MODULE4 : OPERATIONALAMPLIFIER

—» Preview :  Bosic amplifier  conceptn &  Terminology

—> Opevationad Ampliter (= Op—OMP) v a eircuit buildirg blocic of

univeyael  impeshance.

— op-amps are uad Jor long - hme

Inital Applicaborn Laler Applicakoy
= Ana103 Comnputabion - Communicakon
— Irmbumentabion —  Inabumentakn

- Cmnpuh'nj Syakem

—> Early op-amp Cawhuchen :  jos o ¢

Diacveke componentr :  vaccumn tuber —> Tramiakva + Reainbor

~—> mid - 1860 : Fimk IC Op-amp penditeed (MA-109)
- lage Mo o Tranaiskoa &  Reairkona
— sirgle silicon chip.
— Price = High
— chorackeriabes = pooy
Dyamahically uaage T
price |

Demand gor  bether quatity  op-amp 1

o
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—>  Ampligier  Cireuiml :

—>

Linear Amplitier
Wity = A VLD

Magnihude of amplificalien (= Gain)

Ao called an proporhonalily  cobant

shortcemingA ¢ amplitier civedim

Inpulk  Impedance , z;, = low .
Limitabew o Ranic
Gain, A = Modexvale Arnph’fivrd
BandwidHy, Bw = Limitred

Amplitier Noine  pyeaent at the input
1

L5 Envivonmenkal  Noiae

—> Thevymal  Noiae

L—> other noite
Soluhbon operabonal  Amplitiera
Op-amp A popula¥y  gor ita |
— Veraahlily
— charackeviaher =~ rdeal

Eaay to du\u‘gn civecuita

— Performance levels : Theovitically predicked

—> Inkgrakd cireuit CIC) verAin of Op-amp  Comporentr :

— Tvanaialova CLach Numbera = lo)

— Reainlora

—. Copacilor Comsally orne Y



In  thia  chapler,
- op-amp ia twakd ar a civeuit buildirg bloex
- op-amp A Studied with
— Terminal charackeriahea

— Applicaion

5.1 The ZIdeal op - amp

5.1.1 The oOp-amp Terminalx

= Op-amp : Thyee Terminala
(From  signal point gt view)

— IC op-amps vequire

THE T SDE  pouxy Suppliea

(@) Op-amp circuit Symbol

Vec (Ponitive

Volmc)

—Vee ( Meﬁah‘ ve

Vol e

(b) op-amp with Dc power suppliea




- op-amp have ‘terminala for
- Freguency compermalon

- ofact  Nulling

: _L— peaibve
g i = . P
. 3
Commm
l Terminel q
= Two POMf
Su_PPLg
sz =
Non- inveYh'rg VEE
Trput Mcgach
Supply

5.1 9 FunchHon and chavacteriahcs of the Icleal op- amp

4 Op-amp Civcuil Funchon

: 3 Gain

The op-amp ia deaigned (o AenNAe the digfertnce behureen
the Vollage At‘gr\aJA app[fcol alk (A twe inpwt teyminals

i- £ ('V,_ = 'V,) = Ditference Vollage
Thia dizgerence Vvollage ia mulhplied by a Nnumbey. A
Cauning  the veawlhant  outpul  veltage aa:

AN = AC‘V’_—-’V,)

Note: ALl terminal vollages

ave meoaurtd wi.v. b

%me=a ('V,_-V,)

gmund.



2. Inpwt curenk and  Imput Impedance

Taeal GP-0R —~ op-amp ia not Auppored to

1
- F
= =0 draw any input curren
-4
Z =00 =
= Tp=0 —- Signold curvent into  terminal-1
D
L . in  ZeYO I, =0

— Signal current into reyminal-2,

:
A Ze¥D I, =0

3. owlput Impedance

bwput  terminal = owpuk krminal o an ideal Voltage Sourze

i B ’\JD=A(\’1"VI)

= oulpuk Impedance of an ideal op-amp = zew

Z°=O

EquiVo)enP cireiF Model

Irverhng Input (Idenhitied by -ve Sign)

J‘)Ou@'pu.}:

L (Pouxr Supply
5 Commen  terminal)

, o
iy =0
Vo
Nen- inverhrg Input (C Idenhfied by +ve sign)

(e) Equivedent cireuir ¢f the  Ldead - Op-amp




iR owpulr A in  phare  with A
Ay = tVe };
Same  Sign
‘U" = 4Ve
out-of~phare with A,

‘\/o = +ve

} Opponite  &ign
A = -Ve

—> Op-amp  yeaponda only to dhe dizpercnce Aignal

- e ‘V,_-‘V,

ignorea any  canmon signal to  both inpua
Example :

it U=V, = 1V, then

Al = 8 C-tdeauy)
The property a wegerred oa

Cornmony Mode chcch"m
Commen mode

90;[‘\ = 0
Ldeal op-amp
Comnmon  mode h::)eCHm = &

—> Op-amp iA a ditgerenhal input, &‘ng'c ended Ou}-PuJ- am,o%#—.’rr

Since al, = A C'V,_-—‘\I,)

!

