Technology

Choosing Op Amps
For Specific Applications

Examining the important specifications for making
intelligent choices of what operational amplifier to
use in a given application

By C.R. Fischer

T here can be little doubt that
the popular operational am-
plifier—or op amp, for short
—has become one of the most im-
portant integrated-circuit devices in
analog electronics over the past 15
years or more. The incredible versa-
tility of this device has greatly simpli-
fied the design and building tasks of
analog circuits for both hobbyists/
experimenters and professional
manufacturer alike. Even so, confu-
sion can reign when it comes time to
make a choice of a specific device

from among literally dozens of dif-
ferent types of op amps available to
suit the needs of a specific circuit de-
sign. Faced with a confusing variety
of op amp types, many experiment-
ers simply choose traditional favor-
ites and, in so doing, frequently lose
out on what newer 1C op amps have
to offer.

While you don’t have to fully un-
derstand the technical details of what
goes on inside an op amp chip to
make use of this device in your proj-
ects, it’s helpful to have some idea of
why such a variety of op amps exist.
If you’d like to design circuits for fun
or profit, this knowledge can save
you a lot of time and trouble in the

long run. Toward this end, let’s look
at some of the parameters used in
specifying op amps and compare
some of the strong and weak points
of a dozen commonly used devices.
Then we’ll follow up with some tips
on choosing an op amp by specific
application.

A Matter of Versatility

The major reason why so many dif-
ferent types of op amps are available
is the tremendous versatility of this
device. In addition to providing am-
plification, the op amp can be used
as a buffer, a filter, a comparator
and a lot of other electronic ele-
ments. The op amp also does a lot

741 1458 LM324 ILM301 LM308 LM318 TL071 LM351 AD712 NES534 4136 OP.42E
(dual) (quad) (dual) (quad)
Input impedance/ 2M M 4M 2M 40M iM 1012 1012 1012 100k M 1012
resistance (ohms)
Slew rate (V/us) 0.5 0.5 0.5 0.5 0.3 50 13 13 13 13 1 50
Unity-gain band 1.5M M M IM M 15M iM 4M M 10M M 10M
width (Hz)
CMRR (dB) 9 90 70 90 100 100 86 100 6 100
PSR (dB) 96 96 100 9 9 80 86 100 8 10 30uv/
Offset voltage (mV) 1 2 4 3 10 0.2 05
Noise voltage & & 6 15 18 16 4
(nV//Hz)
Average quiescent 1.7 3.0 1.5 18 0.3 5 1.4 1.8 5 4 7 51

current (mA)

* Accurate noise data is not available for some earlier op amps, but it is safe to assume that none of these ICs should be used in applications that require

low-noise devices
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ment, with common IC op amps like
the LM351 and TLO081 weighing in in
the 1012-ohm range.

Using op amps with high input im-
pedances lets you shave your parts
cost and reduce real estate re-
quirements because they allow you
to use large-value resistors with
small-value capacitors (larger-value
capacitors cost a lot more and con-
sume a lot more circuit space than do
smaller-value ones) in time-constant
networks.

® Slew Rate. All amplifiers, includ-
ing op amps, have an upper frequen-
cy-response limit. Input signals ap-
proaching this limit will be attenuat-
ed and distorted by the op amp. The
time that it takes for an amplifier’s
output to respond to an input signal
is known as the “‘slew rate,”” which is
usually specified in volts per micro-
second. In Fig. 1, a 10-volt pulse is
applied to the input of an imaginary
op amp. When the amplifier sees this
pulse, it begins creeping toward 10
volts. If the input signal lasts long
enough, the output eventually
reaches 10 volts—but the input and
output signals hardly resemble each
other! Shorter pulses can be com-
pletely swallowed up by a slow am-
plifier.

Slew rates of common IC op amps
range from a weak 0.5 V/us for the
741 op amp to 50 V/us and up for the
LM318. Slew rate is especially criti-
cal whenever high speed or/and low
distortion are needed.
® Unity-Gain Bandwidth. This pa-
rameter specifies the highest fre-
quency that an amplifier will pass at
a gain of 1 (unity) without suffering
attenuation in the amplification pro-
cess. Unity-gain bandwidth, related
to slew rate, can be confusing. For
example, the unity-gain bandwidth
of a common 741 is 1.5 MHz, which
on the surface appears to make this
op amp a great choice for audio and
other low-frequency applications.
But remember that most op amp ap-
plications require greater than unity
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Fig. 2. An op amp used in a buffer
arrangement.

gain. As the gain of an op amp is
raised, bandwidth drops according-
ly. A gain of 10 will reduce the 741°s
bandwidth to 150 kHz, a gain of 100
reduces the bandwidth to 15 kHz,
and so on. All of a sudden, the 741
isn’t quite as great a low-frequency
amplifier as you first thought. Con-
sequently, it’s a good idea to keep the
gains and frequency responses of
your circuits in mind when you select
op amps.

o Common-Mode Rejection Ratio
(CMRR). In an ideal op amp, a sig-
nal applied to both the noninverting
(+) and inverting (—) inputs simul-
taneously will be completely can-
celed out within the device as a result
of the differential action of the in-
puts. The inability of a real op amp
to do this is known as its ‘‘common-
mode rejection ratio.”” CMRR spells
out the amplifier’s performance in
canceling out a common-mode in-
put. It is usually expressed in decibels
(dB), with a higher figure considered
to be better.
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Fig. 3. An op amp used in a typical
inverting amplifier arrangement is
shown in A. The arrangement shown
in B shows how, by adding a series of
input resistors to the original single
one, the same circuit can be used as a
summing amplifier.
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* Supply-Voltage Rejection Ra-
tio.Though similar to CMRR, this
parameter differs from it in that it
expresses the ability of the op amp to
ignore fluctuations in supply volt-
ages (and keep them from showing
up in the output signal). While often
ignored in these days of regulated
power supplies, there are still a few
places where the supply-voltage re-
jection (or PSR for power-supply re-
jection) ratio can become a critical
factor, such as in circuits where off-
set voltages must be kept to a mini-
mum. In these situations, a change in
supply voltage can cause a shift in the
offset voltage. Another area is in
battery-powered circuits. Since a
battery’s output voltage drops over
its lifetime, changing supply voltages
can often affect operation in various
(and undesirable) ways. As with
CMRR, PSR is often specified in
decibels.

® Noise Level. Low noise is manda-
tory in professional audio and video
work. Hence, the choice of amplifi-
ers can have a large effect on the
noise levels in otherwise identical cir-
cuitry. Defining the various ways of
measuring noise in op amps is way
beyond the scope of this article.
However, acommon measurement is
noise voltage/+/Hz. A voltage/noise
figure of 10 nV/~/Hz is considered to
be excellent, and with a figure of 4
nV/~/Hz, the Signetics NES5334 is
considered to be the best among the
popularly used op amps.

Some Applications

Let us now see how the important
specifications we’ve detailed here af-
fect some of the most common uses
of the op amp itself. We’ll discuss ge-
neric uses here; so some of our
choices may not always be appropri-
ate for every situation. For example,
the buffer to be described could be
used to isolate a capacitor in a very
long-period timer, where an ultra-
high input impedance and low offset
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