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Key Circuits in Sensor Signal Conditioning

In sensor technology, accurate signal conditioning is crucial for reliable data analysis. Amplification, phase control,
and noise reduction are key aspects of this process. This application note explores five essential amplifier circuits
at the core of sensor signal conditioning. From inverting and non-inverting amplifiers to precision instrumentation
amplifiers and versatile difference amplifiers, each circuit uniquely enhances sensor data.
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1. Inverting Amplifier

The inverting amplifier is a foundational circuit in sensor signal conditioning, employing operational amplifiers
(op-amps) and feedback networks. Its operation revolves around two key aspects: signal inversion and
amplification. The input signal from the sensor is connected to the inverting (-) input of the op-amp. The degree of
amplification is governed by the ratio of the feedback resistor (Rg) to the gain resistor (Rg). This setup results in
an output signal that is an inverted (180-degree phase-shifted) version of the input. The inverting amplifier is
crucial when both signal amplification and phase inversion are necessary, a common occurrence when dealing
with sensors that generate signals of varying polarities.
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Figure 1. Inverting Amplifier
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2. Non-Inverting Amplifier

The non-inverting amplifier, another essential component in sensor signal conditioning, is built upon op-amps and
feedback resistors. It diverges from the inverting amplifier by preserving the phase and polarity of the input signal.
The input signal of the sensor is applied to the non-inverting (+) terminal of the op-amp. The degree of
amplification is determined by the relationship between the feedback resistor (Rg) and the gain resistor (Rg). In
contrast to the inverting amplifier, the non-inverting amplifier retains the original phase of the input signal while
achieving amplification. It finds its niche in applications where signal amplification is required without the
requirement for phase inversion, which is crucial when maintaining the signal phase of the sensor.
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Figure 2. Non-Inverting Amplifier

3. Difference Amplifier

Difference amplifiers, often referred to as subtractors or differential amplifiers, are pivotal in sensor signal
conditioning for measuring the voltage difference between two input signals. These circuits are centered around
op-amps and excel in providing precision differential measurements. The two sensor input signals are differentially
connected to the amplifier, creating a contrast between them. The gain of the difference amplifier is intricately
linked to the ratio of the feedback resistor (Rg) to the gain resistor (Rg). Often, unity gain is employed for highly
accurate differential measurements. Difference amplifiers are indispensable in applications demanding precise
amplification and comparison of two sensor outputs, frequently found in scenarios involving strain gauges and
bridge-based sensors.
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Figure 3. Difference Amplifier
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4. Two Instrumentation Amplifiers

The two-op-amp instrumentation amplifier represents a meticulously engineered circuit that represents precision
and resilience in mitigating common-mode noise. Comprising two op-amps in conjunction with precision resistors,
this circuit facilitates differential amplification while suppressing common-mode noise. This design amplifies the
disparity between V|y4 and V|np, yielding a single-ended output signal, while maintaining steadfast rejection of

common-mode voltage interference. Importantly, note that the gain within this amplifier can be seamlessly
adjusted by manipulation resistor values. Also, the linear operation of an instrumentation amplifier relies on the
linear performance of its primary building block, the op-amp. An op-amp exhibits linear behavior when the input
and output signals conform to the defined input common-mode and output swing ranges of the device. These
pivotal operational ranges are intricately defined by the supply voltages that energize the op-amps. Such
versatility renders the two-op-amp instrumentation amplifier an instrument of choice in applications where
exacting precision in signal conditioning and resolute noise attenuation are imperative, including demanding
industrial environments and critical medical devices where precision measurements are significant.
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Figure 4. Two Instrumentation Amplifier

5. Three Instrumentation Amplifiers

The three-op-amp instrumentation amplifier epitomizes precision and sophistication in signal conditioning. By
leveraging three op-amps, this discrete circuit enhances differential signals while converting them into single-
ended outputs. Its operation centers on amplifying the difference between two input signals, Vg4 and V|y5, with

remarkable linearity. This linear behavior hinges on the ability of the op-amps to operate within specific input
common-mode and output swing ranges, dictated by precise supply voltage control. Renowned for its precision
and immunity to common-mode noise, this amplifier is designed for applications that demand precise
measurements such as medical instrumentation for scientific research and advanced data acquisition systems. It
is an essential tool for engineers and scientists, ensuring accurate and reliable data acquisition across diverse
applications.
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Figure 5. Three Instrumentation Amplifier

6. Revision History

VOUT

Revision Date Description
1.00 Dec 18, 2023 | Initial release.
R13AN0020EU0100 Rev.1.00 RENESAS Page 4

Dec 18, 2023




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 skilled in the art 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 for
development of 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 out of 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 o any Renesas resources
expands or otherwise alters any applicable warranties or warranty disclaimers for these products.

Corporate Headquarters

TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan

www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.

(Disclaimer Rev.1.0 Mar 2020)

Contact Information

For further information on a product, technology, the most
up-to-date version of a document, or your nearest sales

office, please visit:
www.renesas.com/contact/

© 2023 Renesas Electronics Corporation. All rights reserved.



	Contents
	1. Inverting Amplifier
	2. Non-Inverting Amplifier
	3. Difference Amplifier
	4. Two Instrumentation Amplifiers
	5. Three Instrumentation Amplifiers
	6. Revision History