Dw‘+,fennﬁal/open—lcop gain = 6

—>  Another gain:  cloaed loop gain ( when loop ia cloped)
—» Ideal

op-amp will amplity aigralt o any  Jrzguency Loith
equal  gain

= BRardwidlh = oo




Summarigirle charackernahca e1 an  Ideal- op-amp

D 2. sm, Taf s

@ Z, =0

@ Acm = O => Common Mode Qﬂ‘chm = &
O fo= o
B o=

3 T

A, =A (‘v,_.-v,)

Max [\ny owpub = 18V = 4,

) A= 10
40V + ). Cl\/,_—‘VQ = & —_ _!i_ = 0.1 mv
: v A (05 -
‘ ; CJ\I —V *
\ 2. {1 ) < 0.1 vy l
! (ny-) ) Fer linear
. opevabon
—
i)
>
8-1mv

5.1.3 Difjevenhal and Common  Mode  Signala

—> Di,]‘.;}enand l'npu}- sfsnal ’ Vrd — ’\I,_—-*\/, ——@

— Common  mode input Signal 1 A T CV = %)

SRR e R

Adding @) ond ®)
/Vz")/l = Vg

Vo +% = 2Vrem

o= SN by,




Vg
’Vz ST Vzcm * ~e S en @
Nen-inverhing inpul
subtrachrg @ and ®
M N = 2N,
AL - N, = /U:[d
2N, = AV, = V.,
Mrd
Y- B g
Inverhing input
Rep’nA{nHrg Pfc*hrria“y .
1
vV,
2
Vg
-VICM = _—J:—4 4+ JV,_ =190
Fig. (Cel) Reprtaenbng 4, B M. in deoms g
Vlcm and V.‘l‘.d




5.2 The Lnverting Congigurahion ®

The two basic  clored loop op-amp  Configurahey  are :

Employ op-amp F_}

1. Inverh ng Ctn{—ieuvaﬁd\ }
ReAiatoxa

2. Non- inverhng  congiguvahen

5.2.1 The I—m’eYH”S CoﬂﬁgumHm'. The clored loop gain
Vo Ry FacilitahA Negahve

*-
—MWW Feedbao
R, 'reaulaJtA the P -

R
level of Heedbacik / *

R /
N
—_— == M|=
f = Y_E +
]
R,
/VI ,vo COLU’PLU’)
Sine
Cohine =
= : 1
'.\ Novy- inverhirg S
éignod l'n’y) = gmmd
= g (@) The ZInverting clored Loop Congiguration
applied to
inverhrg ) g

’\/0 = A C'V’_ ‘-Vl) —> Foxy Idwl OP-amP

\

Very large, Idwug = 00

Volhlqc at l’ﬂV&YHry i'nPuJ' — ’U' =\ =0

=
1
Viviual STDu.nd
g round

A - A——p o0, AL = A

! 2

CDO nok PHqA\'Ca“j Ahovt, terminals | and 2)

v, =N, =0 = Vivtual short circuil behwren The
twe inpuk  teyminada



Vivhued ahert  Circuit ¢ The Veollege that exial ab 4, appeara
ak Vv,
Np & =, Ry =—Y£x22

\ :

o

R,

Mo Ro Rabo betueen R, &

] | Toly ik — = — = - _=
The cloaed loop gai & v, X R B

\
Negahkve Aign indicake
180 phare  ghigh

( svgnad .Dwemfon)

clored loop gain dependA on  pasdive comprnenht s \r
AJ, L Vv
i R =ixn -o SR .a:-/\%=—|=> Sk SO v
: T | &l
No ks oV
. — = = =2 = =D SEEREE e B LY
b e paie e B = Ve - |&a| 10
V S oo BV . oV
l".f; R}. = (80D R, = V&L | Gq = —’\—:-I = —1D0 = IZI = o
Irnput
Voltoge
1oV Teguived
'V: = A Al gr o
Ry = 10w, R =1k
= R,
A
R, pasumphion: Ideal op-amp
—AMWM— it e
e 3 A —> vevy lovge,
s T .Edc_a“g = o0
;- open loop
2 VA gain
MO
- = G E—
i =
; T
= cloaed loop gain
(v Am\qaiz\ g Inverting Centigurahon




MM
Rs
@7
S
'—-,R' Q' 2_’@
S ABA. e
: : \
@ov 3
AJ
T e
® @) No =N, — ODwop amar Ry
- Xrg
= = —_ = R
3 ] 7 s
® v=o ; = Mo=—{;‘u
(Vivtual
Gvsurd)

b) Anahjm‘f\ 9 Inverhrg cw;eura}s'ar\
Noke:  circled numbeva indicale the ovder of the analysia Shps

4 Obrexvahma

1. cloaed loop gain : & M o

~ &6 dependa en  exhrnal paaaive

Camporentx, R,
and Ry

— Negahve sign in the & egn. indicaka 180
phase abhitt  w.¥y. t  inpuk
=D InverHrg Congigurakaon
= & ian independent o Yhe op-amp gain, A

-G_1_< A,  due to neﬂa_h'vc +eedbacic

stable & pyedictable



S %
ML
Ra
e
© :, g _o__’@
—E : \
J
(_i) ov +
- =ik @) N, =N, — Owp amar R,
1 Vg
1 ’ 1 ome- %
@ W= : = Ap=— ii nY)
(Vivtual
Gmmnd) b) Ancdv.jAM g', J:nvcang Ccn:}.‘aura!{m
Note:  civcled numbeva indicake the ovder of the analysis Shps
4 Obxeyvahma
A, R
1. cloaed lovp gain: = —=> = - =2

R
- &6 dependa on

extrnal paasive comporenta, R,
and Ry

- Ne,go.k‘ve sign  in He G egn.

