8ing the hMesiskance R, in Sernies Witk <y




oand e Canc\kbn =1 18%! Ponallel with ﬁeSiSva'\&Ql-

the ciresit s shown An @\a\me be\owd.
o
S Ty 'E‘F
Ry
Vi
—
Figq. Pnockical Tigferentaton  dacuib.
. -V )
here I = \-ﬁ—&———A— = ._V;(_
z z
z - R‘-\. __‘__ - 1+ 8 R, C\
T = \/‘L(s) scy o
o = a L (VeEY) o A
Xx
Iy, = C¢ S “Vels) = -5 & Vg(S)-—>@
Bot f£rom the cincOVN\E T = I+ T,
V' 3¢y \
((3) _ _Vols) _ s Ve (5)
1+ 3 R\C\ R,-F
V0C$> —SR{: )
7 Nes) Ci+sr ) (1 + sRe Cg)



As

Recp = Ry ¢y
V(s) = -8Rpc
Vi () Cv+ SR,C\\)L
Ve liw) Co+ Jmmc,)l
Vo (i) - aTrg Re
Az — = =z '
. y
Vi (§w) v+ a4 R) Cl)
£ ' fo T —
Lek = ’ b -
a 2WR-FC' 27T R, ¢
\ . [F
A = M = - (E)
Vilin) w4 £ F
i
£ ¢, >> R, ¢
= As R_F ) 1~
[a) = __ *a
|+ (£ = OCQ < “Fb
s
Hom +he abgue eqPation it 1s  evident that the

GQM incrCaose S at 420 de/deche

and decreases at —-20 dB}deche for £ > 'Fb

oo™ 1

wodR

26 dB

fon :,Ckecbuen ¢y F<£y

of
basic diffenenhaton
120 dB| decade

of
T~ Practical differentain
~ —20 d8Jdecade

- Res ,’Don 3

Tx’es,ao—nse

~
i ~
\ ~

S
. e

£




combinotion of R¢, ond ReCe help to Teduce
e\t(/ec’ci\)QLO\ the impact of k\a\r\ -F'\Qtl}.keﬂtﬂ noise and offsels
A Good diffenentiator. Moy be des}aned 0% \'DQn the
—Fol\ow‘\ns steps ‘

I choose £, eqpal o the . H\ﬁhes)t freguency  of the.
.ivx‘aok Siancx\ . Assome o Pprec tical valve of <& (<\HF>
and then coalculate R_F-

2- choose £ =10 fa - Now Calcolate +the Valves of R,
ond Cf So that R ¢ =Rg Ce

Pnob\em ‘

o) :Des‘\a\n on Op-Amp Diffenenhoton that will differen-
-tiate an inpo\— s:ana) w;{h» :fmdl-: IOOHB-

b) Dnaw +the ovkput wave fonm  forw o Sine wave of |V

Peak at lbo‘HB applied 4o the diffesnentaton.

solotiown.
|
a) Select jlq: mox = 100 H?S -
oy 2T Re Q
Lex ¢ = O IMF
Phen Rg = 15-9 kL
Now choose fo = o fa ;IKH%’
! S lokHy D Ry = 18KA
2TTR|Cl
Re
Swmee Rg Cp = R,Cy = (Cp = ——— = 0.0\MF
—(\— '{: \ ’F R\C‘
b) Vi = 1t Sinnwt
Viz i $imoammet = | Sin (21rxi07) %




a vy . d (W s 2T'\0L‘t§
- - Cy Y = _ 5.9 k o\)AF)—_\ in 2T
L ve (saren) ( dk(
Vo2 -1 cos {17{ C\¢L) Jc]
The Inpot  and  ootpet  wave fonms  ame Showwy, in —Ffaum belo
Vi A
Inteanoton .

IJf we fn{ehc\’\on@e the ‘hesis’con¥.&hc\ wCapaciton

of the differnentiaton | the cincoit becomes on integratd]

| )
R\ . - d&
V. o——/\N\/\,—L—..
¢ Na =0 \ o Vo
Np=Q /
Q"ﬂ"
RCO(\"IP:RI
Ff@f OP-Amp In{-eahq‘co'n
LoV d (va-Yo)
Ry dbt
Vi d Vg dV, oo

'—__—C'F"'_' — - e

R) Ak T dt R\ <f




t +

j dVo = "—‘——' j Vi a+
o Ricg 0
\ hY
Volt) = Vglo) = - S Vi (%) d+
R\ C_F (¢
Vo (1) = - — [ v dt + Ve (0)
Ricge o
Vo (6) = TInitial ootpot V.Olt-ogael
Vo($> - - \ V{(5)
SR\C_F
Vo(s) - L Yl -
o) smieg Ve (i) JwRyCp
J e -
2TWE R cp £ 2T R, C¢
e fzo - P y/chfa (o] = +b
+ |
: o P
at f-o = 2.0 L08 .%{hi = ® A 20 La@f dB
A £= fp & 20 Lo(j £ - O

v .t
At £=0, the maanitude

of the ink“@ako’coh transfer funchon
15 infinite.  $=o £u £
at dc (£=o0) +he capaciton cg

behaves as an open cincuit and there ig no n&@&"CNQ
feedbolK - the Op-AMPp thous openates in opewn loco P,
'hes\s\’c‘\na Nan  nfinite gawm - In Proctice , sokpot
novet becomes wnfinike  hather e oorPat of the

amplifien Sotukate § ok o Voltoge€ clobse €0 +Vee 08 - VWep .




“Ag  the 8ai\’\ of the ‘\n-ted‘no&com decsneases with
nthea sing jllLe,CI/Lke.Y\Uj , the ?\nt—eanq’cok cincui kb doeswt
have any :FAQCV.LGVWCB problen asg Ffaced in o di ££erenXaded
Howeven  at low f&QCUAQV\C‘\eS Suckhh as ot dce ( m:o)

Hhe 8Q\“ become s Infinite (on Sd-\-unqﬁes) - The Solutiowy

to 4Wis broblem is 4 Solved by  Prachcal ‘”‘re@’m‘ok Kt

practtical In*'eah&f()h C"'\Co\k'[Los\sﬂ Iw{—e_am‘con],'

e  goin  of an tegroton ar low frequency
con be ULimited 4o aveild the Satruration ?hob\em i the
feedbock capaciton is ghonted by a %esistance Rpe as

showwn  in {-‘iaon& below -

e Pomallel combination of Re and ¢ behaves
ULke a ’Po.ha\\e\ Capaciton wwhich d‘\ss‘\queS ‘\>°me

onlike an  idea) Ccapacitor: Foxn +thigs Seasowm /—J—his Cincovk

i8 also Coalled a Llossy \h%eano:’tﬁk:

"_——_T/Q?W———_—\ s

e
-
R\
Ve o AN - '
) Ya=0 * 0 \/0
L
Rcemp = R,HR‘@ pust R\{;R{' >> R:}
Hene -—-——VL—VO‘ = cg i(va—Ve) + Va - Vo
R at Re
_\ﬁ— - —-< Vo _ Yo
Ry <t Re

Taking  laploce *ansfonm ®n both Sides




Re
R
- R{
VOC5) - ___é_‘_
Vils) \ 4+ 8 Re Cp
—Rg
VOC;“’O) _ /R)
s V'(JN) '+‘“‘3R—F Q_c_
L
el S L R
T B R o e
|+J‘)_ﬂ(’-R_@ ce - ’In—R{:C—F
Re R
\A) = .
L+ (_ﬁ_) ‘
) L ‘P\\ = Ri
At f =-o = 20 3 =
R#’E) _ ‘ N R-ﬁ
At § = ‘g:q = 20 LO@ \H\ ~ 070 E'

+o
| e
_ﬁ@ N FJLP_CDUQM cy Res pom

\icakions of Prockical IV\‘\‘QGAQ'EOA‘
AP P\t Cakn

tens
Q) Fwn AY\Q\OS ComPO

§enernatong
) T ADCS  a) Roqp

[N - e IS
B) T Selving diffesenio) 1




Pricklemn © Find R, oand R¢ in the Lossy ‘\h‘ceanq-hon
Se thok the peax gain isS 20dB and the aocm is 3dR
down Ffrem s PeaK when W=—\00 006 ‘had’S- Use o
Capacitonce of 0/O|HF.

N

solokien ! the goaw  of lossy ‘ﬁ‘\'Q@A&’t&L )
Re | R,

/l + <mR{_ C_pBL

<he aq\\n s ol whew wz=o

A(dg) - 20 Lcdm

R
= 20 Lo .i = 20 4R
A (dR) e =
. R
E(‘_: I A
Ry

At W= 10,000 ﬁad)s ,gcx}n » 3dB  dowwn fiom s Peak

of 26dB , 8o 60\\V\ becomes g '3} dR . SO

10

20 L°6 _— -1 48 .
\/l—l’(loL’xR{;X G-QGL

= Re = 10K Heaan Ry = LXAC,







Nown Linean Applications 0f OP-AMP
Sample and Hold ciwcuit

A Sam‘?\e and Cincoit Sompleg  an mpot S‘\ﬁhq) and
holdS on  to i*rs last Sampled value ontil the inpot is
ngp\ed O.aodv\ :

This +4ype of amcoit ig veny  useful in chdi-tq\
‘\v\‘cenfac\na and anLod to d‘\a\tcx) and Pulse code

Modoulati ey SGSJCP.MS-
One  of the sxmp\est F‘nGC’Ci(’,Q\ Sqmp\e and hold

Cincuit  Configonation is Showw in {(dune below.

n-chanwnel
E-MOSFET

S Ay 0

V. inpot

as VDH-'OGE

F.‘a(a); SQ‘MP\Q and Hold Cincojt.

the Nn-channel E-MoSFET wonks ag o Switch
ond 1S  contnolled by +the ‘Cohthc\ Voltqae Ve ond the
capPaciton e stores the le\omae- The m\cuod Sia\r\q\ V¢
Jco. be sampled is applied to the dnaivn of E- MOSFET
land  the conknol volkage Ve s applied to its gate.
when Ve is positive , the E-MOSFET +unns On

and  +he CaPaditon ¢ cha‘ndes +o the instantaneous

Valve of npot Vi with a time constont [‘RD + Ngs (o\n}}



He-ne Ro 18 +the ovotpot nesistonce of the VoHSOﬁQ
follozert. A, ond HNaslon) U the "esistancte of the
MOSFET wWhen On . Thus the input VO“ﬂl@Q Vi appeans
acnoss the cCapaciton ¢ and then ak the cukpat thro-
'Ua\r\ the \)o\‘mﬁQ :glo\lovoes\ A;a the wovefonms oane Qs

Shown  in »{—’i@un& below -

~ N M~
+
>
Ve AN
(—‘TS—NGTH__)" ! \ : D{—
V) 1 | ! f i
O? | : i |
| [ | ‘ |
; | ‘ \
! | |
‘ l
{ |
1
>

Fia b @ ITwpokt and ovkpot wavefonms
Dorning the time when Contnol -Vo\'\-QGQ Ve 15
zeno , the E-MOSFET s off: The capaciton ¢ 15 Mow
focing the hiah 'W\PO‘t \mpec\cmce of the \}ol-taﬁe
followerL A, ond hence cannot cl"\sclnm-ﬁe,. the Capatiton

holds +the Voltage acnoss 1\t
The +time Ppeniod Ts, the time durning which the

\;oHaaQ ackoss the copacitornt 1S equal to inpot Vol’cgae



15 coaled Sample Pericd - The +ime peniod Th of V¢ dUA‘mj
whch  the VoHcche_ acnoss 4he Capacitort 38 held Constrant
s called hold peniod . The Frequenty of the contrnol
\/ox{—aae should be kept h‘s@keh thown (atleast Jcmice) the
WMpot  So as to %Netnieve +the ipput  fiom cutput  wave foam.
A Aypical  Connection diaan&m of the Lrzqg ig

Shown below -

Anc\\od N pa Y
Vi

Conkrno) VO \+05 i

Ve =
Loa AN\F\“\{?QQJ\’.

Anyy Loa Compo+o4\%mq May ﬂewne Fonctionsg SutW
as nX, logx o Sinhi - These can be "Denfo'nmed Comn -
~ovsty with log AmPS - log - Amp  com alse be used *to
Com?ness +he dtj“o‘mm fhcmae of o Stancx\.

e foﬂdcxme_\nto.\ ‘\Oa—ﬁmp Cfna\)(-\: 15 showwn 1w -F’\GW\Q

Lelow wohen e O a"\D\)‘ﬂde bose tronsgiston 18 F\QCQd

W the feedboack path -

- T R,

&

Fig: Fondamental - LO@’ omp  Cincuit.



- Vee/, |
Hene I = Ts e WVT —_

. . -13
whene Ty RevVense Sotrunoxiowvy Commewny = 10 A
n=\v , " z Vi = KT
q/

K = Bo\k—amo:m Cemnsdtrant

T = absolote +temp in Ok

W\se/ |
Te = I3 ( T

o _
He e Ig = Tc
q’\)BE/KT
'Es +\ = e
Tg
T
Wee/wr == >>)
Ef; - e Ts
Is
- 9YVge
bw ¢ =
Tg KT
| KT La ¢
Vge = — "
9 )
From  4Hhe Cincort Vo = -Vre
T
Vo = -ET (. Ze
1 Ts
. — \li
VA~ = '___—KT Ln —it—— ‘.'—Lc:’R*
(o) ﬂ/ R‘ IS |

The ookpot '\Jo\’ccxae is  thous \Dnopgm%—]mq) to

the Loaan.z%m of Inpot Vo\‘c&ae'v Thewe by #mFu Saq\‘w\ﬁ
Lo(chg( = o-431%3 ln X




U\ J’LOb )
(\r\ b \.06 meo\‘ ;€_91 i CU L O\Sv one }) ’\em
‘he apovNe F n b L‘)
T\,, la vy T \,(lhle RS ?A-DN)
o) e m Satuiai oW o ewn N
e Cm, nn -
‘{’.‘ \'a) —E N + \ {'\r\ "I&“\ ena Lne .
SKS'EO?\ o Jc}\Cx Siston. a d ay P
no \ +

(L\ min 3 Y t ¥al \ olawn vy i ) UAR
Y )

below - Q,

Vome
- +
4 Vo - RZ-
RTC
L Benp with Satunation connent
ia oca.-fQm |
Le & IS\ = ISL = Tg
\&
_ KT Ltn
Hene V, = CL R, s
\V, = “KT n
’ v Ry Ts
?/ VAQ'F

Thus nefenence leve| iy Now sot Wwith a

. dependence own
S\nale extennal Voltaae Sounce - TH epen

device and —Eem‘;enqh}me_ has been Nemnoved - The

temperature
Voueog:e Vo is  SEIl dependent upon P




:o‘nd 8 d‘mec’c\d 1>=no§>cm-\-\cma\ 4o T This ig

WA
chFensq‘c@,& by +the Llast op-Amp Skqae Ay wWhwiely

Pnov-‘idés a  won ‘w\\)@,n%‘W\a Oq{v\ (\ + Rl) . Now

R‘rc
the Go’cpo% vo\%uﬁa' i S

- Ro KT L L
VOCBMP B ('+ ch) %) " V'\Q‘f'

whene Rre

' a -bemP sensitive hesistawmce - wiH

o positive Ce-epficient of ‘EQN\FQI\&\N)«Q

sSo thab +the
Slope.. of %\Ae ezv,uﬂc\cm becomesg Constant ag +he
temperatune c_\,\c',maeg‘j
The Cincouitk of cbave Qiaur\e %eczlu_lltes Loun
The Some Q\)\:PQ’(‘ {LoH:\r\ o '\'Y\\Ié_s—ls.'e—\,:) chv\
be obtained 53 the cincuit

0Dses two

OP,Psm\DS .

showw below LOWL (W
OpP-Beaps UV\\_U .
Q,

g’ L AmphiLiern
Fa_ 06 P«F

Vsing +*wo OP-AMPS

Hene Vp\

Vxe_@
. KT
Vega = = tn [ ]



ond

Vi ~Vegqy + Vg
VB = Ve ¥ Ve
vg = -KT Lh[ V¢ , KT L\,\( Vney
v T s CL Ry xg¢
'VB = -KT tn Vi
?/ VLe_.{l
and  Ng = Vo | Rrc




9 Ry Ts
Y
VBE‘L - “T L"\[ et — @
9 Ry Tg
Rtc
Rz+ Rxe
and  Vp = ~—Vggyg *+ Vg
BV
- KT ~_©
Vg = Va + Ve, = — L ‘
/ Vet
e @ % Fre o
n [ Vo = _j/_ ke Vi
Voo KT Ry ¥+ Rre
Vo kT (1t Re
Vo oo M (hrE)
| V!
- W
— ,l —
Vo \’r\ej; © Rﬂ_)




i ML{\HPnen and Dividern Cincuit |

Analoa '\/b\baae_ Mg\k"\‘ahen_, Cincuit °©

\loz = Ver + Voo

Vog = = ST [+ R ), MV
9 Ryc VA.e,fL
Vo 15 odokpor of Ank Lo@ Am]ol‘\%ie,n__

- i— ! \/03
. KT V4 E&

-1 ) ’kT (l"!’_&')kh’v,v?’l—

kTt (v + R q R
Vo = Vaep @ KT ( + _li—;(_> q TC Vae

'\/0 = \)7\6‘?

\//Le,f v

20Ny Y,




03

Log Aop | Voo R4
vy °g PP ez '

<

Ay iR

—
-

F‘»Oi Ancx\od Voi‘caap_ Dividesn Cincuit

-KT '
1 Rre Ve ¢
VO?, pod -—‘E—I— i+ Ek_ n _Xﬂ;
1 Ree Voo i

Since Az 13 Digferea¥al Amplifien

Voz = Veg - Vo

<
o]
W
ti
]
x
-
~—
+
‘m
‘J
—
>
<
k
+
-
+

E n \/_‘
Rre Vae g

FOVUD UBPIALD GQ‘O%)OJ\ golwv P

Y
v
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Vé s ovkpokt of F\-n%—‘sLoa AmP\\\F;eﬁ_

_q - X1 («+l’<’_?—> Ve
KT (\—)—_Ri—\ 9, Rte/ vy
VO = Vne.{: Q. Rve

_ \Y,
Vo = V ,_2:>
) AE.
£ (V,

.\
Vo of  -=

Yy

Motk plien. TC -
A basic mo\+\P\§erL Sche matic Symbol W Showwn N
-\C?a\)ke beldw - Two Staha\ﬁ (VL on d Vg\ one Pnovided.
The ootpor O the '\bnmdock ap the two inpots Avided

by o 9%eference \m\*ca8e \

mef
«'HSTV ~\TV
X -
\')‘ e— % N v z
X Vo
\ Y Ow &
4 | anDd

-

Pexe e oLk pot \/eﬂccxae_ 1S giNen by

Viep
As Lon al \"L‘( V"\Q.@ o:(\a VS < Vnex_ . %ke Q)\J‘k?ot' op

the mw\\%P\iem 7 o\ npt -Satuvnote .
3 both inpets ane positive  the TC is Said to be
one quadnant molh plies -

A twe Cf),\&dnaﬁl:— Mmoplien.  wi fonction 't?"LDPQh\_‘G ;l, ome

Inpot is held pesitive and the othes i3S allowed +o swing
both positive and Negative .




3¢ both 'W\?o-'ts may be eirheo \>Ds‘i"c‘\\1e_ ore V\eﬁo&\\ye . the

Tc i called o  Ffovn c_f}).&dh&ﬂt ki plies .

+Vy

IR N\

Fous guodrant
Morh P\\‘QJL_

Fia ; one. gpadront

N\opc\\P\cem MO p\ien

Applications of M0\+°\P\feh5 .
\) Freguency :Doo\ok‘ma;
The N\\B\L-‘\‘:\iccx\:io—v\ of two Sine waves o the

Same fnequency | bot of Possibly ciffenent amplitudes
and  thase allows +to doukle o fnequency and fo dinectly
meosune feal powen. Let

Jye = Vy Sin wt

Uy = Vy an(mt+8>
whene B i1s the phase difféenence poktweew the two
szanais ~

v Vi Vy Vyx Sinwt V)’ 53n[L0-t—\-G)
o - =

V/Le,_? VL@"F

Ve = Vx Vy 2 Sinwt s\n(\ot’re)\}
2 Ve s

Vg = Vx \17 Cos & — COS(Qth-)' 83}
2 Vnep

\p = \x Vy CosO - \x Yy Cos C2"°‘t +S>

2Viep 2Vre
fAr Lo\ ! Cico Aonbled \




The dc¢ +en®m coawn be eas?LU femoved by usma a | MF

Coopling Capaciton between ‘ood ~and the ootpot tenming)

The cincuit  wWonks a3 an ideal douvblen. f Some {rnequiny
s QPP\'\G_A to both the \V\‘)\)ts :

Vx \l}’ t — Cog2wt

Vo = N x Yy Sinwk =

2) Squomen Cincoit !
vy -
1
(T y 4
& — /é»lo&n_
Vi = 1
an = =
_ Vi V e
\lD = X y - _XL_
VA_G___{‘_ \/KQ.{:
3) P\'\QSQ %no\e exectiomn
Vi = Vy Sinwk Vy =Vy Sin(w +6)

Vo= YxVy  Sinwtr Sin(we+b)
Vre g

Vg = Vy Vy {c@sg — Cos(zw’c+8{)

2 VLL-F

the phase diffenence betweewn the Two inpot
signals  can be calcolated fiom +he de  compownent
in the ovtpot \)o\‘caae Vo +tha

_ Vx Vy

o0de —

7

v (638 -

2 V&(‘ep




Dividen |

- lg
ALV
R
V.
= Fg
/ ‘ Hpliwh
Heme, Yy = DivisSion , the Com‘)\emen% of MuKplicahen

Con b€ acc@m\;\\‘s\qed by plating +he mothplien  Cineoit

clement In the oP-HmP'S Feedback LDGP'

tz = = = 'z _
R R > @
R R
Tz = Ty ) V, = - Va — ®
and Uy = Va Ve — ®
\’.LQ..,]L
= R VIR Nz
® = Nz L VO = Vo = ~Vaey (W)
V.\Qﬂ_{,
Vo ol 2=
VL

Application:

.) r—iv\d‘\\r\s Sct/ULcwne Roots

var

Hee  \, = _Vo

e In I
7——— P
VO = _\’i“ \’Ae_,{" = =

Ve = ./ Wiy \aa b




COZM\DOJ'LOJ)CD?'L :

a Componaton s o Cincult whiceh CO“’\PO’TG—S o
$Ianq\ \Imta@e applied ot 0ne inpot Of On Op-Amp With
a Known Shefenence \Iolquae ot +the othen inpat - Tt i3
bagically omn | opewn - loop OP-HmMP with 00’c\>o’c t Vsat (: Va)

as shown in  the ideal +*nansgen chanactenistes.

\JO 1\ \ro
Flsar Vsep | '/d
) > ) L —
(Vi ~Vaeg ) (Vi -Vag ) my
j"VSAE — ‘Vso.\’
d) Ideal Com]ac\na-k oA b) 1>91ac+i cal Com}>c1/t.o:‘coL
+mrns{u Charo cteriare s Hromsfer Chosocterushe s .

Fromn  the choractesistics it wmoy be Seewn that
tHhe chcn\ae N twe GDEF\)'\: dtate +akes placa withh Ok
MmGpement  fn inpot Vi of C’mld 2V - this W  +he
\)V\Cem‘\—aivﬁfa %eaﬁcv\ | When e O\)kPo’c Cavnot be diﬂec‘c\d
c\e{%wed» this  %egiow O doe to  inpet off-Set vm—mae
and offsSek nul) COMFQY\SQ)C\\V\S —’cec\r\v\\q/xes can be Used
ko eliminate this:

Thene ane b&S(CQ\\d two ME_BPQS of Compa‘na*:ons.
1. Nown Z\fn\leﬁ'\-\—f\r\ﬂ Companaton

2. Tavenhng Com?&ncx“tbnv

v Nen  Tavenhwng Componaton .

