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System Description
The traditional fixed power supply audio PA has been well established for many years. The
shortage of this fixed power supply PA is that when the input audio signal’s peak to average
ratio is high, the conversion efficiency will be low. Because during the periods of the peaks, the
PA requires a full voltage to be able to deliver the required power without running into
distortion, but during the periods of lower signal amplitude, this full voltage is not required and
keeping high power supply voltage means unnecessary power is dissipated.
For the portable blue tooth speaker, the battery lasts time is of upmost important. In most of
the working time, the blue tooth speaker works in the low music volume condition. Therefore, if
we can set the supply voltage of the PA low when the music volume is low, the supply voltage
of the PA high when the music volume is high, then the conversion efficiency of the blue tooth
speaker can be greatly improved. And the lasts time of the battery will be much longer.
TPS61178 is a high efficiency 20V synchronous boost converter. It could isolate the output
from the input side when shutdown. So it can help to reduce the battery loss when the PA is
not working.
TPS3128D2 is a stereo efficiency, digital power amplifier. TPS3128D2 has low idle power loss
and helps to extend the battery life of the Bluetooth/wireless speakers.

Figure 1. Block Diagram of the PMP15036
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The block diagram of this reference design is shown in Figure 1. This reference design
delivers an envelope-tracking power supply circuit for the PA TPA3128D2 with boost converter
TPS61178. The objective of envelope-tracking is to improve the efficiency of PA in the full
range of the output power. By adding an audio envelope signal to the FB pin, the TPS61178’s
output voltage can change in accordance with the envelope of the audio signal. Thus the PA
can always operate at high-efficiency in the whole output power range.
Table 1 gives out the TPS61178 output voltage in corresponding to the different amplitude
audio signal. When the audio signal is 0mV, the output voltage of TPS61178 is 10V. When the
audio signal is 400mV, the output voltage of TPS61178 is 18V, which is the highest value in
this TI design.
Table 1. Performance Specification
Audio Signal _ peak(mV)

Output Voltage(V) (Typical)

0

10

50

11

100

12

150

13

200

14

250

15

300

16

350

17

400

18

Design Theory
Figure 2.1 shows the boost converter part schematic of the TI design PMP15036. Operational amplifier
U2A detects the audio signal from the right channel. Operational amplifier U2B detects the audio signal
from the left channel. The output of U2A and U2B is connected together by D2 and D4.So only the
audio signal with higher volume could pass through. The operational amplifier U2D , diode D3, resistor
R13, R15, capacitor C18 forms the envelope tracking circuit. It samples out the peak envelope
waveforms of the input audio signal. Operational amplifier U2C, mosfet Q3 and resistor R16 convert
the envelope voltage signal to an envelope current signal. This envelope current signal makes the
output voltage of the TPS61178 changes in accordance with the amplitude of the input audio signal.
When the input audio signal is 0V, the output of the envelope-tracking circuit is 0V. So the current
flowing through Q3 is 0A. The output voltage Vo(min) is determined by R3 and R5. A standard low side
resistor R5 of 57.6kΩ is selected. The high side resistors R3 can be calculated by the following
equation:

Vo (min)  VFB
R3



VFB
R5

Where
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VFB is the TPS61178’s feedback regulation voltage (VFB=1.198V).
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 VO(min) is the boost converter’s minimum output voltage, which is defined as 10V in this TI
design.
So R3=422 kΩ.
When the input audio signal is at its maximum amplitude of 400 mV, the output voltage of the
envelope-tracking circuit is 800mV. The current flowing through Q3 reaches its maximum value. The
output voltage of TPS61178 also reaches its maximum value 18V. The maximum current flowing
through Q3 (IQ3(max)) can be calculated as:

IQ 3(max) 

(Vo (max)  VFB ) V FB

 19.02uA
R3
R5

(2)

So the resistors R16 can be calculated by the following equation:

R16 

V envelop(max)
I Q 3(max)

 42.2k

(3)

Where


Venvelop(max)= 800mV(two times of the maximum amplitude of the input audio signal).

The design theory of this test report mainly focus on the envelope tracking circuit calculate. For the
power stage and compensation network calculate, please refer to the TPS61178 datasheet.
Figure 2.2 shows the power amplifier part schematic of the TI design PMP15036. TPS3128D2 is a
class-D amplifier with low idle loss. The gain of the TPA3128D2 is set at 32DB (31DB - 33DB) in this TI
design. So when the peak amplitude of the input audio signal is 400mV, the output voltage can reach
16V(17.86V at worst case). For the other key components selection, please refer to the TPA3128D2
datasheet.
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Figure 2.1 Schematic of the PMP15036 (Boost Converter)

Figure 2.2 Schematic of the PMP15036 (Power Amplifier)
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Test Result
Figure 3 shows the output voltage of the boost converter TPS61178 versus the amplitude of the input
audio signal. The output voltage rises linearly with the increase of the audio signal.

Figure 3 VO VS. Audio Signal

Figure 4.1, Figure 4.2 , Figure 4.3 and Figure 4.4 show the output voltage transition of the boost
converter TPS61178 from VO(min) to VO(max) when the input audio signal steps up from 0mV to 400mV
(Vin=7.2V, Rload=8 ohm).The TPS61178’s output voltage rises up from the lowest value to the highest
value within around 1.5ms at this big audio signal step. The TI design PMP15036 uses two 220-uF
electrolytic capacitors at the TPS61178’s output side, which act as the decoupling capacitor of the
TPA3128D2. If changing the two 220-uF electrolytic capacitor to two 100-uF electrolytic capacitors, the
TPS61178’s output voltage can rise from VO(min) to VO(max) within 1ms in the worst case conditions,
which can meet most of the applications at the customer side.

Figure 4.1 Output Voltage Transition at faudio=20kHz

Figure 4.2 Output Voltage Transition at faudio=2kHz
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Figure 4.3 Output Voltage Transition at faudio=500Hz

Figure 4.4 Output Voltage Transition at faudio=50Hz

Figure 5 shows the waveforms of the input audio signal and the output voltage of the TPS61178 while
playing music. The output voltage of the TPS61178 changes in accordance with the change of the
input audio signal.

Figure 5 Output Voltages of the TPS61178 while Playing Music

Figure 6 shows the efficiency comparison result of the TI design PMP15036 envelop tracking solution
with the traditional fixed supply voltage solution. With the TI design PMP15036, the conversion
efficiency at the low music volume can be greatly improved. The efficiency is more than 20% higher
than that of the fixed supply voltage solution. In most of the real application conditions, the music
volume is low or medium, so with the TI design PMP15036 solution, the battery lifetime can be greatly
prolonged.
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Figure 6 Efficiency Comparison Result (Vin=7.2V, Ro=4 ohm)
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES
Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
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
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such TI products as used in such applications. TI has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.
You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
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
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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