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o Efeclronic Circudfs

OP-AMP CIRCUITS

( with op-amp 1reated as a block)

1.0 IC op-amp and ils ideal properiies:

The integraled civewit op-amp is 1he most preminent and versatile building block
of analog civcuits. Although initially op-amp was empleyed to pertarm varisus
maihematical operations ike in-hsm.'l‘ian s addition , sign changing ,function

genevation @fc. (commenly employed for analeg combulalion ) frem which +the
generic name uycmﬁﬂnﬂi" amplifier was derived , with 4he availability
of in_}es,.ﬂ.nd civeuit (IC) op-amp as an off-the -shel item (+ has now
found mumerous othe applicatiens in many diverse areas of signal

; . suvement , communication efec.
processing » instrumenialion and mea )

Heve, we are mainly concevned with the sludy of seme basic building
blecks which can be yealised with IC op-amps.
An operatienal amplifiey s basically a very high @ain differential amplifiey with
the Following {deal. properties :

— infinite voltage gain (le A-y0)

— Infinite input impedance (ie mput terminals dvaw zevo current when connected 4o sourte)
— zevo output impedance

(ie it acls as an ideal VOHage source w.v.4 cutput teyminal)
— infin(te band width

(le gain vemains consfant fin zayo frequency to Infinity)

— zero offset vottage (le Vo=0 when Vi=0=Vz2)
— Zevo drift (e pavameters meot changing with temperaluve
(@) (k)
'I:‘. =0 .
—_— =0
¥, P Va —_—
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Feg. 1 @) ideal op-amp (k) equivalent civewt of an ideal op-amp
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; An idea] op-amp can be fzﬂarded as a differential input VeVs. A large variety of IC
op-amps aye auvailable out of which the infernally eompensated types such as
1 Fa356 have been tha more populay anes . The pin tﬂﬁﬁﬂumﬁun

LAl , 747 4 LN 324
J‘fﬂt 74) type op-amp is gwen in Fig. 2. , and ds important parameiers ame given

Paramelers of 74! op-amp

in Table 1 Table 1
ME Parameler 74 (<) (hybical)
offset null i Voltage gain 2x10”
input Impedance 2 Mo
invertl output
input oulput impedance 75 L
offset null off st voktage 2 my
Noninverling
input % banduwidth 1 MHz
Lunity gain
t
F,,-a_ 2 Pin cnnfiau'raﬂon of 74| ith Bapfuiacn)

IC ep-amp (metal can package)

2« Basic Analog civeuits using op-amps :

In the ‘fﬂfam]ng we show different controlled sources and other useful civeuids can bg

op-amps Arlhuush n some synthesis techniques he op-amp

realised bnd u.ﬂ';:-t] 1C
in {45 own right , i} & normally

may be directly used as an infinile - gain Vevs
cmiammg to use this device as jfinite gain VeVs
VEVS Civeuwils ¢ Consider the 3-port VeUs of Fig. 3 . Assumn'ns ideal op-amp cie
Ziy=00 3 Zo=0 ,A>0) the nede equation at node m is

vz = -
R, l‘*’m
Kz
Fig. 3  Three-port vevs
‘H"?_.-'v‘ - UI'I'I-“U
R, Rz ( !
ol :
gl for Vm ﬂIW$,%= I::Hz Vz "'gg Re Yo ( 2
& 2

also (VMi=-Vp)a = vo

fa! o Yo Y
Y (v, v,,?‘) = X2 which means Vi=Vp S A 0 €3
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fl.} ¢} -Eﬂ,uﬂt:’fion{i 3 )imphies a very ;quﬂan‘i‘ Prnpeﬁﬂ of an ideal op-amp, that due *05
infinife gain  solages at The fwo inpul terminals of the op-amp are forced 7o o€
egual . Thus , the input teyminals of the op-amp exhibit a ‘viviual short . When

one of these input tevminals is connected 1o ground the other terminal aeis as dhe
“ivtual greund -

me(z }th( 3 ]

Ug:CI-P EF%;)“ - Eﬂll-hl’z ( 4 )

cased ¢ V=0 1hen the civcwt assumes the form of Fig. 4 (a) and fram (% 12

ce )

Vb e B‘_? ?2

R
Thus the cireudt acts as an invevting VEUS (or inverting amplifier) of gain ~Ra
R

i

UI — Vo L Vo
= Ry Rg
(4) (k) (c)
Fig. 4 (@) inverting ambplifier (b) neninveriing amplifier; (c) voltage follower,
gamh = - Eﬁ'.‘ Yam = (]1-% ) ﬂ_mﬂ { =
I ]

Case2 : Vy =0 , then cireuit acts as ﬂuninueﬂinﬂ nmpiif‘.hr wilh awh mé']'%aj)
sinfe ( 4 ) reduces to

_ Rayy
Vg = (LI' rﬁ.‘j I
with Tesuling eiveuit shown in Fig. 4(b) .

