. The pera — mlpll.ﬁcr is an extremely eﬂicnmt and vetsah]e device. Its applications span the broad
aleclmmc ] dnsuyﬁlhng requirements for mgna] condmomng special transfer functions, analog
msmmentatmn, analog computation, and special systems demgn. Thc amllog assets of simplicity and

"prcc1smn charactmze circuits utilizing operaunnal amphﬁers il

o BP AMP BASICS __

: Ope:anona.l a.mpltﬁers are convenient buxldmg blocks that can bc used to hmld amph:ﬁus, 51&5,:&5 even
an analog computer Op—amps are integrated c:rcmts composcd of many | tra:nslstors & reasmsudtﬁut&
resultmg cm:mt follows a certam set of rules. Thc most common type of up amp 1s the vnftzgtﬁméha& =

type and that's what we'll use. - il I :

The schemanc representation of an op-amp 18 shown to thc left Thf:re are
), an output pin. a and two power o

two input pins (non-inverting and inv erting
pins. The ideal op-amp has infinite gamn. It amphf' ies the moltage dafference |

between the two inputs and that voltage appears at the output. W:thout
feedback this op-amp would act like a comparator (i.e. when the non-
inverting input is at a higher voltage than the inverting mput the output

will be high, when the mnputs are rev ersed the output wxll be iow)
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< NON-INVERTING AMPLIFIER:

No cumrent flows mto the mput, Rin = o0 The output adjusts to bring Vin- to the same voltage as Vin !
Therefore Vin- = Vin and since no current flows into Vin- the same current must flow through R1 & ]
Vout is therefore VR1 + VR2 = Vin- + IR2 = Vin- + (Vin/R1)R2.
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@ INVERTING AMPLIFIER

Because no current flows into the input pins there can’t be any voltage drop across the R1 H
- R2. Vint is therefore at 0V(this is called a virtual ground) The output will adjustsuch that
- Vin- is at zero volts. This makes Rin = R1 (not no) The current through Rl & RZ have tﬁb&

ﬂ}ﬂ same since no current goes into the mput pins. |

._'_-';__'- Therefore I= Vin/R1. Vout = Vint - IR2 =0 - (Vm/Ri)Rz Therefore Vout —.'-‘é"m{EﬂRl}

- Rilre

o0
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~< SUMMING AMPLIFIER:
Since Vin- is a virtual ground adding V2 and R2 (and V3 & R3) doesn't change the current flowmg through
Rl from V1. Each input contnbutes to the output using the following equation:

Vout =-VI(R4/R1) - V2(R4/R2) - V3(R4/R3).
: Thcmpmn:npedance for the V1 input 1s still R1, similarly V2's input impedance is R2 and V3's is R3. Most
of the time the parallel combination of R1-R4 isn't used and ..Vm+ 1s grounded. :

= R1 .
VIO——ANN——— '
V20— ANNA——— - i
=i —&——0\oul
R3 i - 2o

i R1||R2||R3||R4
m__j
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LrAUC —e.2)

< DIFFERENCE AMPLIFIER:

You can work out the gain as before using the two rules (no current flows into the inputs,
and the output will adjust to bring Vin- to Vin+). The result is Vout = 2(V2-V1)*(R2/R1).

Also, Rin(-) = R1, Rin(+) =R1 + R2.

R2

V1o
V2o——AWV——
R2
| GND, !
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&+ COMMON-MODE OP- AMP - \
These type of op-amp have common mode voltage to botﬁ tmi:nma]s

It means without connecting the same voltape at bpth the terminial we may connect one voltage or either
mverting or non-inverting terminal and other 1s connected with short to that voltage.

% CDN[MON MODE REJECTION RATIO

Common mode rejection ratio which 1s deﬁncd as the rat:m of dlfferentzal gain to common mode

CM_'RR Ay/Aemi-

Ag= vof'vd ELeml

As the gain is generally -high so CMRR is ﬁsed::to express as a Ioéaritlnnic'gainfiﬁlctiqn

CMRRR=20log Ag/Aem

e e ——
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| & OPERATIONAL - AMPLIFIER WITH FEEDBACK

o —

it sy

m - T O Py

' Non-Inverting Amplifier —

R 5 3 ] II,"'.“.,Ii'. .-";'

0 R| | : il .'!” et
The same voltage must appear at the inverting and non-inverting inputs, so that:
(E-)=(E+)=E, , et

From the voltage division formula:

B R TR

The input impedance of the non-inverting amplifier circuit is infinite since no current flows into
the inverting input. Qutput impedance is zero since output voltage is ideally independent of

G

output current. Closed locp gainis 1 + hence can be any desired value above unity.

