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1 System Description
This stereo audio subsystem uses two TAS2770 devices for improved audio capabilities over CODEC
solutions. The TAS2770 is highly configurable to various audio input formats and has integrated speaker
voltage and current sensing, which can be used to determine the maximum audio signal while
simultaneously protecting against thermal and mechanical failure mechanisms.
This design incorporates a simple power solution to provide the necessary rails to operate and interface
with the TAS2770 device. The user is only required to provide VBAT with a supply ranging from 4.5V to
16 V.
For ease of use, this design incorporates an XMOS device, which allows for testing and development
using a USB interface. If desired, however, the board can be set to accept external I?C and I°S bus
connections to test using another system, such as an audio analyzer.
After connecting the device to a PC running PurePath™ Console 3 with the TAS2770-specific application,
the user can quickly and easily configure the device. Among the many features of the TAS2770 is a
battery protection output limiter. This limiter controls the automatic gain control to help maintain a quality
audio output while preventing excessive demand on the battery system. Brownout protection is also
included to protect the system from failing due to potential demands generated by the audio system. In
addition, the designer can configure the inter-chip limiter alignment (ICLA) to ensure that, while in a
multichannel configuration, all the channels that are actively grouped together attack equally to maintain
audio continuity and balance.
1.1 Key System Specifications
Table 1. Key System Specifications
PARAMETERS SPECIFICATIONS
Power supply 4.5-V to 16-V DC
Digital interfaces I2S, I°C, SoundWire, pulse desnity modulation (PDM)
TAS2770EVM stereo power consumption Section 3.2.2.1
SPL Section 3.2.2.2
Idle channel noise Section 3.2.2.2
THD+N versus frequency Section 3.2.2.2
THD+N versus power Section 3.2.2.2
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2 System Overview
2.1 Block Diagram
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Figure 1. TIDA-01572 Block Diagram
2.2 Design Considerations
221 RJQ Layout

The quad-flatpack, no-lead (QFN) HotRod™ package allows for improved connections to the die by
eliminating wire bonds by attaching the die directly to the lead frame. This configuration has better
electrical and thermal characteristics than standard QFN packages, which improves the overall power
delivery and audio performance. The leads in this package type are customizable to best suit the
requirements of the device. However, due to the unique shape of the pads and relative pitch available in
this package, some caution must be exercised to ensure proper installation. Due to the relative proximity,
shape, and size of pins 1 and 26 and pins 9 and 10, pins may become shorted through a solder bridge if
too much solder is used to attach the device. Leave some margin near the inner extremities of the pads
where the spacing is tight to help eliminate this risk. For more details regarding the use of this package
and layout best practices, see HotRod QFN Package PCB Attachment Application Report. Figure 2 shows
an example layout. See the Gerber files in Gerber Files .
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2.2.3

Figure 2. TIDA-01572 Reference Layout

Follow these guidelines during layout:

» Do not use vias for traces that carry high current. Such examples include the traces for VBAT, PGND,
SPK_P, and SPK_M.

» Use epoxy-filled vias for the interior pads.

* Connect VSENSE+ and VSENSE- as close as possible to the speaker. VSENSE+ and VSENSE-
must be connected between the electromagnetic interference (EMI) ferrite filter and the speaker if EMI
ferrites are used on SPK_P and SPK_M.

» Use a ground plane with multiple vias for each terminal to create a low-impedance connection to GND
for minimum ground noise.

» Use supply decoupling capacitors as shown in the schematics (see Schematics ).
» If using EMI ferrites, place them close to the device.

Power

This device operates from a 4.5-V to 16-V VBAT supply where each channel is capable of driving a 4-Q
load with up to 15 W. A barrel jack connection is available on this evaluation module (EVM) for
convenience; however, when using this connection, note the importance of selecting a supply with an
appropriate current limit for the desired power levels. This connection is ideal for use in portable
demonstrations.

Screw-down terminals that can accommodate other supplies are also available. This terminal is ideal for
lab testing while using a programmable bench top supply.

The onboard power supplies accept voltages within the specified operating range to generate 1-V, 1.8-V,
and 3.3-V rails. These rails drive the various peripherals to the TAS2770 and drive the AVDD and IOVDD
pins of the device.

Digital Audio Inputs

For ease of use, this design implements a USB controller to host IS and I°C interfaces. When connected
to a PC with PurePath™ Console 3 (PPC3) installed, a convenient and easy-to-use graphical user
interface (GUI) is available to assist the user in configuring the device.

