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My colleague Xiyao Zhang wrote a post last month about changing to a rail-to-rail device after encountering a
problem with a circuit. However, what a lot of signal chain designers do not realize is that adjusting signal level,
gain and offset of their amplifier could allow them to use their original op amp selection.

There are several types of rail-to-rail operational amplifiers (opamp). Rail-to-rail input (RRI) op amps can operate
with any input, from the positive supply rail (V¢¢) all the way down to ground or to the negative power-supply rail.
Rail-to-rail output (RRO) op amps can output a voltage that can approach both the positive supply rail and the
negative power-supply rail. Rail-to-rail input and output (RRIO) op amps have both features. Other non-rail-to-rail
input and output op amps have limited input and output ranges; however, they have no input crossover distortion
and usually have much lower output impedance and lower cost.

In this post, I'll discuss four popular amplifier topologies:

* Inverting amplifiers.

* Noninverting amplifiers.
» Differential amplifiers.

* Unity-gain buffers.

Inverting amplifiers are good for minimizing total harmonic distortion. Figure 1 shows the basic schematic.
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Figure 1. Inverting Amplifier

Because the input common-mode range is a fixed voltage set by the designer, RRI isn’t necessary. RRO is
helpful if the output needs to span the whole V¢ range.

Noninverting amplifiers preserve input signal polarity. Figure 2 shows the basic schematic.
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Figure 2. Noninverting Amplifier

The required input common-mode range will be less than output range. The reduced input range for differential
amplifiers means that you may not need RRI. RRO is still helpful if the output needs to span the whole V¢
range.

For operation across the full Voyt range of the op amp, both output voltage low (Vo) and output voltage high
(Von) will have an inverting pin voltage within the valid input common-mode range. The inverting pin voltage for
VoL is VoL + RE /(RE + Rg) * (Vrer - VoL)- The inverting pin voltage for Vo is Vou + Re/ (R + Rg) * (VRer -
Vow)-

Differential amplifiers are great for floating or balanced input sources. Figure 3 shows the basic schematic.
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Figure 3. Differential Amplifier

The differential gain, noninverting input range and Vggf reference voltage set the necessary input common-
mode range. The input common-mode voltage is (Vrer + Vin+ * G)/(G+1), where G is the differential gain of
the circuit, Vrer is the termination voltage for noninverting divider and V|y+ is the noninverting differential input.
Lower gains reduce the required input common-mode range.

You should test the minimum and maximum V. using the formula in the paragraph above to verify that the input
common-mode range is not exceeded. RRO is helpful if the output needs to span the whole V¢ range.
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Unity-gain buffers prevent signal loading and provide low-output impedance. Figure 4 shows the basic
schematic.

Figure 4. Unity-gain Buffer

For this configuration, the output will faithfully track the input only for the voltages specified by the op amp’s input
and output voltage range.

Output swing is limited by output range, which is specified in the data-sheet specifications for Vg and Voy .
Trying to exceed the input range will result in output signal clipping or may have an output step to maximum Vgy.
Figure 5 shows the LMV358 which can either clip the output (blue curve) or output step(red curve).
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Figure 5. Rro LMV358 vgyt Vs. vy Using a Unity-gain Circuit, Where v¢c = 3.3V

Achieving the full-range output using a RRO device would require resistively attenuating the input signal to meet
the input common-mode range, and then amplifying by the same factor. The problem with this method is that you
will need four resistors instead of none. This method also reduces the input impedance, which can defeat the
purpose of adding a unity-gain buffer.

Therefore, it is best to have the previous stage provide an output signal that is within the input and output range
of the op amp.

After adjusting the signal level, gain, or offset you just might find out that the op amp is compatible after all. Sign
in to join the conversation.

Additional Resources

» Check out TI's broad portfolio of general-purpose amplifiers.

» Learn more about rail-to-rail input operation from this EDN article.
» Check out TI's portfolio of fully differential amplifiers.

SSZTB32 — JULY 2016 Four Ways to Design an Amplifier without a Rail-to-rail Op Amp
Submit Document Feedback
Copyright © 2023 Texas Instruments Incorporated

3


http://www.ti.com/lsds/ti/amplifiers-linear/general-purpose-amplifier-overview.page
http://www.edn.com/electronics-blogs/bakers-best/4400897/What-does--rail-to-rail--input-operation-really-mean-
http://www.ti.com/lsds/ti/amplifiers-linear/fully-differential-amplifier-overview.page
https://www.ti.com
https://www.ti.com/lit/pdf/SSZTB32
https://www.ti.com/feedbackform/techdocfeedback?litnum=SSZTB32&partnum=LMV358

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 Tl 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. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl 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 Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

