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Battery-operated portable Bluetooth and Wi-Fi
speakers have grown in popularity around the world.
Designers are often cost and space-restricted for
battery capacity. Hence, an efficient amplifier is
paramount to maximizing battery life. To further
improve efficiency in Class-D amplifiers, TI developed
a proprietary modulation scheme first implemented in
the high-power TPA3221 Class-D amplifier, called
High Efficiency AD modulation (HEAD). HEAD
modulation differentiates itself with benefits such as
reduced idle power losses, improved EMI
performance, and even less pop noise than AD
modulation. This makes TPA3221 an ideal choice for
wireless speakers and other applications where
efficiency, system size and cost are critical. This Tech
Note elaborates on how HEAD Modulation produces
differential output for a bridge-tied-load (BTL) system
shown in Figure 1, and the mechanisms behind the
benefits mentioned above.

Speaker Output A

In BTL, the audio signals leave the amplifier as a pair
of PWM signals (PWM A and B). They then filter
through LC networks, becoming analog signals
(Speaker Output A and B). These outputs result in a
differential signal across the speaker. To understand
the TPA3221’s high efficiency modulation scheme,
let’s start with the idle state (no audio signal). Figure 2
shows different levels of an audio signal. Figure 3 and
Figure 4 show AD and HEAD modulation across the
signal chain with different level audio signals. The
figures are color coordinated, red representing the idle
state.
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AD Modulation achieves idle (0V seen by speaker)
with 50% duty cycle at PWM A and B, resulting in +½
PVDD at Speaker Output A and+½ PVDD at Speaker
Output B after the LC filter. The speaker sees the
voltage at A minus the voltage at B and therefore,
experiences zero volts. HEAD differs by using two
lower duty cycle signals for idle instead of 50%. This
results in a less-than-half-PVDD at Speaker Output A
and Speaker Output B, but since they are still equal,
the differential across the speaker is also zero volts.
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Figure 3. AD Modulation
In AD and HEAD modulation, a low-magnitude
differential output is generated by increasing the duty
cycle of one PWM signal and decreasing the other one
relative to idle. In Figure 3 and Figure 4, the duty cycle
of PWM A is increased and PWM B is decreased to
create a positive differential. For AD, PWM A and B
always change at a rate equal in magnitude and
opposite in direction, from idle all the way to max
output. In HEAD, since the idle state is defined at a
lower duty cycle than 50%, as PWM A increases PWM
B reaches 0% duty cycle before the max differential
output is achieved across the speaker. Above this
threshold in HEAD, PWM A increases its duty cycle at
twice the prior rate, since PWM B cannot decrease
further than zero to contribute to the differential output.

Figure 4. HEAD Modulation
TI engineers carefully optimized the duty cycle for the
HEAD modulation idle state. An adequately low duty
cycle for the idle state results in lower idle power
losses and improved EMI performance. Too low of a
duty cycle would result in poor performance and a loss
of these benefits.
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Visualized in Figure 5, the HEAD idle state has periods
where both PWM A and PWM B are at 0V. The lower
duty cycle reduces the RMS current, as the peak-topeak current is proportional to the duty cycle.
Consequently, both conduction losses due to ripple
current through RDSON and switching losses are
reduced. Figure 6 shows the improvement of HEAD
idle current compared to AD idle current for the
TPA3221 amplifier in BTL.

The narrower pulses also benefit EMI performance
due to their reduced spectral content, emitting a
significantly lower magnitude of high frequency energy.
Lastly, since the idle duty cycle is lower in HEAD than
AD, the pop sound generated by ramping up to and
down from idle in HEAD is a small fraction of that in
AD.
The improvements of HEAD make it a highly desirable
modulation scheme for battery-powered speakers and
other applications concerned with efficiency, EMI, or
pop noise. As the world continues to demand louder,
better-sounding, high-resolution Bluetooth and wireless
speakers with longer battery life, TI Audio provides
innovative solutions to take your products to the next
level.

Figure 6. HEAD and AD Idle Current in BTL
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reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.
TI’s provision of TI Resources does not expand or otherwise alter TI’s applicable published warranties or warranty disclaimers for TI
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.
You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
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other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.
TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.
You agree to fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of your noncompliance with the terms and provisions of this Notice.
This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, TI products and services.
These include; without limitation, TI’s standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
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