In addition, there is onboard multiplexing that allows the user to provide inputs for both of these buses
from an external source. If desired, multiple boards may be connected together to create a four-, six-, or
eight-channel configuration. The user can configure the TAS2770 device for ICLA, which allows each
device that shares the same SDOUT data line to monitor the state of other channels. Devices that are
programmed to monitor each other's limiter settings act together to provide consistent audio levels among
all channels.

For more information, see Section 3.1.3.3.
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2.3.2

2.3.3

234

Highlighted Products

TAS2770

The TAS2770 is a mono, digital input Class-D audio amplifier optimized for efficiently driving high peak
power into small loudspeakers. The Class-D amplifier is capable of delivering 14.2 W of peak power into a
4-Q load while sustaining 11.6 W continuously with less than 0.03% THD+N at a battery voltage of 12.6 V.

Integrated speaker voltage and current sense allows for real-time monitoring of loudspeaker behavior. A
battery-tracking, peak-voltage limiter with brownout prevention optimizes amplifier headroom over the
entire charge cycle of 2S or 3S battery systems.

Up to eight devices can share a common bus using either I°S or test data management (TDM) + I>C.

The TAS2770 device is available in a 26-pin, 0.4-mm pitch QFN for a compact printed-circuit board (PCB)
footprint.

TL760M33

The TL760 is an integrated linear-voltage regulator featuring operation from an input as high as 30 V. The
TLV760 has a maximum dropout of 1.2 V at the full 100-mA load across the operating temperature.
Standard packaging for the TLV760 is the three-pin, SOT-23 package.

The TL760 is available in 3.3 V, 5V, 12 V, and 15 V. The SOT-23 packaging of the TL760 series allows
the device to be used in space-constrained applications. The TL760 is a small-size alternative to the
LM78Lxx series and similar devices. This application uses the 3.3-V version of this device.

The TL760 is designed to bias digital and analog circuits in applications that are subject to voltage
transients and spikes up to 30 V—for example, appliances and automation applications. The device has
robust internal thermal protection, which protects itself from potential damage caused by conditions like
short to ground, increases in ambient temperature, high load, or high dropout events.

TPS73618

The TPS736xx family of LDO linear voltage regulators uses a new topology—an NMOS pass element in a
voltage-follower configuration. This topology is stable using output capacitors with low equivalent series
resistance (ESR) and allows operation without a capacitor. The topology also provides high reverse
blockage (low reverse current) and ground-pin current that is nearly constant over all values of output
current.

The TPS736xx uses an advanced BiCMOS process to yield high precision while delivering low dropout
voltages and low ground-pin current. Current consumption, when not enabled, is under 1 pA and ideal for
portable applications. The low output noise (30 uVgys With 0.1-uF CNR) is ideal for powering voltage-
controlled oscillators (VCOs). These devices are protected by a thermal shutdown and foldback current
limit.

The TPS73618 generates a 1.8-V supply in this application to provide AVDD and IOVDD.

TPS62085

The TPS62085 device is a high-frequency synchronous step-down converter optimized for a small solution
size and high efficiency. With an input voltage range of 2.5 V to 6 V, this device supports common battery
technologies. The device focuses on high-efficiency step-down conversion over a wide output current
range. At medium-to-heavy loads, the converter operates in pulse-width modulation (PWM) mode and
automatically enters power save mode operation at light load to maintain high efficiency over the entire
load current range.

To address the requirements of system power rails, the internal compensation circuit allows a large
selection of external output capacitor values ranging from 10 pF to 150 pF. Together with DCS-Control
architecture, excellent load transient performance and output voltage regulation accuracy are achieved.
The device is available in a 2-mm x 2-mm QFN package.
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System Design Theory

TAS2770 is a mono, digital input Class-D amplifier. To achieve stereo or higher channel-count
configurations, multiple devices can share the I>S data bus to provide ICLA. This design pairs two units to
accomplish the stereo application, but the designer may pair multiple boards to create four-, six-, or eight-
channel solutions.

The VBAT supply range of TAS2770 pairs well into the PC and notebook space. The built-in limiter helps
with battery tracking to automatically adjust gain to keep the outputs within the user-specified limits. When
ICLA is implemented, the paired devices respond to changes in each other's gain settings to provide
balanced control while smoothly adjusting to stay within the operating limits of the battery supply.

This design is intended to accommodate uses for evaluating performance in a controlled environment and
to easily provide access to audio streaming over USB. The design also allows the user to drive the inputs
from an audio analyzer or other system with accessible I>S or I°C signals.

Suitable onboard power is also provided to simply integration and testing. The user is only required to
provide a VBAT voltage in the range of 4.5V to 16 V.