(%)

case3: 3f Ry is shorted and R /s opened in Fig. '3 |  1he civcuit shown in

Fig. 4 (c) yesulls for which (fram (@) )
Ve = WV

(- 8.2)

and the circuit acls as a unity gain vollage {ellguser.

Nele that all the ibree VCVS of Fig. 4  have ( rdeally) zevo output im pedance 5 the

4 (k) and unity gain VeUs of Feg. 4 (c) have (.f*ﬂ“)(}
infinite Zj, but Zin for the fnuerfinﬂ veUs & finide and approximalely equal 1o
Z, =R
in |

ﬂmfnwﬁ:‘ns veUs of chi

¢ 24
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: I-rwa't-lins iniegm-!m‘ : Jn Fig. 4 (a) it Ry Is :r:F!aced by a capacitor ( hquq'ns Jransformed
) ‘ v . a) which is dhe
. Impedante 5%) cne obtains - . dhe circuit of Fig B (

jrverd [nﬂ inle ﬂm.‘i o]
R

0--[ Vﬂ
V2
R i v

Fig., 5. (@) inl.re‘r!inﬁ integrater (b) inuaﬁinﬁ diffeventiator { Miller inﬁamim)

Reblacing Rz 1n equation ( & )by ;1&- , the transfer funeclion of the inlegraior of Fig.
% (a)is found to be (

Va(?) = _"_:IEFH V2 (3)

o)

e¥ in time domain :
I 1 dt o

Vo (t) = fﬂaj Vz(t) C
Inw_yhnﬂ df[fl.‘ﬂl'l“diﬂl’.’ Tniq,'r-.huﬁ-diu:j Wy and € in Ry, S (a) lads to the circuid
of Fig. S (b) which s }nugﬁinﬂ differeniiator with

Vo(%) = - SCR, Valy C 1)
o¥ in time demain Vo(t) = - CR, %"L%_Lj] AT
Finile gain dlffevential amplifiers: 3o the 3-port vevs of Fig. 3 , if a poteniial
divider is added at the input the civcutt of Frg. 6  is oblained for which

i =G§:Rq) € C ‘)
C.umhin?nsc 14 ] ard (_ 4 )
Vo = C L+ &)

Ef"‘-%?""z ¢ 18 )

Fig. " & - K-gain differential amplifier
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Kz

i
(’ +
the circuit realises o  k-gain di

are found o be

The abow confiquralion has a Uemitation that the input impedanctes at the two input
desired - An aHernalive k- gain diffevential amplifier eircud

1l R‘anz %2 _
1

o A I
fferential amplifier {or which the vequsved vesistor values

{erminals ave mol infinite as
whith does Fﬂgess 1hi5 Jeature is shown in Fig. 7

Fig. 7 Finile gain differential amplifier with injinile input impudan:e

[ A vevs dus lo winch
In this civewit A 15 connecled ws ¢ noninverting S duy

. H
Vo = (f—l‘ ',%)Vz ( Ig )
h R, and R, vealises a 3- pert vevs similaric Fy. 3 , hence uﬂh‘ssnﬂ

A' ﬂjbﬂﬂiﬂﬁ
te
aniaiien (e 2y, WELan wn
. = G 0 5 v o
: btain
suh:'-.ﬁ{u-h‘nﬂ (- ':'ELJHH (C 99 ) we o 5
Voz = (|+ %‘}VI—* %I<l+ﬁj'ﬂ'g € pey
s ; %
For obtaining k-gain , (1+82) = B2 (10 §)=x (o )

In other Wn‘rdﬁJ vesistor values must be chosen according 10

he NIC (s showr 'n Ryg. 8

maaﬂve impedance Convertty ; The cirewil vealisation of t
Vo

e
L]

i

&
L]
s+

Fig. 8 op-amp yealisalion of 1he NIC
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- L