The cincoit of NOWM-ithVentng Com pPanatoen ig
Shown in \C?aone_ below - A fived “efenence \)o\%:oae Vne__c_
is applied +o (=) inpot and a +time Varying Siér\cx\ Vi
is appled t D in‘?gfc~
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Fi‘a Ca)NzD‘n Invenh ng

Com }m{md:o&

n o F“&CH co)l Cimcoik
\1,\&{: 18 obtained by vsing
a ok potenticometen
which fonms o \lo\-t-&ae
| divider. with the so\bpké

“Vo\m@es V+ ond V- with
the wipea connected +o

e -V treneminal as

shown  in (—“;au,«e, be low -

1 oA D _
- Nyt ok V
TIM.LS o Vne.jl

6 k.Q. Doteamsthmnmeten .

vg

_VSQ'E -

(‘.\/'

+ Vot

CNgap f - - = 7

{

F‘@L e>: V

4V

plsyaimed of desined amplitude

and polomity can be obtained by Simply  adjosting

the




| Tavent ng ComPo.‘TLOJtO'TL’.
the cinmcuit of InVenhwng Companaten s Showwn in
figome below. A fued fAefenemte voikege Vnep 'S applied

to () inpot and a +time Vanying S\‘ancx\ Vi v applied *o

) '\hPot~
Hene Vo = +Vsat b Vi € Nnep
VO = —\/SQk EL Vr > V.A.Q_f_
AV
h R
VNN 4 Vo Nenl -
- tUnef b - - - ——————"A
R\— o o - ! I | L }
R | | g ‘ t
, | i | f
\/ + —? -\ld) (— Tt/ | !
| f { {
.y - ‘ ' [
\e t [ ‘
N | { ¢
The "lb‘hqc\:il‘_q\ U\\JQ?L-HV\S Vear ——’F | ' {
C—DMPQ?LO.“:O'IL cincuvk is °
>
Showw in ?i@une below . €
-Vyxk
1 \ !
N /\
° 5L
-—\L\e{,,__ —_—— e e = —f— — — — S A
“Ven [T — 1, ! 1
| { | (
( l 1
vV [
0 ,F | [ | |
+\,$-=k’
..F§G: Proctical 's‘r\\feh-)—‘ma o
1 ~5
Com):am-tom t
=V —_
| | | !




Applications of Compa‘ha’conl

Some in pontant Applicoxions of ComPC\nq’con ane

[+ ZenQo Cnoss‘\nﬂ detector

2- Wwindow De tecton.

3- Time monmken Genenaton .

Zen \
(o) C?‘Loss\ns Detecton !

AN anvenhin
ze ' ~ ~
3 no CnoSS\nS de’cectoh is showwn  in

‘F\a\)ne below: The cincuit is Qlss called siwe 4o Sqpane

0 AN
ViR

|

\

|
\

Wave genenaten -

7
v
A

Vo

|
{
\
|
\
+Vear | T —m
L

O

—

S

N ‘\’u
F:a'. Zenp Caossing detector sat

Fia.' va?o’c ond 6\3%\30% wmve}oAms

2- window Detecton |

SO.;E?@',Jcime/s =S E ‘hecl'}uh.ed 1o moank the ingtont ax
which an VnKnowwn inpot is between two thneshold levelg
This c¢con be achieved by A Cincoit called window detecton
F?aw\e below shows o three leve]| detecton with indicoted

Cincui &

There ane +three indicatonsg -

t- yellow (LED 3) for inpot  too (ow C43\’)
2. greevy (Lep2) for Safe inpot (3-6v)"

2. oad (1ET™ 2\ £on hiah iNnPot (>6V3 o



'Tl'\éj oane +uanmed on ond off as indicated n

+toble bel\ow -
+av

+qQv
5.6k —

iokn k.
ZS LeD!
‘Red

6V /
LED 2

o (greewn)

3V ———/[/
: Zk LED R
%lo K — (Yellow)
O ANAA S —
= ‘ “IV 43¢an 5:6kn "=

-F\‘a: Thneeo level comchnthon wit\y LED indicator .

Inpo yellow (LED 3) Greew (LeD2 ) Red (LeD 1)
<3V ON OFF OFF

3 ¢ViebV OF ¥ on OFF
>6V OFF OFE oN

3) TiMme Mon Kes génenaton -

) Yy
Vi o—J|+ \‘ L — "
[ R R

Fi_ga: Time Mankese Cincovk

T’he Gincovt 18 Showv\ ‘w\ —F{GULQ Qbove, TL\Q_ OOfPOt‘

of *the zeno cressing detreckon s diffemewhioted by an



Rc cincuit (RC<< T) , So that +the VoH:c\ﬁe v ig a Senies
of Positive awnd neGQJc\\;e polses as shown -F\‘@me below.
The neaa%we Pom:imq is  clipped opf often passing
Jchnooah the dicde D and +the wWovefonm VY. is Shewan in
,Fiauhe below - So  with the help of this dncoit, the
Smuseid has beew Convented n to a tnain of pPositive
Pulses of SPQGV\@ T ond ™Moy be used fon {ﬁaﬁeﬂ\"\ﬂ

the mMmonoshots, ScRr, Sweep Vo\lcaag of CRT exc.

Vi W
. /\ /\\ s + (b)
\/\ AR
‘. ! \ \
o \ \ \
3 \

e

) \

\ |

v |
| \ J\
i —> + (d)
T Vv
\ \\ (e)
5 ‘ 1 >t
b) Tmpot wove fonm «©) cutpot Vg

(d‘) agLenentiated 0\3{?0%’ N) ) ow-‘cPo’c PO\SQS




- Schott T?\Z,Ga?_n lReaemenoche éomp‘o'ﬂatonJ :

In basic ComPancr%OJL cinevit, o feedback is not
Vsed  and  the op-Amp s vsed in the apen loop Mode- AS
opem Leop acﬁvs 18 Lc\hae ,Veny  Small  wnoise VOH:oaeS also Cav
Cavgse 'Enlﬁﬁenina of +the CDmPQ‘ho:\:O'i'\. ., £0 change t3 state.
soch a falge Jcniaaeniha May Cavse ot of problems in the

applications of companaton as Zeio Cwssina cletectosr.

This mad 63\19, a wnonﬁ ihd\"ﬁcﬁcim of Zeno Cnossina dve +to

Zeno CTLOSSCV\G of -Noige Vol%o(jo. Tathes. thoavy zeno C,u:sshl@

of iant woanted Si‘aan‘ Socth 'uhoochced Noise Cansges the

ovtpot +o JOMP  betweew \M@k and low states - The

CompParnatosr Cincuik wvsed +o aNoid Such onwanted %Mﬁdw

¢

s called ‘heaememt‘\\le CompPanator or Scheitt Tniéaen_,

wWWLeh basacq\t(j Vses QA positive  feed bock .

Hao'ne below shows av \‘nven-h‘na cOmPomq’c-cn,

with  positive feedback. this cimcoit Convents cm-\m\gﬁo)ow

Shaped wove fornn to a Sqpors Wove en polse - The cinegik
i3 Knowwn as the Schemitt %:niaﬁen, on 57}Wuvﬁ Cincuit -

Paxm'\) \[0

-—

+
R\

+ r_Mm:—'—‘

V“‘_ %Ri- Fig: schmitt “Ehlda%—

~— — ey
- —_—

¥ the 3tate
The inpot Voltoae Vin %maaewj CC!Acmdes o

! . s « _\:
c{l) the oobpot Vo €vesy time ik exceeds centain Vol CLGQ

Levels called the uppen thnesghold Vo\’ccnao, Vot ond




lower thnegwhold Mottaae Vi a$ sShown in {;6 below.

V= 0SSV
Nyt = 25sWmV

(o}

VLt Z =2ymV |

“Vm = -0:sV

~Nsat

]
i
]
§
[
1
'.
i t
|
<
1
1
I
\_
|
|
?
Ay

o

The Maneshold \lm-taaes ome@ obtained by Us‘ma

the \lOl'Ecxae dividest R -Rg |, whene the Vo\{—aﬁe 0SS

Ry is fedbock to the G) Wnpot - the \;o)lcaﬁe oci0ss Ro

s o Vosuable %efene\mce Hane swold VO\EQLGQ +hat d@—PQ‘ﬁdS

ow the Valve and Polarity of outFot \]o\ta@Q Vo -

when Vg = +Vsar | +the \Jo\{oae, aross Wy 8

called the uppen ‘%\nes\\u\d thqae  Voe : the inpor

Volt&ae Vin Most be sua\f\lcbd Mone  positive +thawvy Vpr wn

omder to caunse the sokput Vp to switch fuem  FVaak

to  ~Vgar -

As Lcmo as  Nin < Vot Vp is at +Vgap - os‘wU

e \ro\"\-&—%e dividern. 90le

on
0cnnssS Ry

\

n most

lalse \,D

Notr = " C+M5°"¢>

the othen hand  whem Vp = -Veor , the \}o’l{—a@@_
b feferned to as lower Hineshold Vo\%&ae Vik -
be sua\,\t% More Y\Qﬁcr\:i\le Hen Vi in ondesn ko

£o switclhh frnom  —Vgat to Nsat -




In othen wonds , fon Viy greater than Ve | Vg is at =Vesr
Vig 18 GWQn by +the following equatien .
\/ = R (" VSOJ:B
W - )
R\‘)’RL

Thos , i}l the thneshold

\!o\‘taaes Vor ond Vi ane made

Lcwxaen than +he 3nPot neise '\]o]tqaeS; the pPesitive —feedbodk

will eliminate Hye folse cokpot tnawnsitions . Also, the
positive feedbatk | becavse of 1ts ‘h@ﬁ(’—“@—n‘l\%wg ackion, wil)

Make Vp  swittw fastes botween tVsat and —Vgar

The Resistance R"—"‘“P o R)\\Ry_ s vsed +to Minimizxe the

ofgset  Problems .

The Companaton  with Positive feedback g saiq 44

the inpolbt o the (Cempanaten exceeds \
POt e P ot

1t8 ocokpot

Switthes Liom  +FVgqar 46 ~Vaat and %events bocek to

ks on&aiwq\ State , +Vgay , Whew the .‘\‘v\Pok 8@&5

below V¢ the hystenesis voltege - a)
t g ge i e

s te the

diggenence betweewn Vo and Vie - t\f\eke,—FQ.ke

VH - \'Ub - \)Uc = __RL_ {+\JSQ\T —_ C—\/SQ{—)’B
R\")‘Rl

Vo -
N N
'—/% ’

- 5y
—Vin Ve *V"T Vin

*\]So.

&

‘ 0 %
Fia: Vo Vensug Vin Pt of the ‘nds‘cea«ess ol c\@e




pno);\em D T the Aynecoyt Showwn N ‘G‘@UA.Q

Ryztooa , Ry=sekn Vi = \ Vpp

Sine. wave and the op-amp

Ry = sk
Ry Zloon

is typPe Tl with SUPP\U vc\{aau

=415V . Detencawme the Huesheld -

—

So\okit;V\f For 74\ Hhe maxamam OUt‘POE Vmb&ae SQ‘W\a 05
Ty . “‘"‘{\_»C\k is tVgap = VvV, —Vsap = -ikV
Vop = —28  x1g = 25my
56000 +l10D
oo
Vg = X -l = —2smV .
56600 + 100
\IH = Vot - VLt— = 25 - C—Z§> = EomMmYV
oSV

‘2.?“\\[7_,wa _ N\
0

J
SN
Ve |

AWV - YNaaoe X ‘
{

)

v = —Nser ’

Preoblen ! A Schmitk “bulaaem with +the oppex thneshold leve)
Npr = OV andl

\rwds’ceneSiS width VvV = 002V Conmvents A
1KHz  Sine AN e of omp\i’code 4 Npp in to o Squase Wove
calcvlate +the time duration of the 'V\QOQENQ and Pesitive
Pontiovt of the ootpat wave form .

Solotiown | Vop = OV

Vp = 02N Ng = Vo — Vie




Vi

, - —-0.2V
S Vi = 2V
the cmG\e & Can be calculated .
>
- as '
-0 2 = \Ime‘n(T\"fB} |
02 = VY -@sinb
=02 = _9 3ind - = Snb = @ o,
0= o %adion ,\\“3
S U T
T= - = - = Ams
+ Icoo , 5
_ ‘ /
WTs = 2mloeco) To = 0. 1 _/?9"5
, | . ‘)
- . 0 aho
To = 0:016m 35 S ke
3o - T - .
"T| ,144—' Te = 0516 mS 5 ] %t
— T -
S e
Tz o =Te = 0484 ms T

MOt Vivhaton g '

I Astabvle Mmooty
R

braton (Squone wave G{eﬁenodso'nB :

';\10'1'\ R \/(,‘ : S

+ Vser f—

B \_/.Sqt - e

S
-—

F’ia(&)f S'imPl@ Op-Am P F‘@Cb): L\\o\\le-Fos-\'ms-

el SimP\e oP._HmP Swﬁe c,oo\\/e‘ 6&“@.91&4:031 5

Showwn in 4?69AQ abeve » A\sp Called a . Free Honning




oscillaton , the ~}>Mv\¢\‘?\e of aenencﬂc‘\o—v‘ of Squomne wonNe outpot v_
is to fonce an OP-AmP to operate in the SQ-\-U’\O\HW ﬂe@ccm-
T {:‘6&0 fraction $=R1]CR\+RQ of the output is fed back
to twe (+) inpot  temminal- Thos +he nefenence Vo‘*aﬁe Uneg
i3 F>\"o and May +take JYalwed as 4BVsab O - RBNsav . The
ookput  ig also fedback o the (=) input tenminal agtesn
"\vHCeanQvHV\a by ™Means of a Lcmpass RC Combhination -
wheneven npot ot the -) ‘W\Fot ‘terminal Just exceeds
Vm,(: ) Switthing tokes Place hesvlting in a Squane woave
ootput. In ast‘qb\e multivibnateorn. both -the &tates ane
§uos: stable .
considen on ihs%:avxt of time when the ovkpot i3
at tVgay * The Capaciton hnow Stants C.\qomﬁ\‘na towond s HVeap
-E\r\noud\n hesistance R as showw in Fige): the vo\taae at
the @) inpot tenminal i3 held ak tRVsat by Ry and Ry
Combinotiem- Thig Conditriow conkinves as the Clqcu\ae v C
Nises, onkil it has just exceeded +RVgqr , the neferevce
Vo\%aae~ | |

when  the VO\{&ﬁe at the () iV\P\jt tenminal becomeg
Just aheq’cen than +this hefenence \/0\%&88 , the ovtpot is
dmaven to Ngap . At this instart the \[ollccnae on the capa-

—Citon W +RBVgap - Tt be,a\‘v\s +0 c\isa\nm—\ae -t\rmoud\n R, +hat

U disd\anaes +towonds —Vgatp ‘@ when the  capaditon VoltOﬁQ
just ewceeds -RBVsat the oobpot sSwitthes back to +Vsar:
The cyde nepeatrs itself os skown in ﬂF\@Lb)‘

The 43"@?}*9“‘-3 s detenmined by the +time it takes

the cavatitna +o chanae £nom —RBVsatk 4060 +BV<at+ and



Vice vVensa- The ’\Io\Jcoae acro8s the <capaciton. a8 o Lonchown

of time s 83\)@0 by

~t|re
Vc(t) = Vfinal - C\[;‘ha\ - VIV\‘.-};'\Q‘> e

whene the  Veing = +Vgoq , Vinival = -BVgax

Ve (£) = +Vgqp - (+VSQ\— + B\’th> EJC[RC

At =T Vo\{-aae acress the capaciton %eaches PBVgat

awnd Switthing takes place - v, (1) = BVsat

- T [Re
BVsar = +Vsap - Vsat (WR) e
T = Rc i _*P
- B
\ 1+ B
Total <ime FQ&\EOC\ T= 2T, = 2RC Wn ‘l =

and the ouvkput woavefonm g Syenme trical -

3¢ Ri=Ry , then R=o5 and T =2Rc Lwg

| =2V,
The ouvkpot Sua\vxas from  +Vgar €0 —\gap 8O VO(P—P) 2 Vgol

Problem ™ Fon .AStable multivibnaten Ry = 86 ks, Rg =

ok R:lDOKJ’\_’ Cz= Ol LF | VSCL"E = +15y . ca)culoke

i) Refenence Voltoge

Asktable Mmultiyibnaten .

00 K
Solvtiown’ ® \/ﬂe\c - Ra x 1\/SQ{_ = ¥ +isv
Vke,_g; = 1 @08 v

(00
@T: ZRC_LV\[ B] Here F QK ,
U =

L+0-5317 \ _
T= 2X oo Ka %X 6 xd X Wy "TTO'_S‘;’I')-—ZL’-MS

@) :F:l_r? = 4)‘6KH%.




(2) Monostable Mulkivibnaton @

Menmostable mMmulkivibnaton has owe Stable State and
the othen is quasi stable state: The Cincuit is vsefgol
fon awmenoJ:MS sfnﬁle output Po\Sé of cxdjusl\:qb\e time
donation in fesponse te o —tniaaeming Si@ﬂq)' The widt\y
of the ouvtpet pulse dev@mds only ow extesna) Components
Connected +to the op-Amp. The Gncovk Shown in -Fiaan

is a ™odigied —Fén\m of +he askable mulkivibnatorn .

‘\’ ‘J:C

D = !
4 )
- = =B Vser )T T
A ! ©) | = Vet
b__‘ Veor i )
Jn <y _—/\] S,
Ry Yoy le— v — "+
’ — Vgon
= £ig @) | | I @)

o) Mono stable MOtV braten 5) Nﬁaq\:we ao‘wxa {:nlﬁ'aentv\j
Siavxq\ (¢) capaciton wove fonm  (d) outpot Ve\%&@@_ wove form

A dipde D; clomps the capaciton VO){-&ae t0 0}V
when the ootpor 18 ab +Vgap - A Neaqic‘\ ve 8oin3 Pulse

5;av\a\ of N\oa\ni-kode, V, Passing ‘l:\'\'huodh the diggerentoxon
RuCy and diecde Do Prodlces a V\eﬁo&“\ve £ going

%nldaenivxs trapulse and 13§ C\P‘b\‘\ac\ to the @) inpot
tenminal -
let 08 assume that in the Stable State +the
7

cotpot Vo 15 at +Vsar ¢ The diede D, C(onducts and Ve




] Ane vo\roae QCAbSS  the capoacliten ¢ aebs c\QmPQd to

o7V The Vc\-haae ok the ) inpotr tenmina) —E\r\ncuﬁ\f\

R\Ry  potentomernic dividern 18 + BVsay -

Newd {\V a V\e_acxt‘\ve —E:dﬁaen, of Mgf Lyude v, is
applied to the @) inpot tenminal

| So that +the effeckive
sgral ot ks teaminal is less than 03V e [ Busay +(w)
<0.~:}\,>; «Lke, ootPot of the op-Amp  will Switch £rnom
Vga ‘v-Jce —‘\ISQE.- the dicde will hot get Nnevense biased
and the capociten Stanks C‘-lnq‘namﬂ exPcmeﬂE\O\\d to ~Vsat
’c\r\nooah the nesiskance R. The \Jo\hu@e at the @) wmpot

fesminal is now —-BVsatk ¢

when Ehe capaciton Vo\%uae Ve becomesg - Just
s-ua»\t\ﬁ More v\eacv\:we than —RBVsatr ) the ovtput of the
opP-Bmp  Switchey bock 0 +Vsatr * The Capatiton e now
Stonks c\Aound\\r\a o +Vga b Jc\rmoud\q R LUnx) V. w03V

Qs Ccz\?ac\‘con c 6e%s clamped +o the \lo\’cuﬁe

The polse width T of Mowostable  Mlkiyibnaton
calcvlated as  follows

i3

Ve = V-FW\C\\ - ( V‘FMQ\ - Vi‘v\H—io\) éHRC
Veimal = =Vgqy and V‘mi%q\ - ‘\’D
Ve = -Vgar + (Vp +Vsayt ) gtre
ar t= 7 , Ne = -BVaax |
S =BVsat = Vaar + (Vy +vsqt) e—TlRC

Aften Sionpli

' \Y
fltokion T= RC Iwn ( M{']
. TR



. Ro
whene E - ——
\ 2

8¢ Vsar »7 V, omd R;Z Ry So that R =05 “hom

(= oeare)

Tn‘\cmaolofm woave Genenaton ! \

R Ry {
e ANAASTT— NN\

Vear
NS IiNE
’ Y L

é e
] ] Figh) t ootpot

WBaNe Lonm |

\

Ul

F?a(a)‘.T'rulcn\Go\o_TL woNe fonm G\ev\em-}ok

A +miow\aolan wave cawn be ’SimP\\d obtained by
In\:Q,GnQ‘CQV\S o SC‘}.LQne WaNe 63 Showwn in «@\‘a(_q} It i3
obvious that the {requency of the squane wave and the

'E)CLQY\&U\Q’:L wave 18 +the Same as Shown in ?iauke(b).

A\’c\'\ooa\r\ the amplitvode of the Squane wave i3
constant abt T Vg, y , the &mP\i-toc\@ of the %Aiqnao\&n toNe

W\l decrease as +the Qne_q};enag increnses - TWis 1y becauvse
the neacttance of the Cr.\Paait(')?fL ¢, n the feedback Rt
decreases ak l»iak {A@wu\cies. A mesistance Ry s

conwnected aamnssd Cq9 +0 avoid the Satuvnatiown '\>nobigm

ot low  freguencies A3 in the cose of Prackica) ih-\-eaun&ok‘

Anctren {:mqnau\cxn waNe a@.ﬁemto% Usw\a leggern NUMbe

of compoments 8 Shown in (i\aoxe below. Tt bas.m\\a V3144

of a 4wo level Companaton followed by an m+eawemn, the
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UNIT-3

UNIT - 1)

ACT\VE FILTERS

Tntneduction |

Electric  filtens ane ovsed in Gncoits

wWich ‘hecwine the Se_?a'nq’dcm of Siﬁvm\s acaonding

to thein  freguenties. Filtens one Widely vsed in
Comnonovication  and SYaml Pecessing and  in fonon on
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RC Acktive Filtems
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and  attenuvates +he

of frequencies

ssavn)s of  frequencies  ootside the

band 'S called anm Clecksic  Lilter .

The  simplest  way 4o  make a filken s by
USinq  passive  ComPorents ( Resistems,
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F;a L Second ondern H?a\n pass
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‘ 603\!\ 0.@ 9.
| Pass bond aa\w -9
solokion ! Here o, =
2T Re 2 = |+ _Ef,.
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Bond pass  £ilkens .

thene ome two +types of band pass filtens
which  ane classified 0S8 pen the %ﬁme of Mme
- O~ Quality factox R

3) NONTow Rond Poss Liltest ( 8 > lb)
) wide Rand pPass Filten (&L‘b)

The fol[ow}nd- Fela-#ansl\ip i3 im)oo;\%ovd‘

& = jfo = _-—-——daco (Jhd :ICO =/ :ﬂ\ :Fl_

Bw fn-fL

where :ﬁ\; Uppern Cot-ofg DCILQ_CV.LQY\(:S
f. = Lower CoE-ofg JCAecVJeng

Jco = Central fk@.crf,\.eﬂgj.

1) Nonnew  Band Poss  filkern !

The cixevit  of Nomnow Bond pass  filtea
hos +twoe feedback pathg and  the op-Amp 18 vsed "
venting  mede  of operation - The dreoit 1S showw in

:,Ciauxe below.
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COV\F@UI\Q‘HGV\

~ '

007\1&:\\{\3 Ke L ot node A

;/

[\/320]
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T
A

Vo
t

Sovre G,'\/i

av: Tc é‘g

F?@i A Pporallel RLc  Gaew




expae ssiem s

The aq‘m
, \
Vo(3> B _E\_ - _ q S @
V; (3) y s+ g+ L
SL
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The Band width Bw {8 given by
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e
Bw = ‘ _ S - és ( >+ Ca ) @
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| wide band pass filten
A wide band pass £ilter Cown  be
 fonemed by Coscading a M@V\ pPass filten. and low

Pass  Liltest  Scctiens.
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Problem ! Design G wide bond pass filten having
L = 40oHY |, I 2kHZ and  pass band @cx‘\h of 4
b- Find the valve of & ©of the filten.
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Band Reject Fittesn:

A band ‘Theject «F‘\*\tQTL_CQlSO called a band

Stop  on  band e\im‘w\a-k‘\cm> (o be eithern

i) Nannow band  eject ©v)

”) wide bond 2e)ect £lter.

The Wormow bond eject F\lcem s Comnmonly

colled & wnoteh filten and v vsefol fox the

fejeckion of a \gma\@_ freqpenty goch o8  Bobny

powent lLine  frequenty hor .
to .make Wnotch filtes

Subtnack the bond pass

Therne onre geveral waajs

one Simple kedwique s t0o

its  inpot- This Fnivxt\P\e i3

filten OutPo't £Froon

shown  in «F—?@\J/LQ below.
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instead of o Sobtoctes-. AlSo the band pass §lkex
los o Jin of As , So thak ovkputr ok twe Centve
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this Cutpot He npat of the  Summea must be

Precisely  ApVi . Thus o gain  of Ao nuosk  be
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a3 Shown n af—igur&- below:
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Tis 8 the tromsfen fonchion Horn o Seconc\ orden

netch  £ilten and the cdiacoit Schematic 18 Showy

below. c
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k— Band pPoss fltex —sle—— Summer :i

Fig: motth  filtes gchemaxic

It s e\;\’devw‘t £r0d zcl/@ that For w<< W,
and  fox co>>u¢0,+\ne PosS boand 6‘0\\\\(\ LN \Pto\

ond ot ng\eq},xenq W= Wa e 60\‘\ n 18 *Xeno.