Ah)‘.fJ- ey ot dnput

é an.‘rvHry Ca\,f,,‘s uvrabhon ,.

indicadean 180
phaxe

& iA  independent of Yhe op-amp gain, A

<A, due b nrﬂaJ-wg +eedbacic

stable & pyedichable



5.2.2 E3#seck ¢f Finilke Open- loop Gain, A

The clored loop gain under the aasumphon that  the open

loop gain A in  Finile.

s=1; R
—— 2.

Sk
JVJ: No

(@) Analysia o the inverkirg contrqurakon it A= Finite

R
QtCau‘ G = — —Ri For A= 00
1
N = AN - V)

{l
OV (gvound)

No = A (0- V)

AL
= N TN -—Afl- = Vol}-n9c at n‘nvcrh'nﬁ Inpud-
o= 1
= A
M_MAM___W. The curvent | f‘hnuﬂh 2,
Ry o Pen bff il
- . =
Vl— z‘ '- S V: -.\ll
TR e
+ Ry
+ T
w, Thevepore, , = s A
R,
. L

Since R; = &9, cuvrent Hhrough
R,

S >
N = I



The owput Vollage, A, A given

by
J\]o — '\/' _ DTDP acymmA R,_
J\fo = JV| == '2 R’.
1l
‘.l
Vo e ‘\jl ;I R’.

=
R, “NVp
oY ol
Totnee, vo= -t W
A R,
e S R o By
No A R, A R
V°+ I\_{P_‘}-V _Ri _—_:--JVI Ei
A A ] R,
R
R £ 2
i : 5 ____-\/ -—
/\/o[n+_;(r+—g—')] E
J\/D —R"/Rl
. -
B |+('+
A
B
5 & Ry
Therefert, 6 = -

Non- ideal gain

% oo, el
Cloaec loop gain

2 —®
obseyvahonn
1. I A —> 0 Hhen G = - %‘: (Ldeal value)
1
Alro,  ax A=pod, @ =6 '\i: — 0 (virtuad gvound
N\ .
3 arsurnphian)
2. To minimige, deperndance - 6 on A We ahowld
Maice R ;
1+ 2 << A in

R . O




Ro
|+ .__)
Alkerrahively >

N 6% &
eve s -
A - S R,
5
T‘yp)‘ca“lj, A= 10
5.3.3 Input and Ouwput  Resiatances
. Ry
L=
__* R| Mz V;
N Ry B e &
=, ! —VI/RI
vk
Ao
Aty +
L r 1
R (Irpuk Reninkance o
cloned - loop invexting
amP)i(f{cr)
&)

Veltage  Ampligier
@ Inpwt Reavakance :

Medel o  Inverting congigurahon

-—

= —E, Ahs
1}
-
Ry =
R. = to (pPeviect Wellage Amplitier)
(0  Voltage Amplifier Model InverHng Congigurakon
Rs
MWL -
: 4
R)
N A Vs
Ry I
= s R R
Vs e - ) R, Ve Vo ¢ ¥ kg
-




Al Sieni
T — %
- =
Ry

input Teaislarce  forma a Volhge divider with
thal feeda the amplitier

=> Amplitier

Seuvee YrAikltance, Rg

= Ffor N = R, = High
To aveord the loan o signad A*h-zrzg‘l'h, Vollage qmph'#em
are guird to have high inpul eaittance

e A o IhVeT'HFB Cmfa‘gura_h‘m)

[F ==

70 avord lora of s,‘Snaj s)—-rcnﬁfh ot Vo llage amp)f,f-.'c-r

R, = R = Largej J:dca[ly, R; = 00
)
HoweveY,
R
( -1 L a= -
cleaed - lovp gain, 3
To oblain larger cloaed loop gain, §
R, =lowe = ana R, = small
& .

to aveid the loas of signal shrength

Fuvkhey,
TR Ry be comen fMPYaCHCa]\S lavge (> Mﬂ—)
= Iﬁve\rh"rg Cm;,‘aufab‘m Au\{'f:{-eT?'\ dvon a low input
YeXicknce.

® oOwput Reristance 3

The Inveyhrg Cofigurahon to dekrmine owpud  Yeasalane,
A A in Fg (b



Rs

AN
‘\Jo o e Ei VI
Ry L
—— KA - o CJ:npuJ. — ShGYi'}
: c?rcuf’f‘)
T e ’\Io = 0
'\Ix =0 4
AL, e e
-—J.:: : => Ro =0
(b) Inverking Cm.y.‘,gufaifm Cireuit to Deteymine R,
AL
Ry
R,
el
i3 g o0
" & sh




@

Exomple 5.2

Asmsumirg  op-amp to be ideal | devive an exprearion For the cloaed

loop gain, Vo o He civeuir Abhouwn  below. wae Hhia  civeuil to
%

deaign an invertirg amplitier with a gain o (00 and an inpuk

Teaiskance o 1ma. Asume  thal qor prachcal yeaaorm ik A

Y:clu?rr_d not to  uAe yraialoA  gryeaker than IMA . Compare

youy deargn with that boared en the invc*rh’nﬁ Cm,frﬁurakm.

P Ve ot
ORR R YL

'y

Fig. (o) Noke:  Civeled Numbert, indicake the Aequerve of Skp
in  the analyaia

Soluhon

= Gp-amp it ‘amamed o be  idenl

= A= o0

Ide  Kknow thalt AV = A [‘Vz—'\/,)
u
(o) [gmund)

7hemfm, Vo”'a.qe at invanj inpuk, [V, =0




-

‘ i, aA llown :
—>  Kknowing W,, we can dcl—c;mme the currenk i, g2
V4
Vr, =

—> _For an..op-amp;: R; &%

=> Zevv current Foaoa inbo the immrh’nﬁ inpuk
Therc..f.m) current 'Hm’lmgh R, = cCurent H'mwﬂh Ry

he=ll o &
R

—> Now, we con dekymine the Volkge ab node =x

=

Vx=’vn— '122
4 @
.

