:Ewte@mte.d Cinevits  and operakional Amplifies

Definition of IC

The ‘Iv\-teal\o:k&d Cincvit ©L) IC is a

mimatma., lows Cost eleckrionie circolt Qowsx‘st\‘V\S of

octive aownd Passive C.om?o\f\e\nts that ane ith_Pq‘th\j

Joinld -toGQt\r\e?L on  a SN\G\E Cndstol Clr\\‘b of silitew
Advantoges of Ic's ;
}- m:mqu%ofc‘\cv\ and hence increased equipment

c\&f\si‘cd

2: Cost Neduckiowm due 4o batcW ‘F“)CQSSW\a

3. ITncrcased Sas-t&m freliability  ecue 6 elimivnation

of Soldered joiwnts

L - TenprovV ed fonckional “iben-Fcnm anee

5. Iwcrcased operaking Speeds

6. Reduvction  in “Fom@n Coﬂsumpt(cm.

classificotion of Tc' s -

T Based on mode of operation

o) 1>§a{taL Tc' S b) Lineon =c' s

) Dig el TCs ¢ >igital T 5  ane complete

‘ | i eguivalents
fonctioning Loa\‘c netwonk s that -cre S
of bosie +ranais tar LO@QC_ enevits.

FL: Qotes, covntens | muiriplexens | demoltiplexens

Swigt 'a\ea\‘stefn s.

. ]



t

Linean Tc's: kinean TC S  ane equivalents of

discrete Adronsigten Netweniks  Such oS amplifiens |
filkens , frequency owltipliens and modolatons +hat

oftewn neguire  addikiownal extesnnal compbh&n'ts fox
Scx’c“\s{iac—hwlxg O\)ngbi oW -
e Op ~AmP 3

‘T

+ Based on Fabnicatiom

O‘) MonolLithic Tc's ) Hybxid Te's

. . —_ . '
°‘> Nonolthie T¢ 8 ¢ 1, chono lithic T¢$S ol CDchments

Cac—hive ond P&SSXVQ> ane fonmned Simu\%&\n&auskd
by a difeusion process. then o  metalligation
brocess s vsed v ‘m"tenct:mﬂect\v\a these CemPD’V\erU

to forn  the Jdesired cirevit:

8) Hybrud T s i Iw  Hybnid TS | passive Component

Csuc.\,\ as Nnes sktons and CQPQQ‘\JCQT\S) and the

intencenneckions between thees ane {fommed on an

v X : oy Q
,iY\So\o,’cf\V\S Subastrate . he sobstiake 19 vsed

. kS, ack
chassis  fon the mteamiced Comnponen Ackive

(_ompo\r\@n’cs 3SuCWh as thonsistons ond dlodes as
well  as Mmoeno L twi e ",n-ke_am’ced cirenits | one  they

connected to  fon o C_omP\Q’ce cAncut




(iii) Based omn In{-eam-ted a2V VITIE oy

devices vsed ¢ ‘

4 1
Monolithi o Hybrud
Gireonts Qe nitg
4 J
Bipolaw Unipolan

'I |
r | J ] J

PN jonchon Di-electu,e

: MospgrT JFET
1Solohem iSolahon

IE chip 3Size and Sihcuit  Clomplewity

The Concept of T¢  Laas ?nt&ocL\LC_QA at the

\op_a\vx‘\vxg of 1960 by botly Texas  ingtyuuments ond

Fairehild Semi Conductens: Since that +ime  the Stge

and  cempledity of TITc's  have increased %&Pfcua as

Showawn by the le:LC'-LF ChLMOlfoﬁﬂ‘

Inwention of V94T
Tronsgis tod

2. Pevelopment of Q55 - 1959
St Tramnsistor

3. st PLomoL.Tec.\rw\c\oaB donckion tromsistoc 1958 9

dicde

4o Finst TC, Small 3 4o 2o 8(&%/&\;‘)

Scale ih—’ceam—\:iw QPPM‘L’@L) o6 1966 ~ 65

transistors / chip

( Loa;c @ates, FLpflops)




X

q.

medium Scale
In f&al&o&ﬁ oV

(msT)

leige Scale

fmf&am‘k§ own

(1sx)

, Ve}ud aLm\_@e

Scale :En\—eauﬁw\tm

(visT)

8. Olkra LQ.A_aQ

5co\@ iwl—eal\oﬁm’\ ( speciol «chpmomlvuhml

CUL51‘>

eiont - Scale

I«r\‘l:@@ko:ti v

(61) 26,000 - 1006606 +trons-

30 €0 360 aq’c@_s[ chip ©@X)

-1
oo to looo tHronmsisters 1965 930

pa. cWhip- CCODY\'EQTLS )

N\\))(’s , ﬁdd%ﬁ)

300 & 3000 80&&5/0[";? (926 - 1980

(or ) loco +t0 20000 £ransiston

pen clip (8§ bit MP's
RoM RHM)

More thay 3060 aatesl C\'GP

1986 - 990

mistoas | Blap

(16 omd 32 bt }.L?'s)

(66 o lof transistous|chip
A90 - 2000

Neality maal/\inesl_ Smant

sensor) >

> 1o qu:ms:s’cms/chip




Manuyfacturens ?Des‘nana—\—\cms for ‘m‘l—eﬁ:\cﬁ—ed (GRYWEATYE £

E cade .
ach manuF&C%.ken vses A& Specifit x and 03%1gns

a specific type numben to the T s 1t ‘)mwdu_ces.
That s , each mawqcmken vses tS Olan idevw{-i{‘g‘ma
inihals follewed by itS own type namben -

For example the 741 +type ©Of i‘nfenwa\tﬁ

COmPEnsa%ed op-AmMmp was o@ainalld MOV\U-‘CC\.C"UAQQ‘ by

Fainchild and s sold as the pA7TH), whesre MA

fepnesents +he identifying inikals vsed by Fain
Knowdw

chaild- Imikals Vsed by sSeme of +the well

monu.)cac{—u/uens of Lnéan Tc$ ane as fo)lob&j

Fainchild ! KA, UAF
Nakena! Sem: (encdvuctoi . LMv L‘—‘) LF/ TBA

motorola Mc, MFC
Texas instruaments SN

| ca , CD

RCA

, £] 3t CRY)
Si@ne%iCS , NJ5 , N ) /

BoAr Baoww

Foainchild' 5 o@aina\ A Th] o also o Lac huned

by Voruous ohthen oonufac rurens under YHrauim

own AQS\“OV\Q-\‘\WS , Qs ,Fongpos .




NoRonal <gemiCenducton LM T 4\

Motorola Me t s+ i
RC & | CA 334
Texos Tmstrruaments SN 5234
Sfaneacs N 534

'Tempekcﬁ—uke !kcxv\(je,s of Tc¢ s e
M Te's Mavwufactored  fal) in te ovwe of the -Hhree

basyc temperature 6/@@{&5.

[ ° ‘ ©

9. T . . .
Lndug+ri a) ﬂmPQkG&UAQ mqwe —-92060 ¢ to +85 ¢

3 Cocnane e ial +&mPeLq+UA€ ‘hcm@Q o ¢ to +30C C |

HPP\iQQ‘c‘\cms of ITcC

Tc's  hoave become oo Vital T>c~mt- o Mod€rn

electaemic cirecuik des,‘an- They axe uUsed iwn
L Computes I«ndusb&a
2. Avtomobile Imdustkﬁ
3 Home QPP\ianaes
A Commuvicah bn
5. Coentac) SU Stems
where thegy P@ﬂ(‘ﬂ?t minia\—umgo\%—ic—\/\ o o

6UP3“’L°“ (’:‘QL“FGAMO\Y\CQ hot {Doss‘zb\e cat i,

digtrete Compovients .




OPERATIONAL AMPLIFIER (oP-AMP)
¥ An Impontant Linean Ic is operatonal Amplifien .

xThe operational  Amplifieax. W o muld) ternminag] device

whi e W\-‘ceanlla 9 Cf/uite ComFlevL~ |
¥ OP-AmP iS4 direct coupled ‘m‘@h g Am plifien

* OP-AP  Can be Used +o qm\;IR.(lg beth a-C and

d-c s?anq)s .

* ot w vsed o "D@njﬂ&nm a \fcu—de-‘cs of naHemadti -

-cal oFe.mo:'Hc—ms Suen o § ﬂddi{%mi SUb*LCLCHCW),
Lea, Rn-”c‘\loal Pifferentahon | In-’ceam-\:\b’n etc. HAevicy
e Ddoe 4o s VsE in “FQnFO‘nm‘\v\g Mathe cnati cal

oPeLoAc‘\o—nS’ .t has beewn 8\‘\}&“ o name

A « P /
operational Amplif-en
¥ Eomnlier OP‘ﬁmPs wene des:aned 'b‘\_; USiY\d Vaceom

tubes ;| Hence the 6p-A@mMPS  wene bolky , Powen

Ccmsum“\vxa and exPews; Ve .

¥ Betweew 1964 40 1968 the popolan 74 in%eam%ecj
circoit oP-8mP was introduced by Robent . j . widlaxn

¥ The IC vensiom of OP-Bmp vses BIT'S and

FET S  (oWith  ase fobricated cxtcma with the Othen

SQPPM\%\V\.@ C&mPDﬂQY\'ES o o S\'V\GIQ Sem Conducter
ANTE

Advantoger: Lew cost  small 830, vensable , £leable




APPH cations |

Coomonuni catitwn S

i

Computens | Howe on d S“\a\r\q\

SouACeS Process Comtnol, diSP\Q(SjS ~amd mQCLSonxa
Sas-ke,mS-

OpP- AM P Symbol  and  Ternminals :

OP- Ao P symbol | The circuit  Schemokit of oW
op-Bmp 18 A Jcnicmﬁ\e as  Shown *F?@ULQ oelow -

3t has +two inpot tenminals ond one ovtpol

+orminal

Tnveating

inpu t oo*cpo\:
‘ + \ L.
I Non Tnvorkwg & entmna
fh?Of
| PaQKoaQS \

;T\r\ene, ane three J{DO\N\M—L 'Fow_ka@e,; available

. the metal can (T0) PaCKaﬁe

2. The flat ]bchKo.ge (or)  Fflat “FOCK

3 The dual —in - Line chcl@ﬁe CDW})

OP-6MP Tenminals |

OP-8mp3S hove <we basic tenminalsg . that is
1 Two inpot tenminals
2. ome ouvtpot tesminal

3- Two 'FO!&)QL SUFP\d tenminalg .




In \/en—HVLU

o

fnPU"t

Noew Iav&dhﬁ o

'.T’—fnPo t

The Tc T4]

- Piwn
.QOOLQ belola -

ofgse x
noll

fn\len{inﬁ

inpo%

Newn H\\)QA}iva

ﬁwpo%

The  TC 741, 8 Pin

below .

off set Nol \
ine,LHWa ?V\F\Bt'

. Now - i‘Y\\)QL—-\;\Vﬂ
Q\V\\Bo t

- @J\P‘“G
T v

) OQtPot

Meta | Camw 8 Showw

Tab lLotate s

Ffata) 8 Pwm

Mmeta) caw

Miyng

DI is

shown n rF'@U/LQCb)

> | 'buk-?o'k

LY l ofgset

NolL

Ming DLP




Powesn S\)PFIU Cenvieckions |

The Vee end oV Pomex SUPPl  tenmivals ane

émﬁected +o 4*we dc \}ol‘rcxae Seorces. The +Vee s

covmected 4o the fesitive tenminal of one Souxe
and  —Veg I Cmme,c“tec\ o the he.aocﬁ\le Tenminal
of othen Sourco. where the “Hwo Sources are 5V
boXkewnie s eoch . These one Typical Volues | 'bot
general the Power S“PPLG \Io\-ko(je May 9\03\69, from
cboot +5v to + 22V the Common teneinal of

H o\n‘t
*\’Cc 0~‘f\c\ “VEE s Co-ﬂ\nec_—tgc\ +o O .AQ—FQLQV\CQ_ ?3‘

OA 67’LD\)V\A .

Ve
2
5 P i
3 T o—— %
3
LVEE

The Tdeal Opeénational /—\N\\a\{-{?ieﬁ,i

The Sehemotic Sﬂmbo\ 0_{’, o OP—HMP i3

Showwn A «Fia\m@, belosia. The - and + SGm\oo\s at
2{-_4\9/ inpot  nefen te  inventing ond new “\V\\]@jﬁc’\v\ﬁ
{npot tenminals  %es Pecjc"\ veLd-

@ 3f Vyzo  ovtpot Vo 13 180° oot of Phose

W iY\P\)% Sidn&\ Vg -




!
|

And  when v, =6 . O0kpot Vg will be %r\P\r\ose Wk £\
the inFo’c Sianal CLPP\ ved ok W .
. \,L O— T I\ o Vo Vd AdVd \fo
Vd“;g ]
Vl & Ny Jd+ J
=>{, =0
F‘\a (o). Tdeol op - A0 P
The op-AMP  is  said  to be idea) ?‘[ it
has the @ollowing chotractenigtics.

I Tnfinite Vo \%&6Q

Since_ ac\n\

Ao\_:oo

aoj 0

) 125, e \la\taae be Yweewn the

;

inventing oand  wowm ‘w\\}e?\-HhS “4tenninals

e differeniial

input VO\—toae Vd = V,- Vo s ess&n—\%&\\a Zena Lei

finite GUEFO’C \lcb{'aae Vo -

Vo 0

j
\fd ;

]

inpot nesistance the

- \/‘ — \’L

—

AoL =

e

—

2. Infinite  input Aesistonce (‘R;

Beconuse

0@ iV\.F\\V\Tfe

i
|
|
l
i
[

ideal op-AMp drows Vo Corkent ot both the npoy,

tenmninals ie. {,=l,zo 8o thot almest ony

Sia\ncx\ SoVNCe Conn drive it and +Hhere s no (o&di‘ng%

of the Preceding |

S%oae-




3. zero out?ot Resistonce [Qo“—o]
So  the ookpat o dnIve  an Anginite

nomben. of othen Sovhce s -
. Imginate Bond width (Buo:oo)
seo that awny 4Le7}xencd stﬁnq\ £aom
o to e Hzy con be ampligied with out attenvatie
5. offsex \Io\-*:cxae Va(: - 0
ie when V, = Vy =0

6. Comnmon Mode ‘TQQJQCHOV\ Roh o (CM\?R\ - o

7. slew %ote (8R) =0
so the cokpo\: Vo\tmae chgnaes 0CCON

Simo\%&heoos\d with “W\Pgt \w\-t:&ﬁe ch&haes.

Proctical opP - AMP {éw\)a\ent Cincuik of 0P~Rm\)§
The Yde o) op- AMP  chorocteniskics  cay
nevest be gnealiged in proctice There ane

prackical op-Amps that con be made to

approwimate  Seme.  of these choractenigtics

0s§v\a o V\eaakwe £eed back &kk&v\aQW\@_ﬁ"C-

the _P\r\a/\ic_q\ AmPlifien. 1s  wmet o ideal owe

Se e chonoctenigstics  of \FMCHC’&\ OP»AmP AL




open loop  Voltage 6Gain Aol 7& o
Inpot IMPedane R; #. oo
ookpot  Tmpedonce Rgp # o

offset vo H—cxae

F\‘aUM’, Below  Shows  the ecwiva\evwf Circuit of awn

op- amp-

Forn the above Cilacoiy AO\_#:OO, R: -?éco ond ‘Ro#cn

It Covw be Seen thot OP__HmP vOlJccx@e Ccm-’rnol\ea \Iol%cae

Sevrce and Ay V4 55 an ecwu\)a\e,nt '—Hr\e\fivdvy \/ol’ca@e Souxce

ond Ry i8 +the +hevinin ecv\}i\fQ\QWJC nhesistance (ookma

back  n to the ovtpot tenminal of on op- AMp -
The ch.LR\IQ\e\n{' circuovt s Use-FuL in ahaldafn@ the
basic opem&:‘w\‘c} ‘}DTLLV\CJLP\QS CSF OP— Hmps - Fon +the above
eircoit | the Oo‘cPu’C VOl’C&ae. S
\IO = AOL V&c

Vo = Aov (v - Vs )

The equariony Shows that +he op-Am P dmpli.{ffes
the diffenence betrween +the +twg  Input  Voltogeg .




open leop openotion  of op-8mp :<6P_AMP wi thoot -FQQABCLC%

The Simib\p-st’ woy +o0 Ve oM aP—HmP i35 in

the open LooP node

" Refen 4o the obove (T‘:aone,,uo\r\ene Sianqls

Vi and V, ane applied at nowm nvesting and M\lem{-in\cj

W\Pot terminals  2es Pec{ i\)aLﬁ-

f Since  the 5(1;\0 uw infinite the cutpot \)0l’ccxae

Vo v ethen atr s PoSi’c‘\\)e Saturation '\/Q\'tcxde <+V5a’c>

e mo.aq{‘\\le Satvnation Vcl{—&ae-
St Vi > Vo = Vo T 4 Vear = +Vee

Hene the ootput agsume s one  of e two
possible  eutpot  Stotes | thavr 15 +Vsatr On — Vsap
and the omplifien  acts as a Switch oy

Thisa hos Umited wamben of QPP\CQq{iUns
sueW ol ‘\/Dl{:&ae, Compoﬁ\_cxtoﬁ , Zeno CwoMing detecton

ek open lesp op-@GmPs oA Nok  Used in Uneak

.. applications .
For bmal:{aoi op_am\b (o?m Loo?}

\’7,';0 V
o}
Yy l:




. 5
P‘OL z 1o

Assume
Vo = HaL Vd = Peor (v, - Vg_)
Vo = Aoy V
cose il © oL M
3f v, = I pv = NVp = \05 R CI ARV
cose 2}
3E v, = imy = V, = 10> x 187> = looVv
R Consides. Case (D! ootpot \/01ica@e ooV W
not possible, becavse oukpot \;o\to_ae Connot be

6Le,odceh thawn

Saturated
30 Vo = + Vsatr —= +Vee
S\mi\antb S N, =0
el 8L vg=imv D Vo= -AcVy = -0V
Case 2! gr y, = imv D Vo = =-Vsar = ~ Vec
open loep op - A p cgn.,fgﬁoko%\tmsz
Thene oane hree open leop  op-Amp Can.f.“ﬁuku“\‘ims
I+ Digperenkal Am‘b\i{;‘eﬁ_
2. I«nve:’n‘n‘na Aepli flen
3. Non ?mVe'nHvxa AmP\i.{Z;en_.
L DifLerenRal AMP\i-PQrL‘.
F\‘au/\e Shows +he opent leop digpereniral
Ampliiess  In which mpat éiav\qls Viny @nd Vi, are
spplied 4o the posihve and Nadq%‘ve_ inpat tesminals.

supPlﬁ Vot{—cxae- S0 out?oh‘ 13




simce  the Op-AmP amplifies the digfenente between |
the two Inpuot saanq\s, +Hu s Cm-ﬁ‘ﬁumHCN\ O colled |

the dig ferenthal amP\iJ;\‘em,.

\— \/QL

Yy
7 Vo =
va
_ B n
[ r v,
| Riny | Rin o -Vee
] Lo \‘
5\ &.\ . 2
‘8“ Vi‘v\\ ’ J Vina ! 5\6\/\&\
SouALe

’ SounCe

( = =

[ /

Fta 4 o\DQw (ooP differenRal Am P\ Ren
No = # \]d

Ve = A CVL'V2>
Rin , Rina oA V\ea\ea?b\e_ &omPO\LQd to dhe

MPOT  Aesistance CP*\B of the o> -~ Gmsl)

So \
Niny = V, \V -
/ fny = Vo

Vo = 8 C\]\‘v\\ - \,\‘V\‘LB

® Inuen\«‘mﬁ Anpliien

e

\\.
HQ,Le \’I\Y\ =0 \/2 = \/‘\v\

/

Vo= A V4 :A(\’\°—V2.> —-AVin -




¥Vee

Vi
—5\

“Vee
| The wnegohve Sign
Rin = e@ 6
indicate § Hthal Yae cut\xt

Voltooe L ook of pPhase  wirh
hespect to grvmd 4g inpot by isc

Ftai open loop Imvenhng Amplifien

3) Non Tnventng Ampli e

+Vec

trexe W, = Vigy

—VCC. N9 = 0
Fi
i ) Vo= Avy =R (vi=Va)
3 : input Vol ]
ovkpolt \Jo\bo,ae s \“P\,\Qg@_ withh +the inp %oje
Pneblem

Deternmmne Jhe (OU’CF\)\‘ vo\kaﬁe in Ceach of the

-(—“M\mo‘\wa Cases Lexr Huo openn  loop differenyiol|
acnpPlifiern.  Shown .—9‘8v~e_ above -

®) Viey = 54V de , Ving = -7 RV dc

B



The o\>~(~\m\3 {8 o TH wiPa Hhe Lollowing

SPec‘f{_’fcaHans ' Ac- 200000, Riz= 2MA , Rez=154,
TWee =1sv | -Vggz -ISv  and  ovkput \ic\tcuae 5’“‘""\6
S UV,

C‘) '\/D = A \ld - A C\IfV\\ —_ V\\V\lx

\

A/{ 100000(5m6’6 - C..T,L>xm~6)
= 2.4V dc

i) Vo= & AVQ

-3

Np = &06000( to ¥18 ° - (=20 x\d‘"ﬂ] = -2000 V An3

Now op- Anp gaturates ab t ik V-

Viny = tomv fimy - lodz MV = Beig myV
Vimy = 20wmv Ay = o9 3 my = 28:23 mvV:
4‘\’;\,“
P iuwW ,
j\\//\(\ T
- 1wy “ \ l
J
\hv\')’ [ ‘(';
2523V 4 :




Tdeal Vb\f&ae Trans et Cuoave

BOSI L  op- AP ch,ua-E‘\tm Vo = A Va = A (\I' - V’—)

the plot of Ve Vg ch RS showwn  in {:‘\auke belowy .

K&?{"\a ga A Covnstonk .

\VD
+Vgat 4-- -
< >
-=-¢ -Vsat
texe Fg: ITdeal o \—‘co.aQ +hansfen  Cuave

Here  Tdeal Lecouse ookput offset \!’cl%cx@q 'S

asgsomed +teo be zZenes.

Fiomy the a/\_qPV\ we  Can 3oy  that +the oeuput

\/ol’c&O& i3 dikeck\b —wa:on%cma} f  the inpot difference

VD\Jccxae cn\U ontil i+ heaches the Saturotiown Vo\%aaej

and that there apten cutpat Vo\-tqae Alemain s Consyant. |

|
!
Feedback in  Tdeal OP-Amp ! (Neao&(ue feed bO\QK’B ‘
The  otilitg °f an  op-Amp can be greotiy |
increased gy previding Negaxive  feed back. The

OQ'EP\'){_ in 't\'\is lasée VS not dJ‘L\L\Ie_V\ in +o0 SQ'\‘UKC\HG\'\

and  the ot behoNes (v o Lineasr movwnere. |

There ane 4woe basic Heed bock c¢comnectiong Qfsed-;

Tn erdexr to Understand Lhe operoon af  these




cirevik s, we omoke +two  keoliskye 5‘“\P\si"\(3 QASSUAPKehs.