Wide Bond TRelect Filtesn [~

A wide band Seject ,—FIH:Qh(&(\D) Cann be
mode us;na o LPF, HPF ond o Svemen.
Tt U of Couase  hecessamy Hhat
i) the lowes Cub-off frequency f of the BPFE
should be moch 5/\@1%3& thaw the ULPppexr Vb~ 04LL
frequenty  f, of  the LPF
B) the Pass band gein of LPF oand HPF should

be the zome.
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An ol pass filtest passes all frequency
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555 Timen_

Intnodoction |
In  oost  of the indostrnies | operationg ame
Scheduvled Accending to  specific Hme %Qcyj.i;kgmewks.
ITn process  indostony | qaws caterial 1S *chessed N
digfenent staaes' In  Coch Stoﬁe oy matercal 33
processed  for a  Ponkcolan Hime pesiiod . Fou emmp\e_
Process may be +the heaking Process anad the heak
Moy  be M-icUulxed for Say , 5 minute g fr'kekg ane
nomben.  of cxppli‘uﬁ:?ms where e@vent most be de\qgecl
Lox Specigic de\qﬂ pPesieds . Fou exam‘D\e , tne.  Cax
| Snap by Setting ‘}>nol>en, +time. ’Fea—dcd M avtomatic
Came»a i -

To  achieve H\ese %ezv,dkem@ﬁ’cs , N "‘Q\QCE*O““C
Sneorkony ek, W Osed o ﬁWQLQJte’JC\\q\Q d@,\&US-
ﬁg& 585 Hmex o mav\\d Strable  device Lo

a@r\e}\rﬂ:‘mg occorate  time dQ\Q3 o ostGil\atiny .

Feotonen:
x A sinﬁ\@, 585 +imer  can \Dno\)ide +ime delay

%ana\f\g from  microSeconds 4o houns  where ag

Covnten timen Con have a  maximom timing kange

of dang -
- % The 555' timen Con be uUsed (with SOPP\d \ie&oae

rd

| in -H;\e, Nonge  of +5v  to 118V ond Can  dyxive
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lood UP 0 200mA - _
% gt & Compokible  with both  TTL and ¢mos
Loa\(, C;%ncoits-

* Becovse of the wide %ange of Supply \IcPcode',
the &8585 timen. i3 Vensakile and easy t0 vse n
Varioy g opp\‘\ CQ‘\‘:\G'V\S .

Applications !

- oscy\\laton 1. polse generatron

3- Ramp and SCVJQOLQ Wave Qevneraton
- movo shob  molkivibhaton 5 "Eund\om flonm

6 Trafgic L‘\a\'\\: Centno | 7- \/o\'\:qae Moniton .

Fonetional  Block diagram of Ic¢ 555

The J}&éo e below Shows  the pin &) cxa N |
the block diqamm of the Te NE 555 times |
s o 8 Pin Tc  Bmen.
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1 Voltoge ak Pin & FPosses *E\/\Aooﬁ\'\ %\/cc7 the oukpat
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l mian phmr\nnt\_\_ﬂ.m
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N F‘\GUAQ @) dhows o 885 Hmen Comnected feor
monp Stable  operation ond  Es Luoncioval d‘\oﬁmm s
Shown  in {—\6 (b)-

In the  stownd by mode FF holds the trawsistos
& owv , thas clamping  the exteanal Heing Capatitor
C <to 5nound. the cukpot Lem\&\ns ax 87100\/\0)
Potenha)l ie Llow .

As the taiggen passes Jr\mxooah \_/_g_c. , the FF
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—
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be
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hiased. The copaciton ¢ 8et5 clanped to few teoths
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of ’c\«'e monostable cincoit 18 SLia\n’c\g 8%0&94 C-;— Longe:L)
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polse  +trnain KeePS Com\ng at Pin 2, —H,ie_ 00‘&?0-*: Nenaing
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entens G 0 WNonmal State of menosdkable GPQKQ\‘\‘UVM

the ‘ookpot gees low  of ten 4ime T 6f the Move
shot - Thus +his +type of cinceit  len be uvsed to
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3. Linean  Ramp Genenaton .

(I Y\éoJL 9\04*\? Con
Eq

be 6Q“QLCLEQQ\ by Trigaer
— ]2
Yhe cirncoik Shown
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The copaciton c\isc\r\():naes as Soéon Q) its

\'0‘*086 Neathe s —éZ—Vcc which, s the ‘Hheshold of
the uppen Componaten in the Monostoble cincuid
fonchonal diognam . The capatiten Voltage nemains
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Tigerg-  owra- Lol The  wavefenmns are  shown in {l\aoke

below -

dnintinink

The kime *i Fakem by |the “ncuit  to

|

wn

Chonge (§¥L0!h; 6 ‘o %—Vcc
—tlrc
s vy - Cop o)
Ng =Vee , N =0
‘ -t
Ne = Vee - (Vcc - 03 € )RC
v "t/Rc
¢ = Nee 1 - e
whem @ =%, N, = %Vcc
2 Vee = Vee (1 - 5*\\R¢>
3
‘t\ pol \.o9 rRC )

. THF\@\\ - t,-t, = V'edaRC - ooy RC

=  6.69 (Ra ‘*%BE'C“ """" — 0




the ookpot  js low while the capaciton d\sc\m:nae,s
from gs,vu_ o ‘,‘ET\](,_C and “we \lol’caﬁe atoss the

C;q?c\ citone V8 8\ den b5

V’P - C\/‘F - va\‘\) ét!RC.

1

\]C
\fg,\; = 33: Ve o

_ %
Ve = O——CO-%Vcc)e )RL

p Yt 4= TLC\M \}C: ':‘%‘VCC

. R
Tlew = O RC = 0:69 Re ¢
T = TH\\@»\ + Tilow

T = O-6QCRR+2RBBC

s
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f= = .
T 69 (Ra+ 2Ry C

T \ :
n dhe Arcoilk , when Hhe blangistod &, is on,
e OGutpor 5063 low « Hence s Ton X 105
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L _ TL Ton To
/, :b\:s-t‘_\s Cycle = i Xloo T
T
R
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Applications of Mg 555 +Himer. in  Astable Mode

4,5V
) FSK  @eneraton.
| Ra )
Tnpot did{—kxi JUL
ay ' )
da4a at Ry | 3 I
\3o H‘B/ %RB 1
Re 1K §sY 3 -O
Iwn C&Cﬁ\*‘-&\ d&‘\‘a C_DMMOMQ&HM’ 1 & 107,’0—’27131‘}8.
L
binanmyg ceode 1§ ‘Transmitted by

) 5

shigking a domsies -FA-QCU.LQ‘AQS O*OIFF-J—'-
between +two Preset frequencien. [__’j ”]
= ©oelur

F.‘a ! FSk generator
colle d ,‘:;,Q?/‘Ley\c_g S\/\l{i'\'; KQB\V\@ CFS K) ‘t’&c\'\h\\?})-e/.

Thin type  of trawmsmissioy 18

A 555 “Hmer in  astable mede can be uUsed
to aenemte FSi< Sia\f\cx\- The cincait 15 Showmn pgune
above « The Standamd d‘\éﬁkq\ data mput  frequancy 13 isom
et © When  mpot s V\‘\@‘\ _ transistor & is off and

5565 timesL woenks in the hNenmal astable mode of osperation

The frequency  of the Cukpot wade Lonm & a‘\\le‘ﬁ by

I A5
o =
{?p; + QREB C
In o  tele - type wxiter ©sing o oedulaton _

demodulaton CMODEN\) N »FLch\,Lencj between 1030 sz +t6
1270 B3 B vsed a3 oOne of the Standand FSK 5?6“0\\5-
the components Ry ; Ry and +the Capaciton € Cawn

be seleckted so +that Fs s loFo BF

N
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when e ‘T\?O\" 18 Lewa ; & 80% on CLY\&\ CD—V\V\QC’ES

e Nesigtance Re Qckoss Ry The outpot {Lecvuev\c:;

ok 5

CRaHRC> + 2Ry

0 :

the fnesistance R, Can be adjosted to getr on

ook pot ‘ercv,umcg 1230 Bg -
d) Poise position Modulatoes

The polse position modvlatosn Can be Constucte
by opplying a  medolaking S\aﬁq\ to P 5 of & 555
fimern.  ¢connected foro ostable operakiov) ad 3showan W
figure below: The outpot pulse Position Varies with

the modolating S\ancx\ , Since the +thneshold \/o\‘tcxae

ond hence +the time delay s Vorued -

o +Ve e

f Re
4 3

L 1 F
2 Ry

6
1
took o— v
ov Po 3 : 5 MQdU‘Q'\"V\S .

‘ S
h‘(\ Gna} DXP

L !

Figy polse positiem modolator
oobpo%
Fig () shows -E\ne,» cOtpOL  Wave fonm generared Lon

F\O@),Fulse Pesiyen todulaton

& trdewngolos wave modulaReon stgnal . Tt may be hoted Hrot fvom
the oorpot wave fenn that the frequency i3 Vonying leading

P . -—




Schoni b ‘h\idae_n vsing 585 ot

7
The vse of 558 g ’Jj_“
ook SR

Hmer. ag o Schoni He [ 8 Ly
Eriggen is shown ¢ 3 cvtpot
in -F-\a Here Yhe Vi \‘____4 \—/c_¢ 555
% =
two intennal mpak
| = -
‘,Cbmpcnxo:homs anre. >
| QR
+ied -%oaet\,\en and S R : - T oelNE
;E\Gc%mq\\d biased ot — -
_%Q -Hmooah R, and Ry . Fig: Timex in schmitt tadgqgen
operakity |

Since +the uppen

ComPanaton  will tsdp at _;‘:\/CC and  lewesn ComPanratkon

at " Lvie, the blas pnovided by R and Ry s
3 ’

cenkened with i these two -thnesholds .

Those o Sine
bave of  Sufficient

amplitode > Vee

6
(\\Q %VCC — VCC > '\',D 5
e )

levels cauvses +he

—

ntenmal fUp - flop (F@ ). Tnpot and ootpot Wwove form

exceed thwe hegerence Nee ‘_'] ' |
o

i

+o -G.\’ce:—\hc@cQ\B et of  Schmitt  trigger .
ond 3\QSQ)C‘, "1)&!3\7§Q\§Y\8 a Sﬁ}JOJ\Q wave 60’(‘?\)'\“ QA

Shewn  ta {’-?8\3.\& (b> .







phase - Locked Loops

Intnodoction . A phose Llockeq leop is bqs{(a\\u a

closed \loop system des;aned o leek  the output

fnequency ond phase +o the frequency eand phase

of oam  inpot s;ah&\. T+ Commm\ﬁ Abbneviated a3

PLL- Now with +he odvawnced T +ecl«v\oLoasf PLL $

ane ovailable as inewpensive monolithic Tc's. they
one used in opp\;mﬂc—v\s Such &g «erct}xewcg ng\*\-\'\ESiS,

«Fnecv.levwg medvlafon] demodvlatiow, Am detection JcmcK‘\vxs
J

fivtens | Fsk demodolaton  tome deteckon etc.

Basic Principle  andg eperation of PLL

The basic bleck Schemakic

of the PLL is

Showow v
£\ 6\3 re below -

“\nvo]C'

Vg ’ “Fﬁ

Phose
detrecton

Fig ' Bloek  Schemaiic of PLL

™S feed back sﬁstem censists of

I phase c\etea’cun/ Cem pPanaton
2. leow pass £} tten

3 AN Eamon HmP\‘\{-’\QzL

h . n L P Py . (WY




The veo s o  free WUMNING MUl tl vibnaaton and
openates ak o Set ’G“Q‘T}*Q"\Ci fo  called free Fwunwning
—Fhecv,te\r\tg (£:): Ths fnegqpency s detenmined by an
extesnal  dtiming Ccapaciten ond an ertenvnal nesistorn.
Tt can alsc be Sugked o eithem Side by Gpplying a
de  contrnel \lb\%aae Ve +to own appropruate terminal of
the xc . The fnequency deviakion s dixeck\d Pnopon hoval
tc 4he dc Comine) Vb\toae and hence ix V8 colled

Vorkage  Contmolled osciilaken oo ™ shong Veo.

8¢ on  wpub S\ana\ Vs af Fa—\eﬂ})ewcﬂ £5 is
applied to the PLL the phase detecten Com pomne s
the phase and frequency  of the nComing Sianq\ to
that of the ouvtpor Vs of +the Veo .

3¢ the “twe signals  digfexn in frequenty /P\"QSQ/
an  exwen Voltage Ve i3 8e\n@_1m:ked' The P\’\QSQ— detecion
is bqsiaq\\a o multiplien. and produces the som fst+fe
and Adigferente £5- £, Compovents ok Wws  euvtpot: The
\(\\6\\ ,(.‘LQCUJQV\CB Com?me‘\:\t Erfo 18 Temoved by the
low poss  f£ilkten and the difference {requenty
ConPOient 1s Qmp\ugied and thewn Q\bp\ied as  Contrnae)
Voikage Ve te Veo . The Signal Ve shigts the Veo
frequencty  in a dieckion to 7Neduce the frequency

Aifgerence behpeen €5 and £5 . 6nce Hhis ackiom

Stomks, we  Say that e Signa) 18 n the caprure kange.



The Vo Conhnues +o change «F.&Q%Qntﬁ +ill ks
Ovtpot -F/Le:v.xen&_\j [V eiact\d the same as the nput
S\‘anq\ frequency s The cincuit i» then <Said +to be lotked|
once locked , the ovkpot frequenty fo of vco w

identical to f5 except ok a

finite phose differeve
¢ This

Phase di-egexewae ?5 @QAAQAG.%QS o, Coriecbive

tontnol \}o)kcx@e Ve to slaft the  yeo frequenty  from
fo to £

and Hhere by maintainn the Llock. owce
locked , PLL tracks the fPrequency C_\/\Q‘(\GQS of the %
iv\?uk- St@ﬁcx\ﬂ Thos , o Pu 80& %woak Haree 5.;.65,@’ ;j

V) free wnning i) captuke and ‘!\") locked ox
J('JLCLCK¢V\3 .

Fiaow below  shows the captore trangient -

N

Lowd \70*9
filxe

c>\>’c\>‘Jt

The Capture tuansient

AS capkture Stamts |, a  Small Sine wove QPPQ&M}
This 15 due to +he digperence frequency  betweewy the
IVco and the inpot Siancﬂ‘ the dc ComPponent of

e beat dxves the Veo towands Llock - Eoath

Svcecemive  Cycle cause $

c\osen o

the Vco frequendy +to maye
the wmpot  signal

frequenty.



the digference N Oue(wenag be,aome_s> Smaller
ond a lamge dc compcmevw’c 15 ]Damed by the filten
shigtng  the Vo —ercv.kewc_g fonther. the 'FAOCQSS
conhivioes okl the Veo locks  on +o the Siav\a\ and

the dipference  fregpency 1% de .

The low pass frlten.  conimols the capture range.
digg
3f Nco {Lecv,xevxc_g s farn away ) the keat (Ep Ff>

freqpency will be too \f\L@\'\ to pass %lmuma\r\ the {itkex

and bBhe Pl will wnot ﬂes\bcmd‘ we Can Say that

‘E\{\a S\@n&\ n  Oouvk ¢ the Co“s’cu,ae kond-

Howevyest , once locked ;, the i l[tes. NoO Ltrnﬂen
%%echmld:s the PLL- The Vco Con track the S?éhcx\

- alway g Lcuao_m than the CC\\P'EUA.Q Q\Q\r\ée.

Seme  impPontant definitiong kelated 4o PLL .

) Lock - in mnde: once kthe PLL 15 (ocked it Cown

i
|

track Lreqpuenty C\/\cm(c}es in the inComing Sn‘dv\cﬂs'
The range of ..F.LQCVLQ\(\C:\QS ovest thicy +he PLL Cown
mayntalyy Llock it F'H/\e ‘\Y\Com\\f\\g Siaha\ 13 called

the Ltock-in range o —E.LQCKQV\S ?Lomae.

The Lleck hong e 9 osoa\\€§ ex\amMed on o #chevﬂﬁdﬂ
of fo




Coptore Range ' The hange of frequencies svest it

PLL  con cxccwlxe Llock  wWwth AN ‘m'p\yt S‘sanq\ i3 cal\ed

the cc\?“c\)me_ ‘)\cmae - Thg P&n&me-‘cen i also emPnemeck

Qs Penc.e\n’ccxd@_ of {.‘D‘
POl - in Hme . The otal Hme 4oKen by the PLL *O

ectapish leck i called  Poll-in Yime - T™is depends ow

Ao wital  phase and  frequeénty Aipference between

lo
+he +two siancx\% as wel\ as on the &Nen o\l op

a,c{\v\ an A

PHASE DETECTOR

wop £ rer Chorockeriskics.

the phase dereckion s the wosk inpontant

pamt of khe PLL Sygstem. There ane +twe types of
phase adetectons Used @ Analeg @ ®igital.
V) Ana\oé phose Qetectorn

o) Analog Phase dekecton ovsing electiowic Switch

L) Analoq phase detecton Using balanced modulaten]

CXS Analog P‘r\ose, deteckon Us‘w\a ElectaoniC  Switch
the pranciple  of avnalog Phase detection
0Sing  Switch type phase detectorm 1% Showwn 1N

-@"\6&)&6 below -

Vg r/o 1 §Vc

IV\F\J‘E Si@hq\ S 00{7‘30{’




4 . A | ‘
Exmon Vol
\\% 2\ 4 g o vottoge
¢ =90 7] 7 7775 )y Zero
‘ i

,_.‘

Vg A Ve }
‘1

A ~ |

i /\ /\ f\} I/\L

95:180 i g ”/ " -
B _'5 /%]) T m‘%‘*%j‘%’/é”“g Exkon Neﬁa%‘ve

ce > VDH—uﬁQ .

(b) Vco oukpot Wwave foam .

Tnpot  and  Ootpot (Hatchea) wave fomn  of phose detectox
for (&) p=0 @) =95 €e) ¢ =180

An eleckronic Switch § is opevned and closed

oy Saav\q\ Ceming fromn VCO (ho;@s\q\\g o  Sqpake cocx\)e_S

the  inpot Sianq\ is  therefore Chopped ot a repetrition

fote determined ky Vco —ercv.LQY\QB '

Fiaone ) shows +the inpot 5‘.5nq\ Vg assamed

e e im mhaco [ -a) with Ves Ovtpot Vg -



Since the sSwitew $ uw  desed only whew Vo outpot

s positive , the gutpot wave fonm Ve Wil be hal ¢
Sinuseids: Similanly , the OU%PQE wave fonm  for (}S:%

and ¢ =186 is  shown in £ig @) and {:;ate).

This  tgpe of Phose detectom 1S Clalled a Ha\f
wavye detecton | Since the “P‘r\use \v\gcﬁxmc\'HCM fox only

one half of the inpot wave fonm 1§ detected and

a\)exaﬁed :

The  ocotpot  of the phase

Com Pcrncﬁ:on whewn
filtened ’C\’mooé\a a  low pass  filken aives an  ennon
S‘\av\a\ waeh v the Q\)QLO»@Q Valuwe of +he ocotpot

wove fonMm  Shown by O dotted Uine .

Tt ay be seen ot ennon Volrtoage 14 Zenp

when the phase shift between the +two \Y\?O‘ts s 96

| S fon ?Qn{ec’c lecek , the vco sutpot  shoold ke qo
‘O\)“c of phose LIt Mespect te  +he ‘\V\Pg-t 5‘\6\!\(1\‘

Anu\dsié .

|
: A Pkase COm?o:no,’cb:n_ vs
i

bQSiCQ\\B a mu\%\p\ien

okich mottiplies the  npot 3\6‘“&\ by the vco S’ua\m}\
Vs = Vs Sin oMifgt  No=Vy Sin (2744t +95)

Then +he phase Compamnaton ovtpot

[5S

Ve = KVg Vp Sin amfgt Sin (27 fot +¢> — 0

whene K p\r\ose Comparaton 80\\Y\




and (i> is  +the P\'\QSQ shigt between +the “\r\\sof S‘\dhq\

and the VNco oOEPpOT - €9, () Con be simplitied os

_ KVgVp _ ‘ ~
Ve = — [COS (ﬂv{ZSJc -2V fet —qu) - cOs(zrr{st + 2Tt +¢)
. -
when at leock O R
kK Ve V - N
Hhen Je © _S_O_ [ tos C_ ¢ ) - Co9s (2‘\'\‘ X 2Lt 'f‘?S)
2

This shows that the phase Companaton  ouvtpot
containg a  double »FJL@_«:VLQY\QH tenm ond o dc team
( K Vs Vo/m} Cos<;£ which Noraey oS & £fonchion ag

phase ¢, ie - Cosd between the +two signals-

The dosble  fiequency tenm is  eliminated by the
low poss Liltent and +the dc sianq\ is QPP\‘QC\ +o +the
moduvlating mpot tesnmina) 6 o VYco- Tt Con be Seey
that n the penfect locked state ({»’5:#0), the phase
shigt shovld be Qe (CDS Q@ = DB ., ewdex to ae’c
Zexo errok S‘\ﬁncx\ L, ol s Ve = O |
H There ome +two Ppnoblems asgsocioted  ©ith the

Switen +ype  phase deteckom.

I- The cvkpot Vo\k&ﬁe Ve 18 #noPochthxq\ 4o the ‘\Y\Po'b
saanq\ o\m?\‘\—toc\e Vg This 1 Un desinable Since it

makes phase detecton 6ain and  the loop 6&m dependent
on  the ‘m?g’c 5‘\&Y\Q\ o\m?\\’cude

2. the ooktpot i propontional to (oS¢ and not

propontional  to qf making it non - Lineaon .



Both these pProblems (“:c;m be elUminoted by Lieni ting
the amplitude of the inpat Siancx\, that 1 Convenhing
the inpot to o (onstant amplitude squane wove. A
Gimeoit  which  pengenes  phase  Com PAMISON  wikh
Sqpare wave inpot  1s  called Bolonced modolatoer.

Analog Phase deteckon using Balanced modulakon !

Ralaviced modolator s, vsed as  {foll - woNE

SwittWing phase deteckon - Hexe he ‘m?gt 6§6Y\Q\$ '3

applied to  the digferential pan §,Qq -

Ve o
0\)%?0 b

l

Te Fiq thase detecton

fon T PLL

tH

.. i A LVl NEV.NSN IS T

P <SPDT Lraidbrl Ay AALY a0}

Tronsistons  §;-8; ond Qg- Qg ane +two sets




The Wpot Saanq\ V¢ and the Vo ovtpot V, oxe |
| assomed +to be b\\a\q enough  to Switch the transistons

| v Fiaoke, obove folly on ox ofg .

b4 L -
/T o} N Wt
T 21T l 3 8.5 51 >
sl :
! ‘ ! ]
vo T N
l |
t
" o { A ll > 8
N
1 \ |\
{ | ;
| | o
TeRu| — - —
" | o |
o} - ! —
027 7 I N S

"IERLF‘ (
F“GCb)'- Timing d‘\cx@mm of YnPQ% on A OQ£F¢t waNefonms

for  balanced modolakor cirewvit .

Tn Fiau.&e (b) when Vg ‘O\Y\C\ Vo both are \’\ia\’\

dsxivenn  on  and  Comewy Igp flows -E\\Loua\q &, and Q&3
This aives an  ootpot VOI’CQ@&
Ve = -TgRL

Next fFor +the Perdoed (r-8) For m , when Vg

Wah and Vo s low . transistons &, and Qy One

draven ©ow Negolbhng ™M an outpot \Jo\’caae Ve = Te Rp

dong  the Hme 0 +to Cﬂ_cﬁ)r tronsistons &, and @z ore

is




—

In  HWiS Way, the oot\bg‘c '\/Dl{:qae mwyave fonn Ve S obtained

co-efgicient on the Convension Natio of the Phase de tecton.

W)

;‘; ((ocneq H|> + Ome,au\g]

Ve Cav 63

whene 1(4, s the phase ana\e to Vo\t&ae transfen

' This  Unean ﬂQ\Q%\UﬂS\'\QP between Ve ond ¢ i3 Showyn N
{f\‘aoxe () -

2) mﬂzz\-@m :Deawm\ phase detecton .
There ame two +types Of df8i+al ‘F"\QSQ
detectons aovollable

phase detecton o©sing EX-OR detecton

o) )ia?-ta\

‘”b) Edae +riqqened Phose detecton .



o) ExoR phase detecton :

s L 3 Vac
5

2

Figta): EXOR phase detectox

Fx‘ﬁ\)ke Shows +the

digital type XoR phase

detecton - Tt UVSes CMOS

type 40 6 Ruad 2~ input Fig! Inpot and cotpot wave foams
XoR gate: Tthe ovktpot of the XoR Qate is high when only
sne of the Iinpot S\‘anq\s -Fs ©r) £5 18 high- This type of
detecton (8 uvsed when  both the inpot $iaﬁqls ane
Sqpane waves - The inpot and ootpokt waoavefornms  fon
fs=fo ane shown in Fig(e): In thig Fsame £q i3
teading fo by ¢ deﬁhees. The Vardation of dc outpuot
‘Vcll:cxae with phase difference ¢ s Shown in \C’ﬁ () -
Tt Cavnn be Seevn thot dc o|p Velke3e

the mooumom de o\ycpgt

Y
Voltage eccyns when the =

y.
Phase diggerence s T
becavse the Suvkpot af ; ™ T & g
z ‘ '
the gate %emainsg \f\id\ﬁ X
Fig (¢) " D¢ cotpot Voltage Veuus(;é

thn ooﬁhoot .

