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What does an instrumenta-
tion amplifier do?

An instrumentation amplifier
(also known as an in amp) meas-
ures small signals in the presence
of a noisy environment. The
noise generally is common-mode
noise, so while the signal is differ-
ential, an in amp uses its com-
mon-mode rejection (CMR) to
distinguish the signal of interest
from the noise. 

Signal sources in these applica-
tions often have output imped-
ances of several kilohms or more,
so in amps have a very high input
impedance—typically many
gigaohms. In amps operate
between dc and about 1 MHz. At
higher frequencies, input capaci-
tance is more of an issue than
input resistance. High-speed
applications are generally
addressed with differential ampli-
fiers, which are faster but have
lower input resistance.

What are the key specs for in
amps?

Design engineers who specify in
amps are primarily concerned
with power-supply current, –3-dB
bandwidth, common-
mode rejection ratio
(CMRR), input voltage
offset and offset voltage-
drift with temperature,
noise (referred to input),
and input bias current.

What’s inside an in
amp?

Most in amps use three
operational amplifiers (op
amps) arranged in two

stages: a two-op-amp preamp,
followed by a difference amplifier
(Fig 1a). The preamp provides
high input impedance, low noise,
and gain. The difference amplifier
rejects common-mode noise and
can provide some additional gain
if needed.

Is the three-op-amp
approach the only in-amp
architecture?

An alternative configuration
with two op amps has fewer
components, but it also has two
drawbacks (Fig. 1b). First, the
asymmetrical architecture pro-
duces lower CMRR, especially at
higher frequencies. Second, the

amount of gain that can be
applied in the first stage is limit-
ed. Errors in the output stage are
then reflected back to the input,
resulting in higher input-referred
noise and offset error.

How do you protect an in
amp’s inputs against over-
voltages?

Designers will need external
current-limiting resistors to pre-
vent overvoltages from driving
too much current through the
internal electrostatic-discharge
(ESD) clamping diodes. Their
value depends on the in amp’s
noise level, supply voltage, and
the required overvoltage protec-

tion. Recommended val-
ues are in the datasheets. 

These resistors add
noise, so an alternative is
to use external high-cur-
rent clamping diodes with
much smaller resistors.
Unfortunately, the high
leakage currents in most
ordinary diodes cause
large output offset errors
that increase exponentially
with temperature, so
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1. Most in amps are built using three operational
amplifiers. One is used as a differential amplifier,
and two are used as buffers (a). A configuration
with two op amps trades off performance for sim-
plicity (b). 

2. An RFI filter can help deal with RF interference.
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designers shouldn’t use standard
diodes with high-impedance sig-
nal sources.

What is RFI rectification, and
how can it be prevented?

Long leads between the sensor
and in amp pick up RF. The in
amp then rectifies this RF into dc
offset. Figure 2 shows a solution
that filters out the RF before it
reaches the in amp. Components
R1a and C1a form a low-pass fil-
ter for the non-inverting terminal,
just as the R1b and C1b do for
the inverting terminal. 

It’s important for the cutoff fre-
quencies of these two low-pass
filters to be well matched.
Otherwise, the common-mode
signal will be turned into a differ-
ential signal. C2, which should be
at least 10 times larger than C1,
relaxes this requirement some-
what by “shorting” the inputs
together at higher frequencies. 

Nonetheless, matching C1a and
C1b is critical. They should be
±5% C0G film capacitors. The
differential bandwidth of this fil-
ter is [1/2πR(2C2 + C1)]. The
common-mode bandwidth is
[1/2πR1C1)].

What are the tradeoffs
between purchasing a mono-
lithic amplifier and building
one out of op amps?

The most likely reason to build
an in amp out of separate op
amps is that you can’t find what
you need off-the-shelf. There are
more than 5000 op-amp part
numbers from various manufac-
turers versus approximately 100
in amps. 

But if you can find a monolithic
in amp that meets your perform-
ance requirements, it makes sense
to use it rather than build your
own. There will be no time lost in
development, and the monolithic
part is bound to be smaller.

Moreover, CMRR performance
will be better. And with most of
the resistors on-chip, board para-
sitics will have much less effect.
Another advantage is that noise
and bandwidth specs at any cur-
rent rating are typically better in
a monolithic design.
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Highest Performance, Smallest Size Gain-
Programmable Instrumentation Amps

DC Precision, High Speed, Easy-to-Program PGIA
The AD8250 combines preci-

sion dc performance and high
speed capabilities including a
minimum bandwidth of 10 MHz,
slew rate of 20 V/µs “micro”
second, fast settling time of
615 ns to 0.001%, and distor-
tion of –110 dB. The user inter-
face allows designers to pro-
gram the gain digitally, using
software, or by strapping pins
to a convenient Logic low or
Logic high voltage.

DC Precision, Low Noise, Dual-Channel, 
FET Input PGIA

The AD8224 rejects wideband interference and line harmonics—greatly
simplifying filter requirements. The device offers a 2-V per microsecond slew
rate, 14-nV/√Hz maximum input voltage noise at 1 kHz, and 0.8-µV p-p
input noise. The AD8224 draws a maximum of 750 µA of quiescent current
per amplifier. 

Learn more about ADI’s in-amp portfolio and order your
FREE copy of “A Designer’s Guide to Instrumentation
Amplifiers, 3rd Edition” at www.analog.com/In-AmpFAQ.

A D V E R T I S E M E N T

Product Slew Rate Program
Gain

Gain Drift Voltage CMRR Temp
 Range

Package Price
 ($U.S./1k)

AD8250 20 V/�s

AD8224

AD8221

AD8220

AD8230

�s

1,2,5,10 ° °

10 � °C

�V/°C

50 kHz

5 kHz

74 dB to
5 kHz

110 dB at
60 Hz

80 dB to
10 kHz

– ° °C

– °C to +85°C

–40°C to +85°C

–40°C to +85°C

–40°C to +125°C

MSOP 4.95

MSOP

SOIC

LFCSP

MSOP
SOIC

4.12

1.99

2.29

2.95

1 - 1,000

2 V/�s 50 ppm/°C1 - 1,000

10 �V/°C

0.05 nV/°C

2 V/�s 50 ppm/°C

N/A

1 - 1,000

2 V/�s 1 - 1,000
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