Tutorial

Using Op Amps

Practical applications of the ubiquitous op amp as
an amplifier, a filter and a limiter

By Robert A. Witte

ew integrated-circuit devices
are as universally used as the
ubiquitous operational ampli-

fier —or ‘‘op amp,”’ asit’s affection-
ately known. It has become firmly es-
tablished as the workhorse of low-
frequency analog circuit design and
is frequently found in digital circuits.
What makes the op amp so appealing
are its standard features: ideally infi-
nite gain, infinite input impedance
and zero output impedance.

Op amps usually require a dual
power supply, such as +15and — 15
volts, although there are methods for
powering them from a single supply
(see box). These miniature electronic
wonders are available in single, dual
and quad chip configurations, with
one, two or four op amps in a single
IC package, as shown in Fig. 1. In
these drawings, note that V + indi-
cates the positive power supply, V —
the negative supply, and NC indi-
cates no connection.

Inverting & Noninverting
Amplifiers

The inverting amplifier configura-
tionshownin Fig. 2 has a voltage gain
(ratio of output voltage V,,; to input
voltage V;,) that is determined by the
ratio of RI/R2. The negative sign in
the formula indicates that the output
isinvertedrelative to input voltage. If
Vin is +5 volts dc, Vg, will be —35
volts dc. If V;;, is a S-volt 0-to-peak
sine wave, V,,, will be a 5-volt 0-to-
peak sine wave with a 180° phase
shift with respect to the input. In
many applications, it doesn’t matter
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Fig. 1. Connection diagrams for several popular op-amp integrated circuits.

R2
R1
Vin O—AAN -
. Vout
=
Voutr _ Rl
Vin R2

Fig. 2. Voltage gain of inverting am-
plifier is determined by ratio of the
feedback resistor over input resistor.

if the signal is inverted. For instance,
a single audio tone will sound the
same whether or not it’s inverted.

Input impedance of the inverting
amplifier is simply the value of R/,
while output impedance is near zero.

If the polarity of the input signal
must be preserved in the output, the
noninverting amplifier configura-
tion shown in Fig. 3 can be used.
Voltage gain hereis R2/R1 + 1. Op-
eration of this circuit is very similar
to that of the Fig. 2 inverting amplifi-
er circuit, except that V,,, is not in-
verted relative to V.

Since the input of the Fig. 3 circuit
goes directly to the op amp, input im-
pedance is very high. (Ideally, it is in-
finite. In practice, however, it is lim-
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Fig. 3. The noninverting op-amp cir-
cuit provides voltage gain without in-
verting polarity of the input signal.

ited by the input specifications of the
op amp.) Output impedance is very
near zero.

Special Amplifiers

One special op-amp configuration is
the difference amplifier shown in
Fig. 4. Note that this arrangement
uses both the inverting and noninver-
ting configurations in a combination
that yields a difference signal at the
output.

As the difference amplifier’s name
implies, the output of the circuit is
the difference of input voltages V,
and V, multiplied by gain factor
R2/R1.Forexampleif R2 = 3RI,V,
= +2voltsand V, = +5 volts, Vg,
= 3(5 - 2) = 9volts.







Most op amps are designed to be
powered by a dual, or ‘“‘split,”” power
supply. Although you can easily design
a split supply, doing so increases the
complexity and cost of small electronic
projects. However, there are techniques
for operating op amps from single sup-
plies that, though they slightly increase
circuit complexity, often are well worth
eliminating the second supply required.

A very common way of solving the
split-supply problem is to use a voltage
divider, as shown in Fig. A. The two
equal-value resistors divide the supply
voltage in half and create a new
‘““ground” at Vg,,,/2. The capacitor
removes ripple and noise present on the
original power supply’s output.

When V,,5,/2 is used as ground,
Vsupply becomes V+ and true ground
becomes V — for the op-amp circuit.
This technique works quite well as long
as the current drawn from the V,5,1,/2
junction is less than one-tenth of the
current through the divider resistors.

For inverting op-amp configura-
tions, the ground connection is the +
input of the op amp. This arrangement
draws very little current. For circuits
that require more current, the values of
the 47,000-ohm resistors can be reduced
to allow more current to flow through
them, though the penalty for doing this
is greater power consumption. This
technique is shown in Fig. B, using an
inverting amplifier.

The capacitor at the input of the Fig.
B circuit serves as an ac coupler. This
capacitor is usually necessary because
the op amp is operating totally above
ground potential. If the capacitor
weren’t included, a negative input sig-
nal applied directly to R/ would be be-
yond the op amp’s ability to handle,
since it is outside the range of its V0,

and ground power supplies.

Single-Supply Operation

VsuppLy

+VsupprLY O— AN ? ?
47K J 2
7K L 10uF

4

Fig. A. Two series resistors connected
across power source creates a new
ground for single-supply applications.
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Fig. B. Ac-coupled inverting amplifier
biased for single-supply operation.
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Fig. C. Ac-coupled noninverting ampli-
Jier biased for single-supply powering.

If the source of the input signal was
another op amp biased for single-supply
operation, the input would always be
between V + and ground and ac cou-
pling wouldn’t be necessary. However,
if the source of the input signal is refer-
enced to ground and has negative volt-

age swings—such as from a micro-
phone, line output from a tape record-
er, etc.—ac coupling is needed. Re-
member that the values of R/ and C/
must be chosen so that the high-pass
cutoff frequency will be lower than the
frequencies of interest.

Though the same biasing technique
can also be used with the noninverting
amplifier, the ground connection will
no longer be the input of the op amp.
Because of this, significant current may
be drawn from Vg, ,n1,/2, which may re-
quire that smaller-value resistors be
used in the voltage divider.

An alternative method for the nonin-
verting amplifier is shown in Fig. C.
Here, Vgppiy/2 is connected to the +
input of the op amp, along with small
coupling capacitor C/. Capacitor C2 is
connected in series with R/ to allow the
op amp to ““float’’ at the proper d¢ bias
level required by Vgpo1y/2. Also R/ and
C2 create a high-pass characteristic with
a cutoff frequency determined by f, =
1/ (27RIC2).

Choose the values of R/ and C2to ob-
tain the f, that’s below the frequencies
of interest. If ac coupling isn’t required
(Vin is always between Vgypply and
ground), C/ and the 47,000-ohm resis-
tor can be eliminated and V;; can be
connected directly to the + input.

Some op amps are designed with sin-
gle-supply operation in mind, while oth-
ers are designed for split-supply opera-
tion. In general, both types can be used
for both single- and split-supply opera-
tion. The main advantage that single-
supply op amps have is that V,,; can
swing all the way to ground. Most split-
supply op amp outputs cannot swing all
the way to the V+ and V — rails; so
when operated with a single supply,
their outputs cannot go completely to
ground.

This circuit can be used to create a
high-pass filter characteristic, or the
series capacitor can be used for some
other purposes, such as ac coupling.
(Since a capacitor blocks dc but
passes ac, it’s often used to couple to-

gether circuits that may have differ-
ent bias levels.) Regardless of the rea-
son for using the series capacitor, the
result will be a high-pass filter char-
acteristic similar to that shown in the
graphed plot in Fig. 7. If ac coupling
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is your goal, select R/ and Cso that f,
is sufficiently small for the frequen-
cies of interest.

By combining the high-pass and
low-pass circuits, you can produce a
bandpass characteristic, the circuit