!
!

I the cunnent drown by  eithen of the fmpgt

!

tenminaly CV\GY\ iv\\)uﬂ-\*v\a own d \h\,eﬁ%;\,\g> 18 V\ea\q‘a{b\e
2. The differevniall nput \/ol-t-cxde_ Vq between mnew-
i‘V\\)eﬁng and ivw\le‘?\l.-ivxﬁ }V\Pgt +euminals  is
essenti q\'\a Zero.
Inveﬁt'\‘nﬂ AmPU-Fie% .

The  cincoit of r“veh%“ﬂh Amplifien cieoie s

showwn  in 4(8oxe below -
R¢

.._>.L|

F\‘at Inventng Amp\i‘(?\“ ea

The ou&Put Vo\taae Vo 1% .(:‘e_d bock +o the inventing

npot  tesminal Jc\mmoa\r\ the Rg - Ry netwoedk whene Re

s the Ffeedback Sesistod. .'Iv\“bo‘\r 6?8V\C\\ Vi (ac on de) s
applied te the inyenting input +enminal ‘Hf\koda\'\ R, ond
now ‘mvem‘civ\ﬁ input  tenmival of op- AmMp i3 anou»«c\&q\.
Pﬁhq\bss:

For Simplicity , 688ume  awn  deal op - AP - As Vd =0
7

Node ‘o' is at 59100\'\@ petential and the conrent

-H«Aoua\f\ R, i3
Vi

4 = = — ©®
1




Msec since op - HMP draws ho Cuarent , o\ +he CUMQV\‘(J

£flowing {L\Aouﬁ\,\ Ry, Musk £low ~"—\'\A0\36\’\ Re The
cvkpuk \fo\toae

Fron "'”\'\(’W cintus t

-V - 0
- Vi a - M - N 5 G
Ry Ry R\
G o= _____V‘L’VO - ©- Ve = - Ne — 3
@ = @ N -\/0 . Ve - R
— = _ -—> AcL = = ____{-
Ry R.?- V{ R\

the gheﬁo&i\l@_ Sy indicates a Pb\mse skigt of (Re'

between Vi and Vg -

O\so  Since “\\'Q‘n’RV\G npat  tenminal s ak Vintual
ganound , the epgeckive inpat impedance s Ry- The
i;\!c;,\.ue. of R, shouvld be KePt pq;n'La fon@& +o oNoid
ichc»\d\‘vxs effect:

a;Pnob\em :

:Des\a\n an  Amplifien with o A and

'iv\?o’c Nesistance eeUkLo.L Lo O KA.

Solotion:
Stnece  the 8&‘“ of the QMP\\J}Q?L RS v\eathe, oW

‘\r\\l(’,nki\r\j QmPU{RQh’ L\G\S +o be mode -

e 80\‘“ of Invenhng am'\)\i.(iien 7 Fep = ——Ri
Ry
-R
—\o = __‘c. Z2>
Ry




=
Choose Ryzlokao
Rp = —ag - Ry = = (~10) x16 KA = |ooks.
Preblean
for. Me -Cikcuit  Shown  in —F‘@uxe. belowy Ry =18 ®RA,
Re z ook | Vy=\V- A \o od T b Comected

‘o the @Utpu‘t 4eneinal ¢ Colcvlate (‘> i\ G\‘) Vo

W) o ond +total Cuanent g in the GUEFot Pin.

= iy Re (\ook!»\

Vi
. N . . Vi i
Se\lukiomn | c,\) L= —— = —— - o0amA
R, 1o K
-R 6o KJL _ ,
b) Vo = _F A Vv - oV
R, 6 KU
v _ =Vo - (-lov
2 s = :W ¢ ) = O wma .
RL RL
d) Tokal Cument gz L+l = 0+ 0y
ilg= 6 mMA -
In  an W\\lu\b‘na amplifiex. | Lor a +Ve inpat ,
|
is a8 gheown

in “F'\a‘“& above




0sing  the low -FLQGI/U»tV\C:( model of ?Y\V‘e/&--\%vxﬁ AP en
ﬁTi'\e 'QWV&\QY\E’ cikcoitk of o PACLC_\—KQG\\ {y\\je_nﬁv\d O‘“\?\‘RQK

15 ghowwn  in -{-’-iau.\e belouo.

Practical Inventing F\MP\’HC?QTL".
For o pProack cal opP - AP ‘he exPnessicm Lor

the .closed &ooP V'o\f&ae 605\(\ should be Calculated

Re Fg o eqpivalent
| circoik of «
Ry \
N T —1 —Q 4+ P.\O;C‘k\ (,O.L
v % . Ro OpP-AMP
¢ : + Vo invehting
- Acy Yd
l + . Aeplifien

This  cincoit can be gimpliCied by %ep\ac‘ing Hhe
S?anq\ Scvnce Vi and  %esigkpns R\ ond R} by Ahevinin' §

ezvvd\fc\\e\nt as fhowwn  in &iam&e below ; which O;V\Q\gggc\
to »

Calcolate 4he exact edpnession foa Closed toev @QM

Ber  and mpot  impedance Rig

=g A
_ ' FG@D Simpli {—'edl
) o t i
RQT,'M T cimeor by
= |
N - T Ro 0sing  +hevinin's !
\, L N\Iv V ]
- e~ R, + R \% \ Ao Vg ‘Vu\)alen% -
+ Y —O
\ -
Rug

Fig! Simplified cireuvit by Using fhevinin Q?j\“\‘\’o\\‘i“\f:

The inpok impedance Ry of an op-Amp s USOQ\\S{

moch 5Leq-t-en, Haon R, , So we Moy ossume
V€$§V and Req = R,

4
[&




Frem  4he O()Elsot LooF in --F*\ﬁwke (&)

V@ = ERO + AOLVd —_— @

also o
Vd+ (Rg +Vp 20 — ()

Po& ?ns +the value Q@ \/d jCZ,Lom ez @ to 8%@ ond
Sinplifying

vo((* A0L> = 'L(Ro — AoL R@) — @

AMso e KvL LooP ec]/ua«f—\‘an 5\‘\/&3

> ®

\; = i(Rl«kR,@) + Vo

potting  the Valve of U Lremn e?@ n e (®

ond Selving «1Cek cloesed LcoF aam

- Ve
ARer =

Vi

-€ @ R+ R(’.> + Vo
RO - RQLR,F.

%«: VOC)/-\'-AGL‘) 4/ Vo Ro - A/o[R_@ Vo
/

Re / Ao 1?,(3_

VQ(RQ - A‘P{ R,@X = Vg ((%

e (Ro - DeL R(i) - VYo CL—(- A0L> CR\“‘RQ) +Vo. Ro ~V0Aot%

V¢ (Rc - AoL R_,(;> = Vo R, -{»\/ORﬁ + Vs RoL Ry + Va f}(L R_F

4—\/0?0 PVO H\%R’c




Ni (Rcw Aor Kp) = Vo (R§ +Re 4+ Ry CHQQL)]

AC, - Vo _ Ro - BoL R{l

LT - — =

& ~R0+R‘€_+R,CI+RGL)

[ Sf -AOL>>\}

A _ Ro - ROL R_C_ i

cL = —_—_— ond AoL R, >> Ro+Re Rezg
Ao = F
R)

/
and 50\//(3 fou R/*é //

(091\‘}1’\'\3 +he L&o? QCUJ.D:‘t\
e

/ /
\[d 4L ( RC + RO) AOL. \/d = 0 /,// /‘//
Y R N N L A
s . V4 o/ /
/ RiyA = 6 - - /( Reg + 'Eo> / /
{ - T /

[+ Ao -
Nowm ivwen%—)\r}_cs AmP\‘i.Gi'ewi

3f o S\anaL Cac oA dc> s applied to the nom -
ﬁ}nven‘c'in_g inpot temminal and feedback i3 8“’"—‘” as

%Shom\q in ffau,he below -

the. Ciatuit omP\'iFCQS with out ih\)eh-}{nﬁ +he.

mpor Signals Suh a eiesit 15 calload - inves kg

amplifien . 9t oMoy be noted Jhat it 18 Qe a n atiNe

feed - back  system as feed batk 1 being Fed back o

the inventing npat  tesiminal-




—o V,

N 3 ) \th a an
Problem Desidn an Am)Dh-F'().SH wol a
o . »
0sing TWME Op- AMP-
Selption . Since the aqm

Now - iV\\leanY\S Ampl\‘-{‘ieﬁ .

. \/o_\/'L
Rl R’F
L= M — @
YooY VML 5 Y V((E*‘a
R TRy Re
£+ | . R >\
X #/V ﬁ{f/&J
Vo R A + 3
2= - Rg R . )
'_ < %J ACL - \/(L \
{’%L//\%/(/t/-r »
(o]

N he
N #osi{\VQ, +

Assume R, oKL
Rp
A = | -+
cL =
5;;+E‘£ = R‘F:L[—R)
~ = 4 X\OKse = LOoko,

C\mP\LFfQ,L 'S




?ﬂo\o\em: Tn the cincoit Shown wva --F‘\@UILQ_ below (et Ry =5Kkn
Rp = 20 KN an;& Vi =1v. A load Hhesistont of 5Kk s
connectred ab the oo’cpo-ta colevlate

(1) Vg (i) Aer (1) +he load Conment (.  (iv) the ovtpot

conment (g ndicating Ppropen diectriom of flow:

Solutiown ;|
' R N - 20 K S .
Ci) \,O 1(\ + __E_ VL — C + ..___<_ (i\/) - Bv
R, Exan
037 AL -~ Vo - 5v _ 5
Ve LV
'R,
Q’iiY) [ ¥
Rj 4
SN -—
LT sio
- N v
i % R
Nt
@) s
L - ? - - 1mGg
- 5K
. . .. |
(V) Yy o= oo - 6.2 Mo
R, 5K
Q") Lo = L+ Y —1mp +06-2mMméb = 1-QemMa

The. op - AmP Ovtpot  Coment 1o tlows ootwonds frem

he OOkPo’C J‘ohc«HUV\ }




pflactical Now - [hvent nq Amplifien :
The Qv\q\dsx‘s of Pproctical hon - inventing  Amplifien

Conm  be ?Qn.f—onmeé by Using +the acUuiVa\ent Ciacotke  ghoww

in Figore below - R

Fiaa Zk(/*lualeﬂt Cirtwoit of Nom ?‘m/e?ttinj HmPh‘f-{&m Using
Lo {L@,q/u.é,nag model -

wNIting  kKel ax  the inpot iode
(o - Carv)) Yy = Garvd Wt Va
YeVo = V4 (\/‘.:..\/i +\/{_> £V (\/-"f)'{.) — ©
wniting  Kel ar the  ouvkput node
(\/d Y Vi ,\/QB Ve = (\i‘? - AgL Vd> A
Vo (Yet¥e) = Va (Ao Yo +7e) + ¥ Vi —O@

FAaom 2?/(9_ Vd = Y{_Vo —-("/|'+}'{3)'\/; —_~>®
Tidyi+ Ve

sobstitoute £7,® in 27/@, ppten  sioplifying




A, = Voo Revr \/OC\/H-‘/g) - \/4: Yi

V; i 7 %ﬂ—;#)@
: (QQL -‘) Yo Y{: - (\,‘*_\1’ ﬁ(YOFY{-)

iz +the ‘.ﬁevuu«ecl clesed LocP 36\\\0 of 'I;:uc-hcq\

Non |V\\)Ch-t\v1—c3 Amplifien .

Thig

—

Vintual §nound
The digfenenhal inpot \lmtade Vd betrween +he
nom tnventing and ih\leaﬁw‘n(j tesminals s @Sseﬂ%‘dld

Zeno -

the diggenance \Icl-taae Vd at the inpot tenminals (3

, , '
X 9f ovkpot Veltage ig 1oV and <he Mg is 10 then
Vg = Yo _ 1% - imv

AoL 1ot

v[\FG" ideo\ Arf\?\iﬁeh' , HOL"_% @ , 3o US“”S in 8‘7/@,

e 69:‘(
Aep Yo (itvg) - ARl
ACL - Ao
C‘!o"f\c) - _\_1_0:1_(1 5 (‘[\*\—‘IC) (Yo *Y«(l>
~ AoL -6
Aol
ACL = \/){(\,'4_\/(:) - |+ .y_' ~ I+ "R_&
V6 Ve ’e A

Tis 18 obNious becouse even i output \/o\*bcxaq

s fews Velks | due +o Lcm@e chew -loep 6OMA of OP-Amp




!

As Aol —> @ the diffenential Vol"taae Ng —> 6 ,and |

> alysi Cincuits
assomed ko be Zeno For cquds ng the incuits

\19
Vs 2 o e,z Yo Moo
Ao For @

Thus  we Can Say that Unden L‘\V\eo.'n. %mﬁe
-io.@ openration thene \"“{'UQ\\U sheat cincuit betweew
the +wp inpot  tenminals  in the sense that thelw
Vol-kaaes ome Sam@ . No Corment  Fflws Laom inpul”
?'J‘cenm\‘ho.\s +o the anowﬁd~ 3,

the above figuse shows +hat +he concRpt 0@
Vintual 8Iw\’md\ the Hucer Line indicates the Vintoal
shont between the npot tenminals-

Now if the nen -invenhng -Eenm\v'\q;\ (s &uum\ded;
by the Comcept  of Vimlua] Shont | the invenhing
tenminal i alse at 6n0\md botential f\nou@h thene s
no P\v\a\im\ Cennection betweew +We TY\\I@:THvﬁ tenminag)
[and the 6,«.0\3\0(5' o b +the fDﬂl“ﬁF’\e QQ'VENNQ\
grownd

1
i
\
i
f
!
|
|
1
[
I
i
|
|




VOWO@Q Followen &
v the Now - iV\Veh“Hhﬂ QmP\K-FerL_ “f Reg=o0 ond
Ryzoo , we aet +the modified circait  shown in -QTG\MQ

below

Here Vp = Vi ond Vo = Vi
- Va = Vi
Wow No=Va and  [y=vi )

That is  +he oukpat Voltage is‘ ewq\ +0 inP@t \io\'kaaﬁ

boet\  in N\o.carvx‘v\voc\e ond Phase . In  othen words we

o Say that +the ovkpot \Iol{-oﬂe, Sollowos +he npot

%\Io\Jcche_ erL-EL5~ Rence +he Circuit s ca\led o

|
‘i\

i
¢

Vo\Jc&ae Fouowen' .

gt s also colled bugfer Amplifsen ,va\td doéw\
amphi fien.  end  iscla¥ien Amplifien .
A_d_\!av_ﬁga@@_,_ﬁ .
I~ Inpot impedance »  Veny \'\‘GH ( ie MJ\.) / lowd
® ootpet  impedance . thenefore ¢ drowss V\e@\éﬁib\e
Comment  fiom  the Souvrce - Thos o Voltoge fellowe




may be uUsed as hoffer foi impedance {YICLEC)N‘.V\G
fhat L |, to (Comnect a l«lﬁh i‘m?edqnc,e,. Source to q
loww impedance load.
2+ 3% has Lo\z\ae bond Wi,
Diffenential Amplifien !

A Coacoit 'Jd,mt_ Amplifies the digference

between +two Si‘@na\s s called o digference ok

Al £f exenhal ami)\\ fier- this tyPe of the Qm\b\“\ fen

. ; NP C { CAntuits -
s Verny vsefol LA insbruumentobion S
Ry
AN

ﬁm\b\\ Lien

and




Agkert 3im P\"\«\:‘H“\V\B

Vp = —= CVl" V?->
Ry

Satly O GAafuibe 18 '\/’erud usefae) in

differences in Sia'ﬂa\s-

)

%

detrecting \z@_h_d smal)
since Yhe 50&\0 % com be chesomw e be \JGAa [Cuﬁe
For  example s¢ Ky =100 Ry them o Small
difference N, -Vg 18 om\a\‘\,(:*.&d lco times .

Digfenence Mode and  Commen mode  Qains.

Oo{—")ot of o digfenential c\mp\“\.(i'ie,n,

Vo = = (v,-Va) — O
!
3¢ V;:VL the v Vo =0 That s '{—lme, S\‘dna) Commav)

to both inpots 8e£s conce\led and #mduaes no

ovp o \[oH:cLa@_. hin 1 twae Lor an ideal Op-AmMmP,
however. o proctical op- A“‘P exlits Seme small 71es powle]
ro the common mMode Cem\btwlent of the ?n\bot \IOI%O@M
‘oo -

For etample | the ocotpotr ), will have diffesent

Valve Lok Cases

G) with V, zloo MV and  V, = sopv

(11 ) with V) = looo MV and V, = qso MV




even -E_\r\ooa\q the digpenence Siav\q\ ViV, 250 AV in bothy

the Coles -
The Oojc\:wt \Io\tade, c\ePendS ot UV\IB upewm HPhe di\c{:uemce

Signal Vg at the inpot , bet s else affected by the

cwem:-ﬁe vo\taae of +the ‘mPok Sf@na\s , colled +the

N « Qs
emmon - ceode S\aﬂq\ \}(’_M c'le\Cmed

V, + Vo
For. digfenential amplifien Jc\aooah the Ciacoit ig
Symmetsic , bot becavse of the mismatrch the 8QRV\ at
the ookpoet with Qxe_s\ae(_-'t to 4he Posl‘-'t‘\\)e terminal s

s\?a'\/\’c\d digfenent in N\a_av@%ude 4o that of the Y\qu-k\\)e

Fonminal. So evewn with the same \’D\jc’lae opplied -+to botl
inpot s |, the ovkpot is net gero - The oukpot  Lherefore
mosk be ewpmemed as

where  V, = \Jo\%o@e Mot plicaion Lo inpat | to the
ootpal  wit), inpat 2 8“30“de

Vg = \IM’CCL@Q N\\)\-\-‘\P\RQQ—HUV\ from ‘w\?\s\: 92 +to the
ovkpat with  inpet awowdeo\-

'V,+V9_

Since Ve = and Vd = (Vl - vi‘)

Vi = Vem _}_—Q’TVCI —'—‘)@

Vy = VCM-_L\/Q] —-———>@
2




r substitore the valve of Vi and Vo in ¢q (), we get

Vg = Apm Yo + Alm ch\ "_—"®
L (o)

A\ + HL

i

where Apm

1

Acm

The votfade aqm Lo +we difference Si‘anal s Aom

%cmc\ that for +Hae Commpn Mode Siav\ql 15 Acr\/\

Commont mode Rejection Ratio |

The nelotive  Semsixivity of own  Op-AmP to a
diggenence siav\o.l as COmPane_c\ te O Cemnmov mMade
Siava 15 caolled Common mede Rejectiom Ratio CCMRR)
and  gives the \Cfauw, of menit (P) fon the differentia)
ampliflern . So, CcTMRR 13 ﬁ\‘\}e‘ﬁ by

P&DM]

Bem

P =

ond 18 USUQL\d exPnesse_d n  decybels (d%)

For  exomple , the MATHL Op-Amp has a minimam
CMRR of 10dB-

we shouwld have A Lcuﬁe . Bcm should be zewo

Dwnm

iAe_ol.Ld . So, M@hem_ the Valvue of CMRR betten is the

OP-HMPr




- Problem?

Detesmine the ootpot of a diffenential Q‘“Pl‘\*ﬁem_

?Fon the inpot Vo\%aﬁes of 300 MV and WO MV - The

|dl perential gain of the amply F»en is 5000 and -the

WV‘QIOQ OAF CMRR 18 ()) 100 (“>

\
t

Solutiem | AMRR X
= v
Casel CMRR =100 V= zo00 MV Y, = 240
' - 60PNV
Vg = V,- Vg = 300 MY - 2ko PV -~ *
: v
v - V' + Vg _ 3o pV + 240 M . ame v
CM —_— = -
Z. 2
Apwm = 5000
Adm _ Apm _ boo0D
CMRR = —ee— = Ao = -
A CMRR {
ICM
> Agm = 50
VO = Apm Vd + Acm Vem
Vo = (5000 X 60).1\/) + (So X 270}w>
Vo = 315-5mv .
Case 2 1 CM!QR*! > | - v
. =0 Ny z30c0pv Vg = 2200
CMRR = Apm = AC,M - .A'.DM - 5005/0 -
Aem CMRR (o
Vo 2 300+0i3S MV
L S




vsed , 13 a\\len b:j poweven it R¢QmP in 'Hr'le
CirnCOL Hrown

Vor

R . . Ry . .

- ("' T:; Vies T R¢ Tgs VoT = (H' "R‘ﬂ_)\lios R Tos
]

‘IDrLG\rIdQ OFj{lse{‘ ComF@,nSCLJﬁO‘V\ FMS

Many OP——HMP5
| vl  below 61\/% +he

+o no\lify +the ofg set Vo\taae_ -‘:(6

for the THI Cp-fmPp-
1o K 'tbotle,n-\—iomQ,’tQ'h, '\?Ofevf“':/@fﬁ@\yéﬂ,

+ nol pinsg | ‘and 5 and

The maonufactV AORS
Connectiong

ﬂec,omm@,n& +thot O

be placed acos s Offse
q *to +he hnegatinve SQ'F’F\d 'Pian . The

18 ac\‘lostec\ to noligy the

the

wipen be Connéctée

posthio'w of the wipen

oot pot @Efpset \lolJCOaQ‘
Ro-

+
Ry v

" 2 v,

-—

Thesma) Drift !
Biag Comewnt , Offset (orrent and Offsex Vol%aﬁe

:c)_m“d@, with Jcempe,ncﬁcuke, A Circoit come Lolly notled ot

when  the “temPQ,L&¥O!\—Q, nises -Ec.

