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Lecture 9 Notes
Op-Amps

S0 far, we have comsudered cromts with resistors and voltage sources. Now we are going introduoce
a new component, called an operafional amplifier or op-amp, for short. We are studying op-amps
because they are a very important circuit element, as well a5 becanse they will allow us to explore a
sequence of models of how they work. These models vary in complexity and AGdelity. The simplest
15 the easiest to mwe for basie areut designs, but does not capture some mmportant bebavioral
properties. The more complex models gve us 2 more complete picture, but are often unonecessanly
complicated. There 15 no rght model of an op-amp: 1t all depends on the question that vou are
trying to amswer.

Basic modcel

Figure 1{a) shows a diagram of our simplest op-amp model. The basic behavioral model is that it
adjusts vy In order to try to maintain the constraint that vy =2 v and that no corrent Hows in
oy or n_.

=

(i) Bask: op-amp musdel () A oo iverbling ampdilier cireoil

Figure 1: Basic op-amp models

The best way to understand why we maght want such a deviee 15 to see how it behaves i some
small cireuwt conbgurations.
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Figure 2: Basic op-amp models

Non-inverting amplifier Not surprisingly, a proimary use of an op-amp 15 85 an ampliber. Here
15 an amplifier configuration, shown in figure 1(b). Let’s see if we can figure out the relationship
between vy, amd vo. The ciremt constraints tell us that

v iRy (1)

V— — Vot irRr (2)
iy 1 ir 0 (3)
Vin v (4]

The KCOL equation 3 has no term for the current into the op-amp, becanse we assame £ i3 wero.
Equation 4 15 the op-amp contramt. So, we hnd that
Rr | By

Vot ¥in —R
I

This 15 cool. We've arranged for the output voltage to be greater than the mpot voltage, amd we
can arrangre just about any relationship we want, by choosing values of Rr and Ry

We can think intmtively about how it works by examining some cases. First, if Ry — 0, then we'll
have v, — Vg, 50 theres not a particularly interesting change in the voltages. This s still a useful

devies, called a voltage follower, which we'll study a bit later.

MNow let’s think about a more interesting case, but simplify matters by setting By — B, We can
lovok at the part of the crenit running friom Vi, through By and By to ground. This looks a lot like
a voltage divider, with v— cominge out of the middle of it. Becanse v— needs to be the same as wg,
amnd it 15 v, being divided in half, then v, clearly has to he 2v,,.

Imverting amplifier Figure 2(a) shows a very similar confipuration, called an tneerfing amplifier.
The difference 15 that the | terminal of the op-amp 15 connected to proumd, and the we're thinking
of the path through the resistors as the terminal of the resulting aremt.  Let’s ipure out the
relationship betwesn vy, amd v, for this one. The cremt constraints tell us that

Yin il i.'[E'[

v Vount irEr
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Solving, we diseover that
Rr
Viuat Vip ==
THT In EI

If By — Ry, then thas arcuit simply inverts the incoming voltage. So, for example, if v, = | 10V
with respect to ground, then v will be 10V, Apain, we can see the path from n;, through the
resistors, to Mg, &8 a4 voltape divider. Knowing that v has to be 0, we can see that v, has to
be equal to  vin. If we want to scale the voltage, as well as mvert b, we can do that by selecting
appropriate values of By and Ry

I

Voltage summer A voliage summer' cirenit, as shown in figure 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 iy amd nz. You should be able to wrnte down the equations for this ciremt, which 1 very similar
to the mwverting amphber, and derive the relationship:

Er

R: (v 1 w2 .

LT

Voltage follower Figure 3{a) shows a basic veliage follower cireuit. What will it do? We can
see from basic winng comnstraints that:

& + 1I'Il|:

LT L)

Adding in the op-amp comnstraint that v — v then we can conclude that v,y — V. So, we've
manaped to make a cirenit with the same volbage at g, a5 at the positive terminal of the voltapge

source. What good 15 that? We'll see in the next section.

Voltage-controlled voltage-souree model

Let's start by thinking about wsing a varable voltagse to control a motor. 1f we have a 15V supply,
but only want to put 7.5V across the motor terminals, what should we do? A voltage divider seems
like: & rood stratery: we can e 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 voltage vmotor €nd up being? It all depends
on the resistance of the motor. If the motor = offering hittle resistance, say 10000, then the voltage
Vimotor Will be very close to 0.2 So, this is not an effective solution to the problem of supplying 7.5V
to the motor.

In figure 4(a), we have used a voltage follower to connect the voltage divider to the motor. Based
on our previous analysis of the follower, we expect the voltage at Mo to be 7.5V, at least before
we connect 1t up to the motor. But our simple model of the op-amp doesn’t let os asderstand how

"As in thing that sums, nob as in endles summer.
*Go besck and review the disciesion of adding a0 b s vollage divider, if Uhis dosn'L sesem ol



