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ABSTRACT
The TPA3136D2 and TPA3138D2 Class D audio power amplifier are the latest TI analog input amplifiers
that use advanced PWM switching techniques for reducing electromagnetic interference (EMI) without
degrading audio performance. This application note describes the system design and printed circuit board
(PCB) guidelines used to maximize the technology employed in the TPA3136D2/TPA3138D2 device.
These techniques include the EMI suppression without the need for expensive inductor filters and the
reduction of external component count.
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1 General Overview
The emphasis on green technologies and sleek-looking electronics (such as the flat-panel TV) has lead
manufacturers to produce space-efficient and attractive products without sacrificing performance. The
TPA3136D2/TPA3138D2 mono/stereo Class D audio power amplifier provides Class AB audio
performance using only the PC board as a heat sink due to its high efficiency. In addition, the
TPA3136D2/TPA3138D2 device has advanced PWM modulation and switching schemes that help reduce
EMI while eliminating the need for the traditional Class D output filter. PWM filtering requires only smaller
and less expensive RF filter components. No external heat sink and less RF filtering result directly in a
smaller PC board.

Discussions in the following sections explain the PC board layout practice and external components
selection in order to achieve optimal audio performance and pass electromagnetic compatibility (EMC)
specification EN55022.
• Section 2 describes the advanced emission suppression techniques used to combat EMI.
• Section 3 discusses the PC board design guidelines for audio quality and EMC.
• Section 4 shows the EMC results for TPA3136D2 EVM.

2 Advanced Emission Suppression

2.1 Spread Spectrum Modulation
EMI is electromagnetic radiation emitted by electrical systems with fast-changing signals that are common
to the outputs of a class D audio power amplifier. EMI encompasses two aspects: emission and
susceptibility. Emission refers to the generation of unwanted electromagnetic energy by the equipment.
Susceptibility, by contrast, refers to the degree in which the equipment is affected by the electromagnetic
disturbances. EMC is achieved by addressing both emission and susceptibility issues. The
TPA3136D2/TPA3138D2 device has advanced emission suppression technology which enables the
device to run without an LC filter with speaker wires up to one meter long and still meet the EMI regulatory
standards such as EN55022, CISPR 22, or FCC Part 15 Class B.

The TPA3136D2/TPA3138D2 device features an advanced spread-spectrum modulation mode with low
EMI emission to lower the overall system cost. This reduced system cost is achieved by replacing large,
expensive LC output filters with small, low-cost ferrite beads filters. The spread spectrum modulation
scheme exhibits less EMI by flattening the wideband spectral components from the speaker cables and
still retains the high-efficiency feature of a traditional class D amplifier such as the TPA3110D2 device.

Figure 1 shows the topology of a conventional (no spread spectrum) BD modulation class D amplifier. The
BD switching technique uses an internally generated triangular waveform with a fixed frequency and a
complementary signal pair at the input stage. The output PWM changes the duty cycle to generate a
moving average of the signal that corresponds to the input analog signal. The advantages of PWM
switching topology is high efficiency, which provides low power consumption and small thermal design.

Figure 1. Class D Audio Amplifier
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Figure 2. Fixed-Frequency Mode Modulation

The TPA3136D2/TPA3138D2 device has built-in spread spectrum modulation (SSM) control of the
oscillator, which has improved EMI performance over conventional fixed-frequency modulation mode. In
the FFM mode, the frequency of the triangular waveform is fixed as Figure 2 shows. In SSM mode, the
frequency of the triangular waveform varies by ±10% cycle-to-cycle with a center frequency at about 315
kHz. SSM mode improves EMI emissions radiated by the speaker wires by spreading the energy over a
larger bandwidth and reducing the wideband spectral content. On the other hand, FFM produces larger
amounts of spectral energy at multiples of the PWM switching frequency. The cycle-to-cycle variation of
the switching frequency does not affect the efficiency of the audio amplifier. Figure 3 shows the effects of
the frequency variation on the triangular waveform.