Reutine ﬂnalysis glves o= =V

P (23)
ig = Vz - Vo ( 2y 3
®2
Due to the properiy of 1he ideal op-amp
V| = Vg E 25 :'
From (: 23)-( 24 D & - Ra :
PR ¢ 26

Thus , the tvansmission mairix of the cirewil is given by

Wy o i Q i
ft 3 0 _%-?I —iz ( 2? }

matyix

Frem -the absve dransmissien A (t 15 seen that the circuit is a NIC with
A = | Fe .
A=, (o) =| R | ¢ 28 )
Sothat upon {erminaling port 2 into 2, impedance leoking at Pori 1 is glven by
Z. =_[R
n = (ﬁ;)zh ( 29 )

Curvent Contyolled Voltage Sourcess The civeuit is shown in Fig: © « Since noninverting
input lerminal is connected to ground , due to infinile gain Sthe inuﬂ'h‘nﬂ input

terminal is  forced to have ground potential (utriual ground ) due 4o which Un=0

Iin

Fig. 9 cevs

Also, due to infinite 2z, ,mo tuvrent 15 drawn by the op-amp input terming) .

Hence 4 I, = 0—Vo
Ra
oY vﬂ:“*Rﬂ Iin ( 30 )
and the cirewlt acts asa an inueﬁ-‘na_ cevs,

Hunimre'r-linﬂ CCVS can be oblained in two different ways as shown in Fig. 10 () hH"

Vo

Feg. 10 Nnninuaﬂinﬂ cevs structures
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'fnsmd.‘ng an inverling VCVS so that

= i 2] )
& o = RDRE IJ" (
Vo = —Q?u I'") 1’\ 'ﬁzu) o (_ﬁ ) ; :
: — _ Rz in 1he {eed back path . Andlysis gives
@) by putting a NIC with A=1, D 31{. L j R ; (32
L TR . [RR Tin Roe =+ (_1_5..-. T )
Vo= L Rot V' = iRy = .ﬁ.;f 4

(since V'=Um =0 and i’=— Rl Tin)
Rz
Voltage- Controlled- Cuyrent -souvces : Consider the civeuit shown in Fig. 11 (a). By
judicious *rrd-mu.ﬁnﬂ i1 can be rearranged as i Fig. {1 (b) where i4 s easy o
Tetognise an NIC iermipated thio R ﬂmh‘ﬁu’iﬂ a -R at input port of NIC, cmseq,ueniij
we obtain the aq,u.iua.hnf civewt of Rg-. 1t (c). Analy sis of this equivalent civeuit
ives
) I = Iﬁ'“i' '..‘III_—.--I'_WrI = —EIJ.‘ . {'_' 33 )
out — = =
Hence ,the circuit of Fig. 11 (a) is an $nu2'riinﬂ vees,

Iautla 2 .

= Teud
. e v
Vin Vi = e 3
: L
- ;
R
(@) (k) (©

Fig. Tnverting VECS

A aL..'Ehil}, different u:r‘ra_natmenf %iufnﬂ a "nminveﬂinﬂ vees bs shown 1 F;a_ i2 (@)
MIC

’
}
i R

e s am

= T I I‘;
= = Wy
i v J
R Tout + | AR -1—j-,
Vin R:'
R i 2
[ﬂ-} q".rl_ ZL -

4|
T

Fig. 12 Noninverting Vees
With seme r.l.‘r"ransement the civewid can be vedvawn as in Fy. 12 (b) where once
ﬂ.ﬂﬂ,Ih we can :'denh'fa an NIC . Fer the NIC

V= Vz =", (34

also as the two vesistors af NIC are tdentical , 1) = T2

( 35)
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bt dy= YinV o, = T — Y2 = Towr = (umig @) , ( 36)
subsiiluting ( 35 ) into ( 36 ) we get

W“;""' = fnu{-%

e lowp (27)

Curvent Controlled cuvrent Sources ; cp-amp realisation of €CCS can be oblained by,
ﬂ-a:-mdins CCVS and VCCS as shown /n Fig.13

: 1—-\ Tout

2

Fig. 13 Realisation of CCCS

Weighted Summers ! Active synthesis invariably vequives civewils capable of performing