6
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3 Hardware, Software, Testing Requirements, and Test Results

3.1 Required Hardware and Software

3.11

3.12

3.1.3

3.1.3.1

Hardware

TAS2770EVM stereo board

4.5-V to 16-V wired DC bench top supply or barrel jack
Speakers rated at or above expected output power
USB-A to USB-B micro cord

Software

PurePath Console 3 (PPC3)—available from MySecureSoftware
TAS2770 PPC3 App—downloaded within PPC3

Media player

User Configuration

Stereo Setup
Install PurePath Console 3 with the TAS2770EVM-STEREO plug-in.

Connect the first speaker to J10 on the EVM. Alternatively, J23 and J24 can be used for speaker

connections.

Connect a second speaker to J29 on the EVM. Alternatively, J28 and J30 can be used for speaker

connections (see Figure 3).

Attach a power supply to connector J9. There is also an alternate barrel jack connector (J19) adjacent

to this connector.

Set jumper J13 to select the desired I’C address for channel 1.

Set jumper J31 to select the desired 1°C address for channel 2.
Connect the EVM to a Windows® 7+ PC with a micro-USB cable (J16).

i .b.l-

For evaluatiori only; . -'-'-
not FCC approvedtfor résales *  * 2l

INSTRUMENTS
770EVM—Stereo

< o — |wea _|ase
TN - @
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Figure 3. TAS2770EVM-STEREO Stereo Configuration
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8. Verify that the EVM is the default playback device by opening the sound dialog from the Windows
Control Panel (see Figure 4).

f 5 W
i Seuind = O Speskers Properties ]
Pusyback | Recordng | Seunds | Communications | General | Leveis | Enhancements | Advanced
Select a playback devce below Lo modify its settings Defauit Format
] Felect the sample rate and bit depth to be used when running
Speaker; iy shared made,
@ O

: - Lot o, 42000 i fstucto Qualt. ] [ peem ]
Speakers
) Pttt ot o Extlusive Made

Allow applications to take excbucive controd of this device

| Configure ef i 1= | Fropesties | Restore Defaunty |

o | cancs togd o | Cancel

Figure 4. Playback Device Settings
9. Set the sampling rate using the Windows setting by opening Properties — Advanced. The
TAS2770EVM-STEREO supports 44.1-KHz and 48-KHz sampling rates.

10. Set the bit depth as desired using the Texas Instruments Audio Control Panel, which is accessible
from the system tray shown in Figure 5.

11. Proceed to configure the device using PPC3.

[Status | Fomat | Buffe Settings | Volume [ nfo_|
I I

|8 channels, 32bts. )

Cutput

(8 channels, 32 bts -]
8 channals, 24 bits

8 charnels. 32 bits
8 channels, 16 bits

Figure 5. Texas Instruments Audio Control Panel
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3.1.3.2 Mono Setup
1. Install PurePath Console 3 with the TAS2770EVM-STEREO plug-in.

2. Connect the first speaker to J10 on the EVM (see Figure 6). Alternatively, J23 and J24 can be used for
speaker connections.

3. Attach a power supply to connector J9. There is also an alternate barrel jack connector (J19) adjacent
to this connector.

4. Set jumper J13 to select the desired I>C address for channel 1.
5. Connect the EVM to a Windows 7+ PC with a micro-USB cable (J16).

SO cB8Bas w7 | - | VBAT _ |45-16V
o SRR TN . @ o o
. 53 Biris” ce CJTAG .19\,:: S a?v » . u - .- -
: T CBA-~ . paesi--€32 . [EEes) L .. ool ¢ . . .
. @ ::927::::"“-...(;;38 B RDY. . . @D . G0 _+ -'@ .
A . =N oo a® S0 o 5 e For evaluation only;  * . . =
v, w";% g?wcg’éi:;:’ Eﬁ b | notFCCa;zrovet:l'forrytasale:'. » §§ c\D
JI|®] vee sBLECT R - L] . . .
v : BE8. : : -
®ORQz( | [t 6D .. @GND
®eshz|( - .o - - © . &‘S;é::::ct»@. £
® @SDA @@® @® @rw-t - @SBCK -

TAS2770EVM—Stereo AMPS028E2

Figure 6. TAS2770EVM-STEREO Mono Configuration

6. Verify that the EVM is the default playback device by opening the sound dialog from the Windows
Control Panel, as shown in Figure 4.

7. Set the sampling rate using the Windows setting by opening Properties — Advanced. The
TAS2770EVM-STEREO supports 44.1-KHz and 48-KHz sampling rates.

8. Set the bit depth as desired using the Texas Instruments Audio Control Panel accessible from the
system tray shown in Figure 5.