‘ 250 ¢ Moy not Nemoin SO
35°a - s 8 co\\ed dr\l.{:'\:-
opfset coment d.apt s Q*Pn%ec) in V\ﬁ/”a and

 ofpset \Iol—to_ﬁg Anl@‘\: ' MV/“C . These indicote the CRQV\@Q

wn offset  for each de,dltee celeivsg  change in *+empem—}v/gg_~

R



e \(o\%oﬂg Vo oab t\he iv\v@_h-\w‘vxs Fenminal Vs

<«
Ny, = Vo Ry
R+ Rg
-R + R | ‘ R
5 Vo = Va2 _\____'@}:(l—’r £ Vo
Ry R‘
Siwee Vies = \\i(—v,_\ ond Vi zZO
VIOS pud lD—VL\ = Vg

. Rf_
\Y - (v + __T Vw
(o)
( R, to S

Thus the ookput epfset VOl’cqae of an op-Amp

w closed LcmP Ccmﬁaum%‘m\ i3 5*\/&\'\ by Gbove Q?/,

Totral ookpot offset \IowQaQ '

The +otal ookpot oppset Va\{-oﬁe Vot <ouvld he
eibthen more on less thawnw +he ofgset Vel’tcaae prodoced ot
the ook-\bo‘c due *6 iapot  bias cuaent on inpPut offset
‘VO\’CO\GQ alowe . This 18 becavuse input offset \/o[tc\ag Vios
and the input bias conanent Iz Covld ba evbthen Pos?-\-‘,\;g

on v\g_aqh“ve with %es‘:ec_t to 6noov\c\- Tkan.p,f’-@n_e +he May

spfset voltage at the OUtpot of ow nvesnting and  nom

inventing  amplifien. withoeok ony Lompensating  techniqme




InFu’C offset Vo&&ae:

Tnspite of the use of +the above ComPenSQHvxﬂ

‘Eec,\,w\{WS : E 18 .JC"oov\d that +the OU'EFO'\" VO\+&6€ maj stil)

\ . - - _t
nwot be 3ero With 5 er0 M])u’( VoH“Oaﬂ Thin m dve 0

NP - o 3Small
Onoveidakle  imbalances inside. the Op AmP and

By

o - + ternminnals +to
\/o\)cage, 15 +o be app\(ec\ oy The PO ”

| : voltage 15 called
| make 00\:'[>0L' \/c\-to@e 3eAO This O@

this is the Voltege Lect/wi/LeA

Tapot  offset \/oL’ccﬁe '\/tos, ’
+ foro mod{fna outpuot Vcal-l-aae

to be QPP\RQA at the inpu

i h low
to Feno Volts as Shown M -f-\aO/LQ be

Vo =0V

__1_ 1-

—

(Yol

: Vvoltage ,
F;ﬁ(&)"OP’P‘mF showing inpot of-fset Vo 6

F‘a‘)ke show s  +he NU"’\.—,\\V\VQ?\HWﬂ ond .Iﬂ\feﬂ-h‘vtg AMPHGM CKts
Rg

F?a(b): Nen "IV\\IQ,rL—Rv\g Am‘a\T.F{Q,L F\‘a(t) : :I"\VQT\'HV\S AmP\\\‘{:‘Qk
€ Vi s set to 3zeno , the abeve Cixtuits become twe

sam@ &  Showwn NN Qﬁuxe belows .




To obYain ha n ‘iY\F\)t’ Nhesis tonce R, mos t be [(eP{_

Lomaev with Ry La;ﬁe , +he feedbock fesistor. Rp most

alse be Ma\r\ so ac ‘o Oblam Neasonoble ﬁcuwx

™e T- feedbatk netwonk 1§ a Oczooel Soluhom - This

witt  allew ’Las@e feedback  Tesistance  while Ree,PM@
the 9esistance 40 (ﬁ,wwncj (Se&n by e iv\\,e)ﬂ;vﬁ ‘lP)
lw as ghoww in Hwe dotted lines .
The T- nelwonk #Jw\)‘\&és o feedback ST@V\M as I}H«e
netwonk Wexre a S:wﬁ\e Jﬁeedback; nesistorn
By T +o T Convemwniom

Ry + 2R Rs

-R:F = .
Rs .
To Aes(d\q a T~ Netwoik ( -?;‘hglc '\Mtk
Ry
R, << Rf Hhean calcolatre Ry = \
’ Tz R:F—' 2 Ry
Ry
,—--_Ma~oww~e~——-———(
' R\_, ‘R\" \
> Vi

Rc.om F

—_—

-—

. . "
\'—'(«6'. Twventing AmF\E;ien_ with  T- feg&fgquc Ne-)u;o.L
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iwpo‘x’ offset VCU‘nVa'len’c

Bias cCurrient Cam\:o,\mSORcTCW\ will  Work 13, bo th
bias  coments Tyt and Tg  are W&l . Since the 1nPat
transistens Cawnok be Made 3‘1\3"“%‘\(}&\, there il Q\maﬁ&

be Some Small diffenence between TIg and Ty . The
digeenence s called the offset Connent Tag and Con

be. wxattenm a3
‘Iosl = Ty - &4

The obsclote value S?GV\ indicatey +hatv thexe i3
no woy te Ppredict which of the bias Cuments will be
Lanaen,~
OffSet comenlt Ipg Ffor BIT op-fmp- 18 200nA

FET Op-Amp is ©PA -

Even with bids corent compenSa{—icm,o_{:_(:sel— Cornent
will  pasdvce  an  ovtpot vozfaﬁe when the input \lc\‘c&ae

Ve 3% BQA—O :

L




Kal Ade aode o

Fex Compensgatien Vo showld be 3ero Lo Vi =0, that 135

?Lﬁm é:% @ V*)' = V\

v
So  Yat I, = -
R—F
v, . V)
~ 1 N . .——-— _ — I\ : — ——
ket ok WNode a @‘\)ei Iy = 1tg + 4y R R)
Ass\m\‘\ng IB— - IE>+
) | A
- 4+ — = I
Faom £q @
\'
] | t
\ — ¥ =
i R
L R-\C ! RCGM?
_;> __'_, - _'-- 4 __l_.
RCOMP R_{; R|
=D RCOMP = R\HR-F

That 18 to C@m\DQﬂSQ‘EQ Lfoex bias Corhents ) the
j +a  the
cOﬁnechv\c\ivxg nesistor RcOMP should be ecvxa\

. iy € -Rw
Panm\\e\ combinakion  of nesiskons Ked +to the M 9

iv\‘aak +enminal.

the Z,F.Ge,c% of EV\Pot bios! Cuarent oA oo NOwm-
-iwventing  amplifien. Con alse be {ComFe‘nSafed by P\CLUVL(jc\
COVY\PQYIS&‘C‘V‘S nesiston Rcomp
n Serier with tee
mpot Sidvxox\ Nt o3

Shown  tn 42;8%6




For emmP\e , For o Tkl OP-Amp wit o Re Z1MNnC
Vo= Ig Rp = 5Soonh «\MA = TeoMV

with  Zero inpot | becowse of bias Cusmnents , the ouvtpat

i3 dnivenr to soeewmy

i €fefect  Conm be Csmp&n&a’c&d Lor o3 shown in @é(ﬁ)

odded

. beewn
whene o Compensakxion hesistodt RcomP has

—‘W\\[Qh-\—i\r\S tenminal ownd akﬁﬁ“d'

the nown

bektweewn

current Iz flowing *‘E\'\Le\)d\q the Compensatxing

Aesiston Regmp develops o VO\{-&ae v, aciess it Thew
bﬂ KvL we ael:
Vo = Vo =V —> @

By SQ\QQ'EKV\_S Fnepen Value 0{1 Rccgm?’ Vg_ Con be
Concelled with V¢ and the ookpot Vo Wil be 3Zero .
e value of Resmp 19 denived as

P g + 1
\ll - IE ECOmF
vV
+ )
Ig = — ""“5@
RCom?
‘ Vn (-
Now Vo = -V, = T, - (- Vi) _6+V, _V,
R\ R‘ ]
Ve
Als o Iz Z —i_—




Even H«ouah both the Hhansistens ane identical , Ta
and Tx' ane Not GC(/'-LOU duve +o mtemnal imbalances

between e Hwoo inputsg.
Manuv fo ttOrens SFQQ; £y ;V\PO t bias Cument Tg as the

average Valve of the base Currents @_vx-teniv\@ in 4o the

tenmninals of an  Op-AmpP-

+ -
so Ig = Te + Tg

2
g T ,,
Fox T4\ = eP Amp = Tr = Soowvn A ( Ig = Ty = S'GDV\P;)

foL. FET C)P—-Rm\? NN IB =3SopPQq .

considen the basic inventing  Amplifien

Fia(b')'. Tnventing Amplifies with  bias cvarents
8f the inpuot \Jo\’coae V. =0, Vo shoold alsos be Zeao

Thsteod Hae ookFot VO\-EAGQ wn O'F—Fset ‘?_‘j

Fapm Hre cK b I, + Iy, = TRy~
VvV, — V -
I, = 0 - Tg
Rg




Openational Amplifien chanactenistics

De Chonockenistics | An ideal op-Amp draws no

.« A C’L‘SO
connent  fasm the Sounce oend its ‘ﬂe_SPGVlSe LS

reaol OP-Am
mdependent ©of tempenatune However. o | P

i . t is token Luom the
doesm'-& wonk this woy CuUALEWN 3.

sounce In to 4he op-Amp inpots. Also the two Inputs

: due to
Nespomad d?{l\CeLen’c\d ko cunnenkt and Voltege

- . also shifts
mismatch  in thonsistoms . A feal Op-AmMP

: a0 wnom -ideal dc
its ope/\a’cicm wi th JcemPena’co?le- T"'\Q

+s to the
chanactesristics +that add €rnoxn Coumeﬂ
de output \/c\.\'t&ae ane
) Twpot Bias Coarent

2) Tnpot offset Coanent

Voltagé
3) Inpuft opgset Yolteq

%) Thesma) Drift:

) Tapvt Bias Cuarent

Pn&c'biacx\\d inpPot  tenminals  conduck o Sma)l
Valve of de corrent o biasgs +he impot  transistons,

The base Corents enterxiing W te the in\/eﬁ%‘nﬁ ong

o mvenhing  temminals ane  shown as Iz and

IB"' ﬁesPeckweld . ( Ffd @))

-8 F—iﬁ . InPot- Bias - Curnents

!

!

|




thene ane Veny few cincoit +ec\/m‘\cvles +that Ccon be used
to minimize dhe effect of dript. Coneful Printed circuit

boand loyouot must be o0sed to keep oP-AMPS  away fiem

Soumece of heat: Forced ain ceoling May be vsSed to

Skob\\.\ae, Hne ambient +emP€!\C_\\—Ul\Q=

problem !

Q) Fern +the V‘G’ﬂ—\ﬂ\/erﬁ-\‘nﬁ Qm?\i-i‘lien 9f Ry =1k and

Re zloKA- . Calcolate e onaimem Qobpo’c offset Nottaqge
dve +o Vies ond TB - the op-amp is LM30F with
\

— i — 0 *
a = A 3 5onA
\1{05 1O MV an IB 300 ) 038

Nhe e the
) calculate he Value ©0f Reomp needed to duc

epgeckt of Iw

d calevlate the MAXIMOM  outpot  offset Vm%oae 9

Rcomp as caleolatred in (b) 18 Comnecred N e Gauit

gelutiown |
R . T
A \lm—:[l+—£ Vies + ®¢ IB
Ry

Vot = (, 4+ lokan QO W\V) ¥ Gok.n,)(éoonﬂ) = 13z mVv
| Koo

b) e valoe of Regmp Veeded 1%

RCOO‘\P e R

\xo Kk = 490U

C) it Ru’mP ' the  cineot

Re -
Vor = {\ ¥ Elvies + Rg Tos = tlomy fosmy
R
\

\ch -0 mMV -




Pnob\e(‘(\l
A wnon nventing Hmp\i-{-’iem with o acdvx of 100 {5
what will happewn to the outpat \lo\%oae

ises *0 50°C fon an  offset Voltage

notled at 25°¢

£ the -l‘emp@ﬁa’cun@ n
draflt  of Qrismy /’c 1
Solutio |

IV\POt offse
- o»\smv/"t X (soC - oS C)

Vios
put C\rxcma@,, the ouvtpot \Iol'fa(«je ki \\

since g 1§ an
ckcmae by

= 373y MV

\/0 3,—75 m \ X L0 o

Vi




AC chanactesristies !

(- FnecV,xenc_g Respcymse‘.

I’decx\Ld on  oP-AmpP  should have an

infinite bondwidth: the Pnac’cicQ\ Op-Amp aq\“\q howeve s

decreases at \A\a\ner\_ {.&&?}LLQWCiQSI becavse of +the

Capacitive Compovient in the e«u;iva\ent it of  the
op—-hm§3~

Two Mo jost Seurce s --ore Nesponsible for Copacitive efgects

R p\'\asicaL chofa ctenighics of Semi Cendyctes AQ\J?CQS .

Op BMPS ane Composed ©f BrTs and FET S which  Ceamtain

Capalitons - ps -Fhewewcg nereases , the
feoctancte

Jonchon

of these Capacitons decreose

2. The Intennal Cemstruaction

of the opP-Amp t» o Second

Sovrce of Cc\?c_\ﬁjc\\)e, effects- Tn op-AmMPS o Wamben

of tromsistons ag well .ag nes8istons and seme Limes

o Ca?acxton one 1vv\:0—akcﬁ?@—d ow the Same matenial

called o Substiate . Infact, the Suobstrate ocks as av
insolatone and helps to Separate these Compowvawnts .
The Vomious Componewnts one Connected by Cmdwd%ws
paths | end the Pqt\ns oLl SQFO.L&‘%Qd by vnsgulatans .
Howavén,my\engvem fwo Conduvcting ﬂDQ’c\nS one

seporated by aw insolatorn | 1t acts A% 4 lapaditod
4 meand thak becavse aof k§ cendtruactionn the
OP‘F““? Mnaxy Centoin a numbe A of- sSucth Staoy

CQFQCI ton s -




T‘r\e cumulokive e,(:peck o{‘, thes e Cq‘)o.(.(%ﬁhg CLLLQV
to the chonoctenisticsd of semi Comducton device g
and. the internnal Construction of the oP-pmp Cavses

s a&m to decrease os the L£iequenty incaeases .

For. O op ~ Amyp w) th Uﬂ\j one bareax j—le;i/u&mgj

we i\ Q‘LQP«nes ont q“ +he CQPCLC_\\ rive QF—?QC,{‘S fb& a

S‘ma\o, mpqu’com. as  Showw  in {-1‘6U/La below.

T —Y%
\Z — C
Y

Fta ‘ HIGV\ freqpency vodel of an op-Amp with va\d\e
break ac’“e‘f}”wcﬁ :
The_ aa{n gy o Jluv\(‘;H on of -F.LQC-U.LG,VI ¢y Cown be obtal V\ed

6
-3 X

Vg = ———————— AV

Wer 2 JaTi g C ANd
Vo e '
Jamm£C
A V4

<
&)
{!

4+ §aTTE R C




Hence +he obewn loop Vo\’to_&e gain 18

\/
AOL(‘F) - : \/:
A
goL(‘F) =
L+ J2T £ R C
let £=f, = gj—? . +hew
T Rg
AoL ('j:) = —_

t+J(;§_:>

where Ao (4) = open loop '\/ol{-o§o, aadv\ as A fonchon of

Freqpendy
A = Gam of the op-Amp at 0 Hg (dc)
F = openaring frequenty
f, = breax frequenty of the op-Amp .

Now the break :FkQCLULQV\QH {0 dQFenclﬁ ov1 the Value of

¢ and ov  outpat  Aesistance KRgp - T\'\ene,{loxe Fo
is fized SLor o 5‘&% op - Anp.

e (D) = ———

JGY

Prase Angle ¢ ()= - tow! (_Zf)

7o

and

The open  loop M Ael(#) di s oppaowimately

(onstont  farom o Bg to the break freguenty f4 .
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bpesn closed leop Fiequency Response

For an  opew loop Op-AmP the  bond atdin
i3 'VQNU Sena\l .

Tv ordea Yo intaeare the  band wid¥h |
V\ero»q\%\lq feed back mutt be Used

A typical closed \eop sés*cem (nom ‘m\[esﬁ-\vﬁ Amp\\{;@

SOy o

SV ewm
Vin Mg, >\ Ao () ]) > Vo (Ou’qmt)
CRV\FO‘O - Voo




Va Vo
Voo = Viw - Vg = Yin = Vo + \’_fl
V
Vo _ o
AcL C{’) = Vin vyt Vg
Vo vV \
A () = / - = i B
Vo \p Ao ()
( ) Ao (£)
Ac($) = ‘
- [ 4+ AQL({l) ﬁ '

Syrtem Stability  mau  pe detemmined g« follows .

Mmeted 1 . Detenmine -the ‘H/Lo/\e A'w@\e whew Hthe

egRtade of Ao @)

p\,\ase cma\e RS > |80°, -the

Odr oL . 3L the

Séstem 1S S+table. Howeyen

for Some SU/XtQms e Maavxi{—ude Moy  hevea be ods.

in that Case m™meRed 2 Must be Used +o de tenonine

the Sds ten  Stah) Hfj .

Merhed 21  Detenmine ihe N\a.av@{-uoﬁe of  Ror(#) B when

e phase angle 1s -180”  9p +he N\oavd-\-ude is

V\QOO&NQ decibelg , thewn  +the Sds%:em s  Stable - Howeve

Sone. +times the ‘H\OSQ _a\md\e of o Sas-tem Mmay nevea

feach —180%, undes Such Cmdi'\:\mas, Me¥ed | mMost be

vsed 4o  determine the s'ds’cem S-‘cqb\\\‘\%g.







3

Nequired 4o Prevent  oscillabion and +Win Capaciton

slew Rate .
Slew Rate is deﬂfu‘ned as the mowimuom %ate of C[«Qv\a@_
of oo%Po% \/ol-l:oﬁe i Ha 9165[3&01’ +o tme . a
slew Rate s ngc;jﬁ,‘ec[ i Units  of V/}ls
The ﬁe,ne_m\ -Fu‘nfmse cp-&mPps suth o8  74) hove
a  maxsmom Slew haete of 0*5'\'/}16 _wich means that

the outpot Volto_ae, Com d/\cm@e ob o moawimum of

o5V in ) us-
cavses forn 8lew Rate

the slew Rate 5 detenmined by a Wumben of

factons Soeh as the omplifien gain compensatin
P gein, compensating

capacitons and the C\Acxhﬁe in 'Po)ahlfg of outpot \rol’ca@e

It b alss a Sfuonction of temperature and the S\éw Rate
5%9@,&&\\&_ Neduces duve +o %ise  in -ke,mPeAai—UAe.
The capociton within on outside the OP-AmP i3
festricks  the %espomse of CopP-Amp to o mPde(j
changing inpt  Signal: The %ote at wlich the Voltage

acrbs8s  the Copotiton V. increases 15 5iveu\ by

C‘?\!c_
dt

T
C

whene 1 (O the corment .fuswuls\«eé by +he

inkenwnal Circolt. TWH mMmeans that the op-AmpP mMmost

have ethen a \Ma\/\u, corent o~ o Small Com)DQMSCLJv’QM

CaPaCich-




Fer @yomple  TC Tkl Can Provide V8MA  of Mawimum

cormenk to (ks intemnal 3oPF Capoditorn - Hat 18
dvc Tman ISR

Slew Rate = = =
at Mo < Ao P\‘:

Slew Rate Egpation'.

Since &he  slew Rate w 8Q,V\e,ml\d Listed Jfor a
owity  gain ler ©s  Cemsiden the UYovtoge Fellowe s

Showw u  figuee below .

- Vo
+
By ear Vo = Vi
V;v\
let ©s assume +thatr he  tvpotr is a L&A@& &mp\\JrUQ\e
oA M8X~ szuecv).ev\c,ﬂ Sine  wWaye « The Eqpation fon
the  sine  wave. 1%

in
The Sate of change of the OU'EP\)'lT s

dv,

~ VF w Coswt
dt

and the Mo MU M Nate O—F C.\/\omﬂe 0{2 ek)JcP\H:'

oclun s whewn Coswt =) HHat 18




dvg |

_— N
at Imoan ~ Ve
Slew Rate = 2m £ Np
2717 {Z-VP
Slew Rate = /}13

The mowimom  fregueney £, abr Wit owm  undistorted
ovtpot \Iolkuae, Wik a pPeax  Valve Vp Con be ob¥ained

[ detenmined by

6
Slew Rate X 10

:Fm ax -

9.TTVP
The mMoxmoem peak  Simuscidal ovkpat \lo\’caae @mm

that ¢on be obtaivned at a JC.L&CU.LQJVLLS of £ is (TWM

6

by Slew Rate x 16

\Y -
< P\mat - R

problem The OP-AmpP  7h) Cennected as a OV\\{:B acﬁv\
iV\\lemH‘nﬂ amP\“\Fie?L IS QPP\ied with o inP\)t' Cl'\ohae
of lov . Detrenmine -+he +ime takew fon the ovtpot +o

c\/\cxnge, bg Vv -

solution ©. Foar  op-Amp Slew Rate :o‘SPV/HS
. o\yt\‘bu? Vo\{:aﬂe change
Slew Rate = — C
Time
toV
Time = ° = 20}15
0‘5V/}1$

preblem ; The Slew Rare Lo 741 is ©:5 V’ps‘w\mi‘ is  +the
Mmawimum Owndistonted Sine wave that Can be Ob'\’a‘\ned

‘FOL 12V ‘j>eqk,.




©
Slewy Ratre x lo6 6B X 10

‘icmom - — - —_— = G‘GBKHS‘
21T Vm 2 T Yl
Preblen:  The 741 ¢ s vsed as on \wenting  amplifien

with @  gawn  of 50: e Sivusoidal input 3dianal has a
pplitede of 20 mylpeak: whot 1S mar

Vosuab\e §Lecu.xevxc3 and MQMimomxc—FkQ-q#&\ntg af the \‘V\FO"Y

at thich the ovtpot will  be undisécc,&edg Assome. thot

the amplifien 13 Khi%‘\q\'\_ng nolled

Ss\o ki ovy ¢ A= __V_O_ =) \/#—»E VO - A \’tc‘ - BoXz2owmy
Vid
\/0 — 1000 )C(c)—3\] :\\/CFQ.&K) ol VP
6 6
. SR x o .
:FN\O.\L = — = w - 77«6KH3.
2TV \IP 2 T X

problem ¢ An  inven Ying oamplifien UVsing the 74) C Most
have o flat 9espomse vpto 4oKkHZ: The drcu‘n of the
amo\i.(l\‘en is 16. What ovamom 1>Qal< to Peak EV\Pu't

s;@M\ camn be applied with oot distorting +the owtpot?

Solokion: slews Rate Q,,C 741 Op-ACmP = o5 V}p\s
27TV
SR = . P 7
1o
4 I
<VP)mmL = SRX® _ o8 xto EREERY
277 £ 2T X Lo X102
VP - 199 \Y = VO
. = 3-98V
(VOBFQAK_ = 1799V = (v°>Pe,aK_ ﬁi”—“b

3-9%

A = (\,03 Peak +o Peslt

= =
C\Iih> pPe-—t + '}N__e

(th\ pesk Yo 1>eo-aﬁ

398 _ 4, .
(\);“) poak ¥o bear = 2> = 0348V




OP-Amp Intesval  circolt
op- Bmp s Qsoo\\& Comsists of -four Cascoaded
block s : the bleex d\‘c\amm of IC Op-AMP I3

Shown %Fau,xe below .

NeviivwaReg [T
| ; Tnreamediate Outpot| o]p
Shigfting |
St S+
“@e Si-ocje “@Q
\_

[ t .

