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Abstract

This white paper explains the differences between two critical bulk acoustic wave (BAW) filter power-handling
specifications: RF input power absolute maximum ratings and minimum lifetime power handling, and how

they impact Wi-Fi system design. Understanding the purpose and proper use of these distinct power-handling
specifications is essential for successful system integration and optimal design performance. This white paper

outlines test methodologies, provides real-world examples and offers practical design guidance to ensure reliability and
compliance in high-power Wi-Fi applications. These applications include consumer retail, service provider gateways
and network enterprise devices.

Introduction

BAW filters are critical components in Wi-Fi front-end designs, and selecting the right device requires a clear
understanding of its power-handling specifications. Application requirements vary widely, from battery-powered
consumer products to enterprise access points and mission-critical communication systems, placing very different
demands on an RF filter. Rather than focusing solely on worst-case limits, designers must evaluate how power
specifications relate to actual operating conditions to make informed, optimized component selections.

As Wi-Fi systems continue to evolve, both mobile and infrastructure devices are operating at higher transmit power
levels to extend range, improve penetration and support new standards. With increasing power levels, understanding
the true meaning of datasheet power specifications becomes even more important, especially since terminology and
test conditions can vary between vendors. Clear interpretation of these specifications is essential to ensure reliable
and efficient system design.

BAW Filter Operation & Breakdown Mechanisms

BAW filters are passive RF devices that use acoustic waves traveling through a piezoelectric material to provide
precise high-frequency signal selectivity. They rely on mechanical resonance within the material structure to achieve
sharp filtering characteristics. Breakdown occurs when input power or applied stress exceeds the material or structural
limits, resulting in permanent damage or performance degradation. This failure can stem from excessive heat
generated by internal losses or from mechanical stress that causes cracking, delamination or other structural defects.

Why Power Handling Tests are important to the Wi-Fi System

Modern Wi-Fi systems range from 1x1 SISO to 4x4 MIMO configurations, and many platforms include multiple
radios, increasing RF front-end complexity. In a 1x1 system operating at the FCC maximum RF output power allowed
(1 Watt), the BAW filter may experience 3 to 5 dB higher input power levels.
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This occurs for two primary reasons. First, transmit power is often increased to compensate for losses between the
filter and the antenna (e.g., switches, matching networks, PCB trace losses). Second, factory calibration procedures
may temporarily drive the transmitter beyond nominal operating levels to establish internal power control limits.

As a result, the filter’'s absolute maximum power rating must include sufficient margin above the system’s intended
output power to account for these real-world operating and calibration conditions.

Wi-Fi Product Power Handling Specifications Overview

Minimum Lifetime Power Handling

e Overview: The maximum average input power the device can sustain over an extended period without
significant performance degradation or failure. Defines the safe operating area for normal use at the rated
operating temperature.

e Purpose: Ensures long-term device reliability under sustained RF power and thermal conditions.

o Test Methodology: Evaluated using accelerated temperature testing at a specified input power and modulation
profile. Data sheet specifications define the input power, signal type, ambient temperature and guaranteed
survivable operating hours.

Table 1 provides an example of a minimum lifetime rating shown in a typical data sheet, which is specified at the stated
operating temperature.

Minimum Lifetime Ratings

Cparameter | Condtons | Ramg

11n MCS0 20 MHz BW, +95 °C +30 dBm

Power Handlin
g 100% Duty Cycle, 88K Hours, Input Pin 1

QOP\'O © 2026 Qorvo US, Inc.

Table 1: Minimum Lifetime Rating Specification Example

To accelerate stress and reduce test duration, lifetime testing is performed at elevated temperatures. Devices are
qualified to the guaranteed simulated lifetime specified in the datasheet, but they are not necessarily tested to failure.
While many parts may operate beyond the guaranteed duration, the defined test time represents a practical service life
typical of Wi-Fi applications.

