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ABSTRACT

Audio power amplifier (APA) outputs are sometimes connected to other voltage sources, by design or
mistake. If the connected source can force enough voltage at an APA output, it may damage the APA.
This paper explains limits that must be observed to avoid damage and describes how it can happen, so it
can be avoided by design.

Description

Multiple APAs may be connected to one output circuit by design, to multiplex different sources or to
connect an external amplifier to save battery life; or, one amplifier output may be connected to another or
to a power supply by mistake. Any of these connections can force APA outputs to abnormal voltages, and
this can cause damage to an APA. This paper provides information needed to resolve this issue during
circuit design, to avoid damage.

Damage can occur if an APA is active or shut down. When they are active, most APAs protect their
outputs with short-circuit protection (SCP) or over-current protection (OCP), but the range of voltages they
can tolerate is still the same.

Generally voltages forced at APA outputs must be limited as follows to avoid damage.

1. APA outputs should not be forced more than 0.3V above their positive power supply voltage, VDD (or
VCC), or more than —0.3V below their negative power supply voltage, Ground or VSS.

Single-supply APAs operate between a positive power supply, VDD (or VCC) and Ground.
DirectPath™ APAs operate between a positive power supply, usually called VDD, and a negative
rail, usually called VSS, generated from VDD with a switching circuit. VSS is generally lower than
the negative of VDD.

Some DirectPath™ APAs regulate primary VDD to a lower level for their outputs, HPVDD, and
generate a negative rail, HPVSS, from HPVDD, to control maximum output power. Their outputs
must not be forced more than 0.3V above HPVDD or more than —0.3V below HPVSS.
TPA6130A2 regulates its negative rail, CPVSS, to —2.8V, as long as its VDD is above 2.8V. When
VDD is below 2.8V, CPVSS falls as VDD falls.

This table may be helpful in understanding the different supplies in various DirectPath™ APAs.
Supplies for devices not included here can be determined by comparing to this list. Supply labels
may be different from the labels shown in the table.

Device TPA4411 TPAG130A2 TPAG132A2 TPAG136A2

Supply + SVDD VDD HPVDD HPVDD

Voltage 1.8-4.5 2.5-5.5 1.8 1.8

Supply — SVSS CPVSS HPVSS HPVSS

Voltage ~(-SVDD) | ~ (~VDD), VDD < 2.8V; -1.8 -1.8
~-2.8V, VDD = 2.8V

2. APA outputs must never be forced beyond Absolute Maximum Ratings for supply voltages.

For single-supply APAs, this includes VDD (or VCC).
For DirectPath™ APAs like TPA4411, this includes SVDD and SVSS.

For DirectPath™ APAs like TPA6132A2, this includes HPVDD and HPVSS.
In some cases no Absolute Maximum Rating is given for VSS/HPVSS. In these cases use the
negative of the maximum Recommended Operating voltage for VDD/HPVDD.

DirectPath is a trademark of Texas Instruments.
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How APAs Respond to Voltages Forced at Their Outputs

When shut down, APAs have different resistances at their outputs, ranging from a few ohms to several
kilohms to high impedance. If another source is connected to an APA output and it can drive the
resistance there, it will force its voltage at the APA output.

When active, most class-AB devices have continuous current limiting for SCP. This kind of APA holds its
output at its intended output voltage until it is forced into SCP or OCP by the other source. Then it
continues to draw its limit current, but its output voltage is forced by the other source.

If an APA continues to draw its limit current, it may overheat and go into thermal shutdown. Then its
output voltage is forced entirely by the other source. When the APA cools down enough, it will turn on
again, and this cycle will continue as long as the other source is connected.

A typical Class-D APA holds its output at its intended output voltage until it is forced into SCP or OCP.
Then it shuts down and its output voltage is forced by the other source, without drawing significant current,
as long as proper voltage limits are observed. Class-D APAs with cycle-by-cycle OCP generally behave
like continuous current limiters until they shut down.

How Damage Occurs

If another source is connected to an APA output when it is shut down, it will force the APA output to follow
its voltage. If the APA is active and the other source can supply enough current to force the APA into SCP
or OCP, the other source will then force the APA output to follow its voltage. There are several different
ways in which damage can be done.

1. Damage to output device body diodes. (Output devices are FETs with body diodes that are reverse
biased in normal operation.)

« If an output of a single-supply APA is forced more than 0.3V above VDD (or VCC) or more than
—0.3V below ground, one of the body diodes may become forward biased and conduct current, and
this current may damage the diode.

« If an output of a DirectPath™ APA is forced more than 0.3V above VDD/HPVDD or more than
—0.3V below VSS/HPVSS, one of the body diodes may become forward biased and conduct
current, and this current may damage the diode.
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2. Overvoltage at power supplies.

» Even if these currents do not damage a body diode, they may flow to VDD/HPVDD or
VSS/HPVSS. VDD/HPVDD and VSS/HPVSS typically only source current, so the diode currents
may charge them beyond their absolute maximum voltages, and this may damage the APA.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions  www.ti.com/lprf Video and Imaging www.ti.com/video
Wireless www.ti.com/wireless-apps
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