RENESAS Application Note

Op Amp Gain and Offset Trim Using Renesas Digitally Controlled Potentiometers
(XDCPs)

Introduction

Many system configurations require multiple transducers to be normalized for gain or offset, prior to further Ato D
conversion or signal processing. The Renesas X9241A quad XDCPs can provide an elegant and efficient solution
for performing these tasks under microprocessor control.
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1. Configurations

The configuration in Figure 1 shows two dual op amps being controlled by a single quad XDCP. The gain range in
this configuration can be trimmed between -0.5 to -2.0 over 64 steps. Increasing R5 and R6 (for example, the
feedback determining network in U2a) to 100kQ change the gain trim range to between -0.91 to -1.1. The inverting
configuration shown is suitable as this allows input signals to vary from 6V without violating the digital pots
terminal voltage specifications of +5V/-3V.
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Figure 1. X9241A Controlled Gain Adjust
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Figure 2 shows an offset trimming configuration for the same pair of dual op amps. This configuration yields an
offset trimming range of £300mV over 64 steps. The offset range can be increased or decreased by changing the
value of R13 (in amplifier U2a for example). To decrease the offset range to +40mV with finer resolution, but less
range change R13 to 1mQ. This configuration ensures that the X9241A operates within the specified terminal
voltage range of less than +5V/-3V.
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Figure 2. X9241A Controlled Offset Adjust
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2. Potpourri Amplifier

Figure 3 illustrates a microprocessor controlled circuit that can provide adjustable gain from -1 to infinity with two
of the pots of the quad X9241AW XDCP. The other two pots can be ganged together using the cascade mode for
extended offset range. The purpose of this circuit is not to solve a particular analog signal processing problem, but
rather to demonstrate the analog control flexibility that can be attained with the X9241A.
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Figure 3. Extended Range Gain Adjust

With R2 set to 0 and R1 set to 63, the overall gain from input to output is -1. Gain values in the range 0 to -1 can
be set over 64 steps by incrementing the value of R1. Setting R1 back to 0 and setting R2 to 32 results in an
overall gain of +1. Increasing R2 to 63 yields a gain of plus infinity. This is a positive comparator with the threshold
level set by the cascade combination of RO and R3. National Semiconductor's LMC6482 is a good amplifier for
this application because of its rail-to-rail input and output range.
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3. Revision History

Revision Date Description
= Applied latest template
1.00 Oct22,2026 |, Added Revision History section
0.00 Jun 28, 2005 Initial release
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), 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 OR 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 developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
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