Figure 3. Spread-Spectrum Mode Modulation

Compared to the traditional FFM class D amplifier, the spread-spectrum scheme has reduced the peak
energy of the switching frequency and lessens harmonics. Figure 4 shows a comparison of FFM and SSM
modulation.
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Figure 4. Comparison of FFM and SSM Modulation

2.2 Dephase
In addition to the spread spectrum technology, the TPA3136D2/TPA3138D2 device employs dephase
circuits to further reduce electromagnetic emission without degrading audio performance.

The dephase circuit improves EMI and noise performance by interleaving the switching timing between the
two audio channels. This improved EMI and noise performance reduces conducted emission on the PVCC
line because the output ripple current of the two audio channels will be out of phase, and the ripple peak
current from the PVCC line is reduced to half value.

3 Printed Circuit Board Design for EMC

3.1 Printed Circuit Board Layout
It is necessary to follow recommended PC board guidelines for EMC success. Proper PC board floor
planning, component selection, component placement, and routing are all essential to counter EMI.
Emissions are exacerbated by improper layout, components, and output trace length causing antenna
effect. Practical PC board design guidelines for achieving EMC include:
• Place the high-frequency decoupling capacitors as close to the power pin and ground pin of the device

as possible to reduce the parasitic inductance of the trace. To ensure low AC impedance over a wide
frequency range for noise reduction, use good quality, low-ESR, 1-nF ceramic capacitors. For mid-
frequency noise due to PWM transients, use another good quality, 0.1-µF ceramic capacitor placed as
close as possible to the PVCC leads.

• Use a continuous ground plane and avoid voltage offset on the ground planes whenever possible.
• Low impedance routing back to source (return signal)
• Power planes should be away from the edges of the PC board.
• Proper filtering of the PC board connectors
• Place EMC snubbers and ferrite bead filters as close as possible to the IC. Minimize unfiltered loops

and trace length as well as stray inductance.
• Keep amplifier output traces to the speaker as short as possible. PC board traces and the speaker wire

are the largest sources of emission.

For more detailed information, use the TPA3136D2EVM user guide and the TPA3136D2EVM Gerber for
reference.
• TPA3136D2EVM user guide (SLOU444)
• TPA3136D2EVM Gerber (http://www.ti.com/tool/TPA3136D2EVM)

http://www.ti.com
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3.2 Ferrite Bead Filter
Low-cost ferrite bead filters are used to suppress EMI. They are placed close to the amplifier output to
minimize loop antennas. At low frequencies, ferrite beads act as 0-Ω resistors with no DC drop. However,
the impedance of the ferrite beads increases significantly at frequencies above 1 MHz to suppress
radiation. Ferrite beads also play a significant role on the THD+N of the system. Examples of ferrite beads
which have been tested and worked well with the TPA3136D2 device include the NFZ2MSM series from
Murata. If other ferrite beads are used, the EMC testing must be repeated to ensure compliance. The
typical ferrite bead recommend for TPA3136D2 is NFZ2MSM601SN10 and NFZ2MSM301SN10. For Asia
customers, some other suitable ferrite beads include: UPZ2012E601-2R0TF and UPZ2012E331-2R5TF.

3.3 Power Supply and Speaker Wires
When performing the conducted emission test, it is essential to keep the AC power cable away from the
speaker cables. This prevents stray signals from coupling to power source and other potential unintended
radiators or conductors.

In the cast of a DC power supply, not all customers need to pass conducted EMI because they use battery
as the power supply source. When compared with an AC power supply module, DC power supply
modules usually do not have any EMI filters. In order to achieve enough conducted EMI margin, add a
simple EMI filter on PVCC for the TPA3136D2. Refer to AN-2162 Simple Success With Conducted EMI
From DCDC Converters (SNVA489).