The RF input power absolute maximum is determined by testing fresh parts at ever increasing power levels until
device failure occurs. It defines the highest average input power the device can withstand. The test uses short-duration
pulses — typically 200 or 500 ms — at the specified ambient operating temperature (typical or maximum). Common test
waveforms include continuous wave (CW) or 20 MHz OFDM/OFDMA signals (HT20 or HE20) with up to 12 dB peak-
to-average power ratio (PAPR). This rating is particularly important for system-level stress conditions, such as
calibration events or reflected power scenarios.
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RF Input Power Absolute Maximum

o Overview: The maximum average input power the device can tolerate without immediate physical damage or
permanent performance degradation. This rating is determined by ramping RF input power until device failure
occurs. Absolute maximum ratings are not meant to be sustained; extended operation at this level will severely
degrade device reliability and dramatically accelerate time-to-failure.

e Purpose: Establishes the upper limit for short-duration stress events, such as calibration,
fault conditions or unexpected power spikes.

¢ Test Methodology: Incremental input power ramp to catastrophic failure, defining the absolute
survivability threshold.

The RF input power absolute maximum is determined using a power ramp test performed until device failure. It defines
the highest average input power the device can withstand. The test uses short-duration pulses — typically 200 or 500
ms — at the specified ambient operating temperature (typical or maximum). Common test waveforms include CW or 20
MHz OFDM/OFDMA signals (HT20 or HE20) with up to 12 dB PAPR. This rating is particularly important for system-
level stress conditions, such as calibration events or reflected power scenarios.

Table 2 provides an example of an absolute maximum rating shown in a typical data sheet, which is specified at the
stated operating temperature.

Absolute Maximum Ratings

[ Parameter [ Conditions | Raing |

Operating Temperature No damage -40t0105°C

Storage Temperature - -40t0125°C
CW, +45 °C, 200 ms, Input Pin 1 +36.5dBm

RF Input Power 11n MCSO0 20 MHz BW, +25 °C, 200 ms, +37.5 dBm
Input Pin 1

Exceeding any one or a combination of the absolute maximum rating conditions may cause permanent damage to the device.

Qorvo © 2026 Qorvo US, Inc.

Table 2: Absolute Maximum Ratings Specification Example

Wi-Fi Real World Application versus Data Sheet Specification

A typical Wi-Fi system should be designed so that transient power at the input pin of the BAW filter does not exceed
the absolute maximum input power rating at the specified ambient temperature. At the same time, the filter must
operate within its minimum lifetime power handling rating — the maximum average input power it can sustain over
an extended period without significant performance degradation or failure. Operating within both limits defines the
safe operating area for normal use at the rated temperature.

The minimum lifetime power handling specification defines the guaranteed operating lifetime of the BAW filter when
subjected to continuous (24 hours per day) sustained average input power at the specified level. To better align this
specification with real-world Wi-Fi operation, Qorvo characterizes performance using WLAN OFDM and OFDMA
signals with a 12 dB PAPR.
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With respect to the RF input power absolute maximum rating, the input power at the device pin must not exceed the
specified limit — even during system-level calibration. During calibration, transmit power can temporarily rise above
normal operating levels. As shown in Table 2 above, the BAW filter is rated to withstand up to +36.5 dBm of RF input
power for a maximum duration of 200 ms. As long as neither the power level nor the exposure time exceeds these
limits, the device will not suffer permanent damage.

Let’s dig into this further as it relates to a common calibration procedure, transmit signal strength indicator (TSSI)
calibration. During calibration the Wi-Fi system is characterized and configured. TSSI is used to monitor and control
transmitter output power, ensuring it remains within a specified accuracy range. It enables output power error
correction by estimating actual transmit power and compensating for deviations.

TSSI calibration is typically performed at the factory across multiple conditions, including output power levels,
temperature, frequency channels, channel bandwidths, data rates and antenna loading. During this process,

the difference between the system’s target power and the measured Wi-Fi access point or system output power
is recorded. Correction factors are then calculated and stored in memory to maintain accuracy across the defined
operating range.

