Tutorial

Beyond Op-Amps

How to use special-purpose op-amps in practical

and exotic circuits.

By Joseph J. Carr

The operational amplifier rev-
olutionized analog computer
design in what seems eons
ago, but early models were not well-
suited to general use in analog cir-
cuits owing to its bulk and high pow-
er drain. In the mid-sixties, when the
pA-709 integrated-circuit operation-
al amplifier was developed, it became
possible to use this wonderful inven-
tion for a wide range of applications.
Figure 1 shows the four basic
forms of op-amp circuit: inverting
follower (Fig. 1A), noninverting fol-
lower with gain (Fig. 1B), unity gain
noninverting follower (Fig. 1C), and
dc differential amplifier (Fig. 1D).
The inverting follower circuit
shown in Figure 1A produces an out-
put signal that is 180 degrees out of
phase with the input signal—which is
where it gets its name, ‘‘inverting”’
follower. The gain of the inverting
follower is simple: —R2/R1, where
the minus sign indicates the inver-
sion. Thus, when a circuit like that in
Fig. 1A has an input resistor (R) of
10 kohms, and a feedback resistor
(R2) of 100 kohms, the gain is (— 100
k)/10 k, or —10. The input impe-
dance of this circuit is equal to R/,
The noninverting follower with
gain (Fig. 1B) provides no phase re-
versal between input and output. The
input impedance of this circuit is very
high, and is not related to the value of
any resistors in the circuit. The gain
of the circuit is [(R2/RI)+ 1], so in
the example above, the gain where
RI1=10 kohm and R2=100 kohm
will be 101.
The unity gain noninverting fol-
lower (Fig. 1C) is a special case of
Fig. 1B in which the feedback resistor
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Fig. 1. Four basic op-amp circuits: (A) inverting follower, (B) noninverting fol-
lower, (C) unity-gain noninverting follower, and (D) differential amplifier.

is zero ohms: the output is connected
directly to the inverting input. This
circuit provides a voltage gain of one
(*‘unity gain’’). There are two main
purposes for the unity gain nonin-
verting follower: buffering and im-
pedance transformation. ‘‘Buffer-
ing’’ means that the circuit provides
isolation between input and output.
Thus, variations in load will not af-
fect the input circuit, an ideal situa-
tion where oscillators and other such
sensitive circuits must drive unstable
loads. Impedance transformation is
high-to-low: a high input impedance
reduces to a low output impedance.
Since the voltage remains the same,
and the impedance drops at the out-
put, we can see that the unity gain
noninverting amplifer provides a
power gain greater than unity while
providing a voltage gain of one.

50 / MODERN ELECTRONICS / November 1984

WWwWWw.americanradiohistorvy.com

Finally, we have the dc differential
amplifier (Fig. 1D). This type of am-
plifier is used to provide a single-end-
ed (that is, unbalanced) output from
adifferential (that is, balanced)input
signal source. Output voltage V, is
proportional to the differential volt-
age (A,.) and the difference between
input voltages V1 and V2 (V1 —V2):

V,=A, X (VI -V2),

The gain is calculated in much the
same mananer-as for the inverting
amplifier, and is equal to either
R3/R1 or R4/R2, provided that
RI=R2 and R3=R4 (these equali-
ties are important).

The foregoing circuits are based on
single op-amps. When we use two or
more op-amps, however, even more
complex circuits are possible. In the
remainder of this article we will deal
with [C versions of the Instrumenta-
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Fig. 4. Simplified Burr-Brown INA-101 ICIA circuit and its gain equation.

that the dc power supply lines are
heavily bypassed. The 0.1-uF units
are used to bypass high frequencies,
while the 1-uF units are for low fre-
quencies. The 0.1-uF units must be
mounted as close as possible to the
body of the amplifier.

The maximum operating frequen-
cy depends upon the gain. At a gain
of 1, the maximum small-signal input
frequency is 570 kHz, while at a gain
of 1000 it reduces to 26 kHz.