4 TPA3136D2 EVM EMI Results
The following sections show the EMI test results from a certified EMI test Lab with a TV power supply
module which is widely used in the Asia market. The passing margins are greater than 10 dBuV, in most
cases.

The following radiated EMI plots are taken with standard EVM configuration and BOM components.

The conducted EMI plots are taken using the same EVM configuration but with a TV power supply.

4.1 EN55013 Radiated Emission Results
TPA3136D2 EVM, PVCC = 12 V, 8-Ω load, up to 1-meter speaker cable, Po = 4 W, ferrite bead is
UPZ2012E601-2R0TF.

Figure 5. Radiated Emission – Horizontal Pre-Scan
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Table 1. Radiated Emission Margins – Horizontal

Frequency
(MHz)

Limit
(dBuV/m)

Q-Peak
(dBuV/m)

Margin
(dB)

75.7114 40.00 32.19 –7.81
121.1231 43.50 33.19 –10.31

Figure 6. Radiated Emission – Vertical Pre-Scan

Table 2. Radiated Emission Margins – Vertical

Frequency
(MHz)

Limit
(dBuV/m)

Q-Peak
(dBuV/m)

Margin
(dB)

33.4449 40.00 35.49 –4.51
37.4165 40.00 36.00 –4.00
79.5209 40.00 33.41 -6.59
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4.2 EN55022 Conducted Emission Results
TPA3136D2 EVM, PVCC = 12 V, 8-Ω speakers, Po = 4 W , ferrite bead is UPZ2012E601-2R0TF.

Figure 7. Conducted Emission – Line Pre-Scan

Table 3. Conducted Emission Margins – Line

Frequency
(MHz)

QP Limit
(dBuV/m)

QP Readings
(dBuV/m)

QP Margin
(dB)

0.1500 66.00 46.4 –19.60
0.1815 64.40 46.4 –18.00
0.3300 59.50 45.1 –14.40
0.5270 56.00 45.4 –10.60
1.4675 56.00 38.5 –17.50
9.1895 60.00 48.8 –11.20
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Figure 8. Conducted Emission – Neutral Pre-Scan

Table 4. Conducted Emission Margins – Neutral

Frequency
(MHz)

QP Limit
(dBuV)

QP Readings
(dBuV)

QP Margin
(dB)

0.1815 64.40 46.5 –17.90
0.5360 56.00 44.2 –11.80
0.7385 56.00 38.7 –17.30
4.4735 56.00 36.4 –19.60
9.1895 60.00 49.1 –10.90
9.7115 60.00 43.8 –16.20

5 Conclusions
The TPA3136D2/TPA3138D2 device has the advanced RF emission suppression technology that helps to
design an EMI-compliant audio system without compromising cost and performance. The
TPA3136D2EVM User’s Guide (SLOU444) and TPA3138D2 User's Guide (SLOU503provides the details
of the schematic and BOM. By adhering to the guidelines discussed in this report, EMI requirements can
be met and costly PC board rework may be avoided.

For further questions and discussions on this topic, go to the TI E2E Forums (http://e2e.ti.com/).

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOA234A
http://www.ti.com/lit/pdf/SLOU444
http://www.ti.com/lit/pdf/SLOU503
http://e2e.ti.com


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 non-
compliance 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).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated

http://www.ti.com/sc/docs/stdterms.htm
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/sc/docs/sampterms.htm

	TPA3136D2 and TPA3138D2 Design Considerations for EMC
	1 General Overview
	2 Advanced Emission Suppression
	2.1 Spread Spectrum Modulation
	2.2 Dephase

	3 Printed Circuit Board Design for EMC
	3.1 Printed Circuit Board Layout
	3.2 Ferrite Bead Filter
	3.3 Power Supply and Speaker Wires

	4 TPA3136D2 EVM EMI Results
	4.1 EN55013 Radiated Emission Results
	4.2 EN55022 Conducted Emission Results

	5 Conclusions

	Important Notice

