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ABSTRACT
The INA117 is a monolithic difference amplifier with the unique ability to accept up to ±200V common-
mode input signals while operating on standard ±15V power supplies. Because the gain of the INA117 is
set at 1V/V, and because the output would saturate into the rails at about ±12V, the maximum specified
differential input range is ±10V. The INA117 is available in three standard 8-pin packages: hermetic TO-
99, plastic DIP, and the small surface-mount SOIC package, specified for the -40ºC to +85°C temperature
range.

Similarly, the INA149 is a precision 36V unity-gain difference amplifier with a very high input common-
mode voltage range (±275V). On standard ±15V power supplies, the maximum specified differential input
range is ±13.5V. The INA149 is available in the SOIC-8 package with operation specified over the
extended industrial temperature range of -40°C to +125°C.
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1 Introduction
Since the common-mode input range is high (±200V INA117 and ±275V INA149), it makes sense that
some designers would also like to use these part for differential inputs greater than ±10V and ±13.5V.
Figure 1 shows the recommended circuit for the INA117. Adding resistors to the input may seem simpler,
but there are some problems with that approach.

Figure 1. INA117 with Increased Differential Input Range

2 Device Overview
The performance of the INA117 depends on extremely precise resistor matching (0.005% for 86dB
CMRR). These resistors are ratiometrically matched where resistor pairs must match to 0.005%. Absolute
resistor values may vary up to ±15% based on process, but their matching is preserved. Resistors added
to the input must be adjusted to at least this accuracy to maintain high performance. Both gain error and
CMRR must be adjusted. Maintaining 86dB CMRR over temperature requires 1ppm/°C resistor TCR
tracking. Significant resistance added external to the INA117 would require the same performance.

By using the circuit shown in Figure 1, internal resistor matching is preserved (with absolute values
varying up to ±15%), and the INA117 CMRR and CMRR drift with temperature are maintained. Gain can
be set independently of CMRR by adjusting the inverter resistors, R6, R7. Gain drift is preserved so long
as R6 and R7 track with temperature. Furthermore, noise at the output is improved by the gain reduction
factor whereas it is unchanged with the other approach.
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To understand how the circuit works, consider the INA117 to be a four-input summing amplifier as shown
in Figure 2.

Figure 2. INA117 Shown as a Four-Input Summing Amplifier

CMRR is preserved and the gain is reduced if a small portion of the output signal is inverted and fed back
to pin 5 with V1 set to zero (V1 grounded). Since absolute values of the internal resistors can vary up to
±15%, the following output equation may also exhibit the same level of error. This should be added to the
overall system error budget.

(1)

(1) INA117 is not stable in Gain < 1/5.

Table 1. INA117 Selected-Gain Examples

GAIN (1) (V/V) R7 (kΩ) R6 (kΩ)
1/2 1.95 20.0
1/4 3.16 20.0
1/5 4.22 20.0

Similarly, the INA149 may be used. The INA149 is a precision 36V unity-gain difference amplifier with a
very high input common-mode voltage range (±275V). It consists of a precision op amp and an integrated
thin-film resistor network. The absolute value of these resistors are also ratiometrically matched with up to
15% variance in either direction. The INA149 is pin-compatible with the INA117 and offers improved DC
performance.
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Figure 3. INA149 with Increased Differential Input Range

The INA149 has the following transfer function:
(2)

Remember that the resistor values internal to the INA149 may also vary up to ±15% based on process,
this error must be added to the overall system error budget. The output equation for increasing the
differential input voltage is expressed below. This is derived from the transfer function:

(3)

(1) INA149 is not stable in Gain < 1/2.

Table 2. INA149 Selected-Gain Examples

Gain (V/V) (1) R7 (kΩ) R6 (kΩ)
1/2 1 20
2/3 0.5 20
3/4 0.33 20
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3 Optional CMRR Adjustment
If CMRR adjustment is desired, add a 10Ω fixed resistor and a 20Ω pot as shown in Figure 4. Adjust
CMRR by shorting together pins 2 and 3 of the INA117 (or INA149) and driving them with a 500Hz square
wave while observing the output on a scope. Using a square wave rather than a sine wave allows the AC
signal to settle out so that the DC CMRR can be seen. The CMRR trim will change the gain slightly, so
trim CMRR first, then trim gain with R6, R7 if desired.

Figure 4. INA117 with Increased Differential Input Range with CMRR Trim

http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SBOA001A


IMPORTANT NOTICE AND DISCLAIMER
TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE 
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” 
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY 
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD 
PARTY INTELLECTUAL PROPERTY RIGHTS.
These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate 
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable 
standards, and any other safety, security, regulatory or other requirements.
These resources are subject to change without notice. TI grants you permission to use these resources only for development of an 
application that uses the TI products described in the resource. Other reproduction and display of these resources is prohibited. No license 
is granted to any other TI intellectual property right or to any third party intellectual property right. TI disclaims responsibility for, and you 
will fully indemnify TI and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these 
resources.
TI’s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with 
such TI products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable warranties or warranty disclaimers for 
TI products.
TI objects to and rejects any additional or different terms you may have proposed. IMPORTANT NOTICE

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated

https://www.ti.com/legal/termsofsale.html
https://www.ti.com

	Increasing INA117 Differential Input Range Application Report
	1 Introduction
	2 Device Overview
	3 Optional CMRR Adjustment

	Important Notice

