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Editor’s note: Here’s an oldie but good-
ie. EDN editors regularly field requests for 
copies of articles that predate our online 
archives (www.edn.com/archives). But 
this Design Idea from our Feb 20, 1986, 
issue has generated many more requests 
than normal. We aren’t sure how readers 
know of this Design Idea, but its endur-
ing popularity has led us to publish it once 
again, and now it will be available in our 
online archives.
 Although monolithic instru-

mentation amplifiers are more 
cost-effective than their discrete and 
modular predecessors, the limited va-
riety of monolithic instrumentation 
amps restricts their use. You can widen 

your options, however, by deriving the 
differential response of an instrumenta-
tion amplifier from a dual op amp (Fig-
ure 1). The circuit uses FET-input op 
amps to provide lower noise and lower 
input-bias currents than monolithic 
instrumentation amps can offer. 

In Figure 1, feedback networks for 
the two op amps are interconnected to 
establish IC1B as an inverting amplifier 
in the feedback path of IC1A. Each am-
plifier provides an external signal input 
with the high impedance expected of 
an instrumentation amplifier. (Input- 
bias currents for this circuit are 2 pA 
at 25�C.)

Feedback from each amplifier forces 

a voltage (V1�V2) across the gain-set-
ting resistor RG. Signal current in the 
combined feedback path is thus propor-
tional to the differential input voltage 
and inversely related to RG. The out-
put voltage, VOUT, equals G(V1�V2)—
that is, VOUT=2(1+R/RG)(V1�V2).

You choose RG for the desired gain 
G, which may range from a value of 
2 (RG omitted) to a maximum that 
is limited only by the op amps’ open-
loop gain, the allowable gain error, and 
the required bandwidth. The Figure 1 
circuit provides a 2-kHz bandwidth at 
a gain of 2000; in general, the band-
width is about 2 MHz/G. What’s more, 
the output offset equals the difference 
in op-amp offsets multiplied by G.

The dc CMR (common-mode rejec-
tion) is an important spec for instru-
mentation amps; in Figure 1, CMR de-
pends primarily on matching values for 
the four resistors labeled R. DC CMRR 
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and effectively monitor four power-
supply rails. Four dc/dc power supplies 
provide the application circuit with 
3.3, 2.5, 1.8, and 1.2V. A quad super-
visor circuit, IC1, monitors each rail, 
generating the master POK (power-
OK) signal and ensuring that, during 
power-up, the next supply in the se-
quence does not turn on until the pre-
ceding supply voltage is valid. Using an 
RC circuit comprising R1, R2, R3, and 
C1, a second quad supervisor, IC2, cre-
ates the power-up and power-down se-
quences. Each supervisor’s internal-
ly preset voltage threshold eliminates 
the need for external resistive-voltage 
dividers.

Connecting the power-on/off signal 
to 5V initiates a power-up sequence, 
which charges C1 through R2. As the 
capacitor’s voltage gradually exceeds 
1.2, 1.8, 2.5, and 3.3V, each of IC2’s 
corresponding open-drain outputs 
floats, thereby allowing the power sup-
plies to turn on in the prescribed se-
quence. After a time delay, which C2 
sets, and after all four supplies turn on, 
the POK signal asserts—that is, goes 
high.

To monitor the supply rails, allow 

the power-on/off-control input to float. 
Resistors R1 and R3 sustain the voltage 
across C1 and maintain the POK sig-
nal high to keep the power supplies on. 
When an output-voltage fault occurs, 
POK rapidly deasserts, discharging C1 
through R1 and shutting off all of the 

power supplies. To remove power in an 
orderly sequence, connect the power-
on/off signal to ground. Capacitor C1 
discharges through R2 and also through 
R1 when POK deasserts, turning off 
each power supply in reverse order 
(Figure 2).EDN
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in an instrumentation amp
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Figure 2 Beginning with a dc/dc converter, the circuit in Figure 1 switches on 
three additional converters in sequence and generates a POK signal. Pulling 
the circuit’s on/off input low removes the POK signal and switches off all four 
converters in reverse order.

�

(continued from pg 88)
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(common-mode rejection ratio) is the 
reciprocal of the net fractional resistor 
mismatch; that is, 10,000-to-1 (�80 
dB) for a 0.01% mismatch. AC CMR, 
on the other hand, is limited by the op 
amps’ unequal feedback factors. The 
network within the shaded region lets 
you compensate for the effect of un-
equal feedback factors where neces-
sary—in applications in which the fre-
quency of common-mode voltage ex-
ceeds the useful frequency range for 
signals.

Finally, note that op amp ICIB’s 
output (the combined differential 

and common-mode signals) has a 
wider swing than VOUT. Consequent-
ly, this output—equal to 2V1+(R/

RG)(V1�2V2)—must remain within 
the op amp’s common-mode range to 
ensure linear operation.EDN
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Figure 1 You can build an instrumentation amplifier by providing a common 
feedback path for the two sides of a dual op amp.

Correction: In the print version of the 
Dec 15, 2006, Design Idea “Magnetic-
field probe requires few components,” 
we inadvertently omitted the byline 
of one of the Design Idea’s primary 
authors: Sandeep M Satav. You can 
read this Design Idea and see the cor-
rect bylines online at www.edn.com/
article/CA6399102. We apologize for 
the error.
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