"Pe Dua) input Dual - mput suoch as Complementoy
balanced onbalanced emitter symmetvy
ootput ouvkput Followen posh -pal)

Differenha) DygLerenna) Using (omst Am\?\‘s{lm‘
Ampli fies HmP\i.F{Qm

coarent Seuace
Kvxpo“c s’cmae‘.

The input  stoge gequires Wgh input impedane
te  aveid

looding 6w tHie Soukces: Tt hequuires two

‘mpot terncninals ¢+ 9t alse 91@.6{/.1,(}»&3 low o\chPot

‘]mPquv\QQ. Al such ‘hecbui,LQan’cS an@ acwieved bﬁ

osing  the dual input , balonced svtpat  Aifeerental)

amplifien. as  +the \V\‘Dxﬁ‘t S\EOﬁe' The foncyown Q(Lq“

difgerenhal  amplifien is o amplify  the diffeewnce

betweew +he 4o \‘v\?ot— S»‘dhcx\s~ The differenna)

amplifien  hos l«i@k mpot imyedo\vme- Thisg Sfoae

fl
provides most  of the \l‘olt&de (jqin of the ampl“\{-;u%

j .



—

inteandio&vQ S’toae‘- L
the. ouvkpot  of the ‘mput chQ@e drives +the
nexwt SJccxﬁe whichh 185 a Intenmediate Stcs@e. This
18 anothesn digfernential amplifient  with Dual W\P\;‘k
onbalanced owkpet e s?n@\e ended ouwtpot. the
over ol 6q‘w\ ?\QC#.LiLQmQV\t of the Op- AN ) very
ma\w The inpot stage alewe  cavmot  brovide  Such
& Mﬁ“ gowm - The mow  function  ar the Tnteamediate
5{06& is 4o paovide an  odditional VGI%OGQ_ g
Q\QT},LLLQA- 'Fhoct\‘ch\\d e nterneme diate Stoﬁe is

not  a Sm(j\e &C‘ﬂ?\ﬁ{:‘{em bot 4he chainw of (ascoded

amplifiens Called O3S m\)\’cis-kaae RmP\i’.Fiens,

3> Level s\/\;J“_{-imﬂ 5%&68 N

Al the Stoges  ame ChLQQ":\j CQQP\Qd {—6

eoclh  othen. As the op-AmMP  amplifies d-c s:aqu\s

also ,  the CGOPUV\@ Capatitdns onme vot uvsed o

Cascade +the st-&aest Hence +he de quiescent voﬂche

(evel of $pravicus staéee gers spplied as  the input
to the wext S\:Q6€~ Hence s%o\ae by 5*0\@& dc ‘QVQ\.\
increase s wel\l  gbove 6MNV\C\ Versy PD'EQV\'HO\\-S\JC\'\‘\
o \m(cj\n a-¢ tlevel moy 4dsive the tronsistons jnto

satonokiow: This Fontner may  Ccause distonhon v

the ootpot due t0  clipping: This may lmit the

—-




mowimomM G- ovkput \IDK{'QGQ SWwing  with ovk any
digstontien. Hewnce befone +the ookput Sto\ae) R
necessany +o bn‘w\a Sucth A -hia\r\ dc \ro\JccxﬁQ leve)

to Zero vottsS with ‘n&sFQc&- Lo é,mgnd.
The level shigften s’cozcje, bm“@$ the
de fevel down +to awond Potential | whewn wo

Sianal is &‘)P\{Qd at  the Q\,\PO{‘ +eroninals - T\'\QV\
the Siana\ is a\vew ‘o +the \last sbaae i Ch
is the ookpot 5{066‘ |
Ovtput s’ccxae :

The basic }%Q?/Jikemgwks of  omn ooukput S+C\ae
ane low ouvkpot | impedqv\ce, L&T\@Q - 0C oukput
\fol{—aae sSwing  ond \f\ia\r\ Cuonnent Souvrce  and
S5inKing Capability -

The  pogh puol) Complemantany amplifien
meeks  awn these neguirements  and hewce vsed as
awn  ookpot stoge- this S{'Q(rje increoses +he output
VO\koCie, Suiin and kQQFS the Voltoge swin
Symane tricCal ﬁmiH\ Tespect to 5*00“d‘ TL\B@S*O@Q
Nnoy Se s the curnewnt SUPF\diV\_g CO;PQ\OUHB of the
O\D—Gmp‘




1 D%pyeken%%a) AmP\i‘{‘—a‘&nI

lex w8 Comsidern

Gncwils wa that tromsiston &,

as ’E‘AQWS(S%OTL &Z_' RE‘ = RE

z

Fa) ¢ Doal inpot
balanced ovkpot

4 ‘F.P amt)]i{ll‘q e

the emitten biased

Cikcuct:

F}ao/\u@, below Shows +two emitrern idenhcal emitter - biased

has the Same choracteushy

Rey = Rey ond the

!ﬂaan'\-\:\)de oL +NVNee 9 ch.\o_L to the mo@hifude of _VEE
Hene the SUPP\3 Vol%aaes e ond - Ve ane mear
AsoNng .
measored with “segpect to [ d
_ "~
R¢‘
<
B, &|
| €y
- Vee
: \ Lcuits
FT@(CI)'» Two identical emitter - blased Circui
T"i’\ch




e two Cincoits of figla) one Aeconnected +to obtaiy
a s\‘nale, Cireoit as Showwn  wa (—\6 Cb) '
The digfenenkal o\mplw‘-Fa‘e,L of f-"fa‘Cb> oamplifies the

difference betweevy {0 iV\P\lt' 5'8““” VM\

The differential amplifien is also neferred to o3
digference omplifier..
Differential AmplifiesL Circouri b ccmpauA&-HOV\S :

The  four differental amp\ifien cm\{liau;\gu\w‘owj ore

- Doal ‘V\P\‘\—’, balanced outpot  differenhal CLmP\i.Fie_rL
2 - Doal impot | onbalanced ovkpot differenhal qmp\'\“&“en,
3v$'m6\e mpat, balavnced OUtPQJC‘ differenhal Qmp\i«ﬁem
A.S\‘V\(ﬁ\e_ ?hpgt/ onbalanced oukpat differental CkaU‘Gﬁm

| 8¢ we 0se two inpot S‘lamals , the Com.@.‘aul\.a)cicrvl
i% saxd +o be dual i‘V\Fo’C, pthenwise tt is8 o Si“ﬁ\e
“Y\P\)‘C Ccm.F{aU!La’ciB'V\ .

3¢ the ootpob is measored between two collectu

it 15 Ae-j?eLLecl to as o balanced outpout, becauvse

both collectons agre abv +the Same dc Pokeh“HC\\ with

‘hes‘aect to ahoovw\"

3f the ovtput 0w Meosured vovk one of the
collectons with fHespect to aw\)ndr the Cm-{’—n‘auz\q«ﬁcw

s called an ovxba\cm&eA 001:\30’0




i)moq\ \IV\P\)t‘i Balovnced ootput DifLenentkial Andp\i-@i&ﬁ_
Ftauwd below sShows +he dual inpot bq\omée& outpa b

difLerential o.m?\i{li'?,n,,
(i +\‘CC_

“Vee
Fia&l)-.bual inpot , balanced cotpot diggerenyial Amp\\”‘le%em

pere  the ootpot Ny 18 measored between the two

| collectom 5 € and Cp whidh oat ot the Same dc potedl

Becavs e .of the ecv_LcL\ de FD{”QY)-HQ] ok Yo two collectosry

. o as
wEn %es\)ecl— to a/wovxd  Hie oo’c\DO\' n %QJCQMQA
a balanced 00t\>\>“f~

Dc Avquas\‘s ¢
T +Vee

‘o +
™
|

—Vegg
Fialy): De &‘_(bul\lcx\enk cixevit  of the dual inpot, b“‘q“ﬁec\
ovkpal d\-@-QGAQ““HQ\ amP\‘\*'Pl‘Qn,.




To detesmme the OPQLCLE\V\QX valves CICQ and VC—EQX .J;Q,L”;
the digfemential amplifien  of #taca) _ it s needed to
obkainy o  dc gc{}_xi\!q\en‘c cincoir- The dc e,cl/ul\}alenk Argoit
con be obrained 8Simply by keducing the inpot Stah&\s
Viny end Vin, to 3070 the dc i?j_).l\fq\eh’c cncoit 18
Showown 9‘80“QC'°3‘

since bokh emitten -blased Jonctions eof the differenial
Qlen ome symonetrical | Hhe oPe&raxing Point

. C&l)
_ e SeLR v Con be dekenained.
(Nees, Tea ), for m‘ﬂ

cxmp\‘\

: be vsed {1 tromsistor
T‘A&ﬁe \}CEQ Q“d IC,Q Coan 'E"\QY\ %

QL aldo -

APPluing KL +o the bose ewmitten loop of the

transistons &,

oz RinTa + Vgy + 2TgRg -Vee > )
Bor  Ic = BTg gnce o =Tg
Ip=- R, < = T. - _TE |
€= Fye 7B = B = —

o Eg DB 1 - Vee - Vg

2 Rg +
FADm. &L ‘@A@ V .
Z p
F@C ch
Vee = Vgeg + Tg | 2Rg + Riy
Pac
E -—
— ®
ZRE + n




\?MYWQ?’LM caorr@wt W ‘M&Y\A\S’CO/M R\ Md Q’L

Gley\ekq\\d:’“ Rin ‘H'\QLG.J%AQ £q, @) Can be watte oy

Edc

<< 2R,

— VEE - VBE
te - — ®
2Re

By selecting the '#mpen Valwe eof Rg, +he desired

Value of emittex Cuonnent JFoak o Keowwn Valme of -Vee -

The VMJC(LGQ ar the emitker. of transistorn & W

Wwe.  assome +that

&\D‘Dmﬂma-‘:elﬂ €£UJ~G-L to  ~Vge , 9
: \egib
\lo\’coao_ drop acroM  FKin toO be neﬁ e,a

VC = \/C,(’. - ICRC

\d Small -

Bot  Veg = Ve - Ve

Veg = Vee + Ve — ¢

Hevice fon both 'tmw{sis—EOﬂS : He  Te® cmc}

Veeg  BY QT}MHW ®
becavse the O}Dem’c‘mg ‘130\‘“{’ Te = Ieq ard Nee = Veeq:
AC cma\zjscs

To penfonen Qc Q‘“Q\dsxs to desive the exPness}m\
for the UO‘%&GQ 50@“ Ad ond dhe npot %esist@v\ce Ry
of the digferentia) amplifiert shown -FiaUNQ (o)

L set the dc Volkages Ve ana  —VNgg  OF Zeno

2. Sohstituke e Smal) /-Sia\r\cx\ T- ec{}Ju‘\\JQ\@,ﬂ‘c models for

Pe taonsistons.




Fiamxo, (<) Shows the %esoting ac equivalent dincoit of

de  dual-inpob, balanced ovkpot diffenental QmP\T{liem_

S (¥

Fig (1 Ac &uavolent ckb

ubhl-t{vxa kviL fea Leop s T ond T in .(:aaoke Cc)

Viny = Rim Wby F le, e + RE( et Lel> ©
| | ) e ®
Ving = by Kin, + le, Re + RE(L@‘+ lez>
S . te
Lbl — Lbl = =
.Pa_('_/ FQC
é}enenaua Rin \ ond Kiny
. an : Valves onre \lehﬂ Small -
therefone  we  shay) nea\edr them
Pac
~ ~ + Rg (1 +1e> —
gy ,E‘.‘l)f— le, Tt ne ¢ ( ° - ©
\gac
Vin, = (‘he-H?E) e, + Re leg —@

V‘m;, = %Q/Y' Ke Egr +(919-+P€> ie?’ ,—J@




Eqprations (3) ond (® can ©C se\ved

Srmo+aweoosLa
fonn le; and e, by VS$ing Cramex &  wle .

\i.ivx\ RE

ey = __Q, = Viny ne + RE

Me + RE Re

Re 9'[@,+R€

ie\ - @\e’r RE) Viny = Rg Vinap

the—\*'ﬁ'g)j’ = ('REY/

Rg

he Y Rg Viny
Ning

ng

\!
\
i

‘ Ne + Rg REe

Re Ne ¥ R

@1@, Hzg) Viny — RgVin)

> ®

(rer®re)™ = (Re) ™

The ovkpot \/ot-koae Vp = Vey - Ve,

YD = -'—\L(;?/Rc, - (-— {c' Rc)
Vo = Re < tey - iC?_>
V, = RC({elﬂie2> —_— @
Sobstitoting +he Cvonnewnt felahons  ie, and lep in 87/

we ae +

Vy =

o @\eJrRE) Niny = Rg Vina @e + Rg ) Ving — Re Viny
c —

@\eJrRE)L— Rg. (ne+ Re) - Re




Re (Viv\\ - VW\L)
g = ——

- +hew
\ v V‘\h‘l- ) RC ‘
= in
Vd = . ] Re
let .
= Ag % —_—  —>
Ke Vd
Vg = ,9-;;

« N\ \
he digfenennao
tiown of the
aiv &U'LQ
The \)mto.ae 5

_P RE .
E o

ewn

(RS \nc\epe;nd

o ‘
amplifien

+the
| ) as
E‘Resista\nae S |
« H La} | hce Q
£fenenhal mp Lo b s
2. DY X a) i“P ld e
o e thatr wou
we
STt
e
wJalen
&UM

| awuvwded.
N q |
‘Eenmwl

othesn

s  with the

+erimina

*

\ En\Do

evther

. Vin\ i
Ry = .iﬁb| Vl‘v\z" E V;v‘\ )
ac )
Viny - @e.4— RE)\/M\ -
R. - v R
R\,\ ‘Je‘/[so_c (ﬁe+RE)L— E
2 . %QREB
n -\-‘ 2
ﬁac %( e
e G‘e + Reg) )
+ ZRE
F (& 916[ Ne
a
Riv =

+ 2R;E
R ( ) e 2R ~

‘H'\OL

) lies [

lfﬂf)

Wt

E> he W +

-~ Pg
e + Rg

JS ¢ he, 2'/3_
R a {
.{l =




R;‘ = 2]306 9[3
6fzml0mld Riy, = 2}3ac?1€ :
ocuvtpot Resistance |

,outpot’ gesistance 15 defined as Hhe e?)uixla\en{—

nes:dtance +that would be measored at eithen ovkpot

tenminal Wit ﬂesFeat to aw\-‘“d»*

R@[ = Rpy = K¢ -

Inverthng and Nowm ynventing Tnpots :
Tn the diffenenhnal  amplifiern Cincoit @ the
npot VO"CO‘ae Vin, 18 Called +he wnon inventing npat

becayrtde oo J‘Dcsi’c”\uo, \Io\’ca@&

a besitive oskpot \;O\dee.

Vini acting alone "Pwduau

. _ R ‘
Vb;fif’_ <UIY\l - 0} ’-——'S \"V\\
Ne he
Smitqﬂa the JFos‘ﬂa\\)e \IoH:Oﬂe i 9 qc,écihg alowne lMOdeA
o ‘ﬁ&aou\ﬁ\le oskpot \lo\’c&@&,hehag Vi O cal)ed
‘m\)Qn-'t'\V\3 \V\PO‘\:'
R :
Vp = = (0 - \"M—-) = - R Vina
?Le, ?19,

Comon mode Rejection TRatio
choracteniskic of the dual input
S 0\‘0\\\”:3
6\0{' be

An 1M Pon-komt'

baleance d aotPof d‘\.ﬁfe}_e\m\gqy C\mF\’\—F\QTL 15

ondesiked Aisrurboncees thot M

10 Saness
with the desired 5\67\0\\~

&m?\\ £i ed along




when the -M&E;;ed Paix of tramnsistons s vsed in the
differential  amplifien the  Unwanted S’iﬁnq\s would appean
as Comemewm +to both input baseg cand  tae netr ootpot
woold be  threpnetically 3exo .

Tthe "DJLOLC’C\\CQ\ epfectiveness of nejec_tins tHhe Comamoy
Sianal de pends  on the deahee of  matchi betweew
the *two Common - emittes Stoaes forming the A fereakal
Qmpl‘\qﬁem~

Ta other wonds, the more closely equad ane the
correntsd  in the MF\)-E transgistons 8, ond Qg He betten

3 the Ccommpn node Sidmal nejection.
when  the same \Jo\’coae i3 QPP\‘(Q:\ to both inpoet
femaninals of a d‘i.FQeLer\'H(.\\ QG\P\‘\@\‘&TL , the d?-{l{leA.Qﬂch\

Qm?\;.s\l\e,n 1% 8aid to 01>euxl'ef in the ¢ommom node

, m@\aOL&HU\A- 1_{,\]&&
Re
Re - ' DILE erenhal

V :\’O('__M "\6\_\.&6 . e
5]

MP\\"G;Q‘T\— N\

Q, comm ey Mode

8

-

R
Vinz ch % £
~Veg

The ab ity of a digfeptn-\-‘\a\ omphfren. to ke jeck

W\
a commpm Mode. siﬁvml i3 &i"m%&c{ by its Cemmon Mede




Reje ctitn Radio (CMRRB) St u» “he %ako of digfeseakal
g0 Ape to the  Commom ModL 60&/\ Acm

CMRR = ADM

AC_N\

the Conmdn Mmode \;mt_ade @m}u\ Acn Con be  aSs

gollows - The Known Vo\—t—aﬁe Aem +o both inpat +enminals

of -the digpenenrol amplifien i qPPhed as shown

Acm = \jocm

‘J‘ZR%\J»& ockhoNe . Hore
Ve
_fde_a\\a ¢ fem Yo be  zeao thad Nocm = 0 V-
Fw pyher word s CMRR TS ‘\do_a\\d infivity - Thus * u
advan%aaeeos o vse a  differen¥ial ampli Hen with
L\kﬁXAu emrR since Hian o amplifien u  petrer ape to

feject  Common Mmode Sﬁavmx\ﬂ.

ITnput co’c?ot‘ wone fornms

\)o\wﬁe A
=V ——\,f’-l
o \fo ¢y

Vid = Vin ~Ving

\r

Hmne




Dual impot  Unbalanced

howeven +the ootpot

+o a3 o unbalanced

D¢ Bvnalysig

OOkPo{: i

T Hais a:m{iaor\cxbicm two 1nput 5\5'%&\5 ome vsed -

is meosured

colleckons with <espect +to am\md‘ The outpat i3 Aefenmed

OQ’cPo’C ,

let VS asgaome that +the 00{:‘30%

the collectosn of Transisten Q, with nespect to 5/{30“&.

genenhal Am plifien

at only one of the twe

1S measoured ox

Ac th\ds;s '

Fid

V B
T - T - EE - V
_LE = ‘LC& = BE
Pac
V. = -
cE - VCEQ = Vee + VBE ) Re
T*Vcc,
V.
Bl BL
T?‘(Vl\ E‘ EL R;V\‘)_
\/3‘“\ l?E viV\L
- ~Veg

Fig@:>oal inpot Onbalanced - ovtpot Ddiffenenhal H"‘Ph‘ﬁ“

below shows

of the doa)l inpet | vnbalanceq ootpot differenRa)

the ac. (‘lct}.xl\lq\e‘n{- Giatoi e




i models
th small sidnal T«ecw.t\la\en’c
Qm?\\{iien. un

thansisteng .
fon the
subskitoted

+
€, 2 - e

vl
il

\ t Ciacwit -
FeGC@ Y E?/J.LUOJQYW )
loops @ oand U
n L wniking kyL font op
'\[oti—o.a& 60-W\ o )
+ fele;, + KRe (tey+ ley
Vin\ = Riny Uy,

i,b + ﬂ& ‘6,7_
= Rina 2
\}Gn-), -

- K \’ivﬂ_
(9134—?5) V;\n\ E

te, = ’ . .
| (ﬂe+RE> - Re
N - ‘E‘E \I‘v\_‘
. @le +?E>v)hz
le, = . -
2 S
(91&+F?g> E |
- -—RC l&L
L R = -Fc Tey, =
. — Le ‘
Vp = \fc,, = Vee 2
( ‘ - Re Vim
(91@_+RE> V‘V\'L € w
- x : —
’ <91@+7?E> ~ R
- h +RE>V\‘nL
pEVCWS ( e
Vo = R,

Ne (91&+%R€>




-~ —_ 2R = 2R
genenally Rg »> Ne |, hence %+ Rg = Rg | Ne + 2Rg E
. Re Vini = Rg Vina
Vo = Fe
2%e R
R
Vo = < (Viv\\ - VlnL)
2 he
R
Ad = _y—o— = <
Vy 2 e

Taws e volkoge gam  of the dual inpot unbalanced

18 ' i the
cobpot  digfenential omplifiern. is half the aan of
dval inpat  balanced eokpo’c difgenentiol amplifién.

piffenential inpot hesistance

Rey = Rig = zﬁicﬂe

Digfernential oo tpot Nesistawnce

leve TTIAY\S\LX%OTL(LQVQ’\ Shifting sichg) :

Beceaosrse ef the direckt CO,OP\\W\ﬁ ’ the de lévQL ot

the enittens Avses f/\_om S.]:_QG

e 4o StOﬂe. hig \WN\ACase

wWode level tends to shift the operating Fo?nt of

the Sveceeding si—aﬁes and  there fore LWmits the OVtpotf

Vo\‘\tcxae, Swng  and Maw  evewn distont the oU{—PQ{— g.‘(jy\a;
The VO\'EQOQ at the O\)tpot +enm'\V\q.\ of +the

Secenad f'knae s we\l akeve 6wuv\c\ [0\/)‘ This d¢ leve|
s ondesinarv\e hecause it ‘tends 4o limit dhe Peak

to PeaR oVt pot Vo\%06e SW\Wg itk et ARsxontion cmq




alse contrubutes 4o the erson i the dc ou\—Pg’r Sﬁha\'

\'\ene{loxe o Linal stoﬂe_ shoold be included +o

slpk the ookpot de level o the Se cond 5“*86 down

8ot o Stoge s
+o obouot ge,w\/o\ks to aw\mc\ @

mefenned to o3 2 lovel “ranslator on  shiftest. Thus

n the Cascaded difgerential  amplifien 0 shigt ‘e

eokpat de leve\ down *o #eno Volts, the <L£inal St-cxag

musk be followed by a level translator  Ciicak
A  simplest level kronstlobor dncoit 18 an

emitten followen with o VO\JccxaQ Aivider Ciacouit. is

Shown  MA QEQOnQ belows .

+Vee

InPok

Fia v Leve) “translaton

Cirneviks (@) Emittex
Lollower with Vol{ﬂae
divider (b) Emitten
£follower With Constony

®)

Current kias (&)

Emiter  Lollowen

wWith  (uarent o iron

—\!r,r



Problet Fort dhe dipferentiol amplifiey Showw in figure

below. calculate
1) Operaking Point 2) VM{"‘ﬁe Qain 3) Tapot and oukpat

pedance . v\,u:mv . Assome p:lOO

3\31)\ 233K VL

Vo &

' 150
V-, 150 S__MH thL
N} gAY ( .