The Slope of +he conve  gives the Convexsion %ahg K¢

of the phose detecton. So the (envesnsion hakio Keg

for a Sopplu Volkosgqe Ve, =5V is Ke -5 =159 V/aiaa



7

y Edae triggened phase Detectomn ! ‘

Figla) : Bdge triggened ’

phase detectexn Figk). Inpot angd ovkput

wavefonm §
Vac £

VCC = VSQ{'

Slepe = Cemve s sion 6qin K;z{

1 ' —
o T 217 3

p between £ and L4

F;acc) . D sotpot V‘o(L—QGQ Vs ¢

The edge  +riggered d-;ai’ccx\ phose detecteon s

Shown  n «F\‘G\JM’—CCQ' The cincuit is oy RS £lp lop made

by NoOR 6&&&55 T™his cincoive is vsefol whewn £4 and £4 are

both polse wavefonms ith doty cycle less thawn 5o 7’6.
The ovkpot of the pos fLip flop C\“Q“aes s
State on the leading edde,

of 5 and £ as shown n
.{f;a (k) - The Vosuiakion eof dc cutpot \/'o(f:oa& \s ¢ s Showmn
n ;;6&3‘ This type of detectem has beten captune
kracking and lockKing choractenistics as the dc oovtpot

o .
Voitoge is Lnean WP to 360" Compared to 186 in

the case of EXxX-O0R detecton .




Vo\taae Contnolled oscillaton (Veo) -

A commown typPe of Vco available in Te fornm

NE]SE 566+ The Pin cg»n{:iaunatitm and basic bloexk diagrem

of 566 NCco onre shown in {2160/@,3 below.

+Ve

S —

Constant
corrent
Sounce /

| Modulating 5 @
Sink

iV\POf ( V(_

= | ) |

Fig: Veltage comtaolled oscillater Block dm@l&m
A timing Capacitow Cr
G(va\d\T 8 |+tVee
i$ Uneomly chonged on
a NC N,EISE 1 CT
diSQ\no:naed by a Constant 566
Squone vCcO
Convent Soor\ce/SN\K* wave olP 3 6 Rt
The amount of Cument Tiiongolake u;ﬂodo\oﬂw
Con be Contriolled by Wave olp npet
Fig' Pin Confi 601&&"6\6\’) .

chonging  4he \IoH:Qae Nc

a?P\”\Qd ax ‘the modularing inpot (Pin 5) on by changing the

|fming fesiston Ry edrennal to Tc Cchip- The Voltage ot

same Voltoage ot Pin5-

Pin 6 18 held ot the




- -

Thus i} the modolating Veltage ot pin 5 A \VWULQCLSQd/
the \)olicaa,e ot Piné alse increases, Nesolting in less
_Vou:aae ackoss Ry and thenelby decreasing the chwxamg
Corment .

A saall  Capaciton  of  p.oolPF Shoold ‘be Comnected)
between fin5 and €6 4o eliminate Pos&b\a oscil\lations.
A vco s commonly uUsed in  Comvenhing  low —(Stewev\cs
S\\a‘(\CX\S‘

The Volkoge ocrossS +the capaciton Cp 1S applied -to
the inventhing input tenminal of Senenitt Eriggem Ay Via
boffen omplifien A+ The  ovtpot Voltage Swing of the
schenitt kriggen 18 designed to Ve ond ©O5Vee - 3£ Fa= Kb

the hown-
in the positive feedback Loop, the \lo\Jcaae ak

inventing ‘\'h\)g’c +ernminal of Ay sw‘\nas from 0:3N¢ce -*o

028 Vee ¢ 0-SNee
ookpot '
Tn g;acgi when twhe ot Pk
\lo\\—aae on the
Capaciton Ci ewceeds v |
Schoni bt °c —
0:5Vee dusing the |
tiiggy es
c\«\o:naiha y the OUEPUL- ocvtpot {O'S‘Jcc |
, - $
Of the Schoitt baiggen Sotpo b - Vee o
809_3 lows COvS Vcc() at Pwn3
2 . inverted 03 ee |
e capact n
? LT DNOow bs A3
d‘\sc\mxnaes and when - Fig t; oorpot Woveform.

ko at 6.2s5 Vee , the oovtpot of sthenitt EAiggesnt goes H&ﬁk(\lu;\_



Since +he Sconce and  Sink  Cuments ane eqpadt,
capaciton dncmdes and dis C\n&’naes fom the Same
ompont  of Hme. This gves a ‘cmlcmaokqn woye fonm
across Cr  wlich O also OGVailable aotr Pin 4
The sSqpome wave ovtpok of the Schanitt traggen 15
tnvented by invemtem Az and is available at Pin 5.
The ookpob  povefonms ane shown in fig (c)
the ootpot Lreqpency  of the Vco cown be calcuvloted
os Le\lows.

The +totol Vo\Jc&ae ow the copaciton ciqomaes £a0m
625 Vee +6 0'sVee - Thus Ay = 025 Nee

The capaciton chqnaeg with a Congtant Cormrent

Spounce - SO

, 5N = 628 NVee  _ _L
L= CT Pl o At CT
Ac = 025 Vee &7

© )

the *ime perxdod T of the +nicm6u\crm wave fornm = 2ot

The freqpency  of osaallatern £o is

s

| | t

T 20t o5 VCC CT

whene V(’, g +he Vo\’c&ﬁe ot PMB , T)\&/L&Fo,&e

0(30: QCVcc—VC)

> O

NN,



‘the ookpot frequency of the Vco can be Chqnaed Qikhen

by (1) RT (W) ¢ (i ) +he \lo\{:aae Ve ot the modolating
input tercminal Pin B

with no modoulating ‘m\aok Siahcx\ 4 the \Io\tqae ot
Pin5s is biased ok LTVc, £ @ gives the Vo ookpot
{—kecwe\ncj as

€0 - Z(VCC - -:‘g— Vcc) 0625 ' 3 @

-—

R+ ¢t Vce Rt ¢T

\/ol{-cxaq to freqpency convensiown focton
A Pporameten of Impontonce fon VCO i3 Veltage |
o frequency convension facton kv and is degined as

A fo
2 Ve

Ky =

Hene | AN, v the modolakxiown \Io\%aﬁe mewwd to
produce  the frequency Shift  afy for o Veo- Gf we
:assome that +the onl&inq\ -ercvu@ncg 18 o and the W
frequency is £, thewn

ArFOZ—FI—‘FO _ ?.CVcc——\)c +A\7¢> _ 2(\166‘\)@)

2 DV P C+ V
A‘FO = @k) AVL - ‘FO RT T cc
Rt ¢t Ve 2

Potting {he vValve of Ry ey Lrom &g @

= Ky - 2fo gt 8o

-

3 fo 4Ve Vee




!ﬂ' - T
Low pos s @C\tecn.‘

h filten. vsed 1n o PLL may be eithen pPassive
e \

type en  active type A3 shown in <-F€aULQS below-

C
R R R [
e AN AL
Tnpot
Outpot
fiom phare -—c %OP inpot \ . -
detecton AmPhF% faom [/ Vs
O— o) T""“"Q'
ouvtpok
dete cha ‘
F3@): pansive  fitten = = Lo Veo

Fidcb)’. Achve Filten
The low pass  filten not only gemoves +he high
frequenty  components and Noige , but also (ontnels the
d&hamia chonactenistics of the PLL- These Choractenigtics
include  captome , lock kange , bond widHa and transient
fesponse . gf Filten bond width is Aeduced ,the %espomse
time \ncreases . Howeven 9educing the band width of the

filken alge Feduces the cCapture konge of +the PLL:

The change on the filten Capaciten 8\\1@ a
shont time memony +o +the PLL - Thus even i} bthe
signal  becomes legs +than the noise for o few Cydes,
the dc¢ Voltage on +the Capacliton  Comhwnues +o shif+
the frequency of the Vco £l it pickg op Siﬁnu\
aaobm« Thisg JFmdoces a (rﬁdh noyse ‘\mm\)vxltﬂ anad

lockai ng Stabi i k_\j .




Manolithice

Atl

ala\lab\'e asg inde?Q‘ﬂc\Qn"c Tc Pack&aes and Con be ettemq\\j

intenceonnecked

Ic 5683 PLL

565

ond the Ylock

fhpok 2,

phose comporatod
yco inpok
R

UL 4

Veo out‘aok

-

f‘n?o’c 3 c>--———---‘——9L

the

+to make o
mano{lactunems intaoduvced

Impon rown: Monolithic PLL

is oyoalohle ag
Up-Pinw D\P ?Qc\iaae
and as 16 -Pin meyal
Con ?aékfx6€~ The

Pin  Con (;\G\Jr\o:b‘\cs‘w

c\\o.aua.m ore. Showwn

n -F:G (&) awna (b)

Phase

Detecton

Phrase - locked loc) °

memolithic

difperent building blocks

PLL- ¥owevew o womber of

PLL' s toov

of PLL ane

i3 Tc 865
—Vec T 14
;Y‘\POE 1 13
inpot |3 Y
NE|SE
Neo ouvtpotbt
\ Li’ 565 e
E ‘,\ d hoal
Phase Comporah 5 -
Veo input
Reference op| é q
Demoduloted| 7 3
_

OO’c'FQ -

Figa 1 Pin Qio.amm

N C

+Vee
eéxkernal copolstu

for Nco ‘
Extenna)l ne g stod
fon Veo

ratr | 1

s Demodulated
Cutput

output
NE| SE 565

Fq .

PLL block C’)\‘oamm

> Referente




r-me ook pok .@LQ?}LQV\CB of +the Vco Cbo{h ‘mPoJcs 2,3
6L00hded> can  be gwen oS

c 025
e Rt Ct

where Ry and Cr  ane the extenmnal 7esisten

ond quqc‘é’ccn_ Connected o Pin b= and 9 -
e vco free TNonning FLQCUAQYTCB g adjosted with R
and Cp; to ke ot the Centie af +the inpot frequency

s Lok
nange - Tt mMmay be Seevn that PLL 18 intemnaily baoKe v

bln  the NCo oLEPOE and the ‘P\r\aSQ ComParokor inpat.

A shoak circork betweewn  Pins 4 and 5 Comnects twhe

Nco outpot  to the phase Componaton So os to Coempare

{ i tte
fo with input Siahq\ £s - A Capatiton ¢ 15 Connected

hekweeywy Pin 1 and Yin 10 1 ™Make a low Pass

filten Wik +the intenna) Nesistance of B o

PeniVation of Llock-in  Tange .
ag ¢ radiansg  ig  the thase Qqigference betweewn
the S\%\MX\ and +the \Vco \Io'\)c&ae, _then  the OUJC\DO‘E

Ye o qn b
Vo\%aae of the o‘na\ca Phase detector 1S § uen by
Ve = kg (p-T) —O

where K¢ 18 xhe phose ov\a\e to
dhe Comtnoel Vo\t&ae

Vot > e 4transfer

co-eplicient of the phage detecton

£t0 VCO 19

VC:AK¢(¢—%> s ®

iA\C\DLﬁ A - \[D\%quo Ao v ol _{}\p AmD\i-‘:?pm




This V. Swgts Veo freqpency  faom  ik3 fiee wwonning
{requency fo to o fHequenty £ givew by

£z £ + KyVe —_— @
where Ky o \/o\taae to frequency tronsfer (Co-eRLicient

of the \Nco -

when pLL 18 loeked n to 3%6\!\a\ —FJLQ(?},LQV\C,\B €5 , thewn

we have
‘F: -FS = Fo"i' RV VC
Since Ve = Fs-fo Ak [d - T f Lanm 7_] s

the maximom  ouokpot \Jo\%aae mo%n‘\‘cude available

from +the phase detecten eccuns for (;f; =T and 0O hadian

ond Vetrﬂax) = Kgéf’\- . The CorvespPonding Valve of the
Mmaxionuem  Condno) \lo\)ccxae available +o drive the Veo Wil bei
- ™
\lchch = i(—; BK(% a —> @
The mowiomom Veo frequency Swing that Can be
obroined 18 6NQY\ by

(’5 :-Q-DtC‘c—@ovmq\L: ‘Fo + K\)Kg& (1—\;39 :‘FO*A’CL

here AL = & KyKg AT — ®)
2
—_
Toxa\l lock ronge 2af = + Ky kqg A TC @

The lock - in Nawnge is S‘Smmekgcq\kg lecate d WYty
fespect +o Vco free TFunning frequency  fo

LL
For Tc 8658 P $ Lo

\Y

Kv =

SB whue V= +v¢c_(_\)cc)




A@Q‘W\ Kg = rh ond AzlhL
T

Hence +he \lock-in %ange become §

af = b 758.@0) ®

v
Desivokion of Captune Ronge

——

whew PLL  is wob initially  lecked +to the Siav\q[,
the firequency of the Veco will be {free ronning ’G‘LQCUAQV\%
fo© the phase qna\ e difterence between the Siav\q\

anda the vecp Dutgbot \lo\tcxae will be

= (wse +65) - (Wok +86) = (s -wo )t +£®

as the P\nase Gm@\e AifLerence deesn't remain
¢ but Wl change with Fime at o hake 8ive“ by

d¢ - Ws - Wo "“9@
at

consSton

the phase deteckon ostpot Volkage will therefone
not hove a dc Component bot  will P.&odoce an  ac \Jo\-l—oae,

Wik o qucw\ao\a‘n wave Lonn  of Peakx amplitude Kgg“%ri

ond a fFuondamenkal ‘F-‘»QCVLQ‘(\CB £4-Lp = b

The low pass £ilkes. is a Simple Rc netwonk 'f\a\I‘mg

Hansfen  funcriom

1 ' |
e where £ =
V4 (i\ 2T RC
..Fl
\

T(i4)

{f

| ried) s ®

H

e

. _ £ s
As =) @((Z\XL >> | Hrien T(“F) = -—; @




—ﬁ\e fondamental  frequenty  fenm Supplied *o the LPF

by the phase detectom will be the Aifference frequénty

AL ‘-‘"CS‘“FO : Hhen
p
(ae) = . = 2 — 0O
ol ”FS""FD

“The \;o\’cclae Ve o dsave £we VcCo 13

Ve = Ve x T(£) 5 &

Ve (nax) = VeCma\L) x T(¢) x A
- SN £ —> (%
Ve Cma\t) = % qu (’l‘;“. > A Z; 0 & O

thewn the corresponding Valwe of Hhe aximom

| Vco  prequewvey  SWigk s

‘ - ‘
G-Fo) .. = KyVetmax) = tky kg (T )AL =@

oA A‘e

For. +the &ctvuisi-\:im/l of the Sia\'\q\ {ZLQCU.LQV\cEj
| we Shovld  pot £=Ff5 , So that Lthe maximum Siaﬂq\
tha bt Can be &ccvu-fuec\ by PLL IS

Rl

afe

frequewncy hanq €
OtS_pO}mmL = * Ry K¢ ('W,j’) A
No w sl = GZS’FO)«\QM
Lo (A‘C(_BL =+ Ky Kg ()_E\ ALy
Since AL = + Ky K¢ (_T_i) A

There fore the total capiore hange 13

2 ap, =% 1\/4’\ ap |




In Cose ©Of TC PLL 565, TR=-36kn So the Coptuyre

Nange ts
| AL o
Ake = F —_—
2TV (367([03) C

The captore Nonge s ngmekrutc_culs Llocated with

fespect to Vo free Auvnning Qwewcs £ as shown in

16‘60% below - The PLL c¢oxmmotbt ccquire o Skav\q\ botside

the Cq?ku‘ke, hoange bot owvnce C.&PEUN&A ,ve wild hold oy
il e S‘\ami frequency  goes beyond the leck —iw
to increase bthe ability of lect¥-in

NonQqe - Ty Obndes
g ‘Jlch,Li».ed-HouJe\)eJL o

honge Lo.nae CCLF*TU’LQ nange
L ™mone sousceptible

\Q'ﬁe CQP{:\)LQ fronge will make the PL

to woise ond undesinable s;av\q\. tewnce o Suvitable

ComPnomise 1  gften reached between these two OPPoSing

%eqpikemenks af the captore hang e .
R
SlePeiey T K¢ &
2
Ve \
\ £ { ( —
/ : - FS
| \
T kg o | \4" Pafe—>
5 ‘

' \ J
l“m 2a8)

PLL Llocik-'m kang e and Caprore hange

Fig-




Ppplications of PLL "

The ocotput  from o PLL  8ystem cCan be obYained

eithen. ag the VO\JCC\@G S\ﬁhq\ Ve (£) Comesponding +o
the eu\m; Vo\{-qae in  the —(Zeec\back loop , om ald Q
@hecvuencs Siana\ akx Nco Oo’cpgt rernminal - The \}o\{-qae
ootpot 18 vsed N freqpency digaaiemina toes  opplication
whene a3 +he ,-erq}_xe,‘h(_g output is uvsed n S\a\mq\
| Condibioming ,Ckeweﬁcg syn¥hesis  Or c\oCK FnecoNeny
| ap?\imtim\ns . |

" Fneqpency N\O\Hp\‘(m%icm/ Pivision ¢

Figone below aives‘ the block d‘\aa&m af a

frequency molkipliest  osing  PLL- 8 divide by N hetwok

s insemted between the \Nco ovtput ond the

phase Cocf\?ocno:hol “m\b\ﬁc-. n  the locked State |

Bhe Vco Oukpot  frequenty fo s given by

phase
Com ?& akon




Phase

\
\
a N |
S LPF Amplifie
s ) companaton P ap ifiere :
VS ,
: {
+0[N ‘
b . |
N . _ )
) y o VCO é___f_—J !
NeYrwonk - | :

o~ ——r

( Freq dividex

pcutPQL_ PLL
> fs =N "{'-S

The muikiplication facton con be obtained by
Selecking o Propen  Scaling faocton N cf the Countewn .

Frequencty molkiplication con also be obtained
by wvsing PLL in its honmonmic LocKihg mode -

the ocbove Cincoit Conn alsec be used Ffon
frequency  Aivision .« Since the Veo ootput ((a Sqpane Locme)
15 9uch in  han@monics « it iy possible +o lock the
Mm-th  hanmonic e the Neo ouvtpot with the inpot
signal £5 < The outpot f5 of Veo ig Now given by

A5

fo =
m
2") Frequency  Trnanslation |
A schematic  fon  shigting the frequency  of
e oscaillaten by o small Ffaoctonm 8 Shown In «F\‘G\))\Q
below - St can be 8Seen dthat o ouitiplienn and a low-
Pass  giltest ome cemnected ettennally to the P
The S‘\av\q\ ‘FS whickhh has to be SL\LFJCQCJ and

the ovipot freqpenty £ of the Vco ane applied a8




Y

inpots  te  the multiplien. Tthe ootpet op the moltiplier
conkaing  the sum  and  difference of fs and £ -

Roweven | the opotpot of LPF  Contains only the difference]
Stav\q\ (—Fo—{fs). the translation a6 eoffsel frequency £
(4 << {3\ i applied to the P\nase companaton -
wheyy PLL 1% in  locked  state
fo - fs = €
fo = §Fs + £ )
Thos ik 13 pessible o  shift the Incoming ;

erzvxéncg fs by £ \' S

—_ (r\o\)c‘q>\\‘e:3-'“—> LPF
iv\\)\)k -“Fc‘tcs
s

Fig * Pl 0ged o3 a ?»ecvuencg taan slator .

3) AM Deteckion:

Mmultiplien De modulategd)

S

( phase
detecton

ootpot

NCo
PLL
ovkpok




L ar

A PLL tmay be osend to dremodxﬁ)ﬁt;y’;é; ” é;{‘Siana(s os
Shown {'%601&; above + The PLL 18 locked +o the
Comyue s -F—LQ_‘({},LQY\CS of the incoming  Am Si&hq\- The
oukpok  of the VCO w\/\;c\q has the Same J;Le?/uevwcﬂ

as the Conrien, bot onmodulated ig fed +o +he Amplifu.

gmce \co oukpob 1S q\qus 90° oot of Pphase with
the incoming Am Sﬁamll unden the&ockec\ Condition , the
AM  input s{ana\ is alse shigted in phase by a9c® before
being fed +to the amplifien. This makes both the Siav\qls

applied  +o the molkipiiert in sSame phase.
The outpot of He mo\’c‘\P\‘\en. contaoing both +he sum

and  the diggemence S‘iahq\S, the demodolated Outpot i3
obtawmed often filtering f/\iah‘ frequency CompPonents by
the LPF: Since the PLL  JNlesponds only 4o the Caroues
frequencies  wwWich amne V‘en_nj close +o +the VCo ookpot,

a PLL Am detecton erlibits a k:ah de_azuee of selectivity

and heise immonity  wlich g ot Possible  with Conyenkona

pearx deteckon tupe AM  modulatons




I | ONIT = |V

)

VO Ltaae Redoch'ton

Thtmodoction

The foncktion of o Vo\tgae %eao\a‘ton is to
.Puxo\l‘\de a ' Stak\le 4Ac \Ioltaae fon Pomen\nfs othe w

eleckmnonic  cincuitsy . A vot&:aa& ?\eao\o&c'on' Should be Capable
of inid‘mg Sokstantal outpot cuament: \/0\’(&6&.

"neao\qtons ame classigied a8
b Sem\eg ReaoLQ‘con

9. Su.xxbc_'\mng Pe@ulcvton.

Serie s meao\oﬁcom vsSe o Pomen tLQhSISfOTL

Connected in Senies betwee\q the un‘he u\qted dc in o*c
q

ona the Wwod The. oukpot \/o\tcxae is Cani—noll&d 13_\_3 the'

Covikinvov S '\Jc\{aae drop  taking Place ackoss  the Sewies|

| Pass trian Sisten - Since  the transistort Conducks in the

Lackive ot Uineam ‘Tkeaiﬁ\/\ , these ‘ﬁea'u\q-tcms ane also

called  Uneamn ‘he%o\qtons . Lineasu ‘he@u\‘q%oms may have
J‘TNQ.C\ on F\Jo\micx\a\e oo’cFot \)o\-taae. ond . cool\adl be Pos}’c‘\ue
ox MQG&ENQ' | |
| Switthing meao\qton operate. L—\,\e power: Exonsiston
.’ a5 o \Uﬂ\'\ frequency OMI OFF Sm,\-ﬁch So  that E\'\@, Powex
: - Eran sy S-ko':\, Aces v ’c Cov\duc’c connewnt Ccn+\nuoosk_\j . T\‘\\j

gives impnoved e@{l\c\e—mrs oven  Sexdes Tegolaton.




Semies op-Amp Regolaten senzes pass
Triongiston

RO \"W\ &\ \/0

o |
NNV 2
YA .
i
R
) @ n Vo \ Ry
+ | Exnon AmD (Loqc\>
Viep P .
- +
BVO % R 2
- 4
T -

Fig: Aa 'Reﬂo\a{ec\ power SOPPLg,

A \)oltaag %eau\aton is an electionic Cincuik

that Provides o stable dc voltage independent of

+the lead cunment temperature ond oCc Une \JO\JCCL@Q_
Vasuations - Fiaoug OboNe Shows o ‘heaolﬂfced powen
sopply  USing QAiscrete Components - the. cincuik (onsgists

of ~Lollowing foon ponts-

By Reference \}oltﬁae Cincuit
2. Ermon Aemplifien.
3. Sesuies Pass tronsistan

4. Feedbock Netwonk-

The Powexn transisten. &, b n 3eries

wit  the ov\me_ao\q{ec& dc '\Io\Jccxae Vin and the Leﬁo\q’cec\

ovtpel \}o\'{-&ae Vp: So it most absond the difference

betweewn +these \/o\taaes wheneven any floctuation  in

ovtpotr Voltege Vo occuns -




The transiston &, n ol8o covected as an  emittern
follcwen ond thenefone \D'J\O\J‘\C\QS S 8ufficient  Cunhewnt

doin +6 drsne  thwe loead: The oot\bqt \]o\*:&ag ‘13

Sampled by the Ry- Ry dividen ond {fed back to the
V\eaod:ive mpot Yenminal of the op-AmpP ensoin
Ampligien - this Sam\b\ed \IO\\:QGQ {S Companed with

the eferewnce \IO\JCGﬁe Uneg ( Bsvally obtaoined by a
zZzeneos c\‘\ode_) The OOtPot Ve of +the Enmnorl amplifien
dscues +he Sesues tronsistont 8y

3§ the ouwtpob \Jo\tcxae incaeases, duve +o Yorniakew

n lead connent, the Sampled Voltege pVo alse

incre ases whe e B = R
T‘?| + R’z_

TS intorn  fteduces  +he ootpot VOHCQae A
of twe ALl P\'N\P dve +o 18e° ‘fbkqse dipperence PNO\Jided
by the op-Amp amplifien. Vo 1S applied +to +the bose
of &, wWWicth 1 vsed ag an emitten Lollowen . So
Vs follows Vg, +thakt 1S5 Vg alse neduces - Hewnce +the
increase i Vg 18 ﬁu\\i@ied' Similah\lj/?tedoc%:icw [}

ovkpot Voltege aiso gets %e@oickfed-
Ic \Jc:\-‘tmﬂe Reao\&‘ccms .

with  the odvent of micho elecknonics , i+ is
pessible b  inconponate the Cemplete Kb op

\lo\taae meaolcxton on o mono Lithic S+ cl«lp-« W s gives

low cest, high 7teliability | neduction in size and

encellent Ppenfonmaonce .




