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Operational Amplifier Circuits
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Review

m Operational amplifier abstraction

_\ ¢ « input resistance
¢ O output resistance
/ ¢ Gain "4" very large

m Building block for analog systems

m We will see these examples:
Digital-to-analog converters
Filters
Clock generators
Amplifiers
Adders
Integrators & Differentiators

Reading: Chapter 1565 & 15.6 of A & L.
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Consider this ci'r'cui'r:

R, BA+R, R,

=V - —V
1M2/ Rl 2Rl

R,

:E(Vl _Vz)

subtractsl!
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Another way of solving —
use superposition

v, >0

y o
2 + Vour,
R || R,
Vour = v
OUT, 2
R,

= Vl
Vour = Vour, T Vour,

R
= % (v =v,)
! Still subtractsl!
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Let's build an intergrator...

[ at

'N

+ 0

I ¢,
Vv, :E_'[ol dt
v is related to [i dr

But we need to somehow convert
voltage v, to current.
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First try.. use resistor

+ Vp — i
> o}
+
R
v
Vi C=— VYo EI—)Z
o)

But, v, must be very small compared
to v, orelse

1 # Vi
R
When is v, small compared to v;?
RC%-I—VO =v, =mp larger the RC,
Hd_t/ smaller the v,
Vi J
.
when RCTtO >> v, for good
N Integrator
RC70 ~V, wRC >> |
t L
or Vo = E:[OVI dt

Cite as: Anant Agarwal and Jeffrey Lang, course materials for 6.002 Circuits and Electronics, Spring 2007. MIT
OpenCourseWare (http://ocw.mit.edu/), Massachusetts Institute of Technology. Downloaded on [DD Month YYYY].

6.002 Fall 2000 Lecture 20



There's a better way...

Notice ( S S
l

I P> —_—

+

v =0V undeF?\ega’rive feedback
V1

Lo Yo~ V¢
+ t
v Ji
0 1%

We have our integrator.
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Now, let's build a differentiator...

I
i +

Vi dt Vo
5

Let's start with the following insights:

dv,

1% C_— i=C
! dt

i is related to v,

dt

But we need to somehow convert current
to voltage.
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Differentiator...

>

Recall

l
> \
o
/ v-g Vo = —iIR

oV 7 current
to

R voltage
W
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