Ry

Ve = 0 - 1_/35..&,_

R,

— Thia in tum enabla w b gind i,

— Rg, A)
S o N
s =
> R3
3 R3 R,
5 Ra
13 —— '\II
R, Ry
—>  Applying kel aoF Mede = yreldn i,
i'-f = 1y + I3
’ S
YN R"R Vr
R\ L



g R
bl e R

A
t I
“ R, R, Ry

—
—

— Findly, we can dekrmine ~, o4 2ellowa:

e e - iﬂ_ Ry
/4
~R oy, \\
]
A,
R TR
AJ —_— Rz A/
g - ome g "(—5 * 0% Vx) Ry
. o R, Ry
o~ [_’2& o o &N
Rl R) Rl Rs
. = — [_R_". I _Ri I Rs Ry
‘\/I Rl Rl R| Rs
V
> = - —R-—"- [: A s P
‘\/: R, R’- R3
AV, R
el R [\ » B B
—> Ry = Inpub wairkance = M ( vequived)
. h e R S Ao
i} we choone Ry ="Wy"ee B = 18an_  fhen '«_/'#: - 100
-
led Be =/10an ;. .0nd & Ry and B, ave Selecked
A0 thed . e
Ng
1M
i.e (’_\_/3_)=..—-’1[1+——*‘ —;—]
2
2\ Vg ra n 9
— 100 M. 1M

G = ke
\PKJ\.




Theretore, tv have a thal gain o 100, R4 required iA

— oo = =i [l 4oy ) ek b
. R3
I N
8 =
R3
= Ry = '-;%.l = 0. 2 KN
{E = 0.9 KJBA
Compariaon Conaidexirg banaic inverting cantrqurafan
R ;
bl R G = — "‘:; '
— clored loop gain
AL Rw i, CthLuircd)
o Thevetort, to have a gain

q)t ~100 RL n'_q,ufh:d A
Calewlaked @A Followa

Rz
I MA

— 100 = -—

= | R, = 1pD m.rq Cvery lavge vedue)

concluaion @ The civcwl Ahown in Fig. (@) ia able tv

vealize a leavge Vollage gain withow; uaing lavge

veaatorx  in the  feed bacik path.



4 cuyrent /’rmpl ifieY

A Civcuit Ahown in Fig ) i ia moditied aA a cuvrent

amplifier ig =1 i
P Rz Y R"f
—AMWWL AMM____,_‘
. R Ra
TR
‘Vt=0 &
+
i
5 = Re ,
l“f- I, e |3 == Il o -—El' ll
3 rg' = '.| (I + %
Fig. Cc) :

—> R, and Rx me in tfpech para”el

=> 85 ma\dns Rz lower than Ry b\d a —‘f—adﬂ’(‘_ K

i Ry = Eﬁ ,  where x>1
K
= R, W Jfted Iv Cavyy a cuxpent K - Hme that
n Ry
— iy = l'|
13 — KIl

Iy = (K+\)i. . since I'H = 0 & is

! ;

current puwlhplicaken

=> The curent muwhplicahon enablka a lage veltage

dvop acmr Ry



= No = lorge , withowr uaing levge vedue dor Ry
AMao, i, in independent of the value ¢ Ry

be (DdMadli™ o i Troutirenkiamnphiier.

Therefare, Fig. (O Ccan

5.2.4 An  Imporkant Applicalion — The wWeightead  Summey

] AJ : s
— An fﬂVcYHﬂﬁ Conﬁgu’ra))m |A‘ uned aa a uJEnshl-cd ummey

Negahve Feedbeack

l'l :
R = //
—_— 1
e TRe =
ig g
. ;
A= R D
] ov —
: — o7 =
i ' 5
B L :
‘U“_ MWL —t oV e A
o
Vivtuod =
ground _L

(&) A Weighted  Summer

— A Weighted summey eiveuit A Aboun in Fig. Ca)

—> Ry i Reaistor in negakve feedback path
o= VMt Input \siﬂnabg applied to inveyhing inpuk

=

B, B oociceenn. Ry o ReaiAtovA < CorYeApe‘nd}ﬁs input signaa

—> The ideal op-amp will have a vivtual ground appearing at im

negakive irSpuJ' teyminal

Thevtdort, #he cuvpenin T U H3TOL UG- OIT given by
S v, o & Nan
bt =, St W e daas W= S
R, Ry n



e @

All  there currenta  sum  togethey o produce the cuvrent T
f= i, + ig + .-ccevs +in
Thin i ian Zerced to glow rhrm.gh Rp, Since no cuyvent Llowa

into Hhe inpul terminala 9 an ideal op-amp.