Fivted Vo\tade Sesues Re@u\(ﬁccn!

78XX Series omne thiee +enminal, Positive fired voltage

‘hego\atons. There ame Seven Ovkpat Volkage options
aNoilable Such as B, 4, 8,12, 1T, 18 and 24V

I 78%x 4ne lost +wo Numbens (Xx) indicate the

ovkpot \Io\%cae-

thos T8\ Tepreseats a5V %eao\qton_

Fi@ below <Shows +the standand mePnesev\Jchc’\Uv\ ol
mono lithic v@\icqae ‘heao\qto'fu A capaciton Cl CO*BBHF)
TS osuvally cernnected between mpot ternminal an q
8noonc\ +o .Cmnce_\ he inductive egfecks dee  *o

Leng digtrabotion leads - the outpot C_Q\DQC‘\tO:rL Co(lHF)

impnoves +the tronsient ‘f\es‘)mse.

ovmeao\o.’ced ‘Reﬁo\cﬁced
G—
inpot Viwn | ovtpot \lo
i ] 2 | RF Co (‘t(lh’cc\\um\
0-33pF | i

Fig: standond 7Nepnesentation of a three +enminal
Posikive  monolitwic ‘heao\aton-

- 79xX leszuey ane three tenmival Neaat\\le -F‘*QC).

Volkage %eao\atm\sw these ane cComplements +o the

78X Y Seriesd - Thene asme two extro \IO\‘ccxae options of

oy omd  -5.2 availahlg in 79X e stien .




unﬂeﬁc\oﬂced 9
tN
impot, Vin

Fta : Standan A m@,?nesen'\:o}c oW o,(: a 4three tEtenmwma)

Me&&tme monoclithic ‘ﬂe@o\cﬁcon_ .
National Semi Cendvcton. a\so jﬁmdoc@g thiee tenminag)
\/oHccxae ‘Jleao\cﬁcc:ns M LM Sesues - Thene ane three

Sexies  available Lo digferent sperating -Eem\be/LOJ:UAQ

Chcmaes :
LM 160 Serdes -58°c 4o +i25c
Lm 200 Sesue § —25°¢ to +85 C
LM 300 Seyues o ¢ to tI0C
Choamacterais+ics o
t Vo % The ‘heaolated cotput \Jo\tuae s fived at a

Valve as specified by 4he manufo ctoren .

2+ Win) 2 Vo) 42 Vorts & The un negolated inpot Volkage
must be atleast 2v morne +han +he ‘neao\q{ed ovtpot
\}o\’cO~6€,~ For eXomple | i} V&= 5V, +then Vin = TV

3. To(max) ¢ The lead comeot may Vomy from o to
fated maxicnom >C>\)-EPO'\':‘ coment - The Ic s Vsvally

provided with a heat 8ink , othenwise it may wot

provide  the 9eted Mamam 0Otpot  Currewnt.




Ffi ,
i« Thesamal shot down The tc hoas o +empengtune

senlocn Cb\:i\’c --RY\B whwich tonnsg  off the TC  when 1\t

becownes +too lebt (u&gaug 125" ¢ to ‘5OBC>' the ootpat

comment  w d"noP and hemains thene until the I

has cooled siav\‘\-\l\'uxﬁt\g.
5. L\‘ne/ Iv\Po’c 'Reao\ atiocw
v is defined 65 the pencentage C\ncmae

in the oobpot \lo\{:aae for a Change in the inpot

\IoH:(lae* It O Dsgq\\n expremed in  milliveolks  oxn as

a tbenc.e‘ntage 6@ the OOtPOt VO\%CLGQ‘ TBP\\CO“\ valve

of LUne neao\&t\mﬁ of 1805 1s53mMV {‘F*Om dotka S\'\Qet]

6- Lead Reao\q%*\m )

. The ood ﬁe@O\Q’C\E’V\ s the chomge in the
9\@60\33:&2(1 ovkpot VO\Jccxae_ when  the load Current
[ c\rxcuxged from  cinimum (no LO&d) {0 MaYL M

( foll lood) » TE b also expressed in il Vorts e

as o ?anentaae of Vo

looad R&ao\a'k‘m = NVnyp - VF\-
/. lead R " = Ve - Ve
e@\)m (00 3% W X 1o 0
Vi

Ve = L '
NL = Lead \Io\-k&ae with ho load Current

VgL = Lead Vortage with foll load Current .




7+ Ripple Rejeckion:
the ootpot  of Neckifien angd filten Cincoit

Consists of Tipples « The nipple 138 chul\Jq\ent to

negativg
pesicdic c.‘r\cm@es in  Inpot Vplkoge - Due o the §

large.
feedback, the rupple \Io\’caae gees attencated by 4

amount -  The factort by wWiew ik aQts nedvced 13

1+ AR - nathematically the ovkpot niPP\e of o Voltage

‘heﬁo\oﬁ:o%\ i3 given b\j

— VR 3 . N . _ \]R(ou‘()

VRioot) = IS j Ripple Rejeckion = T oo

14 ﬁ§3 n

In aato Sheekr

Ripple Rejection 18 erpressed in

decivels (dR)

REPP\Q Rejection in dAr = 20

VR (o0¥)

VRCW\)
of Fived \]o\‘ccxae, 'Re@u\cﬁco‘hsi
“the three

Lo@

Applications

tenminal  {ived Vo\tqﬁe ‘)\eaotcﬁcox

Can be vased as Qo Curarent Scuvnce -

‘FE@ULQ helow
Shows

the cincoit whexre 7805 has been wined +o

soppl A cunrent of | ampene +to a oL lo Wakk \cad-

Dmp oot V c\tuge.

' /‘ Vin = Vo= 2V
Inpot Gi"‘l

iN 78058 ouT
l L GND
T s

Fig! Tc 78058 a3 a Courkent Scunce .




Heare I = Ir T Fa

X 2 N A
whene Tg - guoiscent coment and 13 abov 4

£fox 1805

Siwee I = A _ VR - yp ( Igq is v\e@\ectec\}

Riso Vg = 5V (\Io\%aae between {eAm(nq\ 2 ond 9_>

$o +the Value ©f R r\ecwikeci is
R= —— z 5n

Thus choose R=5n to deliven | A Coment 1o o

load of tA. loa .

&) Boosting ITc  Regolaton  ovkpot connent '

Ry s v /7’
) EB

1.0 %IR\ IB «— L V&
4y
IC

- 1IN 780 5 ooT . | +
‘ GND |
3 LBCLC] SV

It s possible to boost the outpot (ument

of a three temminal ﬁeaolq-_ton simpPly by  CGonneckting

an  extemnal Poss transiston in Panallel with the

‘hea,uﬂ_octoﬁu as Shown W ,_g‘.ausue, aboVve .




Fon lows load Cuarents | the VO\t&ae dnoP across Ky

s insuvfLiaient C< 0+ \IB to tunn o transistos &, anad the

91660\0\4\:(::& itse\@ is able  to SQ?P\j the losoad curreant-
Howevenn as Ip incweases , the VO\'E&@Q dnop across

R, increoses: wWhen +hs \Jc'\baae_ dnoP s qunmLimcrtel_cj
o1V, the trangigton a' tunng oNn. Tt Cawn be eaS%L:j

Seen that i} T = locowmA , the Vo\’ccxae, dth acrosS

Ry i eqpal *6 7a x jcoma = 6:FV: thos it T ncreases

Mone +than lcomA - the transiston &, tuvonsg oN T and
Ssopplies  the extna Cuarent 'ﬂec’/u:uxeo\. since VNgg (on)
flemoing constant , the excess coment Ccomes grom §,'S
|base agpten omplification by B« The 91260\&%0'1 adjosts

| Ty Se  that

Ty = IT¢ + '1:02@&“@1 Ic = PIg — @

For the Lea‘)‘o‘{m‘ To = T -T§ =~ T4 (fQ - nea\ect}%

=& |
IB = I - IQ‘ {
T = Iy - VER (on) [ v Ts = IL] N @
R)
Now €9 (O =) I = Brr + 3o

I = [3{30, \)EB(DM)} + To
Ry

L= (B+1) To - B Vs len) B

Ry

The moamuom  Corrent Tolmax) For o 7805

‘h&ao\q’co'n is 1A fuon the data 8heet: Assuming

o3V
. - - 5 _ e et
VEB fon) ~ bnd ana ‘3 ’ 3




T = (6x1) —<5 X 073

I = '+ 5A

———

(3) Fixed _ﬁeaom’con vsed a3 _A_gjos{:cxb\e _Eeaolcucoﬁj

In the laboxnatony

Vin >
R tN T Vo
we moy need Voriable \ r N
neao\qfec\ velkoges o Ve o |
& J, —— o VBF |
a Voltaqe that is not '
= I§ ,‘
ONanlable as sStandond %L_
Fived Voltoge negulaton.

This Con be achieved -

Fig: Aadjoustable Regolaton
by vsing a fired +three a ’
tenmin al ‘heaokcrtcn as Showw in Q\Taw\e‘ Here 6n00nd

tenminal of F£ived three +tenminal ‘heﬁu\a{on 15 floating:
Here +the ovkpot \lo)toﬁg

Vo= Vg +Vpor = Vg + (T8 +IR\\ Ra.

VO :_VR‘\’ IQR)_ + _\/_R' R’)_
R\

Vo = (L-\- RL}\JR + T Ro
Ry

whene Vg 15 +the %eao\dted Vo\’caa{’, d\{i\ce&ence biw
0T ond @AND dtenminals: The effeck of ITq 13 mimm‘%eo\
by choosing Ry Small enooa\/\ o Minimize +twe tenm Tg R
| The oinimom O\J{:PO\': Voltage i8 the Volue of the @ixed

Voltage available from the %a@o\qfon.

The Lmunt, 217, 37 positive r\eao\cxtoms , LMy, 237, 337

negakxive negolatons have been Specially descawed o be

srac A Lom PR T SR S AAYaver A KWID AoVt \Un\raaecxg.



9t s possible to adjust  oukpot \io\t&ge Lroey -2V

to 4Lov ond Cuilhient VP to 1K5A& -

723 Genenol Ppunpose Rego\o:kon
binike. For 723 ootpot \/o\tqae is  adjustable from

2V +o 31V

lLimitationg of +three +eaminal Reaulo.’cO‘RS’.

i* No sShomtr Cincoit f\wuote_cic‘\m/\
2. ookpok  Volrage ( positive on Neqative ) is fired .

These Umitokioms have been ovencome in the 723
6enenaL punpose ‘)keaolcx’con> which Con be adjosted oven a
iside Menge of both Ppesitive on hegative ﬁeéu\qted
'VO\-EO\GQ.‘ This  Te 18 inhenently lew Cunnent device |
bt Cavy be boosted to Provide S omps on mone (urent

by Connecking extennal Components.

The Umitarion o6f 723 is that it has e in-boilt
thenmal Protection . I alse has ho  shont cincorge

curmenkt Uimits.

Fonckimnal block dioamm of o 723 ‘heao\q%cn Te

Fiqure below shows the fLunctiowna) block d‘iadmm
of o 723 Leao\aton~ at has +two 3epa‘noﬁce Sectieng .
The zenen disde , & Censdtont comnent Seomce and
Neference Qm\)\i«F\en pnodoce cx £ixed Vo\{:qge, of oaboot

TVvolts ak the +enminal anz © The Constant donment
souonces fonces he Zenex -to  operote o £ived Point

So that +he Zenexn ovkrpots a fived Voltage .




Reg
Anp
Congtont
corrent
Socuonte
1 : b N
u- \ Flke,ct/ COMPQ“SO;\:\O'V\ |
Section (1) Section @-3

Fiq . Fonckion Block dio.amm of 723 Leﬁu\cﬁ:cm.

The othex Sectiew of the Te¢ Consists Of an €nnoxn
Amplifiesn, o Sexies pass transiston &, and o Cuorrent Umit
+ransistenn 89 ¢ The ernmomn Qm?\(.@‘QT\ Com‘)o:nes o -Scmsxp\@_ of
the ouvkpot NoYteqe applied ab the INV ternminal +to E\AQ
heference \Jo\-tmae at bhe NT temmninal ¢+ The ennon Stav\q\

Contmols the Condockion of &, -

Pin _gsn.{i\avkcx%‘\cvx of 723 T

| Corrent
" | ' NC cosrent Wit
coment Umt 2oy | o i O
cormrent Sense |3 ComP ”. com?
R Ve, InV S
b s‘r\Pu‘\' @

TNy N S §Y\\>Q’c

1\ VC " V+

Non  invenxwag |5 1| Vgor .
NS
ir\?o\r ;“PQV@ : @Vc
S ] : .
\re. 9 z . .
e ®. . @y,
v |7 2 NC Vieg )
V-

R g pin DP Fg. 10 pin  metral- Can




Low VOlJcaae Tze vlaten YSing Tc 723

——es

[ bwreqgulated Vin

et ”’“\
12 (RN
g—* Viep
Ry 723

Load
[
NT
O'\PF _
:E: Ro \Y)
T
e ____[_(__

Fiq@: Low voltoge Reaolod:on VSing 123 TC

Uniegolated gV

) Vo
V'\' dc j_,l & _

FNV.

= Rs3

-

Figh) Fonctional c\i&@k&m for o Llow Voltoge 'Re(jO\Q-EmL

A simple positive low \Jo\%aae (av ko 7\)> ﬂe@&)\&’wl
N
Con be made V8ing a3 Shown in sechemah e of ?—iaL&\%\

owdan to uwdesstaod  The  VNolkage at the NI tenmina)

of the ermon Amplifien dve 40 TRy dividen i3

Ra_ .
\,NI = vne,F @
R")' RL

Tke diffenence between Vyr and the owtput Vo ltage

Vo which 18 directly fedback to the Tnv tesminal i3

_amv\i{‘ied by +4he eron Acnpli fien . The ootpot of +the




eroon. Amplifien. drives the Pass e travsiston &, So as to

Mminimize e difference betwean the NI and  INV inpots

of ermon  Amplifien - Since &, t 0pPerating as on Smitter.
,Fol\oLGQJL .

\[0 = \fne(l -———»——«RL — @

Ry + Ry |
af £he ovkpot veltage becomes Llow ; the Voltage ot
fhe INV kememinal of ensos Amplifien also aoes down

This makes +the oob‘but of the enmoIL ampP +o become more

Positive | theneby dsiving dLransistorl §, mone in to (enduckon

this medoces +he Uoltege across §y anq dsives mone
connent in to 4he Lload Cavsing Voltage Acioss load o
increaser so the imitial dnep in the load Voltage has
been compensated: similanly oy inckease in lcad Voltage
en. chonge§ N tne Inpot VUoltage get %Q@g\dted|
e megerencte Voltoge g fypically TV So the olp
vorkage Vo 13

R
Ry Ro

\Vp = T*

- Y cineul o
whicky  wil a\\oo_ds be less +thawn TV se the
g 723
Showwn 1N —F‘\G(’,o,') o vsed as low Noltoge (£ 7)

%eau\aton-

et ——
P

Hiawn \fo\’co.ge_r_‘ﬁ_eao-\&%ox osing Tc 723 ieau\aton "
ag it {5 desined +teo Produce ﬂeaola—ted cotpat Voltage
greaten thon 7V , then +the below Cincoit Con be wvsed-
the NI temminal s Cmﬁect@d directly ‘o Vregp thaough

Rs - So +he Volkage ot Phe NT +enminal 15 Vaep - The

ennon Amplifiest openates as & hon -iwWenting Baoplifiern.




| with a \Noltoge 8q§v\ of

(+R‘
hy = R,

Se the ookpot voltage fon the cincoit i3

. ) v ‘R
Vo = 7(\4— _-‘-,>
Ro

uhm,ao\ated
dc
Svpply

N
6 V‘LQ,_"_ \/0
Rz 723 L
0
| iNV A
3 NT >
~\V- CO("\P_J
— R R

joo PF —_

Fig ! Rasic m@\'\ Voltage 723 'Reao\ex%em

i

Curnment YN ‘\DTLQ‘EQQt\UV\

v

The - eincoits of low Vo\JcoL(sz and h‘@h \Io\%&ae

%eéwlcﬂccm ©S$ing 723 Te have no  Protection . Sp the
load demands mone Currewnt ({%; ondest  shont CGncoie
c@ndi)c‘\t‘:msB the Tc¢ +4yaes +o *{:nov‘\c\e it at a Conston-

oukpot \Io\%cxge ge{{inﬂ hotten a\l the +ime. Tkis May

Ultimatrely bunn +4he Tc.

The TC g . &»\ene_(’_cfs\e_, FTLO\}\\C\QC\ With a Caent ImiH
facility » Comenk miking nefems +o +he ability of a

%eauiajcon to Pprevent +he load corrent from increasing




avove o Pnegent valve. e chonoctenistic cuave of a

cumnent ULmited Power Suopply  is  shown in gi'auyte@)be\om.

The oukpok Voltage femains Censtant for o load

coment below T @ As  COMeat opproaches o ‘e
UmiE, the Ovtpot Votkage dwops: The comnen® Umik Iimip
8 set by Conmecking on  extennal e siston Rsc betweey

the tenminaly c¢cb amd c¢g +enmmagls a3 3hown  in
Fiatb) below. The cL +eaminal 1% also connecked +o the

ookpo tenminal Vg anad CS tenminal o the load.

- TLoad &
Ve D
. ' l>’_ Load
Fiq (o) " chonactenistic gwn’
conve fon o ConMent Amp -
- Ueiked Regolatan. | F\\atb) : C\wkgﬂk mit Fnokeckim

Cineovt .

the load Cunneant '})nodoces o. Small Vol\tage dacp

Gcross  the base emitter jonction of &y - when this
Voltage is apprommately  o.f volt, {transiston 8 baams

to 4umn ON . NOW G Pant of the corrent fiom  ernos

AmP\igier 600,5 to the colecton of &y  thene by decreasing

the base cunneat ofF & - This mitumwm , neduces the

i

emittesL cumment of &, 86 any increase n the \oad

v WYY andt nowviLled:




S’imilcmx\S \‘.} the lead Cunnent decreases, Vee OFf Qo
dnops flepeating +the cuycle in  Such a Mannes +that the
lead comnent 15 held Constant *o produce a Voltage
across Rse Sofficient to tumn oNn &y - Thig Voltage
s typically O'FV

Veens e .
So Ttimir = - ~~ o5V

I

.RSC, RSC
This method of <conanent Umiting 13 alse Le€e:nned

to ‘a% cunment Sens8ing -tec,\nm‘%e-

Ve
Coanent gk’ Foldbocw
&)
onxeaum"ted \-}I
de sOTPY v \ ' V\
; \ . Rsc N .
Nt Ne 10 3
Vo R—& \NT &L cL % R
N SRs ¢
<t VBE R
Ry e l H
S iz " = |
ccmviNV 4 v J/IL
1> - Y iy B
ba
— L] v
oo P =
F‘B@)lﬁ low Voltaqe ?Le:a/u,\.jzdto?k F‘O (%) : onnent
Using  cuamrent ford back fold back (Pw\—\—?q)
Sc\r\ew\oén‘c>

Tn conment Limi—t\nﬁ' Jcec‘nn‘cc[}ie , Bhe load Current
s moaintoined  at a jmesen\: Value and when OVen load
conclikiom Oc;cu‘ns", the outpot Voltoge Vg dnoPS to zemo.
Howeven , i} the lcad 18 sShont cindired ; moximam Corrent

doesn't £ low -UmiﬂDO@h the ‘he(cju\cxtom~ A omerhod which is Lsed




o Pprotedt the Cheau[g’con which will btmit the Shémt
Cincoik Cuanent Onca  allow b\idlnen, Connents to the lead.
The cincuit af J{-‘iau&eCQ) shows the metrhed af
appluying  Connent fold back - In onden €0 unde ns kand
the openation of +he cinceit, considen the Cncoit of
?iaume (o) . the voltoge ar tenminal CL 13 divided by

Rz - Ry hDetuoonk- tho Comment Umit transiston Qa2

Conducks enly when the dnop across the TNesistance Rse

is lamge Q_ncoa\q to Pnoduce o. base emitten Nolktage

of 82 <o he atleast OBV

As Qo Stankts conducking fronsiskon &, bé@‘ns o

fomn off ond the corrent T decreases’ This redocey

ar bhe emitken of & and olso the

e Voltoge \/\

outpot Jolkage Vg !

+he Voltage ot Ethe base of (e win\  be

(I Ry . Thus +the Nolkoge ak the cL fenminal dvops

Rg*RL‘_

Com?cxhed e the dﬂoP \N9)

by o geo\\en amount
Joltage A& ¢S Lonmina) s This Increase Uge ofF Qu thowby
. oW tnkonn  Mneduc
increasing Ene conduckion of &L,m\""c’\" ‘ A

the Conduckiom of & Thoy 18  the comnent L

fonthen qedvces  This %“00355 Continues &L No=ov

and VN, 13 Just longe encogh o keep 05V between

cL ownd CS renminal- his  pPeynt T3¢ and has been

nedvced by lowerung bot\h TL ond Nyt




Comnent Boo s{:ing g

Rsc
e _ et A oY\ o m—
Unmedo\qted A
dc SUPPlj L2 i é
Val a
d
L
S 3
T23
INvV L‘-
Ccm‘\P ' _J_~
\L_H -

Fig: Corment boosted Llow Volteqe %e(jolodccm.

The Mawuimud  Comnent  that 723 Ic ﬁeau\chon Cawn
Jp*nod‘\de is ltowmpa . Fon Man y qp\s\‘\cmc\cvxs +that i3 hot
Sefficient: TE 13 possible - %o‘ boost +the Cunnent level
Simply by adding a boost +Hransiston &, +o the Volkage
éheao\cﬁcon 03  Shown in J;’iauAe abeve. The colleckon (ument
of the poss Hransistor Q) Comes Lrom the unxaao\qtec\
dc Supply - The ookput Comment fiom Vo tenminal dsuives
the base of +the Ppass +ronsistan &,. this base cCorrent
ders molkiplied by the beta of the pass —Exc'ms‘»sﬂcon)
So that 723 Has + 6 T:mov‘\de oy the base Cuarent

So T - ,
Load Ppam transiston X Te C‘7Z?>>




switching Eeau\qton \

Linttarhons

Regola?z .

'i)'ﬁ'\& inPot— step down

of Serien

tron S,FonmeL n bul Kd
D lomge Valuer of filter

Capaciterys ore Le_c?/u_‘v\e_d
to decreenme Mo rupple
3)The Effiliameq Of Seuw
Regoayqna UV low -
T B
Steitced mode powern
Sopplie s ovemeome +hose
ArfReolties Othe Switthing
meao\a%cn,also called
vSw"\tc\ned Mode ‘h@.ao\od—cm.
| Operotes ag ) Contaclled
Switeh” gr Gperates n
b cor-off mode .

2) The )Pomen £ransemitted
is in discrete -polses
Flow: So it digsipates N
) lula\q-
Sw‘\{—ching node
modulatiorn to  Condnel +he

Voltage. the avekloage Valoe

father +han

leonN hime —

k— peswod —

S

o 75

5N
7

()
Fiﬁ(a):Polse Wid Ha moqu“‘?@n

Qnd Q\’QL&‘SQ \/Q\UQ.

two Modes @ Satura KHom Mode

acress  the Ppass  device

asd a Séeadg (uamrent

0 Powen. Hence

EL0 ey

hesau»bt-cm fely n

overage Value of +the Cutpat

polse widH,

of +he ‘Tepetitive pulse




wove fonm depends BN the aQnea UNaen the WAVeYonm' Yf the

| i i ' the ve.
doky cycle i3 Varded oS shown N F‘GCCO' average

Valve of the Noltoge changes Ppropontionally.

