LB-1

LB-1 Instrumentation Amplifier

I3 Texas

INSTRUMENTS

Literature Number: SNOA704



Instrumentation Amplifier

The differential input single-ended output instrumentation
amplifier is one of the most versatile signal processing am-
plifiers available. It is used for precision amplification of dif-
ferential dc or ac signals while rejecting large values of com-
mon mode noise. By using integrated circuits, a high level of
performance is obtained at minimum cost.

Figure 1 shows a basic instrumentation amplifier which pro-
vides a 10 volt output for 100 mW input, while rejecting
greater than +11V of common mode noise. To obtain good
input characteristics, two voltage followers buffer the input
signal. The LM102 is specifically designed for voltage fol-
lower usage and has 10,000 M input impedance with 3 nA
input currents. This high of an input impedance provides two
benefits: it allows the instrumentation amplifier to be used
with high source resistances and still have low error; and it
allows the source resistances to be unbalanced by over
10,0000 with no degradation in common mode rejection.
The followers drive a balanced differential amplifier, as
shown in Figure 1, which provides gain and rejects the com-
mon mode voltage. The gain is set by the ratio of R4 to Ro
and R5 to Rg. With the values shown, the gain for differen-
tial signals is 100.

Figure 2 shows an instrumentation amplifier where the gain
is linearly adjustable from 1 to 300 with a single resistor. An
LM101A, connected as a fast inverter, is used as an attenu-
ator in the feedback loop. By using an active attenuator, a
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FIGURE 1. Differential-Input Instrumentation Amplifier
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very low impedance is always presented to the feedback
resistors, and common mode rejection is unaffected by gain
changes. The LM101A, used as shown, has a greater band-
width than the LM107, and may be used in a feedback net-
work without instability. The gain is linearly dependent on Rg
and is equal to 10— 4 Rg.

To obtain good common mode rejection ratios, it is neces-
sary that the ratio of R4 to Ro match the ratio of R5 to Rg.
For example, if the resistors in circuit shown in Figure 1 had
a total mismatch of 0.1%, the common mode rejection
would be 60 dB times the closed loop gain, or 100 dB. The
circuit shown in Figure 2 would have constant common
mode rejection of 60 dB, independent of gain. In either cir-
cuit, it is possible to trim any one of the resistors to obtain
common mode rejection ratios in excess of 100 dB.

For optimum performance, several items should be consid-
ered during construction. Ry is used for zeroing the output.
It should be a high resolution, mechanically stable potenti-
ometer to avoid a zero shift from occurring with mechanical
disturbances. Since there are several ICs operating in close
proximity, the power supplies should be bypassed with
0.01 nF disc capacitors to insure stability. The resistors
should be of the same type to have the same temperature
coefficient.

A few applications for a differential instrumentation amplifier
are: differential voltage measurements, bridge outputs,
strain gauge outputs, or low level voltage measurement.
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FIGURE 2. Variable Gain, Differential-Input Instrumentation Amplifier
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NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

to the user.

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

effectiveness.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.
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