Such circuits are widely used in control and insirumeniation where non-inverting gain Is required.
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_ INVERTING AMPLIFIER

L1
O ALY
B
B R e

r-'igum 17. Inverting Ampltﬂer '

The Invarting amplifier appears In i3 ure 17. This cin:uit and it$ man}r varlatlons farm the huﬂ: nr- '
commonly usec operational amplifier clrcuitry. Single ended input and output versions were first
used, and they became the basis of analeg camputatlon. Today's modern cifferential input

amplifier is used as an inverting amplifier by g ’rounclng the non- irwemng mput and applylng the
‘input signal to tne inverting lnput terminal.

Sinee the amplifier draws no input current andl'the input vbifage approaches zaru'whan the
feedback loop is closed (the two summing point restraints), we may write: -
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o
——L*
2?3

E ﬁ_————o
' Eo

o,  :_' .. J'_O

-
-

dE,
_Eo :_RDC'_:HJ'

g - Figure 22. Diﬂémhl'iatdr_'bifcuit
= | '_ljﬁing a capacitor as the input element to the iriﬁér'ling _amp,liﬁer, figure 22, yields a differentiator
~_circuit. Consideration of the device in figure 23 will glve a fééling for the differentiator circuit.

it SR _-
®)

; Figur:e_za.l An Intuitive Picture of th?e'-_niftﬁrant_latof
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- Since the inverting Input is at ground potential;
]C :GI%' a’]d{c-lﬂ =1

- so that:

Itshould be mentioned that of all the circuits presented in this section. the differentiator is the
one thai will operate least successfully with real components. The capacitive input makes it
particularly suscepiible to random noise and spscmi l;-.chmques will ba dlst:ussed later for
remedying this effect. L |
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o
$=
=9

i

*' £

=l Eat

RCo St i
= Figure 21, '_Iﬁtgﬁfa’lbrdﬁipuit i

~Ifa capacilor is used as the feedback element in the inverting amplifier, shows in figure 21, e
result is an integrator. An intuitive grasp of the integrator action may be obtained from the :
slatement under the section, “Current Output,” that curreni iirough the feedback ioop charges

- the capaciior and is stored there as a voltage from the output to ground. This is a voliage input
currentintegrator. e e e e —
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Wm
Inagud:mprﬂcﬂapplluhulh.hpﬁbhiutuuﬂwhmhﬂ
voltage. The simplest form of muitiple inputs is shown In figura 24.

R
EO e d

_ Ry
80 WA ¢

' Figum 24 antage Addlng Clrcuit

—

~ Currentin the feedback loop Is the algataraic sum of the current due to each in'

“see” Rl as the |nput unpedan{‘.e .sl‘ll € | Direct voltage additmn' ma)

= _.'_ - _“’33%'{-_33{?;: RJ___
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Letting A go to infinity, fappm,_:_._._.
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<** VOLTAGE SUBSTRACTOR
» Generally Subtraction of signals are bemg performed by substracting one signal from another signal
These types of subtractor are always used 1n analog signals.
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Voltage across terminal A can be found by using voltage division rule md"w:k;;w _tl.nt \_rf:;t:;:x:; Ass
equals to the B so VA =VB
VA=V2 R2/ R2+R3 =VB
Applying nodal analysis in terminal B the equation becomes
(VB-V I)/R1 +(VB-V0) /RF=0 | l
VB/RI1 %(VB;RF-VI_}JRU =v0/izF ke o
VB (1/R1 + 1/RF) _vm:vm i i
But we know that VB='V2 R2/ R2+R3 ' it
(V2 R2/R2+R3) [(RF+R1)/R1 RF]— Vl Ri= VO!R]F

(V2 R2/R24R3) [('RF+R1)/R]]—V1.RFIR1;VOI __ lr :

V0= (V2 R2/ R2+R3) [1+ RE/R1] — (VlR_F)!Rl i _

If we put RF=R1 =R2 =R3 = 1 KQ ' i T

IThe output voltage VO becomes | i I I . | . .. I
Vo=V2-V1 L A _ i
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SLEW RATE
It is the ratio of change in output voltage to-c;hahgé in time

S-RzAVO!AT(V/us) e : ==
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