9. Proceed to configure the device using PPC3.
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3.1.3.3  Multichannel Setup

1. Install PurePath Console 3 with the TAS2770EVM-STEREO plug-in
2. Connect up to four TAS2770EVM-STEREOSs together using connectors J5 and J7 (see Figure 7).
3. Attach a power supply to each board.
4. The left-most board must have jumpers set to match the stereo configuration. On all other boards,
insert a jumper on J2 and J6 (see Figure 7 for details).
5. Set jumpers J13 and J31 on each board to a unique address.
6. Configure the sampling rate and bit depth as discussed in Section 3.1.3.2 steps six through eight.
7. Proceed to configure the device using PPC3.
8. Connect the left-most EVM to a Windows 7+ PC with a micro-USB cable (J16).
T e ] o [ [
ile o} ' & 19y m_n ®
H- / C ' ,‘. . H
=@, @) . f
3 OUTI-| ouTi+ o 33882 oim ; ‘
' . 90 = \QQ"A %‘Exs?sUMENTSOM \Qg- VS%*WO.
: : outt__ TAS2770EVM—Stereo AMPSO28E2 - OUT2 - ® -
Figure 7. Multichannel Setup
10 Stereo Audio for PC Reference Design TIDUDP1-April 2018

Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUDP1

13 TEXAS
INSTRUMENTS

www.ti.com

Hardware, Software, Testing Requirements, and Test Results

3.1.34

The various digital audio interfaces on the TAS2770 reference board can be selected through hardware

Digital Audio Interfaces

settings and software settings. Several headers close to the TAS2770 device allow access to the following
digital audio signals:
IS Data Out (SDOUT) from the TAS2770 (for example, current and voltage sense data)

I’S Data In (SDIN) to the TAS2770

IS Word Clock or frame sync (FSYNC)

I’S Bit Clock (SBCLK)

PDM Clock (PDMCLKO)—Optional input source for TAS2770
PDM Clock (PDMCLK1)—Optional input source for TAS2770
PDM Data (PDMDO0)—Optional input source for TAS2770
PDM Data (PDMD1)—Optional input source for TAS2770

I’C Clock (SCLK)

I’C Data (SDA)

TAS2770 can be configured for SoundWire mode:

SoundwireSM clock—SBCLK
SoundwireSM data—SDOUT
SoundwireSM address—SDA
SoundwireSM address—FSYNC
SoundwireSM address—SCL

A jumper inserted in the SW slot of J13 sets the TAS2770 device to SoundWire mode. Then, the designer
can set J11 as desired to configure the device address.

Jumpers J2 and J6 control the selection between the USB (internal) and external inputs. These jumpers

set the TDM and I°C, respectively.
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3.1.3.4.1 Digital Audio Interface Selection

3.1.34.11 USB

The TAS2770 reference board contains an XMOS microcontroller (MCU) that acts as a USB human
interface device (HID) and USB-class audio interface. To select USB, remove jumpers J6 and J2. Insert a
jumper in J12.

.. .. S/ wﬁm I-.o.oool. : S lmj . Q; ( J . 16v.
S e g L RN O 33v . -
@®
GND

1 co4= =~ ,.m--caz D3 . . .
© | @6 Few . Mies USBROY . . @M . - - @0 F - [
. . N - c Y & 5 . For evaluation only; =~ : IC'-

not FCC approved-for resale:  *  *

‘SWWESL QUTIN - oUTP

Qm ..2@ it

OUTI- 0UT1+ Pom 33335_' ouT2- oUT2+ P2 .
s @
I’NSTRUMENTS VSNS2- VSNS2+
TA8277C£VM-Stereo AMPSO2BE2 - oulz_ - ®

Figure 8. USB Audio Input Configuration
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3.1.3.4.1.2 Direct (AP/PSIA)

Insert a jumper on J2 and connect the external digital audio source (for example AP or PSIA) to the
external input header pin. The odd-numbered pins on this header provide a ground for each signal.
Figure 9 shows this configuration. Note that the jumper setting for J1 must reflect the logic level of the

external source.

.. .. S O °¥$-$'§' . J'7|l.....QI . o | .m] . W:: { ) . o :
S e g, JTAG gv 33V . -
) . * 0 = i-=-032 . [N BD3 o o O . . .
© ) @60 Gy i M-osgUsERY. . @60 o '“+'-.'©'
e - clE Ficwge - .| not FOG mrovedtor tsaler, © -+ D
[, e g B - L ,
58

i3 TEXAS
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Figure 9. AP/PSIA Input Configuration
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3.2 Testing and Results

3.21 Test Setup

Stereo audio for PC design testing was carried out using the TAS2770EVM-STEREO configured for
external 12S inputs while using I°C inputs controlled over USB and the PPC3 audio.

