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Design Considerations for Ensuring Amplifier Stability
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Simply put, an amplifier is said to be unconditionally stable if there are no passive source or load impedances which can
induce an oscillation. Unfortunately, this terminology results in occasional misconceptions among design engineers.

What follows is a brief practical look at “unconditional stability” for small-signal amplifiers from an applications engineering
perspective. Power amplifiers have the same issues, but they are addressed differently since few lab setups have the
capability of accurately measuring large-signal S-parameters.

Derived from S-parameters, stability indices such as the Rollett Stability K-factor or the geometric stability factors (Mu or
Mu Prime) define an unconditionally stable 2-port network when their value is >1.0. The key thing to note is that these
stability indices are derived from measured S-parameters. Why does this matter?

It is more accurate to say that a set of S-parameters for an application circuit and associated bias condition indicate
unconditional stability than it is to say that a particular amplifier is unconditionally stable.

Here are some common circumstances that will change an amplifier's S-parameters and potentially degrade the stability of
an amplifier:

e Insufficient ground vias in the layout which increase RF inductance to ground. This inductive feedback can often
degrade stability indices and/or create an oscillation.

e RF routing issues that increase coupling from the RF input to the RF output.

e Significant changes in bias current. Often a device which is unconditionally stable under typical bias conditions is
only conditionally stable at very low current. This is sometimes observed in TDD applications in which the device is
continuously turned on and off. These ramps represent transient conditions. Often the S-parameters at the
intermediate states between off and on do not show unconditional stability.

e Changes in ambient temperature. Many devices show degraded stability at low temperatures since the gain usually
increases as temperature decreases. This means that it is essential to check S-parameter data sets over
temperature to evaluate stability.

The bottom line is that care must be taken when using the term “unconditional stability.” In real-world applications,
there are many ways in which amplifier S-parameters can change, and these must be accounted for in any stability
analysis.
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The idea that unconditional stability is an inherent characteristic of an amplifier, and that it can never oscillate, is
incorrect. Consider the following:

As long as an amplifier has sufficient gain, it can be placed into an application schematic which purposefully introduces
frequency-selective feedback from the RF output to the RF input. In this situation, the "unconditional stability" of the
amplifier is a big "don't care." With sufficient gain and appropriate phase shift from output to input the circuit will
oscillate. In fact, this is exactly how oscillator circuits are designed!

The Guerrilla RF applications engineering team is happy to assist you in selecting the most effective solution to address
your system requirements. If you have application-specific stability issues, we are eager to help!

Contact us at applications@guerrilla-rf.com!
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Disclaimers

Information in this application note is specific to the Guerrilla RF, Inc. (“Guerrilla RF”) product identified.

This application note, including the information contained in it, is provided by Guerrilla RF as a service to its sales team, sales representatives and distributors and may be used
for informational purposes only. Guerrilla RF assumes no responsibility for errors or omissions within this note or the information contained herein. Information provided is
believed to be accurate and reliable, however, no responsibility is assumed by Guerrilla RF for its use, nor for any infringement of patents, or other rights of third parties,
resulting from its use. Guerrilla RF assumes no liability for any datasheet, datasheet information, materials, products, product information, or other information provided
hereunder, including the sale, distribution, reproduction or use of Guerrilla RF products, information or materials.

No license, whether express, implied, by estoppel, by implication or otherwise is granted by this datasheet for any intellectual property of Guerrilla RF, or any third party,
including without limitation, patents, patent rights, copyrights, trademarks and trade secrets. All rights are reserved by Guerrilla RF.

All information herein, products, product information, datasheets, and datasheet information are subject to change and availability without notice. Guerrilla RF reserves the
right to change component circuitry, recommended application circuitry and specifications at any time without prior notice. Guerrilla RF may further change its datasheet,
product information, documentation, products, services, specifications or product descriptions at any time, without notice. Guerrilla RF makes no commitment to update any
materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes.

GUERRILLA RF INFORMATION, PRODUCTS, PRODUCT INFORMATION, APPLICATION NOTES, DATASHEETS AND DATASHEET INFORMATION ARE PROVIDED “AS IS”
AND WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS FOR A PARTICULAR PURPOSE OR USE,
MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY
EXPRESSLY DISCLAIMED. GUERRILLA RF DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS
CONTAINED WITHIN THESE MATERIALS. GUERRILLA RF SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT,
INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIMITATION, LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE
USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF MATERIALS HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Customers are solely responsible for their use of Guerrilla RF products in the Customer’s products and applications or in ways which deviate from Guerrilla RF's published
specifications, either intentionally or as a result of design defects, errors, or operation of products outside of published parameters or design specifications. Customers should
include design and operating safeguards to minimize these and other risks. Guerrilla RF assumes no liability or responsibility for applications assistance, customer product
design, or damage to any equipment resulting from the use of Guerrilla RF products outside of stated published specifications or parameters.
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