—> The owput wWllage, A, Can be deleymined by ohm's law,

A, = N — Dwp acvem Re
= M
oV ‘e
( virtual
Gwvourd) v i ¥
/(:. L .0 1“)
'\/° = . i R'F = = R—f-
M o= = (i i s +'n)’24
Y Vi 7
N,y Ny o
RI —E;- Rn.
A) A/
LA R e e G e e
R, Ry Rn
= o~ .EFR_'Vn : AR +7%V“)
1 o n
‘/N/ei'gh{-/s

= The owpul Vollage iA uxu‘ﬁhhd Sum o the input Aignala

MW e My

1y

The civewil ia repened fo aa “mu‘ghhd Summey

—> The Summing Coeggicienti may be independlenty adjuaked by

adjusbng e  covveapending “feed-in" Teaiabr (R, to Rn)

Diradvantage -

— Al summing Co-cpicientx are o the Aame Sign  ((See eqn. @)

—> The need may aviae For Summing atgnala  with  oppoaite Aigna



4 Weighted Summey : Summing Signala  with oppoaite  Sign

The wc»‘gh"td summer for Summing s;snod,\ with oppoaile aigna

op-ampa  Ahoun in Frg. (a)

con be implemented uAing two

Ra
AN
Ry
A, oMW \ Ry
N\
Re
A / -
Ny
. Ruy E
Yy
Fig. Ca) w.eishl—td SummeY Imp‘cmenh]fm Fox  Sumnmirg
coepsicients g  both Aigna
—»  Asaume  Op-ampa  arc ideal

—>  Apply  Auperpoaibon  principle  to oblain  the exprearion for

Ou)pul’ VO“’CI.Q{) Ay

S = AN, + BAL ¥ £ DY, :  Linear circuit

e Cormidering 4/, alone  and aMuming A, = Vg = V=0
Ra
e AN
p“l
v, =
Nl
Ra o4 -
-
= = Al
\, =0 N "
< 1




(Y

R = . : o onla)

Owlput  of N op-amp : ’V;, = — .%'\I‘ ( Tnverting  Contigurabun)

‘)
ouwlpul- 2 op-ding - v = = B

% g o T . o
& N (— e ’\l,)
Ro R,
Ra Re
’\)D‘ = A\,
Re R,

—> comwidenng AV, alone and oAAuming ) =V, =Yy =0

Re
AW

ko
\
Ga—
"Il
)
LI
2
g
o)
+

'\1330 ’VOL
E = £
0 IA}. 1 RQ ")
wput o op-amp : Npyg = - R
Ouwhpul- ond g ; e e
-4 paimp : N, = - = ey

-

= CoM\'de'r\‘hg Ny alone and aMum,‘ns A=A = v, =0




oubpub  of e op-amp : ’\/;3— o
ouJ—pul- o 2™ ep-amp  : *V°3=-E'z£3'v3

—> Comidering Wy alone ard amuming v =4, =4; =0

— W Re
Ra MW
2l
/V‘ = O_;t—_w‘ s = Re
= o AWM
RL JVI =0
Noy = Ee
A, = O_: & Ny=0
= 2
’VH .

Owput  of #F op-amp : /\IO'H =0

pidpit ok M lgpmeme . - By

overall owpuwh Vellage AL o= BT N N N

L

T (2)(%) - (%) (%)



ExerciAe DS-F : Deaign  an |‘nverﬁr\3 amph‘.ﬁer tv Form the wu‘sl-,;-cg%

Aum 4, q two inpula Y, and 4, . It ia vEquived thot

= ~(v +59). chear ulinl Sov B B ann Rp So
that For a maximum ouwhput vellege of jov fthe cuvrenk in

the zeedboe veaialr will not exceed I1MA.

Soluhon :
i Ry
MWW
Ry
Vi e——AMA =
IV
Ro
2

For Hhe Civreuil Abouwn, aPPl‘anﬂ SupevpoaiHon ph‘ncip%

R
NEARES
R’.
since T+ ia vequived  that n, == (v, +5),

we wank to have

R R
—{'-"—l and _i.—_s

Ry B

ot ix olao deaived HhaF dor o maximum owput Vollage

of- 1oV, Hhe cuvrenk in the geedbacic  yeairkor doea nok

exceed 1 MA.
Therefort, R i mé
Re
1oV
1 mMA




ieF ua  choe Ry bo be tokn-, . then. IR,

Ry 101
= = = = 2Kk
R, & =

Exercire DS.8 : Denign a weighted  Aummey thot provideA

A, = 2V, + V, —HY,
Soluhon
Ra
Ry
'V, —MWA___ - Ry
AMM
R
e RS o5
- »—-M:;/L___J
3 ‘\/3

ihe )

S o i Coegticientz  of both signa

Applytng  Auperpoaition principle, we geb
= (3 ) ()R- &

We want to deargn  the civeuit auch thed @ Vy= 24, +4, -4,

mosesonmed, e ot SR BE)- - &

we have thyte equohawn g we hoave to find Six  wninowna

les ur choore : Ra = Rp = R = 10kn
Be . 0 —s.5en
fwn e b, Ry = == = 0§ T on

o) KOs o = R, = 5KJL
(EE.)(ES>=?_='> 10 L a8 =2 =5 !
R, Ry

(Ra)(_’zf_ S 1w 10— = R, =10k

Re Ry Ry 0




53 The Non- .‘ancan3 Con.:ﬁguvah'm @

—> Second cloaed loop  cnpiguvakon
—> The inpuk atgnal, Ay A applied divecHy to the poritive

inpul terminal o the op-amp, while ane terminal o R, ia
Connecked to  ground.