82Kk

\IEE:_\zy

= 33k Ry, =\sos , Rg = 82xa

- — 106
'l) Te = Vee - Vge 12— 003
P— = = 0:68% .
QRE + P{V\ (30 8 ma

—_t 2= 8-2xm3

ﬁ (0 O

Teg = Tg = 06BEmMA
T \/CE& et VCQ + VBE — —Lc& Re = 12 + 0% 0688 X0~ x
3-3K(O3)
Veeq = toikav
- 26 wm
(H) Nhe = _i__v_- =
T
“E
Ke
fa = —




As . the Qcm(:;aoho’c‘\crn s dual ih‘:of kolanced ook pot

'i’v'\) R: = 29[6(3 = 2

() Ko = Re = 33K

Pnob\éml 3¢ 4he bose corents for the emitrea Co\)p\qc];iw
Honsistons of a Aifpenential  amplifien. ane BHUA
ond 22 MA - Detenmineg

) Inpo¥ bas Coanent Gi) :\Zﬂ\aob ogfset  Cunnent

for on op-Amp.

* -
Solokiom . Tpy = 18 MA , by = 22 MA
(-’-" -~
= eyt Thy g2
Twpot biss Culrent Ty = - -
@) & 5 = = = 20 MA
(i) Inpot offse' corrent
¥ Bl - = :
T, - lIbo’rbh‘ = l‘g 9;),‘ Epa

{03

problem .

An  Op-Amp operates as o \sv\‘\’cgraain bufpen

with - 3V CPQQK +o 'FQQK> Sqrane Wwon e inpob; NES

op-fmp S tdeal with $ew hatre 05 \//}LS. find  the

vowinom  {requency  of operaxion

Vo 3
Solotion: “P-P - 3V =) \/F = .—E—P = 5 i PR
8 6
oy — -

- 53-85 KHg
2T NP 277 X o<




Problemn © A SjMane  wave  of Peak to f>eql< amplitude
of 750 mV has +o be amPl{J"l}eA to o -FQQK to jjeqk
omplitvde of 38V, with o %ne *Hme of 4.5 usec o4

less. Con  Zc 14) op-Amp be used 7

- ?

Solohon | e %V; Tce 74 has 3R =- o5 V//JSQC

Now Rise —Eirﬂ(;, » the +imeo ‘)‘\ec(/u.l/xec) b_xj the O\J‘&Pot-
to qife from lofi 4o T /o of its final vyalve

AV = (ofﬂ_ 0,0 338 V. = 3o0kVv .

Ak - 4.\§})\sec

SR = — = S04y - 0:675 V/Judec.
ST Asp

the  Slew Rote of :4;"1 T4 by o5 Vfusee @uada is

teo low combared 0wk in %ewi/nec) . Hence Ic 74
op - AP lavot  be  yiod .

Problem ¢+ 1, ‘)lesPcmsQ to o Scr/uome Wowve. ‘mth—/ +he
ootpot  of an  OP-AmP ckawxaacz\ Dfmm =3V to +3V oven
a 4time ntenva) of o025 v/}xs s Derenmine Hhe slenRoke
of the op-Amp.

Soelotiom: ehonge. 1N Ou-kpg-t \]o\{q;ﬁe = -3V +o0o +3v

d\/o = 3-["3) = 6\/

dt = o-&sv/Ms
. - dvg _ &6
Slew Rate = 4Vo — = 24 Vips

dt ©-25 s




problem: Foax the _ep-Amp Ccn,f(@m\cﬁ-\cfv\ showawn in *PchAe
below - the gosn nequired is 6l Detenmine the oppaoc-

—prioke valme of feedbock fResistort Reo

Rf
% oo vem
LKA
+ Vo
V;V\
[ N R

ge\ohon ! é\’cxi‘n - \ +* ___'c_' ﬁ> 6 \-\ = E'g'

R’? = 6o Ry = 6o XIKX = Goku..

Proble® . Fox on op-Qm P having o slew %ate of 3\//5
. H -

ohak 18 +the manimom eclosed loop Volkage gaim that

Con be Used uwhen the iv\\bo’c s?anq\ Varien by 04V

12 psec 9

Selokidn ! Vo = A Vi
dt dt+
Slews o ke = & d__\}“ = A = SR
d't‘ d\){
a4t
5 3,
- = 76
ot
— 4




Problecn | The common mode mpot toe a centain differen-

-tial  amplifien |

hoving diffenential 8cuw\ of 125 .5
4 Sin 200TTEt Vi Deternmineg the common mode OO%POf

(f CMRR 1S 6o dB-

solotion: The CcmMRR inw dgB is

6o = 20 Loa jﬁ_
Ac
Ad s b Ad s o
—— - 1c0D0 = c o0 — Tose = ©125
Ac
Hemce the  commom mode ootpot 15 = BcVe
= 0n2s ( L4 Sin iooTT‘E) - o5 an@%‘ﬁt) 2

problec  How fast

can  the Oukpot  of an OP -~ &a P
chamge by oV L k8 slew Rate s W'/}xs
Solubiown | | 5p - N"ps
sr = 2Vo > ox = %Y
atb 3SR
2y = _Tov = 1o ps

lVJ}AS

ﬁe"{j“‘_"e—a by an oP-Amp  +o
by lov -

thus 1o psec  will be

choange  outpot







DA and A[D Convemts

Iotnoduction® most  op the fleal Womnld Pkasfca\ﬁ qpantities
Suth as Voltage , Cemrent, tempenatune , Pressore and kime

etc ame availak\e in CmQ\DS Lonm « Even though an cxhcx'ko_g

Siav\ql nepnesents a  nea) ptxa/&mql Fanqme’cen wWwith

accomacy | ik I8 diggicolt to Process , Stome an trangemi ¢

the onalog S?av\ql Wwithou b

inknoduc\\ng Consideran\e exron
becavse of tho Soperum- position of hoise as in twe
Case of amplitode modulation . Thexe fone , Fox (PWCQSS‘“S

thonsmission  and Stokage puomposes | ik is  oftewn

efoness these Vaniable

St 8\0@3 betrer QCQU&QQB

N < . !
convinient +e tn diglita\l fonm.

and  “%educes noise . The
eperatitwn

of any Aiaytal Commu nication S:gs’cem 18 bQSedl
OPoM &Y\Q\Dg +o d‘\a‘\%q\ ang diﬁi{q\ +a Q\,\Q\QS CO‘\\lQhS\UV\~

D 4o A Conventens

Basic DAC —¥ec\rm\cuxg§l

+ -
The schemade I T
of o DAC 1% A e (T | = 4
-BV\V\OJKS 3 - ————e————D
Shown 'Y @6 UOOLd > : Dac VR
) dny o | —————e _
The ‘vmpw’r i8S a Ay T i

bnang wona D Fig™ Schema¥c 0L DAC
and 1% Combineaq
Wit a ﬁeggxenc_e Vol\tagqe \’R +o a\ve an Gmcx\csg Go-kpw't

g.{aﬂq\. the oo’c\Dot 6L O DAC Coavn be eithest a No\toge

0% comment: FOA O \oltoge ookpot DAC, the DA

cConNEnter. 1%

mot\\emoﬁm\\s desciined as




Vo= kVeg (@ !4 dp £ 4o 302" ) =0

whe e Vo = ng\bof Joytoge

Vpg = Fol Scale OokEpPo Vo\%&g@_

K = Scaling facren wsvally adjusted +o OGNty
d,dy --- -An T n-bik binony frackional wond ity the
decimal povnt  located at the lege -
d, = &SR N oo M&ESV\’C of VF5/9—
dny = LSR

with a wei@h{— of \,’FS/‘D.V\
|') weiﬁ\ntgc\ Resiston. Dac

one  of +the Simplest dincoits  Shown in ~F36\>AQ below

vses o Somming Amplifien With a  binang Loua\r\’ce&

hesyd3ton nNetwonk.

Tr has N eleckronic Switches dy,dg - -- dn  Controlled

by binamy pot wend. these Swikches oare Sin@\@, pele

Aouble Tuiow %Spe . (SP'DTB .

ag  the B\ﬂ&’nnj npot to a Wn%‘cg\qn Switch Vs )

J

%t Corvnecks o 7eference VB\'\?&S@_ <_\/R)¢ Ana “\-}r Phe apotr
Bt 33 O the Switonw Connects the hesiston +o the awomd-

taomn  the -Ptao/uéi the oOvkpat Cument Ty £for an ldeg)

OP-AMP Con be written a4l

Ty = T, + T, + Tg 3 --- F Ty
Y v
-IO’ R d\"' \'K 6\24' - - - 4‘(& dV\
2R 2




\/O:_\ZE-(Q\f' + di{?_‘{" “““ +dhfh)
R
The ouvkpet Volkoge

Vo = -ToRpe = Vg fj—(d\f‘ + d, &%
=R

- -~ +dv\{ > —@
Companing aq/@ WY R g?,@ i it oy be deen thatk -

il Reg =R then K= axad

Ves = VR

78 vg el

6/8 VR

T
S
AN

o\°%
AT 5/ VR

)

pov
ov ? L\.[g \,R“"— -

3]8 Vg

2R VR
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Oeo Sol O\ o\l loec 6y 1D Ui >

Diatkal  inpot Cede

Fig(b): ThansCer chonockerdstics of a  3- bit DAL

\ -1 -~ -3
g D=z 100, Vp = VR Rf <¢x1 + oxzt & Dx:2 \
R

VO = \/R = ﬂk Vs
EN ‘
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The Cneovt shown In obove —FﬁaoAQ vses’s a \n@ﬁakwe
feference Nolktaqe - The onalog ovtpot Vol\tage 18 therefore
Positivie  Staln Cose asgs Shown  n giaume@s) cfor a 3-bit
@eta\\%ed nesiston DpAC. Tt may be Nnoted that

D) Alkhoogh the Oop-AmP 33 Connected in Mventing mode,
it Can «lso be Cloonected M NEM - Inventing mode.

D the op-amp s Simply  wWonking A3 o Comneat o
Voltage Conventesn .

3) The PpPolosiky of the 9eference \IoH:oae is  chogen
in accondance Wwiktw the type of the sSwitcn wvsed . Fon

example ; fon. TTL Compatible switches; the heferente Uoltagel

Shoond be +58Vv, and the oobkpebt W\ be v\eaoja\;e_

R-2R loaddes D&C

s

wide Aonge of Nesistons ane me?/wuue_d in binany
Loeiah’ced fesigton type Dac: Tkis‘ Can be avoided by
0sing R-2R ladden tupe DAC whene only +wo Values
of Tesistons ane .LQ_CUJ._lLQd* It g well Suvited Fore
inlce_aumted ancoik  realizakion. The +4ypica) Value aop R

9\@(\@9,3 Lroy 2.5 KSL +to 1o Kso

Fon  Simplicity | (enside>. o 3-bit DAL as shown W

‘6‘60"& below | wWhene +the Switeh Position d,dsy da CQM\QS?G‘Y}Q{Ai
to the binamy wond 100 The cincoir Cow be SimpPh Bed
to  the £<f},duq\ent Lonen OF -Fi@(b\ and  finally  to ﬁ?a(c)‘ |

Then Noltage atr hwede € Can be QQS}B QQ\QULQ%QQ‘

by the set r‘»waedo)\e of  Netwoenk enalybic o



- = = % g
< N \ CQ
F\‘S Cb) . £LUJ:L\) aléent cdincork O(’— £ ‘a )

e (39)

2R + Z R L
3

Ve =

The OQ%ng Voltage

- 2R -_\ VN _VFS
. —(,ﬁ> LT ~ 2/3R
R b 2 2

Fig c ! ZWUA\Jq\emb Anceavt

tmilanly  Fon  binany  wend

Fig (a)* gv,tl\m\%t Gacont

Fig. R-2R ladder DAC for SWitth

Posi o Oo\




J _<;EE> =VRY - VR _ Ves
© R 6 8 8

TITwented R-2R laddexn DAC ¢
R R 2R

Re s . X
Vo:VREﬁ\\d.f‘)rdzl ¥ ds 2
R
FoL 1o o v, = VR { R :R}
2

In 5%%&1

-
Vo = VR RL%\{’M”‘%L-—— dw 2 }
R




n me;ah{:ed Nesiston. t4ype DAC ond R-2R laddu type
%DP;(_,. connent flowing in the Nesistens chanaes 0.5 the N pot
datao Ckcmaes . mone ‘Fome:n, aigsi pohon cavses heating
‘ which Inktoan o\ecﬁces nomM - unean‘i%B n Dac - Thir v & Serioous
Prioble and Con be aNeided ComP\e’Ce\d in  Tovented ladde

type Dac -

A 3-bit Trmvented loddes type DAC is Shown in
'{336\3“@ , Whene the Position of MS3SR | ond L3R is ‘m’cuc\aomaed
Hene @ach inpot b\noshﬂ Wend Ccomnects the Cofnﬂesycmdi‘nj
Switth  @ithex +to 6‘3’Lcond omn te the mventing inpot terminal
of the ep-Amp wWith 183 alse ak Vinkoual 5?\ouv\d-

Since both the “tenaminaly of switthes d; ane at
8noond potential  Connent flowing in the resistances
15 Clomskant and ndependent of Switlw pPosition.
Preblemg { !

g The basic Step of a -kt Dac I8 103wy - Se

Gcoobo0000 Nepnesents oy, wWhat oukpot 15 Prnoduced
i} the npot IS iorlollll )

Solokion @ The oukpot Voltage fox npat ooy iy
= lo-BMV(\Yv_gﬁroxz—'_p\xzé—k 1X1§+0X9f(+l>(13

(o)
P L U S )
= 318V

Probllm 9 coleolate the valves of the LSB, MSB and

£oWL 3eale ovkpot for an 8-bit DAC for the @ to lov Aange




Solotion LSB = - 3q myV
g
‘ 2
MR = 8 = BV
2
Full Scale ovktpub = Foll Scale Voltage - { LSR
- lov - Ra mv = 9:96)\ v

| Problem 3! what cvtpot Voltage woold be pnodoced

by o D|A Conventen whose ootpot  Aange ig © to loy
and Whose inpet binang honbern 1%

D lo ( fon @  2-bik 3>Prc>

i) one ((for a  k-bit DAC )

@) tones (for o ®- BT DAC )

S.b\“)c\‘m‘-p'\/oz \o (“‘-\5_ +cx__‘L;> = 8V

) o ‘ L
I\> VOZ\O(GX“\i 4 l)(_:; - \X_\g &4 D?Q._iz .,375\/
W) \fo—,lg(lx‘z A—Q%T\L_ * \x,‘g + oux o ix L
2




A-D Conventens

The block Schematic  of adc 18 shown N #iﬂone be\ow

gt occepts  on ON\QLOS \v\?o't: \/O\f&ge_ Voo and ‘\uwduc_es o

ookpot  binany Wond d, ,d5 -- dw, of fuactional Nalue D.

- — -n Stonk EocC
D:d,a_\+d19_1‘+_--_ 4+ dnd ) } /‘

~lz MR

whexre d‘ — MSR dl | >
Analo dy —> | DIgi+a]

dp — LSB 3 o
L tapot S | outpet
An Adc Vsvall as Wwo ’

additional  Conynol Lineg - E

V. (Regerence
"Stantl Used +o +te)) the ADc RC © >

when +to  Stont +the Convension
2 End of Corwemsiom (Eoc) » Used 4o annoonce  whew  Lhe
Convension s Complete.

Depending LPon  the ‘chpe of application / ADd 8§ ame
designed fon mickopnocesson mtenfacding  on to direck\ly dsive
Lle» ©n LED d\svplqu.

ADds  one classified b‘noqd\o~ in to two grevps actording

te theim Cconmvensionm *Ee_c\r\v\‘\cVAQ-
anaolcy

1- Dinect type ADC S Compane o awenxsaanq\ with the

intennally aen@ux—tec\ ecvnuqlent Sianq\ - TWis ey includes
i+ Flasw Cccm?cn\a‘co'n> t4P€ Covventen
20 Covmten. tupe (Conventen

3 Tsmcxctdng on lexnvo Cohvenkexn

L. SovceemiNe Q\bpnow‘uﬂq{‘\cm type Comventen.

2. In-+eanmking type and s #e‘h{lo‘a\m” ConVensiov in an

indirect mannen by Linst Cchanging the analog inpot “Siqna)



to a Ulneon fonckion of  £ime on frequenty and thew
to a digital Code: The +woe ™Most widely ULsed \njreamx«\%ng
type conventens ane

1) chonge bq\cmc‘ms ADC

ii) Dual SLDFe ADC

The mMost Qo&wrnov\lg vsed H'Dc(s ome  Soccemive
approtimation and the ‘m’ceakojccn type : The SuceemiNe

cxanoxirS\Qb\cv\ ADC § ame Vled In Q??\;QQ%;ms Such 0OS

Aoko leggens omd inskrwsmentakion whene Convension S?QQd

is impontant the Svccerive approwicnatiom and  ComPanaten

type ane fLaster buot aQ“UkQ\\é Less accorake  +than
inteﬁnc&c‘mg type Convenktens. The flash type s expensive
fon kla\'\ dea,n.o.e 0f occunacy:

The \'\n%:ea‘nq’c‘\ng type ConNe@ntexn is vsed in application
Such. o3 d\a‘ﬁca\ metex , Panel metern cmd MNonitoring

Systemsa whene +the Convensiom acoraty 'S Crdtieal.

Dinect type ADL S -

) Flash ( panallel Compcem-l—om> AlD Conventen

uﬁ'ﬂ RN RS the <3 MP\Q Lw PDSS\ e 4 ) D (enventen
gt i the fostest and Most expensive kechmique.
Rgure below ghows &  3-bit A]D ConvVentern - The

Cinecorkt  Consgigtks of Ne sigton dividen ‘vwefcuoo:nK7 R

OP-BmP  (empanatonsg 6nd a 8-lne to 3 lLne Enceden .

The CompPonaten and tES  Eaudh table is Shewn In —F‘\&ume

ébe\ow. A Tn figle) At @ach node op the %esiguve divider



! CompPoarisoy Volkagqe & GVOLlable s Dince O e AeDIscony
SN ™.
|

evels guoilakle ak thwe
ane of eqpal Value | the Voeikege |

ce
nedes one ect)—kﬂu\d AWWided between the neferen
|

Voltage V and the 8'ﬂ0\md- the penmpese of the Cintoik
oltagq R

FEN

ED iP\i 9 O X e C_\f\

i

\ < ' below.
tgpe A|D  Comventesn ® shhowm

+Vr (Refereace
Analog e T

R 2 Voltoge)
fv’\\‘?\)f \IQ
%Vg | L }
R
ewnl ': X 1 —
¥
R .
: ' * XLF RL-Uine > Yl
DIV S ;
g x
+
SR X2
R x| g‘Y\(‘;ode}L
>
.2:»\’& 1 =, X
8 - )
R

t
Flgta) ¢ Basic cincoit of o Flash tupe
AlD® Convenkten

Volko.a @ inpet

L°6<L ovrpok x ‘ %
Yy
Fab):
Va = Vi Previcos Valve 3 U beain daknle




Taput Voltage  xq %g Xy Xy Xz Xa Xy Xg Yo Y, Yo

Voo -
; to Vg8 o o oo ©o o o |} ¢ © ©
Vel to 2|8 o ©o o o ©O O b e o |
RJg ko 3VR|E 6 o 6 0o O V1 | o \ ©
B\IRjg to L;-\IR,g a 0 o O | \ \ \ O \ |
AVple ¥ BVR|E 6 5 o 1 0 4 [ o o
SVe|8 o 6W%[8 o o { ot | U Lo
6Vr|g to TVR|8 o - \ T ‘ oo o
TVR|e to VR \ S T T B , | )

{:;a(cﬁ'. Tnoth +aoble For a  Flash type AlD Comventen.

The S ncult b\c;s the advontagqe of high SPQQA
a0s the convension +akes P\QC_Q Simo\f&heous\ﬂ Nather Haay
Seqpentially - Typical Convension +ime loons on less -
Cevwension kime 1s \Umiked oy by the Speed op the
Compamnatan. and op *the Piiority @nceden, Convension

c\emés of the onden of iovxs Cany  be obhtaineq.

This type of Apc hes the disadVantage that
Bhe nuoenber of Cempanatons chQCUJL:"’*QC\ devbles fox Qacyh
added kit For Sxample M- Ade  Mequuse N Corapana ‘o

1) Countest type a|D Convestes

The DIA  conventen con Casily be tunned ancung
to provide the inyense function A to D Convension-

The praatiple 13 to  adlust the DAC S nput Code uvanty)

the pACS outpet comes within £ 1 L8R 4 tae avaleg




}“?Uk Na whichh ig +o be Convented +o binang digitel
fonen.
A 3-bit Coonting Apc based upom the above

Pimaiple i3 Shown  in «Fiaohe belqm.

Reset o— > | Q\l\,i\\«\)’l‘ | ‘ |

clock

\ ‘ o .: } [
Ya Oy | ‘) Lr—'—r | 'i )\r

;H“Q\Dg : \ |
’ l\ﬂPU‘E

Fiq)A Cosntes iype

: Bl Conventer \ _}1

Bﬁaiv) &nd
Reset Reur

Reset

Fgb): Dla ovkpet stain Case

woNe fonm.

“r\ne Covn e n Vg Neset Lo zerno Count b3 the

Nneset polse. upon  the mnelease of Neset, the cleck polses

ane Couvnted by  the bincmx3 coonten. These polses go

thnough the AND gqte which 15 enabled by the Bwmaory

doreon . Volkage  companaton  high oukput: The numben
of POISES Covnted inmease Wik 4ime. The binany wend
Nepnesenting 4his coont 15 Used os +4he inpot op the
DA Conventen whose oovkpet 18 the stain cose shouwn

N ﬁ@ (b) -




the ovolog OOEP\)% Vq ©of DAC {3 Ccm?&nec\ Ly twe -
onalog npok Vo by the compamoaton. 3f Vo > Va, the
outpok  of  the Compariaton becomne s’ lf\‘\g"h and the AND
gote s enapled to alow the transmission of the

Aack pu)ses o +the Countest

whevy Va < V4 o, the ovkpoet of the Companacton
becomes (ow and +the AnD gare is  disanled: T™his
Stops  the CB\W‘\SCI‘\Y\_C& ar the *Time Vo € Na »O\“C\ the
diqita] Oukpot of the Cownten mePnesents the
oo\ ooy iv\’Pd% Voltage Vo -

For a  new Valve of cmq\og Mpot \/q, 6N
3eCond Teset Ppolse s Qpp\‘\ed +o clean the Counten.

