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Op-Amps

Op Amps

S0 far, we have comsidered cireunits with resistors and voltage sources. Now we are poing introduoce
a new component, called an operationa amphfier or op-amp, for short. We are studying op-
amps becanse they are a very important circnit element, as well as because they will allow us to
explore a sequence of muddels of how they work, These musdels vary 1o complexaty and bdelity.
The simplest 15 the easiest to use for basic ciremt desipns, but doesn’t capture some important
behavioral properties. The more complex models give s a more complete picture, but are often
unnecessarily complicated. There 15 no nght model of an op-amp: it all depends on the question

that you are trying to answer.

Basic modcl

Figure 1{a) shows a diagram of our simplest op-amp model. The basie behavioral model is that it
adjusts v In order to try to maintain the constraint that vy =2 v and that no corrent Hows in
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The best way to understand why we might want such a deviee 15 to see how it behaves In some
small cirewt conbrurations.

Nop-inverting amplifier Not surprnisingly, a primary use of an op-amp 15 a5 an amplhiber. Here
15 an amplifier confipuration, shown in Ggore 1(b). Let’s see if we can Gpgure out the relationship

between vig Amd vore. The cirenit constramts tell us that
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The KCOL equation 3 has no term for the curment imto the op-amp, becanse we assame 1E s wero.
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Equation 4 15 the op-amp contramt. So, we hnd that
Br | By

Vot Vin T
I

This 15 cool. We've arranged for the output voltage to be greater than the mmpot voltapge, amd we
can arrange just about any relationship we want, by choosing values of Ry and Ry
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Figure 1: Basic op-amp model; non-mverting amphfier

We can think intmtively about how it works by examining some cases. First, if Ry — 0, then we'll
have Vowt — Vin, 50 there’s not a particularly interesting change in the voltages. This is still a useful
device, called a veltage follower, which we'll study a bit later.

Mow let’s think about a more interesting case, but simplify matters by setting By — B, We can
look at the part of the cremt runming from Vo through B and By to ground. This looks a lot like
a voltapge divider, with v— coming out of the middle of it. Becanse v— needs to be the same a5 vig,
amdd 1t 15 v bemnge divided in half, then v, clearly has to be 2v,.

Imverting amplifier Figure 2(a) shows a very similar confipuration, called an seeerfing amplifier.
The difference 1s that the | terminal of the op-amp 15 connected to pround, and the we're thinking
of the path through the resistors as the terminal of the resulting aremt.  Let’s hpure out the
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Firure 2: Inverting amplifier; summer
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relationship betwesn vy, amd v, for this one. The arcoit constraints tell us that

Yin W 'i.'[E'[
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vy 0
Solving, we discover that
Ry
Vinst ""'inE

If By — Ry, then thas arcut simply ioverts the imcoming voltage. So, for example, if v, = | 10V
with respect to ground, then v, will be - 10V, Again, we can see the path from n;, through the
resistors, B0 Mopt, 85 a8 voltage divider. Knowing that v— has to be 0, we can see that vom has to
be equal to - v, If we want to scale the voltage, as well as movert i, we can do that by selecting
appropriate values of Ry and Ry

Voltage summer A voliage summer!

circuit, as shown in igure 2(b), can be thought of as having
three terminals, with the voltage at g constrained to be a scaled, inverted, sum of the voltages
at 1y amd nz. You should be able to write down the equations for this ciremt, wwhich 15 very similar

to the iverting amplifier, and derive the relationship:

Rr
Yot — vy | va) .

i

Voltage follower Figure 3{a) shows a basic veliage follower circuit. What will it do? We can
see from besie wiring constraints that:

& + 1I'Il|:
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Adding in the op-amp comstraint that v, — v, then we can conclude that v, — Ve, 5o, we've
managed to make a creut with the same voltage at g, as at the positive termmnal of the voltage
source. What pood s that? We'll see in the next section.

Voltage-controlled voltage-source model

Let's start by thinking about wsing a vanable voltagse to control a motor. 1f we have a 13V supply,
but only want to put 7.5V across the motor terminals, what should we do? A voltage divider seemms
like: & pood stratery: we can use one with two equal resistances, to make 7.5V, and then connect it
to the motor as shown in figure 3(b). But what will the voltapge vmotor €nd up being? It all depends
on the resistance of the motor. If the motor s offerning Little resistance, say 10000, then the voltapge
Vinator Will be very close to 0.2 So. this is not an effective solution to the problem of supplying 7.5V
to the motor.

"As in thing thal sums, nob as in endless summer.
*Go ek and review the discesion of adding a0 b s voliage divider, if Usis dosn'L sesem ol