531 The cloaed. loop &ain

Re
.
4-—_%‘- - —> Extemal Componenta R & Ry
: o
. jorm a clored loop
T
l A
= g — Owput i fed bace to
the invertng input Feyminad.
1 — Input aignal i applied
7t - Tt tpene L to He non- inverting input
= trerminad
(@) The Non- n'nvcfh‘ng Ca\ﬁgum}im
Nt
® %, -8
S
ol
Ry Rl @I
1 g
= @ Vza = OV ® S
+
+ 0) =
+ N \’vo = Vg + T:", 2.
- - Re
Ny 1 A =g (1 .)

1

th)y  Analyair o Non — inverHng Ampligier civedit




/31'0

Deterrmoine closed

loop gain : &
Asmsumphon : - op-amp ia ideal with A =e0

- Vivtuad shert cireuib  exiAln  behuten

ir two
|'npu_]— feyminada

—_—

V, = Vollage al Non- v‘nvcrh‘rj rapul
A, = Vollnge at inv:rﬂnj inpul-
—> Fo¥  He Non-inverHng Cmyaum_};m
Vz = 1/' = VI
—>  The cuyrent ﬂ'mm.gh Ry A 3;‘vm bj: Vr
R'
Thia

current will  How thgh R,
—  The owput Voltage ,

can be dekymined aa  gollowa .
N =

= Ay — Dmp arvem R,
Ny
= Ny — = = R
Vo L ( R,) 2
'\/D p—a VI +‘ YE. 21
R,
R
NMe = AL ( =
o T '+" R‘)

=>  cCloaed loop  Non- inverkng  gain F,

A
=2 = 13 Ez_.
‘VI R,

Ideal gain (A= 00)
—> cloped  loop gain of  Nen- u‘nchth Cm,ﬁﬁum,b‘m dependa

enhively  on  exkrnal PaAAive  compenentr (Lndependent o A)



(1+ 5’:)*\1. Ny
A, Rif

(¢) Equivelent civeuit model Fer the non- inverting cm.ﬁsuraka/\

— Inpdt impedance : R; = &

—» Oulpul impedance @ R,

(v]

R
— \/ull—a.ge gain Ay, = s _23
1

4 DegenCYaHVe Feedbactk ; An insignt into the opevaHan of Non- inverhing

s e Congiguyahon
Vol t(He_ Di V\’d&f l‘_ Rz 3
-F_‘W:— 5 R, ond R, acka aa a Volinge
oy
- - = dividex feeding a fyachon of
N
= Lo owpwt Voltage, A, batk o the
21 ,’ + 2 . .
R'+R‘)A=oo: A inverhng inpuk of the op-amp
— 1 (since ecurrent into the op-amp
"J » L
“ Np s inverting inpub = Zevd)
Viﬂuﬁ'\
sh:::“’ = e ,\/1 o Vo( R, >
(s
(,\,‘='Vr.) R, + R,

e Since A =0 (ideal op-amp)

@
= There A a vVivtual 4Ahovt Civeuit behwen the hwo inpub

beyminals of ' the ™ O GO

Thevegert, the virtual ahort civeuit  fovcea the vollmge ot

Hhe |'nvcvh‘r-s input to e cc’/ual to He VoH-uqe. app\l‘aol [1g

poaitive input, b

Ri
Thua, Vo (Rx > R1> = Vpy = yieldsa gain §

——

R : =
wheye 6 = :’I" = (l - 52 —Ri> (Dcﬂwd cavh‘cf) =
T




5.3.3 Effect o Finile Open- Loop Gain

The effect o Finike optn-lcop gain of the op-amp non- anv/H'r}S
tontigurabon  iA dervived aA Followa :

op-amp A ideal  except #or open loop gain,

Arrumption
A Ci-e A=F )
Ra.
N,
e
1y ‘s
—
Ry
MW =
i N, 5 .
= / .
No Na *
(ve- ) S
lVI _’I;

e = A JV'I — A ‘V‘
A"\I| = AVL _— Vo
VO
.
AL, —0 A,
= o= - ey
7 R, R,
Ny — Vi
y i, = .

. The op-amp haa ita input impedance, R; = 09, Therefore



current dvaw by the op-amp A Zerd

= o= f,_
7/ Y
’_Y_«, ‘Va"V‘
R, Rt
e e
R, Ro
‘Vo—.v| = _«ﬁ..Rz
R,
AL = N o+ By
1
R
Seml (g
{
Ao
(V‘ A
N, R
vV, =(\/ - °)(|+_i.
. % A R,
- Ay R g A
= 4. — o Ny >~ = =
Vo T 2 R, I A R,
‘\/°[|+-‘_+_‘.Ei =‘\II:I+R"]
A A R,
R
1 R, = g [14— __?:.]
N — 1+ = =
°['+ Pr( vz.)]
Ra
A/ 1+ — -
= ,\: = ( B R,_) Nen-ideal gain
3 o=
A
e (1)

obaevvahom

—> The denominalor o eqn. MO A 2milay to Hrat @ finike
loop gain eqn. o |‘nVeYH1\5 cm{-iswai-im.