A Switthing  Ppowen  Sopply s Shown in G{atb).
The brnidqe sectifien and capacitorn filtens ane Connected
directly 4o the ac ULne +to awe Unk&@u\u’ted dc mpot.
The thermmiston Ry Umits  +4he wﬁh initial  capacitosn
dnwnﬁe coment - the  fe ference ﬁeao\qtmm is a <Sesues
POSS meau\&tml. gt s ootFo)c 18 o ﬁeaolu’ced Ne ference

C > 1y Vo lto
Vo\toge VLQ‘P wheeclh Serxrwves as o ‘\Domeh Supply Voltoge

for AWl othen Cincouits .

Tnansistons &) ond Ry ame Q\Jcekﬁcx%e\zj Sw tched

°ff oo on ot 2o kiz . These ltronsistons one e@ithen

folly o ok Cot-cpe, SO they dissipate Veny little Powrex

These ELQY‘\Sis%ons d>idye +the “P*leqnﬂ oL the Qi

thonsfonmer. «+ The SQCOWdQ?\B i34 Centre %QPPQC& and
fol\l wave Nectification s achieved by disdeg Dy Gng Dy

This  uny directiemna ) Sqpane wave i next f£iltened

’c\rmoua\n a two élcaae Le ‘{fit—b@n to  Pprodoce ot pat

\Io\taae, Vo -
The ?xgau\&‘cifim of Ve 15 acWieved by the feedback

cineolk Cmns‘\s-l:"\ng of o 'PU\SQ width Modulatisy and

ond Steesrungq Lcaic Cincoit - the outpot Voltoage Vo 18
Sampled by o RRy Aividenrn and a frackion Ry
'R\‘\‘R')_
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Companed Wit oo fived hedference UOHCOGQ Vz\eﬂt N
tompanaton ). The cokpot  of this  voltoge Compostisoy
oonp\ifien 15 called Vceﬁ{"no\ Cmq 'S a8 shown In @a(b)
Veoornel b applied +to the (=) npot temminal of Compa
and & -kn:s.omao\&n woNe Lonm of 'QLQCUJKQY\C.S Lo KH% i3 |
applied  ab the () Wmpot tenminal. Tt May be noted
that mﬁx\ frequenty ‘Exlosf\aw\&n Wwavefenm i3 buna vsed +o
neduce the Tipple.

The Componaton 2 fuackions as a pulse Wi At
Mmodwalat o’ anAd t‘ts OO'EP\)L‘ is a scwom@_ wwave Na o
The duty Cycle of the Squane wave iy T (tirTs) o
Vories  with  Vegnkaol which  intusn Yories withh the

Nosuiatl en ol Ng

The | ovtpulr Vg drives o S%eeh;ng Loa’.c CIACO+
St Comsisxs of o Ao Kkhx oscillaten Cascaded twith a
flipflop ko Pprodoce bwo  Complementony SUtPot s Vg
and Vg shown in fig (4) and @) The ootpoE Va, and
\hq1 of AND 60&9,3 A and Ay ane Shown ﬁt‘a () and (@)
These wave Lonns ane applied ot the base of fravsiston
& ond &, 'DePerMg upom  whethen —&mcwsiéton &, or &4
15 U1, the wavefonmn at the npot of the brawmsisten
Eransfonmen  wpl be o SqMame wWeNe as  shown  in .(:'_;a(hy

the Neckified Ouk\sob s Shown in Fia@')'

9¢ +thenme s a fise n dc Ovkpak Voltage Vo, the

Neonsmnt ©Of the Companoton | alse Zuises. Thig changes +he



| intenseckion of the Vegano| With +he *hicmﬁo\&n Wave
fornn and  in s Cose decreases the Lime previed T

w 10 the wove fenm  of @agb} This i tonn decreageg
the polse widtw 0{; the  waNefonm dstving  the main J]Souqe&
thang Lonmen . Reduckion n polse width lowens thwe
average valiue of 4he de ovkpot Vg 0 Thos \a¥al

Mse in the dc eckpot VO\’CG\@Q hag beew NV fied.




UNIT-4

555 Timesn

Intnodoction !

n oest o the indostrieg operationg ane

Scheduoled acceonding o SpPecific +ime ChchJ.i/L&mevﬁs.

In  Process ndostny | quans cakerial 1S “FA—OCE,SSQd in

digfenent Stoages - In  each stma@ auwy cmaterial 33

Processed  fon a Fomlcicu\qn Hme  pesued . Fou emn\P\Q
Pocess may be +the heqt'ivxg ‘lchess and the  heaot

Mmay  be Né_leJiLed for Say , 5 minote s . There ane

nomben o applications wheire @vent most be de\%{&d

for Specipic delay Ppesdods. Fox example , swe can
Snap by  setbing priopen.  time Peried W avtomatic
Coamena g -

To achieve Hhese qw_q}*ikemg“ts , on -electronic

Anecoiktony  elicly,  w Osed o ﬁmeugce tithe C\@-\&ﬁ5~

the 5885 Himexw a \x\lamaj Stable device -for

aen@,)\oﬁc'mg accorate  time de\q;j o oscillatioy .
teaturen?

x A s:nﬁ\@/ 585 +mes  can #nc\l‘\de time. de\o_g

‘hcma\ns from  Mickoseconds 4o houms where asg

Covnten timen Con lhove a M AU MO M —t—‘\m\ng }\qy\je
of day g -

g

~% the 555 “+imes Con be Vsed  ith Sopp\d VD\-EQae

v*m the %Nenge of +5v  to  +18V aond Can asave

10




Looié vp te  20o0maA - .

¥ St 8 Com\?cx’c\\b\ﬁ WY both TTL ond Cmog
Laax‘c cincuviks -

¥ Becovse of the wide %ange of Supply \}cH:ode)
H«e,: §55 timesx 1§ Vensakile awnd Casdy to vse
Variocus  opplications .

Applications !

t+ oSy W\aton 2. polse generatron

3- Ramp and SJHane waye  Gewneraton

'Lh Mmowo Shob  moltivibraton 5. Eurﬁ\o:n Alanm

6- Thofgic LRa\r\t Contno | e \lo\'\:&ae Moniten .

FLLV\C;HCN\&\ Rlock d?o_ﬁkgir\ of Tc 585

he o 6\3 e below Sshow & the. Pin & qa AGLOR ond

the  block dioﬁmm af +the Ic NE 555 "H‘“QS-L.

UUESTY g Pin  Ic Amenm.
—
8| +Vec
Grnoovnd !
) Traqgen |* 7| Dis c\nom@e
DD’EPOt 3 I T\I\Lesko\d
Reset s 5| Contnol Voltage




Sk

Gl L.oUV\cl

A3 ™ Block diagiam Ic 555 timen

Fonchong of- Ping

Pin 1 ! Ground

ALl the \loL{oGe_s ane measured

with ‘he_s‘:e(‘_k to this tenminagl .

Pin 2 % Trigges ! the Ic 355 vses two Ccm?olkofcons

The \)elt&ae dividen.  congists of thiee ecl/ucxl

%esistances - Doe o Voltage diides , the \JothﬁQ of

non ‘\mle_n-\%ng tenmninal 6f ComPanatern. 2 is fined

at  Vec The inventing inpat  of Cemponaton 2 lola vy
3

is Com\‘)&ned with _\_I_Cﬁc , when the
3

suawcLﬁ less  than \[CQ/S [ethe Com?&m'kom 2 cubpof

goes ‘/Lla\\ - g

{::ulaaen ?V\\Do’c 1S

cotpot 1% gven  to Teset Mnpot
of ®R-3 £Up flop - So I/Lla\q ouvtpat of Coempanaten 2
desets the fhp flop Co




S R ocvkpor (87)  Remank

(o} o NC No chawnge
. n bokpot
Stake
o ! 0 (Lw) £Up flep
resetrs

1 0 l (H%d\n) Flip flop

Sexs

! | * NoY Use_c].
Pin 3 ° ovrpot ¢ the comP\emQ.‘ﬁtQ:r\g sianql sotpout ((—Q)
of the f£Up flop gees %o Pim 3 which u  the outpot:
The load Cc;m be Connmected n twwp Ways - one betueey

3 anAd 6wowd while othen betweewy 3 and Pin8-

Pn g @ Reset ! This is an Intermwupt  to the Himing
dewee . when Pin 38 6wondec\ ik s«toPs the 10oM King
of device ond oMakes e off o Thus pin 4 =}>m\nde5

on| opp featore to the TC 555

Pin 5“. Con¥rel Voltaege ‘W\Pot * i Pin v ﬁotww\a
bok  4the wwenhng  mpat tenmival of CmnPaLQ{Qh,l.T%e
Vo\-kaae Awwides Welds the \lo\%uae op  this npo t
at %VcC' Thi g v leference level for Comporaton |
with bah}c\q thaeshold s CcmPcrned-

Pin 4: Thneshold @ This » +4he Non - investing mpet

fenminal  of Compcn\q-toar\ |




For Mue shold > %;»VQQ . FUP flep & set v 8 > \/\La\,\ )
oukpot ak pPn3 — Lowy
q - low,

For +riggqexn < ’SLVCC , \CLIP flop — Teset

cokpot Ak pn 3 — \/\16\,\.
Pin T . ZDisa\nom@e ? This  Pin o (onnected to the
collecton of the dischange fransiston &4 - whew
the ouvtpot 18 Wa\r\ the 8 8 low  and  transiston
Q&4 i3 ofg - 8% acts as an open Cinconk to the
evx remnal ca\oa,u.’com ¢  *o bg Cormected across it
So  capaciton caxn le\oshae
whew oukpot s low & s Wgh which druives +the
base of ®&Q \/\la\-\, dniving  trongidton &4 in
Satoration. St ocks a3 Shont Ccimcot , Shomting
the extesmnal capaciten o o be Conwnected
acpss b
Pn B Supph:s +Vee the T¢ 5585 timern can
WonkK  with any SQPPlg \lo\faae betweevy &5 V ovnd 18V
Meno 3table  Mottivibnaton vsing Tc 855

the Tc §55 timenm  ¢an be operated QS q
monoStable moltivibnoken by Covnecting an  entennal
fesiston and a Capatiton /&s Show‘n in -Fiau.ke be\aw.

The cincoit has ovly one Stable State - when

trigaen 1S applied , it Prodoces o Ppolse atr the




ovtput and Terusn  back te ks &toble Stote -

he duration of the Ppolse depends ©w the Valueg

of R and C : B8s it has ©only owne Stable State,
it is called ©ve ahot Muitivibnatern.
8
,___o-l-\/cC

y
R C‘t\C\B\S e

pischang €

Y

| 4

ouvt

Vee

PR

Fiq. momostode operation of 555
opexo)citm‘.
The fUp £flop  is \maa\\d Set e & s Wgh:
The dwmives +he trovsiston Qg in  Satrukalion - The

Co.\“bcxcibon a&is C\noﬁlaes COMP\Q-}:QLB and \je\kgﬂg QCAOS § it
Vs heounkd Zengo - The OU{PO’C ar- Pin 3 s Low -
whevnn A tragges Wwnpot , a low 60‘“3 pPolse is

applied, the cincoit Stake Aremaing onchanged +HilL

trigges \io\’mﬂe 8 au&cﬁce;., +hawn —é\/¢¢~ when it



tess than —é— Vee » then Companatox 2 OvEpuk goes \/Lia‘q.
This  9esets the fup £lop So & aoes locw ond &
aogs \'\l@\q c low & Mmakes +the transiston &84 ofg .

Hence capaciton Stamts C\no:nams -(:\f\/LOUd\I\ nesistance R

asg Showwn b_\i donk QAQanow$

The vmma € QAcfross capaciton inmeases ‘exponentally

This  Voltage s nothing  but the +hneshold Voltage
abt Pin - when this VD\-\:&GQ ‘D?—Comes more thaw

%vcc, then  ComPanaten | Ovtput goes “6”“*““6

——

sek's ‘Jche, fup flop 1e. & becomes \Ala\'\ ond &
low . This ll\;a»\ § drives the transiston &4 in
Satuvratiov . Thos capacditen ¢ CV)_;LQK\d disc\\unaes
-t\wnood\'\ Rd a3 showon by adctted annocws.

SO it Coan be noted that Veor at Pin 3
15 lew or stank , whexw triqges 18 lesg -Eko?h Jg\/u_
it becomes lfdﬂ\r\ ond tohen thieshold is GLQQEQ%L thaw
?-é.\/cc oﬁc\‘m becomes low ; €1l wewr tiiggec Pé\se_ 0Cly U

Se o ‘hec-\ﬁnﬁokqn, Wwove  ip #mdoced at the OOEPQJC\

The polse width eof this ﬁec&&ﬂau\em, polse  is

(ontnolled by the C\r\OJ’L@ing +ime Of c“?ﬁlﬁiton=‘ﬂn}5
dependg ®n the time -lonstant R Thos RC  Condrals
Jc\r\e,:,,..?oise, width. The wave fonms ane  Shown v the

—?36\”»6 belon -




Trlq e

\» /E_&/VQQ
\ . Th\Ae.S\'\O \d
\ Capa Citer \&cwcoae .

f

bée—— T —.

T
Nee |

J |
. Polse
U | outpok
: Pin 3 .

P olge  waldt\n

Derdvaticvy of
he \)o\{:aﬁe aciess  Capaciton  \ncreases @—1?“&“*{“\\5

ond 1% 8‘\\:@\ by

—
Ve = Np - (Vg -Vini ) @ e

Here Viny = 0, Ng =Nec

Neo = Vee C - G’:‘HRC>

A £= T Ne = 25': Nee

t

% VCC, = Vee (l—' E’jT/RC>

T = I'tRC

Phos the Polse widdy, T by given by




Schenakic DI Qﬁ“‘m '

_& -0 +VC—C
R 1'—- L‘- 8
T 3 ® Voo\:“ .
) 5585

O-0) \F

oL

—
-——

C - 5

‘ 2 ‘ )
inpot

Applicatisng  of N TIc 585 Hhmes in MonosStable Mode

I- Fnecv,ke;nc_g Dividen |
o| P Troasews o cdhang@ O")t?\)k “\'?\-':3‘?9_&&

i\'\P\)t / & AG(_\M
Triade™” \
( \
\ \
ovtpat A - |
!
)‘" T ”%ﬂ
—> — L
Fig . Frequeuey divider Circoit . y

{:

A CUn‘HY\OOSlU 'E*\ijg ened Momostable circoit (Dan
triqgaened by a Squane wave dQA/LeLQ‘\:DBL can be Vsed as
a  frequency  dividen; Sf the timing intesval ) adjosted

o be longea than the Ppesiod of the *Hniggening Sgpasre
be

wove inpot S(av\a\‘ The mowe stakle Motvivibrnaten @il




tmiqaened by the finst ’Y\eﬁq—\:\ ve ao"\ nq @aag of the
Squane wene wmpot SIaﬂq\ .bot the  ovkpob  will remaiwn
b\;a)/\ for. nexkbt V\eﬁcﬁc‘me aoiv\g edde of the \npot Sqpase

the momodhot w )

'

Wwav e as Shown n —Piﬁoke, above .

on Hoe Hund Y\e@q—\-‘\\:e geing npat]

howeder be trniqgened

depending ™ the Choice of Hme delay. In this ©29

o OA\B’C‘POE Coxn be maqde in-\:&am\ F.&CLC‘HUMﬁ of the

.{:&?}*ev\ cy of the npat triggening  Squase  wave.
N ~ ‘rﬂl u’
2. Missing Polse detrecton ' 5?“?‘35

+Ne ¢

inpot

— . Ne
Triager \ 3 |—— ootpotb /\/LZ
G“‘H%E 555

1 I
= )= | :

F§j“00’c?o-\— of Missms pulse

Fiq . A MMsSing Pulse detecton

Mmencsta e  cimCoit - detectes .

Missing Polse detectom cincoit Using 555 timen g
Shown in —F\auw abeve . wheneven | \nP\St trigqqen. 13 low,
the eaitren disde of the tronsisten B i3 —FekmaTLd
hiased. The capaciton ¢ 5ets cdamped to few teoths

6l a Noit C~0"N3 - The ovtpuot  of +the timéyb 8oes ‘/\\ah.

The Cincolb 18 c\es‘\avwed So that +the +ime pesied



of the monostable cincuvitr 18 SUG\Q\:\S 8@<xl:e.;u Cé Longek>
than +that of +he %niggenlng pulses - 5'”0‘ Lcmg the taqqgey]
Polse +tsain Kee ps Coming at Pin 2, —H\;e ou”tf\>o-t ﬁemq‘ms
\—‘r\ah. Howeven , il a  polse ‘(‘mssevs | the tiiagen \‘“?M_
s \’\‘6\" and transigton 8 % cok—-oLL - T\ﬁo_ 5585 +timean
entens Ga 0 Nonmal Stote of menosta ble OPQKQ‘C\\U\'\-

The ‘oskpot gees lew  af ten +Hme T _N} the ™Mmowe
shob - Thus +his tuype of dimcuit  Con be vsed to

derect miss8ing heamnt beat. 8t Can alse be vsed Fon

Syeed :( Ceninol oand MG,QSULQC‘\QY\E .

'3 bnean Tamp Genenaton

(Y V\éo:n ?’LO&r\? Comn
E L

be. 6Q“9—’~°~¥7Qc\ by Tnigaer

he circoik Shown

in _F“dwte- The oukpot

fesiston R of the

monostable circuit

s keplaced by a »

-—

condtant Cument Fig: Linean Ron P Generaton .

Soonce -
The CqPQCi\:D‘h. VS C\r\cx‘nagd L\ﬂ&&?LL_\.S B_\j the
censtant Coment Sconce Hfommed by the transistor

&3. he Capacitort VMoltage A, (Can be Writtew as
V ‘ N
c= - Jide —0O
o

whene 1 . w 4he corrent Sopplied by the Constant

coment SovmMel - Fomthen +he kylL €quatiowvy Con be  WLAYesn as |




R .
/)"“VCC —\/BE = ("3*'\) IB .Rg
Ry+ Re

k i o
cusnent me_sPeatxveL_gi B S the cuonren

factorn n ce - mode ond 18 Veny \m‘\a\f\

R\Vee - Vee (?) + 'Rz_)

Re (R + T\’?.)

Nalwve of +the cornent

Now potting +he

RiNece — Vgeg CR\‘\'E'L)

= BT Re = TcRe = L Re

the base Corment ond  cellecton

Capaa\tom
NTS t—a@& ot Pin-6

ZNcee
3

\
—> %

\/C —
< Re CRV\‘RZ>
At time t= T, +he G&Pcﬁthn. Vo\%aae, Ve bQCcm35
2 we  Qqe b
E\JCL ; then
Ry Vee — Vge CR\+RL)
Z Nee = - xT
3 Re CR\+R9_§ C
2\v R Ry +R
No w T = <3> ce Re (R ’-) - @
Tigger ak Pin-21
N
> Vee ’
L
ovkpet 0 5
in - Nee | = =
oxr pin-3
— T —>
° |

Fig I_E,V\QQ)_L Ramp GQemerator

— O

ampPlification
. Hrere fome .

s ®

’L " Q_Ct/ ®I e 8Qt

00%?0%.




Tthe ca?qci—to‘n d\sc\noamaes as’ Soony 4% kg Vc\-toﬂe Neache
ZNee wwWicw i dhe thneshold of the Uppen Companaton
3
in dhe omonostable dincoik fonckiona) c\ioﬁko\mr The Capaciton

\/0\‘[?&6& nes At n zene + \\ O\“O"'\/\QL ‘tkl@ aQ_L N& Q??\\ QQ\-

The wavefenns ome Shown in the {1?60&& above. .

Astakle Mmovkiyibnatoen Vsing TC 555

D ’-}VCC_

é.._
Y
Re
5 RN
Dischorge
"7 .
RB %

Nk )

A el d

»\/ - - +

y >7_’—‘ﬁ 3

o

2\ — S 8

3 Vee S

ravaNl I St R §l— o Vet
3 Vee = " T

Tagae 5 Koo

The -Fiauxe above shows the Tc¢ 855 Connected Q3 any
astanle nmulttivibrotonw : The  thieshold inpot 18 Comnected <o
the Trages. MPot: Twe extenna)l Hhesistances Ra, Ry and

~

the cq‘bacito\n, C 18 V3ea in the dncoik:

The cincoit has wne Stable state . The aincot C\wcma%
it Stote C\\‘\fenhQ‘Ee\b\- Hence the opPeration 8 alse called
free nonning  Non Sinuseidal  0scillator .

openaribn: when the pup flop Vs sSet 8§ s \n\@h Wi cly

duves +he “trangigkon §y in Saturakionn end the Capa i ten.




?je—\—_s d\SC\r\GJ‘L@Qd- Nows +thwe qu&c\ton .‘\lo\tuae i3 hot\«LV\S bat
i—k\,\e +riggen \Io\’ccxae_. S wwile dRSc_\noméiﬂg , when it becomes
less than —é-vw | comporoton 2 ouEpet 5088 \f\\a\’\' ™S

hesets +the £LP-fFlop hence & 6085 lewy  ongd 566% ’\f\iﬁ\/\.
The low & ™Makes the tramsisten off . Tho s

CQFQCQ‘\?O’L Stant g Clnomaing 'k\'moud\q the Nesiskance s Ra,
Rg aond < - The c\m:u\a‘mg, parh  is gho won 55 HMick omows

N aboNe ’—QiGULQa As 4otal Nesgistance n the C-\/\C\nahng
path i3 (RG*REQ the C_\r\o:na\‘v\g £ime Comstant i3
W@P_JREJC.

Now the capaciton \zo\mae, '8 alspe o\. +hre shold
VD\Jcche , while akomﬁina , CQ?QC\{OXJ \IcH:o.ae incaease s 1€
the Hareshold \lo\taae incaeases - When it exceeds %Vca s
then the Com?&kodcoll ookvot 8093 "\"6\" whicly  Sets the
fLp elop ¢+ The fUp £lop  ovkpot & becomes I/\LG\\ ang
ookpor ok Pin 3y i€ & becomes Llow. H;G\\ & dnive §
thoansigkon Q4 in Saturatiow and capacitor. Stants
c\isckqmdmd.ﬂ,\koua\,\ negistance Rg ond tTrowsiscon A4 -
This path s Showlh by dotted anmnows in above figore .

Thos the dischonging  +ime (onstawnt s RgC - whoen Capatiby

'\l'O\'tO.@e, beaomes LQSS {\/\Q\q -—ié- \ICC, . Com PC\LQ ror. 2 O‘P
goes \/\16\« , nesetting  +he £hip flop Thigs Cycdle repeats -
Thos  whew (’,cx\ch)\tom s changing ’ ocukput 18 \r\\ﬁ\q e

when ik 18 dischoamging the ookpot 18 lowa. The ootpet (3 a

?\ec-\—wv».%ul_a,b wq\)e- The Capaciton \Ioltcﬁe R Q)\PUY\Q_Y\—\-\C\\\B




Aising and faling . The WaveLfonmsg ore shown in _Q\SOLQ

below -

—_—m—m——

—

. ! i i J
The time &£\ *akem by |the dncoit ko

t’ ‘
Cthonge | from | & o %VCC N

—+
Ve = Vg -C%_\/\MB e Irc

\I“F :VCC‘ / \]\ht =0

Ve = Vee = (Vee - @) ét)Rc

—t
whem 4@ L=y N, = %Vcc
Z Nee = VNee ( v — é—t\lRQ>
3
t, = .09 RC

1'69RC - 0405 RC

&
)
+
v
|

TH%@“ - 669 RC = oxéq(RHJr*RE)C — ®




The oo—h?o‘t is low Lwhile
Lo 2 Voo +o
3

capa citorne 48 8\ e b_\i

-t
Ve = Vp - (vqc_ Vi ) @ [rc

C

Vi = 23: Ve o

Vg = 0

)

Ve ctle

—

o- (o - %VCC}

-

L Nee

Ve 2

At k= Tlow

6

T = TH‘\GV\ + Tiow

T = 06q9(Rs +2Rg)C

TP

the capaciton d‘\sc_\no:haes

‘_'é_\]cc ond the \lo\tcLGe aoss the
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Applications of Mg 555 +Hmere in  Agtable Mode

\ X5V
) FSK  @eneraton’ N
| Ra "
Inpot did{—laf JUL
&\ )
da+a at Ry T 3 4
\3o H% é 1
. Re
Re BIK 5§55 3l——o0
In d(%‘-\-e\\ C}.Cl‘\‘a CDMG\UV\RC_Q_HM’ S |oq.o_.1z-,°i.;%
binanyg code 1§ thoamsmitted by 1 -
: 5
skighing a  Cessues frequency o«cl}lF:L ) E
between +two Preset fiequencien. l
= ©oeluE

Tin type of +ranidmissioy S F;a; FSk generator

called freguency Shkige Keg\\'\a CFsK) technique .