Figure 1 shows an example of factory calibration measurements taken at 25 °C before and after calibration. The plot
displays the target output power of the Wi-Fi access point. In a typical system, the BAW filter can see approximately
3 dB higher power at its input than the measured output power shown in the figure.
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Figure 1. TSSI Offset/Corrected between Target Power vs. Measured
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The green highlighted region indicates the calibration correction range, which in this example is approximately 10 to
20 dBm. Power levels above 20 dBm remain uncorrected after calibration and exceed the target levels, as shown in
the blue circles.

For this reason, the design engineer must account for these higher, uncorrected power levels when selecting
components. It is not sufficient to design only for the 10 to 20 dBm calibrated range; components must also support
the actual power levels that occur outside the calibration range.

In this example, the access point output reaches approximately 28 dBm. Considering that the BAW filter may
experience about 3 dB additional power at its input, the filter could see nearly 31 dBm input power. Therefore, the
BAW filter's absolute maximum power rating must exceed this level. If it does not, the device risks permanent damage
or catastrophic failure. In this case, the BAW filter is rated for +37.5 dBm at 25 °C, providing sufficient margin above
the expected input power. As a result, the device will operate without risk of damage or failure under these conditions.

Conclusion

Understanding the distinction between RF input power absolute maximum and minimum lifetime power handling

is essential for proper BAW filter selection in Wi-Fi systems. The absolute maximum rating defines the short-duration
survivability limit during events such as factory calibration or unexpected power spikes, while the minimum lifetime
specification defines the safe, long-term operating power for reliable field performance. In real-world Wi-Fi designs

— where calibration routines, system losses and power control margins can temporarily push transmit levels above
nominal targets — engineers must account for both specifications to ensure adequate design margin. By evaluating
actual operating conditions rather than relying solely on nominal output power, designers can confidently select BAW
filters that deliver long-term reliability, prevent overstress conditions and maintain compliance in high-power consumer,
enterprise and service-provider Wi-Fi applications.
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Important Notices

The information contained in this document and any associated documents (“Document Information”) is believed to be reliable; however,
Qorvo® makes no warranties regarding the Document Information and assumes no responsibility or liability whatsoever for the use of or
reliance on said information. All Document Information is subject to change without notice. Customers should obtain and verify the latest
relevant Document Information before placing orders for Qorvo products. Information concerning Qorvo’s product life cycles is available
at https://www.qorvo.com/support/product-lifecycle-information. Document Information or the use thereof does not grant, explicitly,
implicitly or otherwise any rights or licenses with respect to patents or any other intellectual property whether with regard to such
Document Information itself or anything described by such information.

Qorvo grants you permission to use this document and any associated resources only to develop an application that uses the Qorvo
products described in the Document and any associated resources. Other reproduction and display of this Document and any associated
resources is prohibited.

Qorvo’s products are provided subject to Qorvo’s Terms of Sale or provided in conjunction with such Qorvo products. Qorvo objects to and
rejects any additional or different terms customer may have proposed regarding the purchase of Qorvo products.

DOCUMENT INFORMATION DOES NOT CONSTITUTE A WARRANTY WITH RESPECT TO THE PRODUCTS DESCRIBED HEREIN,

AND QORVO HEREBY DISCLAIMS ANY AND ALL WARRANTIES WITH RESPECT TO SUCH PRODUCTS WHETHER EXPRESS OR
IMPLIED BY LAW, COURSE OF DEALING, COURSE OF PERFORMANCE, USAGE OF TRADE OR OTHERWISE, INCLUDING THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Without limiting the generality of the
foregoing, Qorvo products are not warranted or authorized for use as critical components in medical, life-saving, or life-sustaining applications,
or other applications where a failure would reasonably be expected to cause severe personal injury or death. Applications described in the
Document Information are for illustrative purposes only. Customers are responsible for validating that a particular product described in the
Document Information is suitable for use in a particular application.

© 2026 Qorvo US, Inc. All rights reserved. This document is subject to copyright laws in various jurisdictions worldwide and may not be
reproduced or distributed, in whole or in part, without the express written consent of Qorvo US, Inc.

QORVO’is a registered trademark of Qorvo US, Inc. All other trademarks and trade names are property of their respective owners.
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