LPoN  the end  of the mneset the Couwnking b-eaiv\s
c\@a\iv\ as  Shown v {—;a (x)- The Covnten frequency
noskt be low enoug\q +o ai\JQ Sofficient tme €fon the

DRC to  Settle agnd fori the Componaton to %QSPMC\‘

3vccessive _Appioimakiony  Conyenten

™e  Suvccessive  apprnewlmatiow techniqpe vses a
VEng  efpicient code 3Zeosch Strateqy +to C_mmp\ete
n-Bit  Cenvension v just n-Clock pesvoeds . An

An éidhb Mt  Cconventen woo\d ‘ﬂeévu.ilke @ ok

polses to obtain a digital ouvkpot .




Fig (o) below shows aon Eight bit Conventes.

stank o—-——j L
0 > Eec¢ \e cc:,i\)usim ' l (wod ©olP

a _ ¢
- A 25 6 v
0—*—‘{>__—> SAR .G———e QK i — , ‘ - \ .
d, dy dg & \o S‘(ﬂ'y\d\ o

—J
qr
5 dy (Ms®)
- e b= - - - - - _ S
7d‘L
dg , p—,
DA C O\ 23usSs61%8 9 ’H«)\e
Fiq . FunceR ona) d\&a\n&m Flq: The ©DIA ooxpotr Voitoge
of the succescive to become Successively c\osen

inDot
APpProwimaton ADC te fhe actual analog 0P

Voltoge .

The cincoik vses o sSuccessive C\\sp‘nmummc\m

negistea (SAR) to find Ehe required Value of each
kit By Ealal and  ennon -

tThe cncolt oFenates as follows - with the ansaval of

dyz |
the stomt Commond |, the SGR Sets bthe MSB €

‘ar Code 1
With  all othen bits o Zeno So that the tnial e s

10000000 ¢ The ovkput Va of the DAC s how Connpaned

i the DAC
with analog put Voo 9f Vo 1S greaten thon the

| C ect
ovkpat Vg Honn 10000000 18 less thovny the Commn

dQs‘\’cal %epmesenk&hhg-vp
The M4R 15 left ot 1 and the next lowen

S{Oni.g\‘cm\{ bt 13 Moade | and  fuonthen *tested.




conmoct d\\a;ka\ j\:tccessive q?pncjuimcr\%cm r\eﬁtstu Comparator
x PUE V4 atb Aipferent stoges outpak
nePresentant i e Comvension
LoV 6100 1000066 c (Ir\’\\w’Q\0®
lto 0 0OOO @) |
111006060 0 o
110l 000 O |
[T6 11006 0 o
lto10l 00 | |
l1ololl 0 o
ltoj o\o | | o)
1oL 010 0

Fig (¢) ' 5uCCessive oppnowimation Convension Sequewnce

fon o "ng\\c&\ analoq ‘w\Pch-

i the DAC OvLpOL,
noweven i} Vo 18 lese than

e ¢omneck C\\‘ﬂ‘fq\

thewn 1oooocoo0 18 anecd:en 4hawn th
the

N ) o ’%O
epnesentation. So neset MsB to © end 60

N % e 19 A QQ’ted
next lowen s\*an;,p;cm\t bit. This Proecedon P

. \ gn kil Al bk
fon Al SUbSQC{)_LQV\t bits, One Ot o Bme,

positions have beew tested.

wheoneven DAL Ookpot <Crosses Vo , the

Companaton chmmdgs stote ond this Cow be taken &3

the end of Convension (eoc) Commond .

From fig(s) it Cen be Seen thot the DA OfP

Vo\koge becomes Suvccessively closex to the ackual enaleq

establish the

| voltage . 1t requires g polses o



accorate  ootpot ‘he@oa\c\\ess of the ValWwe of +twe
QV\Q\D@ Wwpok . Howevern , one addbonal  cloek PU\SQ

1S vsed +to lead *the ovkpot ‘ne@is’ce'n'cmd LQKV\?HQ\\*%&

the ctncaoik .

o n-bit DAC , the nochben  af c\oCk

Pulge s k&w;ked to establish the oacaorate ookpot:
i§ PN <2“+1>,

Integnating  type avnc's

b Doal slope ADC

Flquae belowy Shows +the Lonctional dm@mm 01;‘
the duval Slepe OR dval Ramp Conventewn. he G\“Q\bg'
Pant of the cincuit Consists of S Wah npPot i pedance

bugfen A, %nec{s\o—n ‘m’\'eﬁn(}"cm\ A, and o Voltage

Comp&‘hqtﬁn-

d,
stont —3 ,utROL - Stoqe

EoC ‘ & Lo q VO couvnten ' dV‘

Fig(a) * Funcxional 9?&5:@&0 of the Dual Sloepe ADC.




Tnvey NS

N Cycles AVYD ZQAg
—

0g€
o\p vol¥O3 L avi Zen Jo vy e =y

\

Time

e~ Tnyx Qﬁ/\o\«}e —>>é In*ﬁamk—)

l |

\ Vg |
Fig (b) - T“*teanqted cotpot Wave fonm  fon the

Dual stcpe ADC .

The conventen finst M‘cqano%es the cmcx\og'
inpot 5‘8\0&\ Voo Horn a fived durokion ©of 7_“ c\oC X
Pericds as  shown in figore (b). Then it & ‘mteancﬁces
an  inteanal nefernence Volkage \Ur of opposite Polarity
onkil dhe \‘“{Qaﬂokk-bn sokpot i Z'Qho_ the nuomben N of
clock cycles neguired  to qekony the inkeaux’ccm to
zero is  Pproponhona)l to the Valve of Va Q\’&'\OﬁQd oven

ovtpok code.
the cincoit  operates as  follows.

Be\céne the stant Command oxnvives | the Switcth

Sw) 1% Connected +to 8h50v\d and  Swo s closed. Any
offset Vol kcxae priesent In the 8, Ay ond Comchﬂ&‘con
loop é\Cten ‘\nteafric;ticm, a\ﬁPe&ﬁs' ocrossg  the QQPQCR%OJ\
Caz +N1 the threshold of the Companaton 15 ochieved.

The capocikton Cap thus bnovides avkomatic Compensation




fon  the inpot  offset Noltoges of all the thnee

Amplifiens . loten when  Sd;  cpens Caz acks as &
memony 0 hoeld the Voltoge ‘newked to Keep +Hhe

offset holled-

At the  annival of the START Command at €=+,

the  contre | L°§‘C oPens  Sw2 and Connects Swl to Va
nd enables +the counten St&mtiv\g LAcon  ZenOo - The

Cinctoit Lses an - Nn-3Staqe mipp\e Covnten ond thenefone

the Covntent fresets +o 2QA0 aften Couvnting SN Po\vses:

The analoy  Veltoge Va VS ‘m*ceamlted Lo o £ined

Nomben 92" Counts of Cleck Ppolses agten WWich the

Coonten. esets ¢to  zeng. 3£ the Clock perulod is T, the
fnkeana%ic-n takes ‘place fon a Hme T, = 9"x T and the

ocorpot 18 A fom p @oing down wands as Shown £iq(b)

the coonken %esets itse\fy ot the end of the

wmEenval T)  and the switth 3Swl is Connected *© the

LY

neperence  Voikoge (-Vg): The ouotpok Voitage Vo willshave
a  Ppositive Slope - RS long a3 Vo 15 y\eaqﬂ\,e | the ookpat
of the (}bMPG&‘\QtQT\ is positive and the Contao\ Lcaﬁc
allows the (lock Po\se te  be Ceontec\-

However, when Vp becomes ust zemo of tme €%,

the Contnol [oaic issues oand end of Conyension Ctoc)

commoand ond no forthen ceck pulses enten the Covnten.

Tt Con be Shown that the ﬂe&ding of the Counten ot ty




s Ploponhional to the OY\Q\DS ‘mpo% Voltoge Va -

)

T:‘tz-—jc‘: ‘LnT:_/z——— "27®
1
clock rake (£) -
Aigital  Count(N
Q\r\d TQ_ = %3‘- {2 = \6‘ owvn ( > _/"7@

Clock Aot e

For  awn ‘wx’cear\cﬁrmx

AVO = (\—’L ) V G{’
RC
The Voitoge Vo will be equal +o V, at the s kant

tq onA Con be wnitkkean a3
v, :(:l-> Va l[t,- &) s B
Rc

The Vorkaqe v, s also 6\\1QV\ By

V, = (—,—?‘-C> (-Vr) (ta- ) —o
Froen @) @

VQ (’t‘)—"{:\B = \/R (‘tg——{lx

Froon @ and @
\Ié\ ‘Lh : - Vg N
CclecK Acte Clock aake
\,Q_ = VR N
N
Here Stmace Vg and nh  ane Conskank , the

analog Voltoge Vo is ‘FHOPG“"“\G’*‘Q\ to the Couont M;qd\\vx_q

[N SR | Ve em A a e o A P, o~ A Ao A -~




Preblemt A duval Slope ADC LVses A 1o biE coonten anq

a hmwy clotk Aate. the mawimun inpot VUeltage is 10V,

the manimum mregnoaton outpat  Voltage shoold be -8V

whew the Coontenn has Cgc\ed {kﬁoug\/\ SN Cogonks The
CO\PQCQ&DTL (DY Qd \lV\ {he ‘\V\‘t%hakbﬂ 18 O\ )AF . F‘hd 'Eke_
Valve of the nesiston R of the iv\-teana’mh.

solubion ! W A
Time \Dertiod "l‘.l-'t\ - 2 -

——

Lotk pate em

Fox the iw\*eaﬂo’r@n

ANp :(“—éC\ Vo (tr-81)

— 10 _ , m <
Re = _ - 2041
-V
R = 2041™5 9547 KRA - 205 KA
O} HF

PM: £ the analeqg Si@»v\a\ Vo 18 4124V 1w twe

above excm\P\e, Lind  the eqpivalent d\awc\\ nomber -

Soluokion: since Vo = Vk ( N )
1\/\
NV 2
50 the digital Count N = ‘*\3 2
VR
6
Nz 2 X _‘.SL
8 .
- 338LS forn  wMitk the

biviasny 'e,ct},xiuc\\ev\& s o000 \00 06\ 0000)




pac | adc specificotions .
Botr DAC and ADC ane avoilakle with wide hoasge af
gpect £l cakions - The. Vardipos \‘mpon‘ccmt Specifications of Conventens

a@nenq\\g Specified by the monufoltonens  one QY\Q\USQA~

1 Resolokitm the Resowition of o Convemten 15 the Smallest

dhange i vVerkagqe  which Moy be JPy\DC\QCQd ot bhe oub?\ﬁ

of the Comlenten . Foa @

Eon Qi&mP\Q on  g-bit DA  Conventen has 1%-\ =95 ¢ intewalg
(ewq\) ., newncte +the senallest ckc\v\ge" [LN cm*c?mc Jolkage 13

L eg the Lo\l scale eukput  hange. I shon+t
285

Vs .
\/GH—SS: VEsS - 1 L3B imtement.

1“~\

Re sola ki om (’H\

Similonly ~ the  sesolution of an  A|D Conventen i
defined a3 the smallest  chang e W avalog tpot  fFor A
eve bit Change  ax e oo‘c‘)u-\:-

(2) Lneanity ' The Lmeaniky of - an AID or DA

i GAQCy -
cony enken s an ‘\m‘?m\%m{\% measure ot ks act 4

and it teus vs how

close  the Convenk e g Ve /
oukput ko ks deal ¢ ggves

2 ses
tronsfen charoctergalies. O

In on ‘deal DAC, @cvucx\

P
<

Wmerement wnothe digival

<
<\
[Vl

- Analey
o ol

<
=\
v

‘mP\L\‘ Should Prodoce QCUJLQ\

o\~

A N S
o\c B\ oo sl 1S (BRY

increment in the &qikal analsg

mses ©°\

putpot and the transfer uwe Digiyal wond.




However {n the actuval DARC, ookpak yolkoges dg wok

fall en a  Stnaight lUne becavte of gain and  offied
eanons - The ska ke  Penfonmance of a DAC is deteamine]
by fitking a staaight Un € thrnough  the measgored 00%?0\7
Points - the Uwneanity ennos measures the deviakion o

.the actual oL k?g S £ron e Lided Gwne .

3) Rccuraty . Absolate AccVxroly is  +he mawimamn devialon

betweew +he ackual Conventen ouvkpok  ond the ideal

conVenken oukput. Re\lorve accoracy 18 the mowdmum

deviakiom aftex 6q‘m and  offset enmons have beew

hemove d -

&) Memotewidity 1
T\
A omonotonie DAC 8 ‘
6% Ve \
is +the one whose
< \SIKVFS /( \
&nQng oukpPot inrease s £ ‘ I .
OO 4R ( ! ,
- o V)
for an  increase N 3l ves —— ] | .
s . ) .
d\_g\EC\\ \V\Puf- __g 3%\}\:) ~ / \ : :
g !
Fi@ shew 3 the JcI\Q‘ns{:u < Ve /) ') \ 2
! N
cove for a non - momotoni ¢ og ) D0 Bw e dep T
. iaital woad.
DAC, 3nce twe 0\)£th Diay a
' Fiﬂ‘. A Non [Y\oV\O"\’G‘Vﬁ C 2 bt DHC
decrease s whewn ‘\v\?ub

cede changes fnem oo\ 4o 6le,

A mownotenic Dae chanoctenigtic 18 essewniial in Contnol

opplications | okthenwisg oscillations Con hesoit.




Sf a DAL has *o be monctonit | the ennon

Shoold be less  taan F - LSRR At each ourpok leve)

5) settling  Hme Settling time 7epnesents the time it

taves fon the ourput o  setkle with in o SPeu«e‘e&

bona * S LsB  of W3 final valve Lollowing o Ceode

1
2
C‘r\QV\g e at+ the \‘npubk’ SEe dQ?Q“dS Qpon the

Sw\k@hing timeo of e Laaia Ancui tany due *to

intenna "3&%&5\{\( Capacitance s and ‘‘mduckoawncey -

6) stability @ he Pen fonmance of Conventen changey
with = tempenatore age ond  Powen gopply Vardorions.
So o\l +he =melevant '\3@3'1(3\0\&*:&913 Suck 0s  offset
gain ,  Uneoruty ernon and  menotowniCity most be
specified even the ful)l dtemperature  and Poroen
SopPly Aanges

Problem ¢

v How Many \evels CU'LQ' Poss\b\e in o bwof Bt

Dac T what 18 ks - resclobion i} Hhe & the

ovkpokr  Aevnge s o to 3w ]

' R ( n- ‘LﬂB
$olo¥®™ - levels = 9 «@ <= By \evels
\
Resclorion = w3 — ,_,3/— — N
3

7_"\- \




;

—Apphcat"onf
A AANAAAA »
In J
YOG i op amp:

) iy ,{ +—e;_=1m”d a‘f-'ﬁ%’
-3 el a VDH’C&]@ v,baP'Plj ‘o “The '”Vfbhna & P

© o 2etictor Ry w Ty ‘h‘ﬁ? .—’—?)‘lf.hfnaﬂw‘\%i

e NON PONED

R

‘ CJ rbLLn Cl@ 4 : LQQ(-— g — Ve ':' ’g ' L,Ljalt‘ b'e P’rovl AQU{ w

\IOHtt;!CJeJ Thene R - be  190° P})@,g; LhHTH plo v Cmfi‘U?.

L

— The evenall %aﬁ’o‘, of dhe amp it given ok Vo/v’ O'rth 9
l mrE

‘A Toe /P 'mPQd%Le , dLLE o the  vivrdued Carotu\”d 'ThQS\e

% no Cuasenl Hows 'm The anp, CL S1e D! Th oy

wevelor Ry dhoud  be equals v cuorsent “]hrouﬂﬁ,hwm

‘]

|
Vi— Vi S — Vo
Ra Ry
Vi ~— Vi Wi Vo
: f > > Re :
14
\/o 5 g
T o AV A
TL e
Rr

1 www.Jntufastupdates.com Scanned by CamScanner



§ vr‘v‘_-tée, have The olp v(?ltncjg_ Vor -R VI

where p 18 open 1o gain - £ab Vi

v
Vo vifL + L -
ck ( Ry N Rz) R)

A

2 www.Jntufastupdates.com Scanned by CamScanner

“Ra
, A
_\_I_o_ _ — Vo f\"_e\l g l‘_ .‘
Ko TR Ry Ro- Ry 5;‘
!—0- 4 Vo ( Rt Ra — =V s :\ZS
Ro " R/ —
Ria R R '
~ 2
No . - '_,[ R\rtﬂz .__-'V_“ ‘
> AR R Rt |
2
A
Vo | ARy +RR2F Ro | - =V
= Ry
ARRS
N o = 2 -
57 = ."
K , AR , » |
\E‘B (21@_’\ RiR2tRe :[ ﬁ‘)—[ﬁ Ryt R\ ﬁ}] [
No T = AR ‘ @ |
RS PRI | |
- :]_ﬁ. PMLHCQI The HPTC&Q V([L(LQA O{ Vo 'H : R\,1RD_ r’_he \SE
12t dexm of eq ® becomed neﬂli%ﬂbgﬁa small ar =
L
companed Jo the 2nd KD fenwe fr can be ignOre: '
o
.~ The cloied loop gat Voo o, |
e 1 T‘ LQ’
W Ri= R, he clofsed \DGP ‘3"‘"” E(l’LkQth],\‘ I'_“
£ Lt nplics Trat he olf Hok rame mM&n’HuAﬁ’ ot {7
 the G1p 8igral bulb- i A eal of phase by g0 =



S dhe  valtio 99_13‘7\ The ¢k1 1A

!

fenmed ab ‘%f’flu

3 3 ” v“ o
¢ This op ~amp tA called mjyeﬂe’\.

h \ ‘-
el ~

— In ordes o Ffrov‘ide for

s u,&uaLud R (> CO'YPDYCLH’ -.
blu e non“,r)'\leﬁr%’nﬂ q/P f-qlﬂ)WrY‘ﬁnoQ and  “Ihe (,J'roc,tnd ay

/{) b-’;a},‘ cuntenk cémpema*

‘Hg%&’fOV R comp =R ” R.L

Shown D -—ﬁ"ﬂ' '

T Ra |

O_Pimq) Aty %. afﬂVQ)\"Fﬁa QMP "

= On ?DVEJ\‘H’()(a amtp QA ’&}\OWD'

v (. R_RT
Ui G _

-

—

| oA

) A ) laTe) o [ ! |
A wegk sl Vi jAoa pphd e e ?mv@nﬁn(c] c'ﬂ/p ey :
. QU

IP vorage ioth phaye
Wi ‘Q)v&edf'}'q}\ Tt

0 —fﬂ"(}

1

L

o
1

Aad Voo “Fou
| W\VQM?U{\ "OH'!C[Q U’
Mn ’Tnvw\"\\‘im? Fen i)

— bue L The \eydual qround |
nd |
e %\\Q\( g e Cwwvent does nol  endes 0o
T op - p oy all *cugﬂwQM ‘\?’&Mt‘ﬂ& '
Riv CQovent  finyg Lta,(,\

e “ﬂ*rotmded,

(“\(\Touab
(S 31{/&\\‘}3'1\,(: R’J" p F

www.Jntufastupdates.com Scanned by CamScanner



nelixlante ﬁ)‘rﬂh,*g

p depends Only an

of Qmp Tt cloted Loop 9af
Ba mew‘(éf cboaxr’n?
be ob\—a?neJ‘

ype

fhe FeB wesittor Ryand Rf:

i an o
0 Rp ANy detired AaiD

-1 & &een Thalt Thex 't phate NV ki oD

name & fﬁ_v@ﬁ"hj a'mlo' 5"“—31——

% o[ Vo}taae/&' Hente The

/s

e Hn amp —
op -arnp ach s DIPVELRY_Snp

¥

-

o In Thl tpe 0f 0p-0mf g, 5o afgnal Vit

|
be appl‘lecl_to",ﬁho.ﬂ;.d"Ph\a&el $7v@&?09 4o The nosn Vﬁh‘”a !
|
|

1/P .wwm‘moQ cmq ?nuu{%ﬂa "»[F '-!enm'ioc& C(}rwﬂded' “h"’oqjh
qetstor Ry ah £bowd i) --H’ca/-' |
L " ”
2 e PR gekbtonce def. fo The Vidfual
= R} dae 18 the F 188 | | The JC N
| Anp en |
Mo cwooent \ Moo 1010 op ~amnp at G no .Cw\"n L‘N{PM
op amp The poted Hal  due o G1may |
| o i3 @)
l’){? me(‘\ K {0; ' 1l ? » - }
| | laf

cwsent  Forodgh R

__) Ry & e FB sedlMiante  due 4o dhe VATl | Mo Ceameny

nowx\*’vm@%t’ O? arp at G 4ouocwcl/> hv the P Hinfrte S

4 www.Jntufastupdates.com Scanned by CamScanner




Al Conent
o
=

Tows Thvough Ry ~quuent —flowA Thro“_}(;j?

)
|9

D«Vy y Vl ¥
Ri7 S il
RE -
:__’\.,l _ ’Xz « Vo
R Rf Ry
i *.Yl = Vb
NORET R

Mo/ R = ‘€¢ Vf,[ {/R-{l %,/Rll]

Yo vt RET Vg -y S
- ‘Rl

\/; = g M/R1 |
— dlere Ry ond g,

boTh 4ve teqe The cdqfo Mo 4 Ve

“Thert 14 o Phare Invers oo buo x/{) and, o/p Vol mﬁ‘%
- "ﬂ\e '\/OF'C(

| toge ad”) qhoadx (3919&’ O\ﬂwCLO umfwt
OP aMP Ctdo o 0 \WVQ)\hmJ

D B dutwing amp the op voHa:ﬂé  The Aum of q
rrw\‘?”) '\/C‘)lﬁ\z‘:\(}@. xﬁ‘am) ju& -V9 &\"% 'ft\a[)gdo -\“QNY\QOJ d

O (DV.QJTﬁﬂOd QAA [N

) Aevesal vola v Vo,V
) Aevede [> s !) 173 Ofu CL{)H e LDVMH/)?