= Feedback loop of inverhnrg cmffguvaﬁm

1| equal
Feedback  loop of Non- .'nw_vh‘ng cm‘auvv.kd\



— The numeraly of egn: (B A% |+.—% @

khetaa numevalor of  finike loop gain equokan ¢  inverhing

congigurabon A 1 - Ra
R,
—> Foxy A= 0, in eqgn. @)
e Q.‘_ . . rdea|l - Non-inverhrg gain
Vg R,
B A >> S
R\
(+ =
oY 1+ —
— 1 >> Ry
A
then a = =3 = (l+ E‘i) : Zdeal Nan—in\/efﬁng gain
‘\II R‘

PR

Non-ideal gain o Non-inv. Anplifity

4 compaxiaon o Ideal Vs

e e
R,
- 2y R
— it A= 00, 1deal clored loep gain, 6‘—7\7;_ = i+

& = 1 + q = 10

Vo

— i A= ms) non- ideal cloaed loop gain, G\'-‘-'JI:

Ra
|+ — 1+ 9
4 = ( R =
|+-—5-’- = =0
[ B } A ——
A 10
(1)
G 3-999
{ + 10x10D

Eyvor OA U S S Pavt ¥ astivhs 110,000 cilsialy A 0-01 Y



5.2.4 The Woltage Follower

> R; = RHigh Jer non-»‘nVerHr\g cm#gurah‘m

—>  Thia pmperhj enablea wuar o ure non- )'r'Weans Con‘f"'ﬂum}faﬂ

ar o buggex amplifie¥

I

Connecir a Aource with a ""'Sl'\"‘mpedance

to a low-impedance load

—  Buszger amplitier : po not pryovide gain
but
It iA a mpedance transtormey

—> For non-inverting contigurahon :
sething, R, = O (short civeuit) unﬂy—ga?n Arrpligier

R, = © (open civeuitr) 1)
Voltage 4ollower

[Commonly res e*rrcd) :

Rs
MW R, = o (100% Negakve
7 Feedback)
Ry
! = Ri==00 -
= % ll
I\I.rd.-—: (4] -
.’-
Vo
'\/I JVD b—4 '\/I
1 =
(@) Non- inverhng Contiquratkion (b) Voltage followey

—> Fov the unity-gain bugter or follower amplifiey, e

owput  Followa the inpuk:



—> For the non-invertirg C°”‘F;3UY°-HM, the ideal closed loop

gain A : 61:.-_'\)_"-_:(14- _‘2—.) —_—m
g R,

co then

)

i+ we Mmake,

I

No

R,

No

ggn. @ chamged o : &= g
S G — 1

= ers

Un(f-y gain~

VA =‘V$

ideal case, fthe Voltage AHollovoey aa:

d
7

VO — MI
R;, = ©°

Rout = 0

Vg | X Vp

Voltage Followey Equivedent Civeuil Model




Exercire 5.9 @  UAing the AUPErpoal Hon principle, 4ind the owpul

Voltage fer the Civeuir Ahown.

MW
Q.

| kS

2N
A, +
3K =
A - £

Solution: uvaing fhe Fm‘ndp\t o Aupeyposibon  we find rhe owput

&

°

Vvollge aA followa:

4 contibubn o Vv, T N, SeF =0

}
.1(—- |

3
I\[‘: JV‘ - D-GV.
i S

Thua AL :-_(H-?_'i x 0.6,
| 1 &

af,, = X0 = gy, = % 5%

4 contribuhon o N\, o A ek V=0

1 2 =
2 S

Tk, N -_:6 +f:_:_>’\é_l = 10X 04N, = 2V

I

HY,



qkn
1k
+
2k ’V,'_ 5
- R : S

F)
2

3 kN =

Thua, overall owput volluge, A, = Vo T Voo

F/o = 6V, + t-wz\

Exeycire DS5.1]

Dealgn @ non- inverhng amplitier with a gain of 2
At He moaximum owlput vollage of 10V, the cuwrvent in Hhe Vollage

divieer A B be  I0AH

Solubhon &G = 2
- ] Hrnq contiquy”
= —— Non - 1Nhvey 13
We wnow Hak & = 1+ e For rg
Rs
=i =
2 2
ol
R,_ R\
— AW
i ik AL = ey 3 ia clesived
o -
R i
I l 5% fhe 1 = 10 MA
- ° : 10V
— : e = = loAA
- . R, + Ry
i 10V
= R raw
% 1
: - B TR = IMA
S'™nce R, = Ry




5.4 Digserence Amplifiera

Preview @ J:nvcanﬁ Co-n,ﬁguya.b'm
Non- inveyHrg  congiqurahon

—s Op-ampa arr used to  deaign dipgerernce or dijterental
amplifiex Dijpevence = pitfevential

—» A dippevental ompligier ia one thal yeaponda to the differince
behueery the two inpuk Aignala applied al i r’oput ard

ideally ejech aigrnala  fhak are commen  to fre fwo inpua

L Beteall

1
F— ———9°
Ml
.\I
d. AL zd
Id =\ — —
"R = ; e i

W




-\ N
) Id z
2
‘V.td = '\/Lz—— VCl
=~ v
q*) Vid Viem = s e
7 2
Voem .
S d
Vu T VICM * T

(b) Repreaecntaken of rhe inpul Signada  in terma of Hheiv

ditterental and common mode  Comparenh

Diggevence amplifier

AmplitieA —» pifgevenbal input signal (Vzy)

chtcbs - o oa Ceyninch mode l‘nPlL} 5"3”’1 C"{D:m)

Np = Ay Yoy T Ben V.,
pizzerentlal cemmen mode
gain gain (.tdcau% zero)

Efficieney o piggerenhal ampligey A mMeaaurved by

® Degrte o rejechon ¢ Vrem

® pregevence to gy

Thia A w\ual\g q’u.anH-ch by a meaaurt Kknoum QA:

Commeon  Mode Rejection  Raho (CCMRR)
A

cMRR = 20 log | Ad |
| Acm|

by dqauur op-amp piggerenhal  Ampligier



nok  juak wre an  op-amp 9

Wby
RecaunAe : A —> 00 (Makex i+ porarble to uae)
But
o uxe op-amp oA diggeventiad  amplifiey by

I+ ir poaaible
0) Appropriakt 4eed back
@® Finilke clored loop gain, &
Tprcd.‘clﬂb)c g Sheble

nehwon<

A single op-amp Difgerence Amplifier

S5ah1
. R g
Non- inverting Vo L i T 5 posibve
i («/ ) Ry
c«:n.f.;gufa,h‘m T
, s S ah
Inverting = ( ,_°_) = - — Negahve
V
cengigurahion b :

combining two congiguroBon

!