A 555 4mer in  astakrle Mmoede can bé, Used
to 6ehemt9_ ESI< Sia\r\cu- The cincoit s shown i {lau:gg
akeve - The Standamd d‘ﬁ?‘\‘q\ data inpat  frequency 13 sk
Py, when  npot  is \(\‘\a"\ , tronsistor & is off ewnd

565 timesL  woenkKs in +the hNenmal astable mMmode of operation

The -er,cU,Le“c_\j of the ookpot wave fonmn  ® 6‘\\1@\ by

45
£ =
69; + QRB>, C
Thn a tele - type writen 0sing o ™Moedulaton _

demodoulaton CMQ:DEN\)i o fu;cvu&ﬂcﬂ betweenn 1030 H3 +6
i270 B 1y osed as One of the Standasnd FSk s‘.@nq\s.
the cCompPonents Ry , Rg and the Capacitom < Cav

be Selected So that R lo3o -H%

A)




when +the npor s lew & 60% On  and Comnects
Hie Nesigkance R, Qcross Rp The O\J{Po’c {ZLQ?}AQV\C_j

felt 5

fo =
' CRaHRC)JrzRB

the nesistance R, Con peo adjosted to ger an

ook pot -er.oU,Le_ncg 1230 RBx-
d) Pulse position Modulaten :
The polse positiov modvlaton Con be Comstaucked
X a K555
by applging a  ®edovlaking S‘\aﬂq\ ‘o Pn 5 of
fimer. commected Lot astable operakicowy &8 Shown n
figure below: The outpot pulse Position Vanies With
the medolating S\ancx\, Since +he -thneshold Vo\'tc\ae_
and hence the time delay 1S Varued -

+Ve e

N\odo\u\ivj
S Qana\ _

ootpok o—3

\ MDdU‘Q'\-\V\S

-—Sh[\‘ SQGY\Q ]

F;O@\)_Fulse Positen todulatorn Figy polse Ppositon medolater

ovtpot
Fig () shows +the OVEPLOL  Wavefonm generared Lok

A trlangulan wave modulaRon s\‘anqlx Tt may be noted et fvod

the ovrpot wavefernmn +that Ehe frequency

i3 Voanying leading
to Pulse Position medulatR own.




| Schoutt Jmi@aﬁn vsing

The wvse of 555

Hmers. ag a Schoi Y

Eriagen is shown

| two intesnal mpok

iCGMP&ncvhcms ane.
‘JC‘QC\ Jcoaet\«en and

@\L\:Q'J\T\q\\[d biased o

\/
=< ‘Hmoxaah Ry and Ry -
.

Since the uppen

ComPanatron will ‘thip at

3

Centened with n these

Thos@ o Sine
Wave of  Sufficient

amplitode > Vee
£

(ie %VCC -— VCQ) 4o
T

exceed the Referewce

levels  causes the

wmtennal £ - ‘\"-LDP

to alterwn q’ce\ﬂ Sek

Showw  La ,g’-«iaoxl (b> .

588 Hmer

N .{1*\6- Here e QV o—-\‘—"{ \'I‘E_‘S 555

G’L‘""-Vcc, the blas pnovided by R and Ry  is

6 3 o OO'EPO*T

S o-c]}-lil

Fig: Timea in schmitt tdgqaen

ocperakity |

_;; Vee and lowen Comparakon

twe thneswolds .

\ | ’L.___L

(F:a B). ITnpor and ouvtpot wovefos

of  Schemikt JcningTL .

and  nesek *\wu:\nc\iv\a & Squaone wave ootPor  ay







phase - Locked Loops

TIntnodoection A phase Lleockeq loop  ig bqsica\\b‘ a

closed \oop system desiav\ed to leck  the output

fnequency and phase +o the frequency  and P"‘Qse
0f on  input SRGV\&\‘ T+ Commm\ﬁ dbbneviated ag

PLL. Now with +‘he <advownced T¢ +e°l"“°L°ﬁ31 PLL s

ane ovoilable os inexpensive momolithic Tc's . they

ome vsed in PPl Cationg  Such ag *F&ECUJ&V\Cg Sy nthesis,

“F“ecl/*‘ev‘cfﬁ Modo\a*\-\m} c)emed\)\o“h‘&mq, AM  detection 'EAQCK\\V\S

fivtensy  Fsk demnedolator ’ tone detecteon etc.

Bosic Principle  ang eperation of PLL

The basic bloex Schemakic of the PLL is Showow n

{i\aoLQ Lelew -

‘m\‘)o-t | Phase
detectoen
VS , {5

VCo

Fig. Bleck Schematic of PLL
T™is  feed back sdstem cengists  of
I phase c\etec’cm\/ Com pPanaton

2. low poss  filten

3- AN Enmon BePlifien

b A Voltage Condnclled Oscillater (Veo)



The vee ¢ a  fnee numning murkivibnaten and
opemates at o Set {£neguency £u  called free Fwnning
frequency (fo)- This fnequency is detemmined by an
extennal  timing capociten ond an ertemnal hesiston.
Tt can alde be Sugted to  eithes Side by applying a
de  contrel Vo\%aae Ve +o ow appropriake tenminal of
the xc- The {nequency deviakiown s d‘m&c’c\d Proponhoval
to 4he dc Cemine) \/b\'\:&@ﬁ and hewnce ik 18 colled

Voitage  Contmelled osalllaton o i shont VCO .

8¢ on nput Siahq\ Vg of @ﬂecv,x.ewncj £ is
applied +to the PLL  the phase detecten Com pames
the phase and frequency  6f the nComing S‘\av\q\ to
that of the ouvkpor Vp of the Vo .

3¢ the Htwe Sigrals  digfen in frequenty {P\“QS%
oNn  CroNn Vo\’c&ae Ve 13 8QY3QLQ‘EQC\’ The P\'\C\S& dete ckon
ig basu‘_a\\a o cuolkiplient and  produces the Som fst e
and  Aiggerence £3- {5 CompPomewnts ok s  outpot: The
h‘\é\r\ ,‘:LQCU)\QV\QS Com‘?cme\m‘c f5x fo 18 7emoved by the
low pass  filken and the difference {freqpenty
Conpovient  is cmp\i%(ed and thew applied as Cenvnel
Velkage Vo to Veo o The Sgnal Ve shigts the Veo
frequeney  in o direcHon  to nedvce the frequency

Aifgerence  behpeen €5 and £5 - 6nce Has ackion

Stonk s, we Say that the Siaha\ 13 ' twe CO«FJFUKQ Aovnge.



The Veo Conhnues +o  chenge frequency +ill its
Ovtpot JFuecwem‘.}j ‘w ewtact\d the sSame as the nput
sfanq\ frequency . the cimcuvit 6 then said +o be loctked.
once locked ) the ouvkpot Fkﬁ?}ieﬁféj £ of Vco V)
idewtical to f5 ewcept Hok a Finite phagse difperence

¢' “r%‘\s PhOLSQ— d(-@{leﬁeﬂa@ (Z§ 6QA/LQAQfQS o Coarrective

Contriol \)o)toae Ve to Slift the o .FhchLe‘na}j oy

fo te f5 ond thereby Maintainn the lock . ownce

lecked , PLL trocks  the _er_cwemﬂ C\/\cxhaes af +he
inpu b Stanq\a Thos , & PLL goes %wo@k Hnrree 5_\.6624‘ !
1) free Twaning 1) captuie  and W) lecked  ox

'&LC&CKQV\S .

Fiawxe below  shows the capture trangient

A
Lowd "D”G
3¢I |t e~
t:bx)’c\’o't

“he CQP‘\UA@ traansient

As Capture Stamts | a  Small Sine wave apPpeny|

This is  due to +he difperence  gfrequency betweoy, the
Veo and the inpot Siancﬂ' the dc ComPonent of
the beat dsives +the Veo +towands lock - Eoc\W

SvccemMive Cycle cause s +he Voo frequencty  to moe

‘C\OSQS\ ‘o the W pot s\‘a\nc\\ _erct};evwc_g,




the dipference " jfkecwevvag becomes sSmaoler
ond a Llamge dc CQMPCSY\Qﬂt' S Pomed by the £iltey
Shifting the Veo Hfreqpency fonther. the Pprocess
conhivues unkil  the Veo ks on +o the 5\6"\&\ and
the differevce fregpewvcy 1% de .

The low pass  fritex coninols  the qu%uzigkﬂﬂge
8f Vco frequency is fan away  the beat (Hp *f)

frequency will be too \m‘ﬁ\q +o pass -Hmuma\m the Lilten

and  Bre PLL Wil hot  Tlespond e Cav Say bhat

Phe 8‘\6*10»\ un  Oouwk oC the CQP)CU/\Q bond -

NowevesL , once locked ; the filten no Lcmﬁen,
restrocks the PLL- The Veo Con trock the Siancx\
‘(oe\\ begmd the QQ?‘C\ALQ band - Thus lock hange s

cx\uméjg Lcu\den Yhayan  the Captore 9\cm6e,

Some  impPontont definitiong related 4o PLL .

) Lock - in r\cmdo_! once the P 8 locked it Cown

trock —FLE’.CUJQWCB C\,\Q\naes iy the M Coming Sfdml\ﬁ'

The range  of _F.Lecv.LQV\C\QS oves. hich +he PLL Cown
maintoin  lock itk  the Incoming sr@hq\ s called

the lock-in Arange or tracking ?LQ\née.

The Lleck Aong e 3N 060&\\& em?kemec\ oan o flekcevﬁ‘ﬁae
of fo




CQP‘\'ZONQ Rov(\@@, L The hongqe of -FLQCVUEV\C\G& Ne st odwith
PLL  con QCCUJ.:LLQ lock w3\ an \'ﬁ'pc’c Sianq\ i3 called

e cc\\))cm\e. ‘)\omae= e cho,me%en i4 al’o Q‘L\D’\@MQ&\
as \Den(‘,e\h’co_de of _QO.

POVl - in Hine | the “total Hme token by the PLL tO

establish leck i3 called pPull —in me - t™his &Qpeﬂéscm

: A . b
e mikal phase and frequenty AiLference between

loo
+he “two sx‘a\r\cx\% a4 wel\l as on the oves all P

ac{m and oo £iltter charockexiskics .

PHASE DETECTOR

The phase dexeckion is the wmost impontant

Pant ©of the PLL System. There ane +woe types of

phase adetectons Vsed @ Awnalog @ Pigital.
) Analocg phose detecton

q) Analeq Phase detectan os‘ms electronic Switch

L) Analeq phase detecton Using balanced modulaten]

QS Analog P\r\ase detecron Os\v\a Eleckaoni ¢ Switch
The prinmciple  of analsg pPhase deteckion
08ing  Switch  type phase detecton 1% Shown 1IN

.ﬁaoLe below -

's I N

7

fvxFo‘lt Si@hql S 00{7‘30{'

Va.Duve (from Vo)



¢p=0 \ )
\[5 T'VQ/ {
. \ | Exmon \)uH—aﬁ.a
gS:qo s 3y Zeap

l ‘ |
gt [ K@Z\ﬁf@»-w o neganue

VZ)H-ua,Q

(b) Vco outpot Wwave foam .

Tnpot and Ovbpat CH’Q“‘C\/\Q_Q\') wane fonm of P\"QS@- dete ctox
for (&) =0 d) ¢ =90 ) ¢ =180,

An eleckronic Switeh § s opened and closed
oy Sxav\q\ Ceming  Lrom  VCo (ho;\mq\\g a Sq}que occwes
the in\bot Siancx\ is  thexrefore ckop\sec\ at o kepetition
note dekenmined ky Vco —F/Leculewcg'

Fiauke ) shows +the npot 5‘»6“61\ Vg assamed

to be in phase (¢=0") with veo ootpot Wo-




s positive , the ootpot wave fonm Ve Wil be halg
Snusoids: Similanly , the outpot wave fonm for 9§:‘10°
and ¢ =180 is  sShown In ‘946 (d) and —Gia(@.)‘

This chve of Phose detecton i85 Clalled o Half
wave detecton | Since the P\r\qse, in Lommation for only
one holf of the inpot wave fomm 1§ detected ond

G\)QLO-Ged :

The  ootpot  of the phase

Com Panaton whewn

£filtened ‘t\'\“floga\q a  low pass  £ilten aives AN ennor

S‘\a\na\ wwech v the Q\IQL&@Q Valuw e of +he ootpot

wone fenm  shown by O ‘dot’ced Uine .

Tt oy be 8seen that ennon  Voltoge 4 Zenp
when the ?kose ahift  between the +wo ‘m‘P\Y‘CS i3 90-

so fon  penfect lock , the Vveo ookpot shooid ke 9¢

ovt of vphase ith Mespect €& +the mpot 5‘\6\!\(1\‘
Analysis -

} A Pkase cam?&ncﬁcbn is bQSiQQ\\B a muH:\P\‘\en
ékac\r\ moltiplies the  inpot s‘\anq\ by the vco 3;6\00\\
Vs = Vs Sin 2Tifgt Vo =V Sin (2)‘\{0% +¢)

Then 4he phase Compomaton ookput s

Ve = -‘KVg Vg Sin 2Egt Sin (2T fet +qg> —s

whene K ‘P\r\QSQ Comparaton 80\\“




and ¢ is +he phase shift between the inpot signal

and the \Nco ootpo\—-zq,(D Conn be sme\i{lied as

_ KNgV _ . —
\]e - __;5_2-[ Cos (2T\'¥S{' — 21\-&3% —QS) - Cos(zﬁ{st +QT\-1‘:0-t+¢)
when at leck @, £5 = ‘Fo i
KVg V : k
hen Yo = 570 [ Cos (_¢> - Cos (QTT X 2ot .+¢>

g shows that +the phase Componaten ouvtpot
containsg  a  devk\e —F.LQCU,LQY\C.\_.S tenm ond o dc team
(‘ K Vg \/O/LB Cos SA wich NVoriey 63 & funchon  of

Phase ¢, ie - Cosg betwneen Phe +wo s‘uahq\s.

The double ?Ae%eﬁcg tenmn i3 eliminated by the
low poss Liltert and +he dc S‘a\nq\ is C\‘Pp\‘\ec\ 1o the
modolating  mpot  texeina)l 6L o VYco- Tt Con be Seevn
that In the vpenfect locked S8gtate C‘QSZ«CQ‘), the thase
shift shoold be Ao (Cos Qo = 03 , W\ eadex to get
Zero CrAOL Siancx\ . Hhalt s Ve = O

There ome two pnoblems associoted Witk the

Swiken  type phase deteckomn .

I- The ovtpot \Jo\kaae Ve 1% %nopomHUV\CL\ 4o the ‘w\PQ{-
Saanq\ amplitode Vg - This 1 un desinable Since it

makes phose detecton 6a§n ang the (loop 60:\“ dQFQY\dQ\nt
on  the Iv\Fg’c S‘\%Y\q\ Qm?\\tude

2. the ootpot g propontional  to  Ces d emﬂ not

propontional  to Q{ making it hen - lineon .




Both these Problems can  be eUminoted by L‘\miﬁn_q
the amplitude of the inpat Sianq\, that  Conventhing
e npot  to o  Censtant amplitude Sqpone wave . A

Cimevit  which  penfene’d  phase  Com PaMison  with

Sqpare wqixe inpot 13 called Baolanced m®odulatoen .

Analog Pphase detecton wging Balanced modulakon *

Ralavnced modolatore is vsed as {£oll - wove

SwittWng phose deteckon - Hene the npot Siahcx\$ 13

applied e the Qdifferental pan 8,8, -

j + Ve

R,
T +
] %___:sge Ve
Vo Q3 &Lf.
Nceo
O\.)-EPQ{’ L

Fig: 'H‘CLSQ detecton

fon Tce PLL

Trnonsigtons 83-84 and Q5-Qg ane two sets

of SPDT SwitChes activoted by +he VCO oobpot.



The npot S\anq\ Vg and the Veo ootpob V, ake
| assomed +to be \r\\a\n enocugh o Switch the transistons

| in figore above golly  on ox off .

by o o
L
T o .

w

VoA

L

Fig (e Timing d‘\aamm of "\Pe*; onmd  Oukpet woNefonms

for.  balanced modolakter  cdircuik .

Tn {liaoke_ (b)Y when Vg ’cmc\ Vo both ane Mla\'\
dobng e Hime 0 +o CT\'-—qS)r_ tronsistons &, and Qz are
dsivenn on  ond  CoMenyr Ig flows "C\""O‘Ja\" & and Q3
This a‘wes an ovtpot Vol’ca@&

Ve = -TeRL
Next  for the Peried (3‘?—8) for T , when Vg is

high and Vo is lew . trongistons &, and &y o€

dxiven ®n  flegolbng M an outpat \Io\’c&ae Ve = Te RL




In HWis woy, He oLEPt vOl{:qae wyoNe fonn Ve S okYained

‘T\? (.(OJIQO; H|> + cme,amﬂ]

VQCQ\]G) -
= “T‘T‘ TeR ¢ + (‘IERL§ x (- ‘75)}
- TgRL [Eﬂiﬁ -1

whene K‘?L - 2TegRu YT R [ Te = QIQj
kA ™

Phase aifferente
¢

whene K¢ is the phase ema\e to Vo\’cqae transfen

Ce-efgicient on the Convensionn Netio of the ‘Phcue de tectan.

- This  Uneamn ?\e\cx-E\UV)S\r\iP between Ve and q) s Shown N
1¢i80ke (e) -

2) y\ﬁ(z\m :Deﬁ?--l—al phase detecton .
There ane two +types Of dr‘a\‘—kal Phase

detectons avoilable

‘Phose detecton vsing EX~-CR detecton

o) ma:ta\

’b) Edse -{:;—ngge_ned ‘P»\QSQ_ dQ‘t‘QC‘EO?\.




o) ExocR phase detecton :

£ - 3 Vdac
o

2

Figta):. EXOR phase detector

F(gULQ Shows +the

di%‘\\ca\ type XoR phase

detecton - Tt USes CMOS

— T —>

type 400 Ruad - 2- input r;a: Tnpot and cotpot Wove forms
| XoR fate - The ouokpot of the XoR Qate is high when only
sne of the inpot S\‘ﬁhq\s £ r) £4 18 hiﬂh. This type of
detecton {8 vsed when both the inpot §aﬂnql3 ane
Squoane uwaves: The inpok and ovkpot  wave fonms  fon
fe=f ame shown in {33600)- Trn thig F;aune £q 13

Lemdihg £o bg (ﬁ deanees- The Vasrdation of dc OO'EP\)%

Volkage with phase dipference ¢ is  Shown in ‘Cjﬁuy

Tt Can be Seen thot /Sdc o[p Nerte3 &
the mooumom dc ouvtpot cC=Vsa ;
Voltoqe occuns when the YZE_’C - \ 1!
Phase aiggerence g T \ &
becovse +the cukpot ag 6 I‘{f - >

z ' ¢

the e ‘ i
Jate %emainsg d\ﬁ Fig (¢) . Dc ocotpot Voltage Veusus (75

thn 006\\ out -

The Slope of +he Coxwe gives the Convemsion %ako Ko
of the phoase deteckon. So the (emVension Tatio Kg

for a Sopply Voltage Vee =5V s, KS[ -5 - 1579 V//\qd\

T




%) Edae truggened Pphase Detrectom |

Figta) Ecléve, trigqened S— e

phase detectexn Figk). Inpot awg ovotput

wavefonm §
Vac £

VCC = VS‘c\f'

Slepe = CMve s s en 5013\'7 K;é

S
P

T 27 3m

° -

p between £ and £4

FiaCC,) i Dc eobpof Volk—ade Vs ¢ ‘

The edde .'ET&SSQLQA &38H:c11 Pkose detecter 15

Shown  in JF\‘auLeCCQ- The Cincuit

by NOR gates T™is cincove s

1S oy Rs g£lp £lop que%

vsefol when f£4 and £4 are

bothh polse wanefonms (nith doty  cycle less +than 507/&‘

The ovkpot of Jc\rmbe R-s fLip flop dﬁQ“@es s

State on the leading edge of f5 and £ as shown in
.{:;a (k) - The Vosdaxion ef dec ootpot V’o(toae Vs ¢ s Shown
" ,;;6((3. his type of detecton has betden captone
fracking ond lecking choractenistics as the de¢ ocokpot

) s o
Voltoge is lneon VP to 3éo CompPared +to I8¢ in

the case of EX-OR detecton .




Vo\kaae Contrnolled oscilaton (Veo) ©
A commom tuyPe of Vco available in Te form
NE)SE &6 The Pin Cc—n{l\auﬂqt\ma and bqs?c bloeck diogrom

of 566 Nco ore shown in %iao/ues below:

+Ve
&
7_——»-'—/_‘
Constov\t\
’; cornent
Modulating 5 @ SOQ“CQ/
T AN
Boffen ‘
T )\ 2 3
T m ‘>} o IUL
Cr T e |
Rp R Investen
Fig: Veoltage Contiolled oscillaton Block dmdwm |
Ap Hming Capaciton. Cr
QLOO“dF _ 8| +tVee
i3 Lneomly changed on
@ NC NF/SE q C’T
diSc.\-\oJ‘laeci by a Constont S66
Squone vCco
Conrent Soor\ce/Si‘nK* wave olp 3 6 Rt
The ampunt of Cuvment Tiiangolone ul‘ﬂodo\o%im\
Wwave o|p ?r\?\\k

Con be Contriolled by
changing +he \;O\JCQae NS Fig'. Pin Cm—F;‘aokq-k\cw).

epplied atr +the modvlating inpot (?in 5) on by changing the

Hming fresi ston. Ry edkennal o TC Q»\\P, —he Voltage ot

Pin 6 18 held at the same Voltoge ot Pin5:




Thus i} the modolating Veltage ot pin 5 “”U\QCLSQd/_
| Hhe \iol‘mae ot Piné alse increases, Nesolting in less

\Iol\:aae ackoss Ry and theneby decreasing the chomamg

Coment .

A saall  capaciton  of .00l ME  Should be Comnected
between RinE and £ +o eliminate PpossSble oscillations.
A Vco 18 commonly Used in  Convenhing  low _(jw,cUJLQnCS
Sia‘f\q\s'

The Voltege across the capaciton ¢p 1S applied +to
the inven+ng nput +enninal of Schenitt tniggen Ay Via
boffen ocmplifien Ay The ootpot Voltage Swing of the
gcnenitt  kriggen 18 desianed +o Vee 6nd 0:5Vee - 3£ Fa= Ri

how -
in the positive feedback Lleoop, the \lo\Jcoae at the

wventing \‘Y\\)Qt +tenminal of Ay Su)‘\nds fro 0:5VNee O

028 Ve - 0+SNce
ovkpot '
Tn g;a (c), when bthe ot Pk
\Io\%aae on  the
Capaciton Cp ewceeds |
Schmi bt Vee |
0:5Vee dusing the '1
taigg es
ckcmama y the oukpok ootPot oVt —
‘ : | $
Of the Schonitt bxigqen Sotpo b |- Vee —
609,3 lows (o-s Vcct) at Pn3 {
e . inveated o5 Nee |
capa.ct n
? tTon ow bs A3
d‘\sc\r\anaes and when - Fig r: oorpot Waveform.

it O at o625 Vee , the ootpoet of schanitt taigger goes H{ak(\/&\

-




Since +he Soonce and  Sink  Cummewnts ane eqpal,
capaciton C\no:rﬁes and dis CHCU\@QS fomn the Same
ampont  of Hme . This  gives a ’c‘niomaokqn wone £onm
across Cp  wwich W also @Vailable ot Pin 4.

The sqpane wave Outpok  of the Schanitt +traggen 13
invented by invemtem Az and i3 ovailable at Pin 3

The ookpotb pove fonms  ane shown in  fig Cc)

The ovtput —G/\ecu,\e_v\c_g of the NCO con be calcvloted
os Lfe\lows.

