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CHARACTERISTICS

OF OP AMPS

AND THEIR POWER
SUPPLY REQUIREMENTS

The term operational amplifier refers to a high-gain dc amplifier that has a
differential input (two input leads) and a single-ended output (one output
lead). The signal output voltage V, is larger than the differential input signal
across the two inputs by the gain factor of the amplifier (see Fig. 2-1). Op
Amps have characteristics such as high input resistance, low output resis-
tance, high gain, etc., that make them highly suitable for many applications, a
number of which are shown and discussed in later chapters. By examining
some applications and comparing the characteristics of typical Op Amps, we
will see that some types are apparently better than others. The overall most
desirable characteristics that Op Amp manufacturers strive to obtain in their
products are ideal characteristics. While some of these ideal characteristics
are impossible to obtain, we often assume that they exist to develop circuits
and equations that work perfectly on paper. These circuits and equations
then work very well with practical Op Amps. Actual Op Amp characteristics
are more or less ideal, relative to conditions external to the Op Amp: signal
source resistance, load resistance, amount of feedback used, etc. Some of the
more important characteristics, ideal and practical values, are given and
defined in the following sections.

2.1 OPEN-LOOP VOLTAGE GAIN* A,,,

The open-loop voltage gain A4,,,, of an Op Amp is its differential gain under
conditions where no negative feedback is used, as shown in Figs. 2-1 and 2-2.

*In industry, the open-loop voltage gain is referred to with a variety of symbols: Avor. Ags
AEOL’ AVD! etc.
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? Figure 2-1 Typical Op Amp symbol. +V
SN\ l is the positive dc power supply voltage; —V

is the negative dc power supply voltage;
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Ideally, its value is infinite—that is, the ideal Op Amp has an open-loop
voltage gain

VO
Ayop = 7 e (2-1a)
id

or

Appy > t— = = (2-1b)

The negative sign means that the output V, and the input V,, are out of
phase. Of course, the concept of an infinite gain is theoretical. The important
point to understand is that the Op Amp’s output signal voltage V, should be
very much larger than its differential input signal V;,;. To put it another way,
the input V,, should be infinitesimal compared to any practical value of
output V,. Typical open-loop gains A, range from about 5000 (about

74 dB) to 1,000,000 (about 120 dB)—that is,

5000 < A5, < 1,000,000 (2-2a)
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1 v Figure 2-2 Op Amp with input volt-
g _y_agesV; and V, whose difference is V.
Power supply voltages +V and —V are
— = = assumed if not shown.
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or

74dB < A,,,, < 120 dB (2-2b)

with popular types of Op Amps. The fact that the output signal V, is 5000 to
10° times larger than the differential input signal V;, does not mean that V,
can actually be very large. In fact, its positive and negative peaks are limited
to values a little less than the positive and negative supply voltages being
used to power the Op Amp. Since the dc supply voltages of monolithic IC Op
Amps are usually less than 20 V, the peaks of their output voltages V, are
less than 20 V. This fact, coupled with the large A, of the typical Op
Amp, makes the voltage V;, across its inputs 1 and 2 very small. Of course,
the larger the open-loop gain A4, , the smaller V;, is in comparison to any
practical value of output signal V. Thus, since

Ve
Ayo, = —l';; (2-3a)
or
AvoL = 57— (2-3b)
1 2
then
5 @
ta 'AVO.’,

and lherefore,_

as a limit, as Avor approaches infinity,
Via approaches zero

Thus, if the gain A4,,,, in the expression V,/A4,,,, is very large, the value of
this expression, which is V,, must be very small. In fact, V, is usually so
small that we can assume there is practically no potential difference between
the inverting (—) and noninverting (+) inputs.

*As the value of open-loop gain Ay, approaches infinity, the value of differential input voltage
V., approaches zero if V, # (.