Eltep in m‘gh}- direcHon to
gd fhe cliggerence beturcen
two input  Aignala

Rz

Ry
V.tl O AW =

R3 -+

A
Via Vy * g
8 =
Ry H l
= (0) A Dijference

Rq + Ry
V AmE\ yHer

!



Applying  Auperpoal Han principle :

4 contibuban o Ny b owpul, A, : Asaume Vg, =0
MMA
Ro
% The equivalent civeutit
VTI O'_—AAﬁ'AvA )
= W oan
e ] )}
-k LnVcang Cm.{.‘auvo.}ﬁm
Vo =
s =AY
Thevetor, oy = R, I

The cqu?va!an civeuib

l, 1 *
A an Non - mVerhnﬂ

& congiquvahan’

Voo Theyetort,

(I-}-.R_".

T
'VIz (m

= VJ;z )(l + i)\
Q 'l'ﬂq

4 ovevall  owput voltage, 4, o the ditference amplifier A

fre aumn g Vo and Ay

Thusa  we have 8 = A+ Ny

? R Ra ’
Al = - e N 3’-()2 +23>('+ R.)
R,
M




4 The owlpwt Volluge o oOp-amp in open - loop mode A

A, = AN — V)

A Vo= AC'V,_—‘VJ

’\[L P—ﬁ'#
4 To g the digperene behueen the twp  inpub signals . e have

to mMarxe the two Qain magnih.tdc,\ equod

=> ThiA vgjecks  common made Algnala

Cornidey ouwlput Vollage, A o ditference

amplitiey
Re R
Np = — — Np, + H )(I+R,_
= R + Py F
oY
Ry R
Yo = o & Sl
! (R *‘%)(H- ) = B, =
Attenucade S Negakhve
poaibve
to T Inpuk
nput Sl
Yeduce +he sigrad ign
gain
Thtw) RL, (' 3 Ra ) s .R_,:.
1 (! + &) Ra
R, =
(l + Rs R
Ry
P Ry R. (1 ey
Rl R Ry
| + _Ri = _Ri 4= Ry Rs
Ry R R, Ry

1 (For LHS = RHS)



|p

!

3

/\\/
o

$

| P

= th' aA a
\R3 =R, and R, = &'} condihon tv work :
clitgevence amplifier

=D LHE & IRHS

Therefore,  egn. ©  chargea  to

R"' R,_ Rz
— A/ =0 )
N, = ('23*'2”) (|+ —R|> Ta R, )

Applying  malching
Condion Aor the

1 rerm
{!
Rs
R
R R
Vo = = AL _— 2 VL
o — Vg,
g Vs 5
AL = e —-'v,_l)i]
R,
I\,O RZ.
pitserenHal  Gain @ Ay = =
Via— Vi) !

4 common Mode Gain @ Aem

—
Ra

‘__’;| Rl




[ A o Rs'\/.ccm]

1
R,

Vrem [9/14» oy —-ﬁ]

Ry + R3

: Ry + Ry Ry

The owpuwt Vollage, ~, A given by

R, .
Vp = > Neem ™ T 2 R
Ry + Rz 1T
Dyop acvoAA
Rs

Sub«Hm_Hng i = | since op-amp do not draw current

R Rz I
Vo = - Niem — Viem . T
R R R
N, = - Veem — —R’:' 2 Viem
Ry # Ry 1 RH1-23
R
Ny = F ot age e Ei]
Rq + R3 RI R"'
N R
Common Mode Gain = — = (R :R ) [l - _'fzi _’21]
R
CAcnr\) N y + Rg 1 Ry

i+ we oapply ma}-chfr:g Coneliion R, - BT fy
J mhamakeh

sl ] Agn 70, cwm@

4 Diggevenhal Inpuk  Reaistance @ Rig

—> In addition b reject Common mode Aignada, a  digsertnee
ampliier A wequived to have a high inpub Teasatance
inpul veaistarce betucen the two teyminaa ¢ a

obhained ar  fellown :

—  The

difsevence  amplifier in



Td

Ra
MM
i | |
8 A"';\;L - 52 } Axxumphion
s beee® Rl.‘ == Rz
'
]
B in |,
R -
f : Vivtual short cireuit
Rid Ry
(@)  Finding the inpul veaiakance %
3 the diggererxe amplified
Vr.d

Nouws Rid_ = ',I

Tre two inpub terminala ot the op-amp track each eother in
polenbal.  Theretae, we mMay wrike loop equakon

N L B R, =D
T
Vistual
<hort
Cireuil

ifey 0 [ have | digperental
— 11 diggevenbal amplifier ia requived to have lage digt

daln, "Gen R, = small
% A R, = small
. —_— 5 La € d; 1
I e Ad. 2, -3}‘401‘ g

Not eaay to vary (prawback) |
= R;d = I,nPu}— TeAlAlance = ZR| (Smal )

=> Drawback @ the diggerenbal ampliger