/P ol The op ~Qmp ‘Th’mqah ?LGA\H‘OM | R\,Rg_ﬂ}‘ﬂg o) ﬁ’www‘a

5 WWW. Jntufastupdates com Scanned by CamScanner



kep‘ﬁoc:l e nop ?n\ve&’\’iﬂg Jeaminad {2 CJ’roundeC’"
D9 Tdenoter oo /P cwnsient we bave I = T Ty 4
gecatse the Vrtual ?TOW\O( b &, The cedraent |
Mrowgh Fp mTRTOr R ghoul be quals fo  HT

Ceotonent ”ﬁww?(y, Fie op ~amp, | "
!\ ¢ T= o« —
? ' ; nai .
cl’"‘t oty = ?lo ™ -
—
Yava yvy = oW ;
Rl .—-R‘), R 3 ‘—R—{* ’
NQF(T‘%*VL tY8 ) o b | ff’u{
s Rs Ml lr
\y =— -—R.J‘, iq‘k
7 (viveve) e F
~ R TheD | VD= ‘;Q|’f Vs +V3) ;
STl we condfdes  RES R
H’Eﬂtg’ ’“«\e O/P \,O”—aﬂe ‘X "ﬂ\e UM O‘P ,/P VD”_a?,G,Q
sty —ve Higo+ HEXe B nama hloverting add o
i RHen - | |
—{nveabn Adroming QP |
ﬁ?& AAMA éj wAANS Eis e 1 o |
= £ non ‘m\;q}’\‘%n? amp  aub 2hown .{MJ,
\ \SS
J\
\l)'\‘ !'SL
]
NPY ‘m{&)g\}
@)
VL af
“he inverting iIp)teom inal @il be
— let Tthe voltagqe al e N MP-1Y J
o : | Ths
™ becatne of The Virtuod 'ﬂ“ouﬂd ak TThe T/p Henminas
| -

“Te Vo\kaﬂeca\» G alo Vi, qpp\ti?n? kel 4o e node

6 www.Jntufastupdates.com Scanned by CamScanner



S y gL Ve
we have - vi- 'Vmﬁ+ Vo -~V :

g
Ry R2 Rs
A ,LJ | :
— + 3 -’TV ’_L _L’ i
T\ K2 Rs N R ! 1§ 1 Ra

Vi = V‘/RMVl [R2A V3[R

Vet VRt /R
. R}~ ack oy
—) The Op —dﬁ'\f alona wilh The eristors R and ‘JL
NoN ‘;DVQJ\‘U’I\L& OrnP :

RO S
R

e abOVE esz%e/\AFdo weget

. closed Loop ﬂc\‘io W/Vm -

gubgFtubtng For Vi i

\Im( Ut E’t)

Ap =

R

If

. V‘/R tVa ) '*VS/R
) RQ_ 3 Q*_ R‘F/R) ;
yR9+VRg,"\|/R5

.

e s gy
"l

VR.H' U/ T (H K |
> Rf/}‘\ VR{/)— ‘ %,2

_ %‘(/@k\/\+ \/rw3> |

2)

g

P T
o ORI Vo Vs (g)
3

NoO ~ \/\*VL‘\MS . ‘ 2Hov sl

7 www.Jntufastupdates.com Scanned by CamScanner




o The Olp 14 The AuM of f(p voltages withour thange l

Hente The name {4 No0 fr}'vU\Hﬂa dumm'm7

ot *me
e | | <
0p-amp ad o Aubtrador:-
\ﬁPA— P WA~ AA AN d_o | [ Aﬁl
' Y qivin an o6 C
— The op -Qmp —mehor) bat a Aubira g7 ? P =
voylbag et ckt 13 _
UOHQ(,]p_ iTh the dif{ of '/P 0 fj P ==
haxfc do'“: CL“\P n LOh|C") all 91%1&{-07,&’ ang
mainly & nifude ip The ofp of reamp can be %

all Qe eq,uaﬂ Mnay

’TV\JL baXik ol l&ufapoﬂﬁﬁoqip?‘?nd()\e.

Calu,damd ‘
Th cwvsn@,n\— 'ﬂnrouLgh (oV) uoll"cu?@ aenodd o St
LR \e" e | |
P w aly o The
o o linedd b\lcﬂwag) , nl equ et
oremyent 10 Q corJ \/olﬁaq@ Produc@ i

S
9 _91'
S A the  noninvertin |
ane The TP volkaged C.le ) / " oput
o tnals m%Ped“%vel?' Fromo The CRE |
‘overting Feonmin | o,

and | N :
olp voltaqe : :\q'
[P LAy v, apply and V, |

ot teb Vol denote The O y
C__/‘ : . how{) ' ;
Y F mpdifies @ & | | s
& aid quuﬂ +o 2¢00. The ckt mpdif da ’ a/

8 www.Jntufastupdates.com Scanned by CamScanner



1Vo)

‘ - V ,
—)let e potential of podeys call be VM
B} vm — V) ( &/R'\‘R) -
By ‘*ﬁﬂ‘a potential devided FY‘?OU”PV
Vme V-M‘[t ' Vi’z R i B Yy
| .r-v . .v } / t~
y =) The ckt 5 Non ‘invg)\[-?n? amp cwifh an |}P Vily A4 The
, S %
Moo tnverting Henmind  and The in venring #lprdenfl Ndl
% qroundel thyough MNidtor R

: | ‘s ._”'\6 O/P \]OH_QﬂP \/O\\:_ Vm(‘f\_ R/R),
I i :"\/m(ﬁ.\.Q R
{ - "V‘,l Ll)\

| et s denole dhe ofp with Vo apply and y, i
| &aid equal v new. The G modHiu

ar  Lhown T 41]%

\loy = --R-{/R vV, =~ “Q/R_VL

www.Jntufastupdates.com Scanned by CamScanner




viand Vi ane applied we have by

s when boly ipe

‘he p\v‘:nc‘zp\@ of Bupf pom.h'on
Vo e Vot Vol

LVD: ViV ’ | ____.....-

Mente The op-amp atly a3 & Aublractoy. Age

' > -ferenTiatoy I~ -
opamp b @8 & diffoentfebri s

AAAAAA A

\s
QR
| ' ps o4 ' YW mmrronaﬂ To
Ldn s type of opamp e o/P voltage ¥ RRPRITL T
o e o 4)p voltage o - i
he 1&F deoit lahi Ve of The: P ‘3 \a Hog m‘ ‘;’n\/eﬁ‘ﬁﬂCJ I D%k
i ~kt “The TIp volfage Mo 1 Pfd . e 210 etmsina)
— from The ckt by @ AT 00010V@9’hnf) Hp
¢ e op-omp oo CPTETT
ot The ‘
A grouﬂﬂled‘ | ~ ~ md- o
C o derotet The ofp volfage The ofp 1t Conne
— le 0 |
2lp at o - "]bvouﬂh The FB oekisfor Rf- The
%YOLLE“) Th@ ! P ".—j-'fﬂ’fﬁn Cbaq‘ﬂe 7"! a ]’g The
s arplq fo e copadierTen
\’D\TC‘%Q. Vi
charge oD Ihe CQPM"DY
9vi i 7 F R N TS VAR R A
> l: ' |
C= Q/l V1 o
o pefewntiating VI 9T fine woe qet - dvijedf g (V)
, , ) | o)
ﬂfﬂ cwnent becawe of The Vo'"fﬁ*"d’

et 1 denoftr Toe chwd-‘?

‘ ' o.nf 2 dhoylf
qroand at G- The cuaseent panfng Torodgh F6 aesigfor <17 ;,«xf

d . B e -
be equal o cwreent  pesting Trough 'C“"FCL-L - L This
21 dY ' Brgw ad] e . &
A e

Re e

10 www.Jntufastupdates.com Scanned by CamScanner



R4 T .
The volue of 4pe dge gub §n The above €3V
dr '
dVl
o= Ve

VD..'“ -‘%C %\{i t

%]
“dr |

—ywheste Wi Contlant That con be equall o gee @

! -t The: @D[P r\!oh‘w‘]e, 1A p'faporﬁ’OnaJ fO--'The.'lH

dwnvative of he 3/p ‘,/DWL%@ Htmp e 'name - % cbi-Henentiaty~

amp can ah o a fintegrator:-
P\M_,P AA A A~ :/\/\/\_/\Aﬂ’\/\/

(8

V%——‘“
L '%_7 ‘ LB Vo

—

.

— The op-amy may(? alro e wxed ) ”fr)\kcgjmfor The ‘”P”“”h
The ofp \/olmcle i (ﬂaPOTHO“&Q Fo. The ‘DWﬂMQ o The

9P voHan

‘ ke P"[P volmfjé Vi A aP'Ple 'ﬂ)'rouﬂh a YeAishhy R o ’”\e'

inventing f1p feminal o op ~amp 'KQQP‘““(] The  non NV erf
Alp Jeneninal 34 qrounded. The o/p 16 coarpeted hauk
o e )p Thvough @ capacj’qu C o shecohe of fre
| v riuad .:Jrouno) at & no (Oentppa b The op-amf
|y . The volfage AbLoM The capadior  wheneves qels d\w
A GW*M fo ~Vo The equ?e “on fhe Cojacitov

11 www.Jntufastupdates.com Scanned by CamScanner



57 o
L J -
at The end of fime 1 -CVOS/ rdF

Butb

ai
Bl ST -
vp whese Re 4 contfapk
) ; , o S 1 Mieah oy A yan valtode o
! | o can Leen: That rmy olp o s '
=3 Fromt fhiaegm TS SO0 ST s pame o TO
{ e e LS s |
nte B 5 e
I ‘ﬂ f - B
i 0tegrator - b £
Hate LT & ’rO o
MPC&-D % oA ] WAL WNB\A/\M‘* . NI Bei by s ;
. M
2~y
Th ¢
| <8
Y10 =
e ‘. |
| gt
””5
, « @)
NS ‘

" :\Qf
iel o ’Tk\_s
£ le/

SR

AV itk en Vend "/‘\ 4 Ve

12 www.Jntufastupdates.com Scanned by CamScanner



RIS
ot A RS A

% ‘ b) L\)h@ﬁ t\/g',p.lh S =P ‘

>S4 CO;Y,Pde s a.denvite U;))lm:/b Companes @ Sgnal vol‘raﬂp
: | voltasge happlied T, e T ThiA ATgna
wih o el vo-lmﬂg‘.e{’rg The ?oveifh'ﬂ‘} P ermmmoﬁ A Aignal
I .9[ The me{ /VMQ i» 1o bhe C(D[Y'Paﬂed Ma OPP'.\GJ ’h) 'h\é’ othex %/’f

U Jowfinal te non Snverting fip Jenmina)

—) D&Pcmlfﬂa wpony The which ol e * oo vol‘kage)gf N{’ﬂq%ﬁ@»
The ofp 1~ ifhen ve tor) ~ve Latwiatien  voltege
o The ave Kadwalfon level of e ofp '\,5‘.,((;;(}9 T eouol 4

avee The ,_\/@‘./Q(HuﬁQHD{) \eyely QCULQU +o “Vees

e A bayic non ‘(nv@\m? Compamabi ¢kt m'inca opé C?’gmp Q& Ahowo

fn f?ica, _
I‘ - from “The %a The diodey 930 e The Clam p?nca dfod ey and Thgb,

olamp mef TIp veltage H0#V eor) —09V prere dioden g,
eed fo projedt The op ~AMp Q‘JOﬁMf exeive flp Veltagey

= p el VO[TQ(JE WV 8 applied 4 the ?nveml"ma TIp derm al
th n

and The Voltage 1o be Compane wip i) aplied o e vy
- NODAN -8

7 tesminal ol an op-amp.

A NVID LVved g0 olp Vo\hq@ Wil be <VO .

Q,q)kﬂh f‘D - V‘EF . i
13

WWW.Jnthastupdates.com Scanned by CamScanner



S M Vip) Vel The olp Voll’aﬂe would be «fve

GPpYO’Jﬂma‘(Qlld gq/uajj) ‘o 4 V.

when even Vip ' becomes

1,71,_ b@})g £

equals. o Vref “The o[p vqugq

-
A oo lev 5
Vo ¢hanqes insdantane owlb} Hrom  OPE wa’af;m : "qf'
—\V— Yy -VEE v
40 anothen tevel . e from  AVee p Ee 07 . [C%,
—The G/p © o/p wavetormg aste Abown 70 —Fu?, V9 Sl Zal,
=5 The ctompontor & ome Hmed calleq ou  Yolfage L’fd’f/j L
defeor
AN &K
Schmutfrm e nc& op amP ' oadt ) - j
\AANAAA~T~ _ | M | b%k-
- ‘Wz (_, ANCG . |
f——’\"f\/v—f“ Hy — W
l g,vn L L
il 4 o W) A-\\\ - 5 Re'
. [F r“\\u i
— ’- N\ A
N \/|[,\>\ , -4 /
/ o e
Blgt =it ST SN A- 4‘-) I]"
Jo T ______..-:-" ( — o 1_
! J l L | \\U_(A'\_\ \SHS
14 www.Jntufastupdates.com Scanned by CamScanner



Lok @

('V,’“ZIDLUQ\ At P Po‘hl’ COT) LOLUG-" "'n'ré’/(hD’J Pofbf h

._"”“"" Hate of The C’!p changes In Thik proess  “The o(p Voltag, f

‘CWU "he Ahape 010 Aq}me eave This & qraphicall, .

Ahown (\'bo\/e !
/ {

- |€[‘ Vi "UTP ,V) o LTf’

- when ever The VP L Zine wave The devite would b J@'"‘@d:

i ! RER

Qinewave v A&quate wave ponvextes:
- "7 AN op-amp provider wiTh Ve foed batk wé can "ﬁ*”"ﬁ%dﬁ
a&ch mitt -h%cagut The ckt 18 Lhown gbove. K L

’

—wWhen v, = + Vaar the VOH‘Q_(?Q acmoM Riig \/, (Whep

L
\l g

Vo= Voo The VOHO%@ QOO0 BﬁL_ ""2 Ny

R
¥ B L#\/.&O{l—> (._R\) )
TP "DH‘QﬂP Vin betornes move +ve “thap v, .

Then the o/p Voltage Cm"f]% TFrom TViqk T -Viqt.

-V

e M’O UL.
—_\ .

gO[l _h) "’vaa\:qn@t H_
+V3at

% ."'—) U)hen "f‘he
|
!

, — Wwhep Win beecomes Al‘i(l%'lre,lxd Mo Ye
' The ofp vollage &wilcher  From

contintLoty do Nemain gt
unill v aksr Qﬂ@gg ‘
eathes the Value v,

— The 1P and ofp w[fL are A hown 10 the frg.

op- am ‘
WEL Puilﬂ} ¥ a Vo‘hﬂe:\;& Cuorent er

R RL

15 | . wWw.Jntufastupdates.com Scanned by CamScanner



. =3 W op -amp can be used with an ddveriage of Vofbd.gem:'
4o coment conventes, Tn s 11\.”39 of CkF an fp VDHag.g

qety cenvenled  Tto @0 ofp Cw“ﬂenf he ckt asr Zhown i
%B‘J' P
— from The CckE \VTaI' 13 The d?ﬁﬂeﬁor\'l—?&ﬂ t/p Vo/*lag@ M?L

and Tp 18 The o/p cwnrent and Ry 1A e loac{ %e/%i’s-{anc&‘é@__,;

.——)’IhQ Yp vollage Vin i) apph\{ To The ﬂoo?nve)rﬁ'na TP "fﬁ%minqigr

| 7 roun o T
of an op ~amp. Beciwe Of virjual - ground -as.a 1/p
—HOLOA “into The

0 cu9191e()l~
WMMOLM PTQJ' Quﬂ D - equal I voltage
4 we have the cusioent 'fhrouCmeF B, Q’M&nt
0P —amf) e i) ‘
> |
Uolsmi i : N i\ NA&S P
i F et Ve ‘D'R' i - m'; S o
B\d aPPLLJmﬁ kv L Cu” node Gw \r n = vqc j
[ U?D‘:— ?OQl R | ;‘ 3'/(-)“
e V0 /R nee R4 0 fixed value « Hente
s i = [ :
L o ofp aotent Jo.
lp voltage vin gets convented fo A0 ofp B
_ ckt 0 a
* The OF° C\mP ' |
‘ Zhown 0 45
ofhod of volfage o cwmem PR 4
< The anofer M _ dd s M | ”
i round ed, |
Thm * —Load i Ca | ) Lo R S5
& il p o \ i adll & g
A AT it
4 ©)
\ y

~ &
s C ‘\
Dk , \\(‘\le/
g Q“? ,
s N a } %
b ’L‘( ‘f\\‘/v' ‘

16 www.Jntufastupdates.com Scanned by CamScanner



HOP .,amr can ach o Copn cunyien Ho

%F“V’ dﬁ'ﬂbm e ’\/oHage o—F The no "’V‘whnﬂ 'wm"’d

“”d - M The load cungent -
= ‘g‘j qFP'}dF”g kel we hawe I = +H+Ta

:_\/‘in._v, 4 VoY,

R
‘Lz Vip Vo oy,

~—

R

Vind Vo= 2v) ~f R Dy +ve—IL R vy .

v ; 6 s
§ - glVf’nﬁ-\/o”‘l'._R
§ . -

h P
2{ .

Ve Thecloted foop gaip sFfhe Non TOVeTHng op-amy
A (a‘iven QA 1“!' Rf/R > \ A
— doe ol nestitors ane 04 @Quaﬁ valug .

S RMR) s

N
“: ~ \(L‘\\ | .L\
§ T F0ncn e ofps volkag V2V N
Vo= 2 Vin 4vp i R ) \o\“
= Mub/ valie vine 1L o4

,E_: =) The TP Vo l10Qe c}eu con \ented  Wnto olp V”‘{k’@}" ek

Op -amp a@amﬂ To voltage voltage converter'-

LAAAAA— A AL AN 3 A
R Ry
|
AM—
£
ALY N
Vo

VD”‘qu %qv@m ,%e

al n S e a0 Haa

17 www.Jntufastupdates.com Scanned by CamScanner



AR

~amp. 3 given ag k

7-—).Frum Thiz ekt The o venal) Qain ot The op

%{,‘? = ~_R’F/Ri
wen [Wik) o L s
e | e Yy o, :
\ ;
- MHente ‘TB@ ?IF -aum'fhenf “/j convented: Antp on QIP"‘V;W;QQ;‘.G'
:@unf Squahr’.uuo%ve» W~ | !/’Rr | ' ., - QR

NEXs )
‘ enddtoy ey Rbown In o

r

= TThe op ~amp  can

QUaNe wave g

Q 0)5 &
Vfuﬂd'on e ' ¥ )

ik

v Y g
\ O v hbbivettng C flp L
Ihat he voltage at The OO 1
. G| .. unltage ,0F The
a0t Ry The voltad
" voltage acnor The Caf)adf_Or

:hw -4‘7?{‘0,6*16,

) Fromn The F9
‘n'fﬁlmfna.(’ 1A V- The voltage o
foventing i/p tenm inal 14Va - ak

2 1x Keen

v depending 00
A Vee: and —YAQNAT Ve j d " d

=”'.[P;-vo[hiqe \ﬁé\ ‘.A *Ve ’ BT
! ‘r‘f@‘f&q/{‘maﬁoﬂ QJS’A/QL

~ o prauite T (1) =ve ihs

s N o coOY

B 1 ‘, _ :
o 5 s e ——eee

18 www.Jntufastupdates.com Scanned by CamScanner



AR R i
| _he amumed hat “he Oapaaﬁv'r e ol q{)ph‘

5 44 v an
when ’hqe Dc X‘LPPL‘U VOHageJ Ve e
i v
]i..f Voo voliage CLOLORY c:xfadv‘of g V2= g
| lwe becawse of
| : | bub Vit Dors byt i hat Forte 14 ;

alue of Vi de»pede ﬂO'f"DOH o;).
and R i-gt

. saststors K
dpff volFage

ofd ger voltage The actual ¥
faet voltage bur alo O

e (o ot
“) . qpe haMe
F v iR AVE - W AR

Gt be CU\A Ude Tha

\)7& = Vl'—o .:V’ |’r\ O | | \ . ) f“
oltage \id = V7 ean dyive

p — even Trpugh The srmall deffoential v

' h e
| The op-aMp tnto “tve &aruﬁnal“’oo [M/QJZ W) his
B Capattor aein Ch091?ed The \!oH’ﬂQJQ vy @b@i@wg

- %m cluod}.,z) suides When Vy be_(‘;mme)k (’ilfl’ghﬂxd MoYe -tVe 'Thqij

e ofp vallage Vo Inmediaiely P09 to [ viab - - Vee ]

| i with Vo ﬂPMO‘foJ .,C‘“” —Viat Niw =ve

T = i R Sy S
il | ’\\)' —“O\’r( Rk N ‘

:, —) The diff \jol’rafap_ IwW-ve i The .Ca‘)([t?’h)r\ d\’&chatr(juuaag}n

\Iochtge The

s

.f' charvges tp he, DFPM;H’ dmth*or) u)ben Vy beeoOmeA A f’th(d
‘{ nove «ve Than v, c\bheo op -amp o Pdwnid/w& o 4”““;1%

] : u?g Comple*hf_ one C/Ldueie ot ﬂqe olp wawe

we have |Vie +V&qt( >
' , Rt Ry

—

— . Th | ofp @[fF of U 4y be O dquane wave The op-amp .
£on -tunck\m o oqu/uQM woave - genenatoy whith's qlg

wedened @ aadable mulFIBYARY 000 fite 3unnrng cgeeh
19 www.Jntufastupdates.com Scanned by CamScanner




) The dime ()91304 o—f astable: MulBVibyato v 14 | d)‘

T= 2Re Loca Q_R'-fRL
TR

AHOP - |
Genenatoy « -
ah ar a h?anﬂu\a}\ wave ' '. | e
0P~amp ath ok & q -
AANAAS . R V | X | :
‘ ‘ /MHZT\ " sl
— »' U g
L) 2
. [ b\glf
|
. “ Q) :ghOUJD 70
bayte ckt of hm?um poave ?&ﬂe)sah)y:_
=3 The
Squane. Loave
‘H—i‘x 0 &eﬂnejs comminatfoo of =1
o, WO
Wy ' d n}égm'lof qen exafoy Chbr aprsy
(Jeﬂe%(lh)f ek an |
k | |
— The 0]p of 1he fok’graim & }— o
nsH
(L

)
A |
(4] y 1

ol

| A _ 8 45 Bone Pnteqral of \/o'. .
-2, ofp vo\rago Vd A .,Pmporhon L 1 i » ol
Mo WANE and @,P FJOGNG r&‘h’tfl‘etnﬂuajx, |
igAquoee | s
p voltage Mm/@ 8 ﬁangulm pNe.

be AQ"'))‘FI?Q) L SHmes, R“SCL)T/L

=) The Al
—) Tp ord® ’rocae* five ol

geneml m’ﬂlfw%u!@ oLl
Pgﬁmod o} 4

naf

[ This
wheone T 13 Hme p [Aquane OQVe aﬂd alio 1
| 0 770 ¥ : E’/S/”'UY I
8 DG’C(‘Q‘ACV‘""A o ,ﬂhunf “he Ooq)au'l‘o{ Cy btﬂa ?l/ S141 | .,
: yFoi8 noAg atd e AABIR .«

{

;;. . ) |
20 www.Jntufastupdates.com Scanned by CamScanner



0 it *Fu"bbmr-n*»s'!a‘b\ef triangalar WP

E.‘:‘%%'nx‘faumeﬂl‘ah'on Qa wafn o —a}”fi”
Y L w& M‘ 1 'E/"“”’