The +total Voltege owm the copaciton C'r\our\aes Laoe
625 Vee +6 0'sVee - Thus AN = 025 Nee

he capaciton ahomaeg Wwith o Censgtant Cuarent

Sounce - SO

YY) = 628 Vee L
{ -— ¢ =~ - = =
L=57 2 s T
AL = OS5 Nece &7

o)

{
The *+ime persied T of the +"\icmdu\crm wove fornm = 2t

The freqpency  of osallaten £o i3

l l

|

whene V. g the Vo\lccxée at  Pn5 . Therefose

£, = QCVCC“VC)

> O




the ookpot frequency of +the Veco can be ChCLnaec{ Qither

by () RT (1) ¢ (i ) +he Voltoge Ve ot the medolating
npok  terminal Pin B

with no modoulating ‘mPoL’ Siahcx\ it the Vo\-tqae ot
Pin s 18 biased ot %Vcc; TR0 aives the \Vco ootpot
frequency as

(o= 2(Vee T Fwee) 2 = ®

—

—

R+ ¢t Vee Rt eT

\Iol'tcxae +0 ercv.\ehcg ConNensiown -GQC%OTLX

A Poometen. of tmpontance £fon NCO i3 Veltage
to frequency ceonvension facton Ky and is degined as

A fo
2 Ve

Ky =

treme ANe b the modolakiov \!01%&60, mewked to
preduce  phe frequency Shift  afy for o Veo- 8§ we
ogsome  that +the ow‘ﬁmq\ #Lecf/xemcg is o and the Nnew
frequency s £, then

9-CVCC"\)C. +D\)C> 2(\/6(,—\)(;)

sfy = £ -Ffo = -
Rt Ct Vec Rt C1 Ve
D.A\’c D R C VC
B = vy v, = S Rror Yec
Rt Ct Vee 9

potting the Valve of Rt Cr Lrom &g @

DL N Ve =S Ky - S 84,

-—

% ’FQ AVC_ VCC

DN, =




Low pos s f£ilken A

Th £ilten vsed in o PLL may be eithen pPassive
e \

ktype om ackive +type os shown in --FfaUNQS below-

c
R R R |
o AN e
Ih?ut' ouk v
Q Q
firom phone —_—c {'OP npot - N
detecton AmPhF% from 4 Vo
o= —0 Ploee outpok
dete cha ¥
Fig@): pansive  fittex = = to Veo

x:deb)‘, Achve Filten

The low pPass £iltes not only qemoves the ["Cﬂh
freqpency components and noise, but also  (oninels +the
ddnqmic, Ch&n&CtQﬁ‘Sfics of the PLL- 'TL\Q:SQ choractenistics

include captoume , lock kange , band wid+h and transient

fesponse . 3f filten bond width is Neduced ,the Hespomse
fime ncreases. Howeven %educing the band width of the
filken. also Zeduces the capture konge of the PLL-

The change own the fFilten quac‘iton 8‘\\12/3 a
shont time memony +to the PLL - thus even i} the
signal  becsmes less +than the Noise for o few tygdes,
the de Voltagqe on +the cCapaditon  Conhwnues +o shift
the fiequency of +he vco #ll b Pitks Op Siénq\
aﬁcx\\n- this JFwdoces a lr\‘idh noise  immunity  and

Llocking Stabi Jc_\j .




Menolithic  phase - locked

Ay the

intenconneckted +to make

Mmangfoctonens intaoduvced

ImFo':nJccxn\— Monol\tthic PLL

Ic 565 PLL ¢

different boilding plocks

aValable asg iv\de?e‘nc\ent T Pack&aes and Con be Q\L-Eeu\q\\j

Loop i

of PLL ane
o PLL- HoweNew o namba of
PLL' s too-

monolithic

18 Tc B65

. —Vee |1 A NC
565 15 ovnolloble ag
U= Pin DAP PQC\(&aQ .
! inpot |3 12l Ne
and oS 16 -Pin metral . NE|SE
Con ’pacmﬁe - The | 545 !
Phase Componahy 5 Ve
Pin Cm\{’.\aur\o&c‘\cw\ Veo input 10
: Exteinal copolitum

Reference 6 9 :

ond the block ference op for Vo |
Demodunloted| 7 8 ext .
d‘\o_%/u:_m ore Shawwn . ennal N gy Stod
OE‘PQ‘:— ‘FQ& Veco
n RN o o i
g (@) and (b) Fi3a: Pin Diagan
o L
10 o - C
coen |
‘ | 36 .-;'Demodulak_b

output

NN
Amp\ia@"\en
I

Tapot 3 o— Detecton > Referente
Shase comparator /_—_T ootput
Vco inpoE
A
TUL 4 e 1 )
Veo ovtput \ \ _J\
1
g q I
Ry
—— ¢
LTM Fiq: NE[sSE 565
Vee

—Vee

<L PLL block d\‘oamm




e ookpok _G;.ecvxe‘an of +the Veo ( both inpots 2,3
6&00hd@,d3 Cann bhe 6“’6“ as
, 625
fo = —
Rt Ct

where Ry ana Gy ane the extennal Nesigton

ond  Capaciton connected 4o Ppin 8 and T

the Vyco free nonning frequrency s adjosted with R
and Cp to be ot the centre of the inpot frequency
nonae - I'E. may be Secevn that PLL 13 ivﬁ:ennq\\s brokew

bln  Ehe Vco oukpot and the p\nasa Com Parator input.

A shoat circoit betweewy PIns & oand % Comnects the

NVco output to the phase Componaton So o3 to Compare

o with Input 5\‘%*\0\\ £s - A CQP&QE%QR ¢ is Connedked
hekweewn Pin 1 and iy 10 o ™ake o Low PCLSS

Lilten Wikw the Intennal nesistance of o

PexiVation of lock ~1N VQﬂse |
a¢ ¢ rodians g the thase aAigference between
the S\aV\Q\ and +the \VNco \!o'\lca@e S then +he ootfmt
Vo\%&ae of the QV\C\\oa phase detectot RS 8‘\\)@“ oy
Vo = Ka ( _ﬁ\ N
e= kg (¢-T ¢

where Kg 18 +he phose ov\a\e to
che Conmtmol Vo\t&ae

Vo\'kcxa e 4rensfen

co-elficient ofp the phage deteckton:

o Vco 8

\IC_:AK¢(¢«I§,> > ®

where A = Voltage aaivn of +the Amplifien .




This VU, swWigts Veo frequenty  faom  iks faee onning
frequency  fo to o peqpenty £ givem by
f- ® +KyVe —>®

where Ky = Vo\taae +0 FLQ(V,LQV\CB transfen Co-eRLicient
QF +whe Nco -

when  PLL 18 loecked in te saana\ frequency €5, then

we have

{-= £y = £+ Ky Ve

Since Ve = Fs-Ffo

=t s (p-T) | ] B

the maximom sukpok \Jo\taae_ mQ%Y\;JCUde available

flom  the Pkc‘se deteckon eccons Lou (ﬁ =T and o radiay

and Vet&au) =t K?slr The ComrespPonding Valve of the
2

MAULMNVM  Contna) \lovcaae available +o dsuve the Vco will be

- T .
VchmQ = T (’;_’ >K¢ A — @
The oawionom Veo frequenty Swing that Can be

obkained i3 6NQV\ by

fs = G0t (F-fdmox = £ t Kyxg (T )a = £+ 284

tere ARL = &£ KyRg AT —(©)
2
Toxal lock hoange 2af) = + Ky kqg AT — @

The lock-in hange s gymmebdcally lecated whth

hespect +to Vco free Funning frequency Fo

Fox Tec 565 PLL
ky = 2Xe hut V= Vee = (=V 5
= — W = s e [ —
Vv @ ce cC




Again kg = X and Az lLL
T

Hence +he lock-in fange become 3

+ 178 f
af = —'-——_0\} — @

\
Denivakiown of Captume TRonge

whew PLL is wnobt initially lecked +to the Siav\q[/

the AQLQCULQ,V\C_B D_P Me Ve W\ be ‘(:he_e L\J‘ﬁ‘ﬂiﬂﬂ -GLQCULQMB

£+ The phase Qna\e dipLerence between the S‘\av\Q\

and the vep ouvtpot \Io\taae will be

C}S - CLOS'E -+85> — (MOL— + 303 = (LOS—LQO)JC +[ji®

thas the phase &Y\@\e AigLgerence deesn't remaiwn
Lokt Wl change with *Fime at o hate &NQV\ by
a¢ = ws- Wo "“9@
dt
The phase detector ovtpot \Ic\‘caae will therefane

constank

nwok hove o dc Ccsmpcw\evxt ot will P&odoce an  ocC \ic\%oae,
Wit a quovxao\crn wave Lon  of Peax amplitude K¢ ™

e
and a Fuondamental ?Lecvu.e‘ﬁcxj L4-Lp = B

The low pass £ilkes is a Simple RcC Nne twonk lncw\ng

tansfen  funchiom

TCJ—F\ =

| \
where £ =

1+j(f_,3 2T RC
- Fy
\

®

i

| T(ie))

oL
Jwr(_aB

R
hs W) (b)) s> tew  TU) = o O




The Lfondamental Frequenty Lfenm Supplied €6 the LPE

by the phase detectont will be +the difference frequenty

AF ‘.:'FS—‘F'C) ‘H’\w
(o) = B oo D s 6
/A{L 'Fs—'wcu

The \:o\t&ae Ve o dsave +we Vco 13
Ve = Ve X T(‘F) X &
VchQ\L) = VQCG\&\LB ped T(?) X A

=t ()n —Lxe — 6

VC C(Y\CL\L)
of

then +the corresponding Vale of the marimuom

| Vco frequevey  shWigk 1S

({‘4’303 = Ky Velman) = T Ky Kg (T)%_)Ai - ®

A AF

For +the oacquisition of the Siav\q\ frequency

[we should pot  £=Fg , So thak the maxamum S\a\f\q\

frequency  flang€  that Cawn be QCCV}-LAQQ) by PLL 15

(Fs—p°>max = T Ry K?g (I\;j) 8 :f"?c,

No w A{fc = (Qs -ﬁCostM
<o (APCY‘ = £ Ky Kg ("’\Z—S A £
Since AP = + Ky Kg (l{) A

hewn Af. = + \/,c\ NI

“herefore the +total dapirore Nange 15 2 &f, =X 1\/10\ afy




R=36kn  So the Copture

In Cose ©OfF Tc PLL 565 ,
Nange ts
- \
DEL [>
Ll = sy —_—

o (36xi3) ¢
The captrore Nonge i3 Sﬂmme%ﬂ&\\s Located with
hespect te Vco free Aunning {:"QL(})'Q“CS £5 as Shown in

-Fiaoue, below - The PLL c¢coxmotbt Qc;U,L:LJ\.e o SKﬁ\r\q\ botside

the capture bange , bot ownce CQFEUNQd e il held ow

i\l Hhe S‘\av\q\ Fkaqflevxc_tj @'oes be:sond the
increase the ability
i W&d‘ﬁowe\)u o

Lleck -\

LeCck -1
nanqe - In Onder o of "
honge Lo:nae CCLF-\:ULQ nange

make +the PLL ®one susceptible

\arge caprure  nomge will

: _ . c
£to woise and undesinable sia“q\. dence o 3Suvitabl

ComPnomise g apten reached between these two op\bos‘v\j

‘hec(},ainemen{:s af +the captore hang e .

\
SlePei7, T g &

\I(, \

'CO A‘CL ’FD A’FC \

-~

—fo+4£c ‘F0+A.{ZL £
S

6

/ |
—n K¢A— ‘ .é'— ZA‘FC
———\_- PNV _,_j !

lockk-n hang e and Ccaprore hange

F\‘S“ PLL




Applications of PLL .

The ootpobt frod o PLL 8ystem con be obtained

eithen. as  the \Io\Jccxde S\ahc\\ Ve (£) Comesponding <o
the eu\oﬁ \)o\{:qae in  the _Feec\chk LOOP, on a3 Q
frequency 5;6m1\ ak Nco Outpot tenmingl . The \}o\{-qae
ootpok 18 vsed N frequency discaimna tont  application
whese a8 +we frequency ovtpat 18 vsed  n Skahq\
Conditioning ; —Cx—ecuuencg sunPesgis  Or clockK TecoNeny
Q\DP\M&HGV\S : |

* Frmeqpency N\owcip\\‘mlcicm/ Pivision

F:aone below  gives the block d‘\aamm of Q

frequency moltiplien using  PLL- a divide by N netwoak
s insemted between the VNco oovtpot ond the
phase Companaton inpot TIn the \locked State |

Bhe Veco outpob frequenty fo s given by




\
\
\ N |
Amplifier
X:S ) Cc,m?cxna’co‘:m ] £ ‘ :
{
U U :
ir‘olN '
} . (
N . )
' . ©° | Veo (“,__J z(
NeYwonk N | ’
| |
{

( Freq divides

The muitiplication  facton con be obktained by
Selecking & Pnopest Scaling facton N of the Countesn .

F/uaci/ue_ncg mo\E\P\ico&c‘\cm Corn Olsc be ocbtained

by uvsing PLL in ks hanmonic Lockmg maede -

The above cincoit  Can  alse be used fon
gLQ,CU.L@J\CB Al sion . Since the Veo Oot\bot ch SCU.LQLQ LOQ\IQ)
15 auch in  han@monics « it O possible to lock the
Mm-th hanmeonic ef the Veo ovtpot  with the inpot
Sianq\ {ZS - The oukpot £o of VCo ig MNow 8\\16“ b3

A5

fo =
w\
2) Frequency  Translaktion |
A schematic  for  Shifting the {requency of
an oscaillaten by o small Ffocton 13 Shown N F\‘aone
kelows - S can  be 8een dhat o auvikiplien ond a low-
Pass  giltes. ane comnected ertenmnally to the P
The Signal f£5  which has to be shigted and

the ookpot frequenty fp  of the Vco ane opplied a8

[ ——






A PLL oy be vsed to demodulate Am Siav\q(s as
Shown n _C;’aow, obove r the PLL is locked +to the
Commien freqpency Of €ae incoming  Am  signal. The
ovkpok  of the Vco wwWich has the Same {requeacy

as the Cconsden, bot uvnmodulated is fed +o +he Amplife.

gnce \Jco ookput i cx\uoqbus 90° ovt of Pphase with
the incoming Am 5‘\6“&\ onden the locked Cendition; the
AM  input s\anq\ is also shigted in phase by ad® before
being fed +o the amplifien. This makes both the Siav\q)s

applied  +to the mulkipliert in  Same p\qcxse-
the ouvtpot of the multipliert Cenktaing both the Som

and the diggemence Sianq\S, the demoduolated Ovtpot is
obtained often fLiltening f/\.iah frequency Comnponents by
the LPF: Since the PLL Jlesponds only to the Corouen
frequencies wwichh  ane \/énj close +o the VCo oOotpot,

a PLL Amn detecton erlibits a k;@h de_a;u&e of S@lec{-‘\u‘.{-ﬂ

and heise immonity  which 1§ wot Poss\b\e with  Conveny onay

pPeak deteckom type AM  modulotons




UNIT-5

DA and AlD Convemts

Irtnodoction: moskt  op the Hheal wonld P"\as\‘ul“ qrrantities
sSuath as Voltage , Connent, {:'Qm?enq-\:u‘he , ()Dﬂess\;me and Lime

etc ane available ‘n analog fonm . Even &hovgh  an  analoeg

signal mepnesents o  geal p‘«\a/&mq\ Panametes with

acconacy | ik I8 digficolt  to ﬁnocess, Stene an %mwsm}t

e ovnalog S?ar\q) Wwithou ‘mknoduc‘mg Consideran\e erxron
becavse of the Soperum- position o0f noise asg in the
Coase of me‘)\"ck.)de modulation . 'Thene_gone , Fox j:wcess‘mgi
tronwsmission and Storaqe Pemposes | it s oftewn

“ipness these vVariagnle s
St 8\\)@,6 botror QCQ\_)LQQB

Convinienkt 4o n digita\ fonm.
and  %educes noise . The

operakiTn  of  any Aaikal  Communicakion System is based|
upPon Gnaleq +o d‘\a\%q\

g digita) +e Analog  Convensian,

D +te A Conventens

Basic DAC +ec\rm\cwg§l

+,. YR -
The schemavie ‘ T
of a DAC 1% dy o, ( To
R“mauj 4 o] ' I S
Shown in {’—\6 word - : bac Ve
N ]) dh" \e_
The Mpat 18 a = ob———\_l

binany wonad D

Fig™ Schema¥c o6f DAC
and 1% Coembined

Wit a hepLerence Volkaqe Vg tO GNQ an Gmcx\og vt put
stancx\- The ovkpot of 4 DAcC Can be eithes a \o\toge

o%n connent: Foh o Neltoge ovkpot DAC, +he DA

conNente . 1%

MathematicaNy desctined as




Vo = KVeg <d'i—’+ Ay ¥ 4 --- - +dn i‘“) — 0
whe e \/O = °ou kPQk‘ Uoy toge

Vpg = FoN Scale OveEpPor Voltage
K = Scaling facren vsvally adjusted +to Onity
d,,ds - - - -An T N-bik binany frackional wond wity the
decimal Poynt lecoted at the legt -
d, = MSB  widh o Weight  of VFS/?—

dn = LSRR with a weight of \&5/1‘"

) wezahkgc\ Resiston. Dac

one of +he Simplest <incoiks  ghowhn in -F:a\)w_ below
vges o Somming C\m_\b\‘\{l}en Wt ol b‘xv\ang weia\'\‘ced
Ahes 1 dton Netwonk.

Tr has n e\ecicmm:c Swvtches d,,dq - -- dn  Contaolled
by binany mpot wend. these Swikches onre Sin@\@, pele

Adouble  Frow ch?e (sppT)

8¢ the bBinomy npot  te a ?CmHCo\osrL Switch s )

J

.

k' Conwnecks a Nneference Vc\-kmge_ <~—\/‘,23f Anad \'}r e mPQ\—
B s O the Switew Connects the hesistor +o the 6wond

from  the Ftao/ué, the Ovkput Cument Ty for an deql

OP-AMP  Con be wnitten a5




Voz%(d\f‘ + diil"' “““ +dhfh)

The ookpet Volkoge

\/D = /IO R_(Z - \/‘Q _EE‘ (d\ ?.—\ + dz ?_—9-
R

o~ -2 A aAdny ) -0
ComnpPaning E"Zx@ RN £7f® it oy be 8een thalk -

il Rpg =R then K= aand

Ves = VR

}

LERIN

T
s
\

68 VR

o\
AY 5[8 VR

)

ool
oLeP H[8 Rt~ - -

3|8 VR

2)g VR
OES VR

Oeo So\ 0106 o\l {loc 6y 11D U >
Diarkal inpet Cede
Fia(b): Transfer chonackeristics of a  3- bt DAL
- -1 - —3
Sf »z leo, Vp = Vg R <¢X3- + okiF 4 Dx:2 )

R
VO = \/R = ﬂR I/4
g




]
i
f
!
i

The cincork  Shown in cebove {’ﬁao)& uges a héﬁek\\le

fheference Voltaqe - The omolog ouvkpot Voltaqge i3 khe/&e{-w\e,'
1

Positive  Stain Cose as sShown in {iauxe@;) - for A 3-bit

meta\\ked nesigton. paAc . T Mmay ke Noted that

D Albhoogh the op-AmP i3 Connected in \v\\)Qn-\—;v\g mode

it Can  also be Coonected M Nom-nyenting mede.

D the op-amp 3s  Simply  wWonking As o Comment o

Voltaqe Conventesn .

3) The poloxikty of the %eference \lo\k&ae is  chosewn

in accomdance with the 413?@ of the Switcn wsed . For

example ; fon. TTL Compatible switches; the regarente Usltage

Shod be +5Vv, and Ythe oukpobt wWW be heaq-\c“qg_

R-2R laddes Dac

e

wide range of TNesistons ane ﬁe?fuiﬂed in binany
we):ahted Nesiston type DacC: Tk(s_ Can be avoided by
0s N Qg R-2R ladden *type DAC whene only two Values
of Jesistons ane Lecvujuued» It g well Suvited Foro
im:e_aurted Gneoik  realizotion: The +&ypica) Value af R

9\@(\@9,5 Lrody 2.5 KkSL +te 1o KSC |

Fon  Simplicity | tensides» a  3-bit Dac as shown W

@\6\3&@, below | wWhene +the Suwitth Position d,dy ds CQM\QS?GY)d_Ai
te the bimamsy wond oo The <Cincoir Cox be S\MP\W-QQQQ\
te tne  Eguivalent fonen  OF {i@(b\ and  finally to ﬂc\'ﬁ(C)‘ 5

then Nolkrage at nwode ¢ Can be Q&s}\‘s CQ\QU\Q-\:QA

by the sex f‘wwaedo)\e of Netwoenk analyli( o



— - = _-\]R

Fig(b) - &U,\l\)cx\e‘n% ancort  of ‘F\!a CCk)

C R
_ (2-. R) "
VC, i VR 3 “VR |
> B
2R+ = R 2R
The  ookpot Voltoge
—Vg = =
v, = - 2R [- Vg = VR _ Vgs —
© ®\U%m) T T R
Figc ! ELI/LA.;\\IQ\Q‘QE,‘ Ancavt
of -{%‘a (s)
N*\‘\LoJklg Fonm b\'nahg Wend  @e | y -5 ! 2R
—%%“R —_;,"VR 2z R
2R Vo
-\Vg .

—q (a): Eqpivalent GArtot
Fg. R-2R lodder DAL for SWO1Eth ‘:‘3( ) ‘V’u

Posi Bow  Oo\




 9R Y
R T3 S 8
Trwenked R-2R ladden DAC ¢
2R

T = I, + I, + 1z
Tr =4.VR VR VR 4 - -\ -2 —~
T — Fte" ¥ 23z VR 42 4 dy, ¥ T4+ da 2
2R 4R R ° - > 3
- _ N,— o0
R{,_
v R ~\ — > -3
Vo = VR RE Va2 + dy 2 3 dz 2
R
=30 : v _
F o © Vo = R ( R¥ &Rl

In 5@\/\ exa)

N i“}

R

\/0:

{d\{) +dzl—l+ - - -

l




| In ooe{ahted Nesisten type DAL and R-2R laddu type

1‘ N
DAL, connent flowing in the %esistens chanaes 0.5 the W pot
data Ckanaes . mone %omen, aigsl PQ«Rm covnses lneq)c‘ms

which intoan eates non-Uneamnity n DAC - Thir O & Serious

Priobley 6nd  Con be avoided ComP\e%e\d ‘n Tevented ladded
type DacC -

A 3-bit Tnvented lodden type DAC is Shown in
Figone | whene the position of MSB and LSB is intercthanged
Hene e@ach inpet  binany Wend Cemnects the Conmes peonding
Switth eithex +o dncohd om te the inventing inpot tesmina
of the ep-Amp whith 18 alse ak Vinkua) a?\ouv\c\-

Since both the “tenminalg of Switthes d; ane at

831000@\ Po’cewﬁ—_\a\i Connent {lowins v the %Resistances
15 Comskant and independent ©of Swittw pPesition.

Preblemsg { !
@ The basic Step of a 9-kbit DAC s 103wy . IS¢
GoocbOOOOL  Nepnesents oV, What oukpot 15 jtmodoceo\

1} the npot IS lolloiitl )

Selukion * The ookpot Voltage fox inpat 10110V 1S

3 3
et lo-%mv(\yfsﬁrexvj_p\xzé—k y X 9> +0>(9,l(+l>(1
b ‘ Py 2°
A ¥ 9 1+ X2 -+

= 38V
Probe® 3 coleolate the valves of the LSB  MsSB and

£\ Scale OOkPo‘c £for an 8-bhit DA for the @ to lov Nange |




Solotion LsR = - 3IqmV
g
2
MSR = 8 = B8V
2
FOll Scale ouvtpab = Foll Scale Voltage - i LSR
- lov - 3a wmv = 998}V

[ Problem 3¢ whal cotpot Voltage woold be pnodoced

by a D|A Conventen whose Ovtpot Aange ig © to lov
and oS e in\bok binanyg hombere 1%

D 1o ( fona 2-bit DAC)

0) ono ( for a h-bit DAC )

'm) lon\\o 6 (qcok o - bt ‘.DP:C>

S.D\“)C\C"”‘-DVO: \o (“‘-‘5_ +c>)<__\L;> = 5V

) o CN L
n> Vo:lo(bx«\i* lx_z; 4 \x_\g . Dﬁ_iz ,375\/_
W) \fo',lg(lx,‘i +°’(t\;+ R L Lx L
2




A-D Conventens

The block Schematic of Avdc 18 shown in —F\@ULQ be\ow

9t oaccepts on onalog  inpot Voltage Vo @nd Predoces an

ookpot  binany Wond 4, ,d; -- dvy, of Ffunctional Valve D.

Stonk EocC

- — -
D:d,1\+d11?’+—--_ +dnl ) } /‘
N \ MR
where d\ N MSR C]| >
Avnalo dy —> | Digita]
dh — L3R 3 |
. ADC o\chPot
9\ L \“Pcb L.
An ADdC UVSuall as wWwo
oh3 CV‘Q dn b

additional Conynol Lineg - {

V. (Regerence
"Stant 1 0sed +o +e)) the ADdce R( £ >

when +to  Stont +the Convensiown
2. End of Convession (Eoc) + Used 46 annconce when the
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offset \/mkaﬁe present In the &y, Ay ond ComPamnaton
loop é{:ten inteaﬁd'kim, a\ﬁPeogqg' ocross  the Qanct’cm\
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memony 0 hold Ethe Voltoge nequired to Keep the

offset holled-
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of the gompomcxtcn is positive and the Contro\ Lcéic
allows the clock Po\se te be Cc)\mtec\;
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Preblem T A dval Blope ADC Vses Q1o biE coonTen anq
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DAC | ADC  Specifications
Botn  DAC and ADC ane  avoilable with wide Lot af
speci flcakions - the Varioos imponkant  specifications of Conventent
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