The Burr-Brown INA-101 is an-
other new ICIA device. This ampli-
fier is similarly simple to connect.
There are only dc power connections,
differential input connections, offset

adjust connections, ground and an
output. Gain of the circuit is set by:
A.=@k/R)+1

The INA-101 is basically a low-
noise, low-input bias current inte-
grated circuit version of the IA of
Fig. 2. The resistors labeled R2 and
R3 in Fig. 2 are 20 kohms, hence the
“‘40k*’ term in Fig. 4.

Potentiometer R1 in Fig. 4 is used
to null the offset voltages appearing
at the output. An offset voltage is a
voltage that exists on the output at a
time when it should be zero (that is,
when V1 = V2, sothat VI — V2 =
0). The offset voltage might be inter-
nal to the amplifier or a component

of the input signal. Dc offsets in sig-
nals are common, especially in bio
potential amplifiers such as ECG and
EEG used to measure electrical im
pulses from the heart and brain

Still another ICIA is National
Semiconductors’ LM-363 device
shown 1n F1g. 5; the miniDI1P version
is shown in Fig. 5A (an 8-pin metal
can is also available), while a typical
circuit is illustrated in Fig. 5B. The
LM-363 device is a fixed-gain ICIA.
There are three versions:

Designation Gain
LM-363-10 10
LM-363-100 100
LM-363-500 500

The LM-363-xx is useful in places
where one of the standard gains is re-
quired and there is minimal space
available. Two examples spring to
mind. We could use the LM-363-x as
a transducer preamplifier, especially
in noisy signal areas; the LM-363-x
can be built onto (or into) the trans-
ducer to build up its signal before
sending it to the main instrument or
signal acquisition computer. The
other example is in bioamplifiers.
The biopotentials are typically very
small, especially in lab animals. The
LM-363-x can be mounted on the sub-
ject and a higher-level signal sent to
the main instrument; a little exotic,
but nonetheless useful.
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Fig. 7. Shown here is the basic symbol for the isolation operational amplifier.

dc power supply terminals are con-
nected to the regular dc supply of the
equipment where the device is used.
Such a power supply derives its dc po-
tentials from the ac power source by
way of a 60-Hz transformer. The iso-
lated dc power supply inputs (VI —
and VI +) are used to power the input
amplifier stages, and must be isolat-
ed form the main dc power supply of
the equipment. The VI— and VI+
terminals are usually either battery
powered or powered from a dc-to-dc
converter that produces a dc output
from the main power supply by using
a high frequency (50- to 500-kHz) os-
cillator. The high-frequency ‘‘power
supply”’ transformer does not pass
60-Hz signals well, so the isolation is
maintained.

Figure 8 pictures the circuit of an
isolation amplifier based on the
Burr-Brown 3652 device. This isola-
tion amplifier is not generally avail-
able to hobbyists, but would be used
even in small ‘‘one-of-a-kind’’ pro-
fessional labs.

The dc power for both the isolated
and nonisolated sections of the 3652
is provided by the 722 dual dc-to-dc
converter. This device produces two
independent + 15 V dc supplies that
are each isolated from the 60-Hz ac
power source and from each other.
The 722 device is powered from a
+ 12-V dc source that is derived from
the ac power source. In some cases,
the nonisolated section (which is con-
nected to the output terminal) is pow-
ered from a bipolar dc¢ power supply

that is derived from the 60-Hz ac
source, suchasa + 12VDCor + 15
V dcsupply. Innoinstance, however,
should the isolated dc power supplies
be derived from the ac power source.

There are two separate ground sys-
tems in this circuit, symbolized by the
small triangle and the regular three-
bar “‘chassis’’ ground symbol. The
isolated ground is not connected to
either the dc power supply ground/
common, or the chassis ground. It is
kept floating at all times, and be-
comes the signal common for the in-
put signal source.

Circuit gain is approximately:

1,000,000

GAIN =_
RI + R2 + 115

In most design cases, the issue is the
unknown values of the gain setting re-
sistors. We can rearrange the equation
above to solve for (R1+ R2):

1,000,000 — (115 x GAIN)
GAIN

(RI+R2) =

Where: R/ and R2 are in ohms and

GAIN is the voltage gain desired
Let’s work an example. Suppose

we need a differential voltage gain of

(Continued on page 87)

Fig. 8. This is the circuit of an isolation amplifier based on the Burr-Brown 3652 device.
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