<~ An n
i (17 S
'_)From |
ane
Negis
( ‘_\TQT\
| —me
g I
The
Aaig
. 2, < Al
,E f " The TMWC&MCX\\‘&HOO amp MCL"mL% russed - l() pﬁdLu‘-raJ aPPﬁthM
The amp i3 uma”}z p e vent bld he o/P O{‘ @ hOlMdLLCEﬁ)
a ’{TOMdLMQﬁ CDDVMQ one 'E)'(/O O—f @ﬂeﬂa'_‘] Dt-b QDDWEJ‘] __F_O,rm ..} 3
! ‘ o '
;;(-J enengy for example phtdaaca.() enen% ?01—0 aloubtieal eﬂeﬁ% = Wwhe
I
The
oLy |
9/ The N Tndedttrial. Qpplrcahon)g T+ 12 negcgi,gcuﬁ 4o Myearte e il
/ phigteal quantities  Iike 4Cmpvaa+tm9 Mm/m%&”ha humntd by« At
in &uch conditiog ap it Framenta oo amp = plate a mafor, olx 7 '
“ﬁhe“ blocle dva%ram aePOte/&enrahoo o umi. 'Mhﬂmeﬂm)\‘m 3
Qyrere as &hown' m_,t.q , R
" O‘P -,
—+ The son tramentatfoo amp  firod gn e mTmeedee 8‘&13@
ol qhe  Yage supterd The main *hlﬂthom 04 amfi7f
The tUcl m/P 85gna)  of The “/P X*Qﬂe Sn ‘W\GHL The &mngm
, S s ity e 1

21 www.Jntufastupdates.com Scanned by CamScanner



mml can openate  an md.cah)'r The md cah‘w"iﬁ

FA 8@?&1&
mﬁ:b’mk’d 'TEoCan  meaytore directly The PhLd—SICGJ

Q}_Laﬂ["!phl ~

e "rn&h-uN)enfaHoﬂ amp  coh?

| th 43es a Haniduces bridae
t4A  Ahown Tn %"9@10» | {

: .
From e F"‘J f\,,Az,Aa ane 7”‘9 QP —amp,g QQ«Rb Re) Ry

aste e 33'@2:@}"’4/0 Qrmd «whene R{‘ 18 e Feed bade

seststance ‘the "fmnxduce)q 4 used A a nesistive
Arengducen  of a nifor At cand- ik forns one of

( The watio oot of Tb& ‘cohe:aFAfone b’r?dqe'

= Tt can be en&ngﬂ&i by azu'fctble Rouwyte in pradite

the bridqe it balaﬂteq und e deﬂrecl stet cond it UDA

Aaid bd The de/&!gbéﬂ d&{’ﬁﬂdma on. ngﬁ’mj aecl/ousnommr

_ A balantéde condition vasub‘

?QOJ?O/M
, ’ o
Dr] he Rl Ph%?CQQ C}/«lﬂlﬂfliﬂ “o .bﬁ meaAujled |h;;‘il>-w)aeﬂe
Th een L
e aex’fsmnw af The 'hanédut chan(’aﬁeﬂ a3 h h
. ‘ 10k e Chanﬂe 1f)
| byid unbalanted et Ap e F')’\Q,&Eﬁa h
e '5 by (dg becofﬂ(‘b@ : | g

ol The trantducen -

%%?QTOn Le

grediSlance equaly To RTHAR.
The new value of q“

L
‘ ty Mlﬂlﬂa
; ) aesents yoltage oertOAS 1+ T

R A oo e
’.f “dg(’ ie! o :

; _ Y
| of The ey Ra . :
gur Va < Qar RTDR
Ve L_E-/E'-”“
\4 = -RB"RQ

22 www.Jntufastupdates.com Scanned by CamScanner



TR S R

¥

Ra \lclt‘( — ) )
Vab= V -—-—‘—“"") Y i} -Rb.fﬂ(‘ -
b (RMR‘\’*AQ
= i

o S _q
ek Ra=Rp= Re= Ry =F

R Valc( g )
Vab, £ NAS kmm Bh ) oo (o REE

(‘VdC _E_ ~th(.—&~>

':\/dct .-—‘v&_ (
X zmm& R

*Vol TRy, )
2Rt AR =

N

.
N R s i

=y 22 (QMM{J :Vdc‘,[:éﬁ..» ?
2 [SR4AR) 2 [QR4 AR

b The Cbmbfﬂ,ahbf) of 3 ‘“0(’0\&“’00&& O‘”“P'A J g ;
!

=) whore Ay & fly are The \foll‘a(je #oMowe)lA “Thet  main —ﬁﬁunmm[
i »{-o@h(Y)\ﬂqif’ e [oadm% EH’EJ ﬂ'\e bhdge DLW« Ryt +twe

bhave The ?am of the amp Mg wﬁ rm
R

. The Vo ofp Volfage {,O
b vab ‘
AHub va Vo= vde—-BR _’ Q—ﬁ |
’—QR*AR) Y ., é

www.Jntufastupdates.com Scanned by CamScanner



ST 8 3 =

put ingenenal AR B quife Amall

AR AR S 2R

Noz vde LR Rp

2(2R) RI
= vde BR R4
, yr Ry _
' — Tp Thid empmeﬁ/sm/) The PE gowice Vde, Ry, R and Rp
houu‘?nay f5ed m‘lﬂﬂ"ﬂld@ . s -

<oty vetase

voliage 14 drecHy
e Of The +'zranldu0e)1 ano{

PT@(POT'HDOOJ the Unange

—) ’ﬂ\e D[P
ik change 'n

0 s1e4 igtan
aeeiclante 1A A _measne of The Phtaﬂmﬂ guantity involwe
o The o/p voltage Vo can Opeﬁ\ah? an :Dd:Cahnc; meten
_ whith can be calibrated directy antenms  OF e
thglcaD KU*‘”’J“’"I! befﬂcl peata e
Ac amplHer
/)C(‘.U»\ed to HaY ane. dealing  eiTh both Ac

ooy
can .mgﬁmd o ifh DnLa AC g*.’gna,u The

i1 %e%w%ed to qer The fc ’Mq,tte(ﬁa

5 Tre apelical

an PC Zf’grm.bk- no o w?

A O'Y)Pl?-fi&7w iA wted wohen 6

by

O.r’ an OP.—O‘Y‘P » |
De cOmPohef\ﬁ s Ccan he

— S vA ﬂECCQQYg(UL(d fo eltonfn afp B2
an X amID wilh & COU‘P'lMﬂ CQ.'PG-CJ.I_UV‘

achieve- b% Y "'ﬂ%

- amrﬁ%‘w are  Twd fypeh

). ?nv@'ﬁ"m}

2. Non ©0 veﬂHnCJ

Ac amf

dc amp Lifres

24
www.Jntufastupdates.com Scanned by CamScanner



L

| \ WA 2
- ) The ckt of The .numhnﬂa Ac amp 14 Ahowe. b frg,

': v (4 R .\-r-h& 'D(_ CO”)_; 0”

. .il " “The QouPPq? Qapau‘tW bel? dO/S blockrn P énj

1 i tne T and aho AcB e 7 Bidp ’frf%“c“& *F he
; @) e | an !

L akp wih e help oF pesisho? Riw

' ‘—J' o Sddey The Arual grouwn

e W

4 at & “fhe 0/10 vo(fage Vo iy

o Rl*'/Sc . 10wy,
‘ _!D_ = '—RF :> '\Rf—SC ' .
, ! ‘ R‘l'i“/gc 1 '
' " | ~ (Z-R.]cg Yo% -
| CW!/A) P e g
| iy R‘[HVR;CJ
from Thiy eqn ‘ﬂ)e tow en cutoff —Frecl}t@n(%}\ ﬂ i gw
: : ey L%'
o |
. JSL - lﬂR‘c p
o
| —The CQPth)F behaved o CL{ aSuq qu o) ﬂ)& mﬁ&bcu)l
'y 4 il

www.Jntufastupdates.com Scanned by CamsScanner



B
ninfovening _Ac_amp -

Lj i The ckt of noninvex ting Ac amp iy Shown In —flig
Log P0G coportto’
e P v 7
VD Rt ’ Yia 'ft_—-_e.}—_’ Vo
 CoMPOneny Re ;W\@——
:& of ‘7"1@ = R1 Ro. €2 f

R)
—-?If‘g@rﬁﬂ 18 nol conpeded +0 node &5. ‘

Ge Vo 3 \
bu b= Conpeif"b The ﬂrauﬂd then b 0] be PTOV?c[e
o De conponent fo M gvound pecathe of fhig The
pvenall {[p fopedence of the amp seduces
— Thie prblm & aeckifred by evonyedt 709 the capatitoy @ <,
as spown TN ”ﬁ‘(‘f The capackpl €1 This  ad Shovt
f fo ac srgab
] | eohen node
— The Regigtante g, Ccasedts Do- cwsoeent | G
A o d ﬁoo’mW’)"tﬂﬂ ([—U\mmaﬂ R,f Jame PD"’“@/)"_TG(] This
Can  mpTOVes e fp topedence of the CkL -
) ij
0l

26 www.Jntufastupdates.com Scaﬁned by CamScanner



“‘ ‘ R '0} amp and @ onh"[o? amp axe ed n many appReatton o
P,{QQFUL the ofp voltage of (Ocd amp

N pra portion ol D

- The mgo&m’wﬂf‘“ of oe /P \/t)!hage ‘The  diode “owen i~ 9y

o '—t‘Ul bad jc ()'(inc,lf’tp of o @Qh
¥ e e O tag o
- The diode CuBment 9N Moy be apnes o
Fo=T3[e WL ey

27 www.Jntufastupdates.com Scanned by CamScanner



u)he_h.e jD-_: cwrent ”Th'rougﬁ, The O&(Od&

To 14 severte Ratusabyoo cuwinent

- 19 v
chavge on electT09 e, 16 X 1o~ ' TColoum by

Q (2

viA he voltage applied atnom he dfode

2 "23 .
k. ¥ bollaman coustant Wi 138 x (0 ""Joules /fkelvin

T & sbAolate Mpuaﬂw@

okt as dhown 10 9@
connider The bosfe 10q amp R’ D
g | [ tranictor | @ 19 The & path

. lhose ,,
e (kb gl a qvo nded 4o The im/emh’rjf{ vp ol

- T
Jenminal 1A con peded

Yhe CollettdY | oy Yr ol
aince e nos toventing  UP {erminal : gt
— QP . 1 ) | a
e i fre vittud groundatG The potent Y o
be cowde 0

‘D -
\ 4 sad wn e (orHel
colletor  TaMTn - roandel
| base and colle JoY fowinal @e T
- Since bolh : 4\ L diode

Nualike
The oundigtor a0 be Vidualt .
| The diode cugstent eqn applicable .
S T Ihe A | |
"%" From Te ckE
| q(VC—[ kY _ l) |

res I3 (-.-e.

7

ix groundd
BufTe =Ic when bare Cd ‘

1 X (e WEIKT )

Qe /KT
~ Quelr
‘.LC— :;) ~ @

NES
— Stnce Teo STs

L _ 9 VE/lT

I
qQVE :logC(_l_Tg)
W T
Ve . “
= I Logc(gg) '
q I

28 www.Jntufastupdates.com Scanned by CamScanner




) From e crt deg’mm‘ we haveé -

5}{3 e n "the above eotp:ﬂb%fm

! Vo= .'i_r': loge (VL )

q, 1Ts
g = fom The tkt he orp VOIfaCje oG |
% let R)Tq Ve : : ’ : |
i Voo KT ~ wi
| K A G ) I
? = T The abové_ em{)‘ne)é?on Jov Wb The value of k&, '!,‘QQ{N
* ane-fin 'omd) aho' Vaef cap be kepr comdtont -

| i li\/ou LO%(VFJ“H | - .‘ S 448

— From This e xp71eBi09 The ofp Volfage (A P?Yafoﬂ“fonqﬂ*!;)
o of Tus fp Joltage. for ThiA 1ea200 TAL Cly

, LUCdOﬁMu
: Ned Llog amp
3% calle r\a ol ¢

- Thik G't{)ﬁle/%z’o*) (wud also be wrlitten al

T — e
s

Vo = i\il U)fj‘lo(._\i >
o3y 9 Ve

—) In owder o The above 9”!8‘CLH(J(L&N’P boldxr _,.‘()004 it

eyeotiad Mhat Vel 14 conttanl toe have  Vwpfe Rimg |
:: = heneel®everde safwation  Covent Tg Ahoud semal
’ : 1

| conttant  but Ts {4 “ound 1o vy Frmy tronsi A h

Ancmer traniisior albo £e 1 Hempesatune chependent

’ ) Thae tE mcud not  be PerAthle o Prxdt-fee 11 cap be obfl

s Roble el voMage,

—) :F,OOYdQ"("‘D 0\)311 i dH%‘CuH‘“ b#\;?vthrl\l mod}j

4 1he fﬁodH’r‘ed Ch ¥ Yoe (flhow(\ ‘E‘kh\ - Cb/) 9 J

29 www.Jntufastupdates.com Scanned by CamScanner



- ‘ \ hg ' ‘ 9 o 5.c
o from The ft9b) e crer wiey ~foun  OF. -ampr - The Fip

Atgnal Vi 4 applied to The op-amp Arand ML Aef

15 applied 4o The op—amp Ay both op-amp

vo!iagp. Vel
a -Cloge Ckt on The dame

A and A QOu ?Meg@cdeo] in
gilicon Voo wafer. So That fhe - Grevente Latvsatre)

fCLaxéteﬂt roateh at olb empenatusies

.-’)"‘ Igr": Tgy = IS C ( of
’ - -kT log [ —— )
' Vit 1.2 - R1Ts
= for op amp Al The Ofp vathoge ks 94 ) R
Vo = —KT tog [_Y7ef
' (g
—y These 2 D{F(qﬂovm.'-"[-p&'h op - amP Az o The olp
- ] d‘a,{lf, Of he (;/P’A : l" ’.’f":'. '

\Yp = Vo -V

:%“M%%B+2”Gm)

e KT lo >
q/ ﬂ ( V'TQ—g‘

_, Snte  Vaep @ Not dependent ond dempenatune
nd 1 R —Fixed value ) ”ﬂﬂﬁﬂttde *f"—rom The O‘bbvﬁ
oL [

@1()%&&;"@“'

o/
— The ofp Vo kg« Vo A &kl AGP@OCIQﬂP on T

This dependent of \° ia applied to He non fover
Ay which provides & Pon ",m’e?iﬁﬁq;
Ao minal of ' .
vola of R [5G o |
i) of 15 0% 1t py rd |
§ R ) S F |
\th\& RTC = Q ”‘,QMPQ)] qfu_yl.e &en/g—’.,t ?,. v ‘ t
%@I’J‘l\éﬂce Wit

) ; o . : - ¢ iy l\,: 1 . '{r
Ve coedpident it s abe calief ' "Bery 368

30 www.Jntufastupdates.com Scanned by CamScanner




' = . he o[p ofr mp_«amp AY '"”O(me) (H RTL.>”'U’9 1’71

" AT
RTC helpé ""O mmlﬂtdfﬂ 'The XLOP'Q OA

$

' .;ﬁ'om Thia Crpotestlon
!

tunes . !
the eqn of W (tomp) Cpn&’ranf at’ 49%953161

— . \lv compemat?oo ® Log (_V‘,’) ) amp/s CM
—) Anoth<s modi’{#’ed ChE -ohich e onud -dwe OP _

|

i‘ Ahown "n —P—(Cl Q ’ - ____’-' ‘ . ' ; |
2 from ik mod fred_ck The ofP voHdge V}.q‘i ven de The “c’m\Q

‘ o
B on
: ': Q'LP %S/Q,&?m bul" 'T})Q?Le ‘)5,.& P:hcd(:" TNV erA L '
,‘ ' bl \
¢ _-—)\ votccmp); 1+ Rl kT (p ( (lrf- Ra \
| | Rre 3 Ve Pre ) &
S |
° . ‘)
ﬁnh (D om 'k v \
MAA AN ﬂ “"'\'_P \é’)
\e’N
( S ———— VV
4 '\l &
]
| Q“ i VR IRE ;
‘q | > -\‘r*“---:—--a—-g o
. i — g
i : { .8 S— — .\;}"4. 5 ‘l \[63
i | 3 / ’
A \F\\ S P /;?‘ N Ve <
AN ey
o : LI Y e f
-+ ; L |
\/TQQ - ’:‘L P j ,
| Trbeg b wida 5 [7 T
| ; l‘ ’ { )
| - s >0
/\ (‘r)/l < [

> The f[ﬁ\/oltdﬂe \;1‘ tA 4a'pptiif¢d\"f° e baa.e o the

1 dranichr @ Via e potentidd  deviden: cosangement
| of Ro, RTC! The olp Voltage Vo of ‘the antilog am p
.‘ (A fed bade fo The WYUHING TIp denmpnal oy

GP a'nP 4| uJe hOlVC‘ Vo BE -:_'_1 LOSQCR\IS

31 www.Jntufastupdates.com Scanned by CamScanner



-

[Hgi) p 'V, BE = KT (og (\/’r&F >
¢ )

alio Vi = = VOIBE Rtnie fwe bale of The rattithy

6\1‘ R grvcmdgd,

v
VP e — KT (o =0
| 9 36( Rlis)-

- The potential af vp = V;QTC ‘>
FIRAL -\ Rt Rre

dividen  ule Bur VBM The
[jaMle‘OY &9_ '

By u.%?mz .potenifal

of

Vo ltage at e’ bake e .

of 1‘ne trangug‘f‘or 629_.!: (R Umaﬁﬁ
. The emitten voltage -

: Hegd X 350

Vp '=vp—~ V@ PBE ¢ . )

KT < Vi/ R1e . KT V ,w\
L) by (e | ( kﬁ@rc)“’ QU O"ﬂe [ R:L"s
= = hT
Vi R1c 3 (o +XT tog ref
Ro+ RTS 3 R‘(ISB S/
Vref
vi  [RTC = — KT | ) (06, ot
| Ro-t RTC [ 0@6( RITS _J“’ R‘ISZ/
— kT Loc (39/)(\/} R“ | | b0 i
EV’ | Je Voef / — RQ+ RTE -

toge[ M ) .~ vifkre 1 -
V'lf C‘ZF KT " o CJ ‘ H
is murtiplfed on both gided o} " frye i QXPTIEM o
| _l""’/), ’ ngq:‘g ﬂf, vi  Ree
0 ngg ('qu(\ffb’(",{ | ! 'kf RL+9TC '
Vo -
whene 0:4343 LD%Q(WF logo ’VrerF}

|
Q—( Nved :

1 |
32 www.Jntufastupdates.com Scanned by CamScanner

o ysu3



S, Y= I t

8 S BRI g . AL

1l

|
- ’U\e nestor 4 e @ { [\
i [P Ckl-
[ ’ \'—\\ | / \\

‘\:’
|

A , . 1~ 109 p\ - ke
V i 3 LO t ; 1o AT
"0310 ('Vo?e,f_)t—-K\}]' \ s PF (: Je = tyi'

f ! bg,,€
' whert K= op.yayd brq, RTe_~ot™ 13 loge™ = toap, .
kI Ry tfre 0'4343

Shob o3Y3 oy, W““ﬁhﬂ

“ \‘- ‘(v I - .I‘ >
i . Ayl

| i > [

| Voo Vred IO kv, |

| "’ Since V'fl‘f 8 ol Constant maﬂmfude Arom  AniA 9t€’|aﬁ0f\3h

)

\ :! T A cmctuded Thal" an tnutecde ’r 7IP vo!tao b‘d 'Vo)q

‘} g OL“wlulP demeaxe o+ lov 0 The olp voh‘&ge Then.: 'hh

; bt can AunHon ol ans log ‘amp .

Precigion Kect‘-ﬁw )
AN AN A T

=2 Predigion gecdttuy ase 91%&,9180{ ‘c AAAA,—,—;——A/VVV—’—T
! D)

T The Vollagu lesy #\ao rhre&'nold

| volrage for eflo.mPle et m.wvolmw | i
i fc)lo volu | "“L/ J\'\"
"‘ \ r ‘ RS i ,D)/ Vi

—-) 4\0 op amp ?dealhd -Rtl%lu e %eWstement =

1’ L Al
: (A %wnt\'. N o Q(’\f“r?-r-]‘ag
Ph&m &ron hL\H' Uﬁave e H ’foL — N
| i\
'a "V \\\ ' /

Toe ckt of psie i &7 hatf wave 91e (fHfie /. [
], ‘ u&'na op- ampid &hown vn —fﬁj - . \

‘ o |

ll 3 ' \ , \‘1_,_“,/ yt
o~ The el waed ey diodes P and D / /;\ .\/ \
b VY I

|

'ﬂ\e %Q&ISI'OY QD— (foThP r BP n)

*—99‘*’"”9 e qve nqy eyele ot
! e

od p ‘lemmao A cj'YOUﬂd J

33 www.Jntufastupdates.com Scanned by CamScanner



AN /\,._%__._ .. .'Mz/\f' ~-—"\/‘/bk

Q\ (D, 1 !
) \/‘: *
f@ _ /\
b~ iun oave oec e

— bring he v balf eyele of he i’/f T ﬂ

voltage WV} . 214 Reen that The diode. /\ NN
4 qetl Rb: and Mode Py FB. \\/: \I\/,’ '(
Henee Py (& oFF and Py ¢ ORI, The m
Ckt hehavel (ke an ffweﬂ\'h’ﬁa — ' -

Ve

amp-
o The ofp voltage is qfien by Vo= = Rafg VP,
et Rpand Ry the stedictors of  equal magnifude fe, R =R,

:“VO': _V?'

—But pwing The Ve balf eyele Vi fEgelf  —ve

Eﬁ \o & Vf'l

— The ip and ofp waveformt o0 thown o Figuse,

o &700 ﬁlll waye WW .

\/

ne

ww\;\,\;\l"’*

pmeumoq fullwave oeetifie
Foeqed TwoD sdentioal divdek Drand Dy and sevesed  oexchp e

Judio Lot fuo Op ~ampA a8 Rhown o +

A Zhpeony 0 —F—f(‘)},

—) The (k

in con
(57 Dt’,ﬁﬁﬂa ‘The Ve half ujcle of The ';/P Volf(lgp - S
v dtode P QbQ F R, and D1 get& R+

3! The ©)p volfage

i cle of e TIp Voltage vi the
"N)d DUﬂloa The —ve half tycle o [}

R
clfod e D, getz £B, and D QQD’ F

34 www.Jntufastupdates.com Scanned by CamScanner



ARl ' } =
} &y =V 1) !VD F Vi }

| P o ' 6
/'-—y Puing The boTh half cytled of The /P &ignoly coodd1 o0

dokes plate and an Ofp W’m‘]e‘ Vo = Vi ‘

35 www.Jntufastupdates.com Scanned by CamScanner