Acoustic tests were performed using 8-Q compatible speakers with a recommended operating power of
25 W at a distance of 1 m.

Electrical tests were performed using an Audio Precision® 2700 series analyzer with the accompanying
AUX-0025 passive filter. The TAS2770 was loaded with an 8-Q resistor in series with 33-pH inductance to
emulate a real speaker. All typical characteristics for the devices are measured using the bench EVM and
an Audio Precision SYS-2722 Audio Analyzer. A PSIA interface allows the IS interface to be driven
directly into the SYS-2722. The SPEAKER OUT terminal is connected to the Audio Precision Analyzer
inputs as shown in Figure 10. A differential to single-ended (D2S) filter with a first-order passive pole at
120 kHz is added. This addition ensures that the high-performance Class-D amplifier detects a fully-
differential-matched loading at its outputs and while detecting no measurable degradation in performance
due to the loading effects of the AUX filter on the Class-D outputs.

VAN
1kQ
0.01%

1kQ
0.01%

spk_p ke

AN/ l +
’ AP
680pF AUX-0025 SYS.9722
+
SPK_N 1kQ
VA * 0.01%

1kQ AA A

1kQ
0.01%

Figure 10. Differential to Single-Ended (D2S) Filter

The design was powered using an Agilent® bench top supply set to 16 V. Current measurements were
taken using an Agilent digital multimeter.

3.2.2 Test Results
3.2.2.1 Power Consumption

Table 2. TIDA-01572 Power Consumption

PARAMETER CONDITIONS SUPPLY VALUE UNITS
Hardware shutdown 178 A
- m
TAS2770 EVM St?reO Software shutdown EVM supply 180
current consumption
Idle channel 208 mA
VBAT 0.2
Hardware shutdown AVDD 0.1 HA
I0VDD 0.1
VBAT 0.5
TAS2770 current Software shutdown AVDD 9.1 HA
consumption
I0VDD 0.1
VBAT 5.25
mA
Idle channel AVDD 9.72
I0VDD 8.9 HA
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3.2.2.2  Amplifier Performance

10%
1%
9
T 0.1%
o
P
a
I 0.01%
l_ Jﬂm— -~
w"‘/ .
0.001%
0.0001%
20 200 2000 20000
Frequency (Hz)
Figure 11. TIDA-01572 THD+N versus Frequency at 1 W, VBAT =12V
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Figure 12. TIDA-01572 THD+N versus Output Power at 1 kHz
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Figure 13. TIDA-01572 SPL at 1 m, VBAT = 12 V, While Playing Music
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Figure 14. TIDA-01572 Power Efficiency, VBAT =16 V

-- Reading -

ichion ;| Amplitude -

Figure 15. Idle Channel Noise, VBAT =12V ®

@ The final, correct measurement is 35.48 uV; however the test circuit divides this value in half. Note that a value of 17.74 pV is too low.
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Design Files

4 Design Files
4.1 Schematics
To download the schematics, see the design files at TIDA-01572.
4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01572.
4.3 PCB Layout Recommendations
4.3.1 Layout Prints
4.3.1.1 TAS2770 Reference Board PCB Layout
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Figure 16. PCB: Top Silkscreen
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Figure 17. PCB: Top Solder Mask

Figure 18. PCB: Top Copper
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Figure 20. PCB: Copper Layer 3
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Figure 22. PCB: Bottom Solder Mask
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Figure 23. PCB: Bottom Silk Screen

To download the layer plots, see the design files at TIDA-01572.

To download the Altium project files, see the design files at TIDA-01572.

To download the Gerber files, see the design files at TIDA-01572.

To download the assembly drawings, see the design files at TIDA-01572.

4.4  Altium Project

4.5 Gerber Files

4.6 Assembly Drawings
5 Software Files

To access to the TAS2770 PPC3 App, please submit a request to MySecureSoftware.
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6 Related Documentation

1. Texas Instruments, HotRod QFN Package PCB Attachment Application Report

6.1 Trademarks

E2E, PurePath, HotRod are trademarks of Texas Instruments.
Agilent is a registered trademark of Agilent Technologies, Inc.
Audio Precision is a registered trademark of Audio Precision, Inc.
SoundWire is a trademark of MIPI Alliance, Inc.

Windows is a registered trademark of Microsoft Corporation.

All other trademarks are the property of their respective owners.
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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, “Tl 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 Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl 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 Tl products as used in such applications. Tl 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 Tl 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 TlI 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 I1S” 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 Tl 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, Tl 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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