Summation of ﬂma.feg voltages . Realisations of inveriing ,naninuerima and generalised

summers are shown in Fig. 14 (a)-(c).
Ry
R
i, — g Vn
Rz ,
Y Ra |7 R R o B v
( Vg e ] Wy = — *.'ﬁ"-"!'i‘ E—:Ug-t- +~ﬁ-n"~’ﬂ

(bl
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€m
T2

(9] 2,

Iy Realisation of vavicus summexs @) inverting summey (&) neninverting &ummey
(¢) genevalised weighted summer,

. Miscellanecus Civeuits and Techniques ;

3.1 Capacidance multiplier :

In the fellowing some interesting ciruits and Hechniques ave presented cohich can be

understeed and analysed on the basis of understanding of the building blocks
discussed in the previeus section.

The given circuit ‘has

inﬁg"' ! R
AC(1+12)

(A i
'l'hus:behu.uing as an

Zin

Fig .IF capacitance mubiplier

€quivalent capacidance Ceq = € (14 EI?.)
-m. " - " - 1
is civeuit is useful in creating arédificially lavge values of capaciiances

while | - eh i
ile using low-valyed ¢ which is noymally available ,

3.2 Trducdance Simulat oy : ]
I
The cireuid has . W
Zin = Ri+ ACRR, .__%Hc @R
]
‘”’.llli, Y:P?‘ESEH"inS an J RE =
inducianee <in ;
: e |
Ltq,= CRiRy Henrles with quality facte Fia. 16
fq‘U.RI 'tﬂ Q'Egz D_'}_L‘Eq' = mcﬁz g*

Req,
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2,3 _Noninverting Integrator ;

Ahthough inwﬁina infeq ratoy
followed by an inverting 'L';'I-n
amplifier gives neninverting
integvatar ,thts apbreach needs fwo
op-amps. A civeuit which does this
a'ub with auzﬂ ohe op-amp is Deboos 2 T
integrator shown here. Analysis gives Fig. 17 Debods integratoy
Vo) =+ 5 Vin(t)dt o T‘ﬂ;ﬂ5?=+£%ﬁ
3.4 __ Noninwrling Diffeventiator : -

The accompanying cireuit by
proposed by Horvocks . Analysis
Shows

Volt) = %R -:l:infﬂ

or equivalently

Yo(s) _ 4 ACR
weo ~ T2

25 JInverse funclion Genevation :

Fig.19 (@ and (k) shnu.'r. an
“Jln

interesting concept aecording o '.-————-l.,. Vo
> @)

which if a network having

=T ei
B put in the feedback path of €y i B e;
ah ocp-amp the overall eiveuit a
genevates 2l R e
¥ Vg =T Vijn '—"‘E-—o—-:— T ™

A

Vi i \ @)
e e

As an example In Fig 9 (c)
we show by Pu.ﬂinﬂ an Iniaﬂmﬂﬂ‘r
in 1he feedback path , one oblains
a differentiatey .

Win

Ft'g. 19 (ﬂ} Vo = T-I Vin b >
©) ve= - ger Vin 4 R 3
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The following fig. shows hew this idea can be implemented on @ given slmafe

b vllh 2

sl
Vin o— v = Vo

FJ'H.ZG
op-amp tircwii without nc#rrmal y addilienal ep-amp. As an example , Dehoos
integraior and Horrecks differen iq‘lul' are shown 1o be derivable from each othey.

Complmentary function generation :

In some cases one rvequires to -aenem‘fe

—

a cemplemeniary funetion (1-T) 1

starting from a given function T "-"{,-,"'_"

{vtid‘klns Vo and Vin) ., This can

be accomplished by simply inlerchanging 2

nput and ground +erminals as i

shown in Fig. 21 Mg T e

Nete that inverting amplifier 4

and non inverting amplifiey can i R, Rz

be seen o be velated 4o each ﬂw

other by this transfoymation . ]

An important application of this E,fl-’= = %2‘ Ve f e
transformatien s in .,{q,-.-g..,mj a Vin }_'ﬂ('ia.
noteh filer eirewit ,a.-i-o.ﬂing Lram R ﬁi;
o bandpass civeklt and viee Fig. 21 The cumhlamen‘im;y transformadion

versa . C Hilbermans Theovem)



	i: 


