OPERATIONAL AMPLIFIERS

An amplifier is a signal conditioning device
which alters an analog signal in a particular
manner which can be described by the
relationship:

Eou(t)=h[Ei(t)] (6.43

where E, is the output voltage, E; is the input
voltage, and h is some mathematical
relationship. (a transfer function!) For many
amplifiers, h = constant and the amplifier only
alters the gain of the signal. Giving:

(D) = AL En(D

where the open loop gain of the amplifier is Ay..

FIGURE 6.23 Operational amplifier.

Inverting input Eil e
E,
. L Output
Noninverting input  E;, g
; dc* dc~ -L-

(a) Circuit representation

Eo(t) = AL E () - B (D]
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The Ideal Op Amp
Inverting Eo= Ak

- Input Ao =

fip = &
E %‘ Qutput =g

BW =«

Noninverting

input Ec=0ifEn=10

Figure 1. Equivalent circuit for an ideal operational amplifier.
1.The voltage gain is infinite: A, =B
2.The input resistance is infinite: ri, = b

3.The output resistance is zero: r, =0

4.The bandwidth is infinite: BW =D

5.There is zero input offset voltatge: Eo =0 if
Ein =0

AXIOMS
1.The differential input voltage is zero.

2.There is no current flow into either input
terminal

3.With the loop closed, the (-) input will be
driven to the potential of the (+), or
reference, input.
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Some Basic Amplifying Circuits
1.the inverting configuration

2.the noninverting configuration

3.the differential configuration (combination of
1.and 2.)

4.the summing Inverter configuration
5.the Integrator configuration
6.the Differentiator configuration

7.the Voltage Follower configuration
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Summary of Inverting Amplifier Characteristics

Summing Point (3P)
ls =0, Es=0, . .8P is al zero potential;

Rin ] Rt it is a virtual ground.
O AAA/ * AN * o) B
' I “ lf — Then. | ..
° en, lin=g--
. H In Rln
P 1 Since ls =0, Iy = lin,
Ein Es - Eg __E
and ;= —R°(due to inversion),
f
in —E
| 4} then Eﬁf —ﬁf-
1 - _E _-R¢
= Gain = - R,
—R

1.Gain = ?ﬂf unlimited in range (R may be O
for 0 gain, may in infinite).

2.Input Impedance = R;y.

3.lf = I, regardless of R¢ (Is=0!).

4.Summing point is a virtual ground at the
same potential as the (+) input.
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Summary of Non-Inverting Op Amp

ﬁ"#Ein
Rin SP
—AAA

& .
l Iin_""/ #IS o —
= L LR

1 A Eo
T g —» +
Ein
! S

 R+R
1.Gain = R

Ri, = D, or Ry = 0.
2.Input Impedance =B

3.lf = I, regardless of Rs
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Einr'_— Ein

— Ein
thBH, lin— Rin
If= Iin

Eo = It (Rint+ Ry)
Eo-—- lin(R}n"‘Hf)

and £, = I%l_ {(Rin+Ri)

n
in

_Eo _ RintAR:
then, Gain = ¢ = —pg——

lower limit of unity gain where
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Non-Inverting Op Amp

Ein

O__..__
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Summary of Differential Op Amp

Rin SP R’ E.=0 LL=0,1,=0
O AAA AAN 0 —n' n ,
| // +]5 Rf—Rf; Rin = Rix
Eilnz Eemp J ! Let output due to E;, = E,y,
. ! ‘ —
R ! r
— | 8 L = o () (28
il | + ) in
EL ] = Eing R
" 4 3
i H IH in
. N &» ~ L Let output due to Eip,=Eo,,
gEcm«; RJ R
then Eg, = —Epn, (F-{-_i,)= —Einy (R—‘)

Total output =E, = E.,+Eo,

R '_ ]
fo= B ()4 [ ~Ene (R
= (En1 - Einz) Hlf

Q

Eil'l1 - E‘nz

1.Differential-Mode Gain (Ei,; | inB
E R,

E.-E., R

=)

= _ B
Gain = =R,
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2.Common-Mode Gain (Eih1 = Einy)
a.When

b.When

R_R _RRE-RR
R, R, RRJFRR

c.In terms of resistor match (worst case)

Rf
— 45
(Rﬁﬂ)

where u = fractional unbalance of
resistors (i.e. 1%=0.01) and R;, and R
are the nominal resistance values.
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E.=0 I,=0,1,=0
Rf - Hf!; Hin..—_ H;n

Let output due to E;,,= E,,,

then E01 = Ein1 (H_F:t__m) (Hm;Hg;)

- A
= Eins| 2%
1(Hin)

then Ey, = —Einy (%,)= —Einy (,;?—')

Total output =E, = Eo,+ Eo,

Ein, (%)Jf ["Ez(%)]

_ R
— (Ein1 - Einz) Hifn

- a Rf
Gain = ———— = =
Ein1_ Einz F{if'r
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Standard Op-Amp Schematic Symbol

OperationalAmplifiers.doc Page 1 of 14 11/30/2007 1:47 PM



