TPA152
75-mW STEREO AUDIO POWER AMPLIFIER

SLOS210A — JUNE 1998 — REVISED MARCH 2000

® High-Fidelity Line-Out/HP Driver D PACKAGE
® 75-mW Stereo Output (TOP VIEW)
® PC Power Supply Compatible Vol 1© s [ IN1—
® Pop Reduction Circuitry MUTELT] 2 70 GND
® Internal Mid-Rail Generation BYPASSLT] 3 6 1] Vbp
® Thermal and Short-Circuit Protection IN2-LT 4 SHH Vo2
® Surface-Mount Packaging
® Pin Compatible With TPA302

description

The TPA152 is a stereo audio power amplifier capable of less than 0.1% THD+N at 1 kHz when delivering
75 mW per channel into a 32-Q load. THD+N is less than 0.2% across the audio band of 20 to 20 kHz. For
10 kQ loads, the THD+N performance is better than 0.005% at 1 kHz, and less than 0.01% across the audio
band of 20 to 20 kHz.

The TPA152 is ideal for use as an output buffer for the audio CODEC in PC systems. It is also excellent for use
where a high-performance head phone/line-out amplifier is needed. Depop circuitry is integrated to reduce
transients during power up, power down, and mute mode.

Amplifier gain is externally configured by means of two resistors per input channel and does not require external
compensation for settings of 1 to 10. The TPA152 is packaged in the 8-pin SOIC (D) package that reduces board
space and facilitates automated assembly.
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TPA152
75-mW STEREO AUDIO POWER AMPLIFIER

SLOS210A — JUNE 1998 — REVISED MARCH 2000

AVAILABLE OPTIONS
PACKAGED DEVICE
SMALL OUTLINE

—40°C to 85°C TPA152DT

T The D packages are available taped and reeled. To
order a taped and reeled part, add the suffix R
(e.g., TPA152DR)

TA

Terminal Functions

TERMINAL
110 DESCRIPTION
NAME  NO.
BYPASS 3 BYPASS is the tap to the voltage divider for internal mid-supply bias. This terminal should be connected to a 0.1-puF
to 1-pF capacitor.
GND 7 GND is the ground connection.
IN1- 8 | IN1-is the inverting input for channel 1.
IN2— 4 | IN2— is the inverting input for channel 2.
MUTE 2 | A logic high puts the device into MUTE mode.
VDD 6 | Vpp is the supply voltage terminal.
Vo1l 1 O | Volis the audio output for channel 1.
Vo2 5 O | Vo2 is the audio output for channel 1.
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TPA152
75-mW STEREO AUDIO POWER AMPLIFIER

SLOS210A — JUNE 1998 — REVISED MARCH 2000

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) +
SUPPIY VORAGE, VDD -ttt ettt et e et e e e e e e 6V
Input voltage , V| ... o -03VtoVpp+0.3V
Continuous total power dissipation ..................... internally limited (See Dissipation Rating Table)
Operating junction temperature range, Ty ... —-40°C to 150° C
Operating case temperature range, Te ...ttt —-40°Cto 125° C
Storage temperature range, Tstg .................................................. —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .............cciiiiiiiennnnnn. 260°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

DISSIPATION RATING TABLE
PACKAGE Tp <25°C DERATING FACTOR Tp =70°C Tp =85°C
D 724 mW 5.8 mW/°C 464 mW 376 mW

recommended operating conditions

MIN ~ MAX | UNIT

Supply voltage, Vpp 4.5 5.5 \%

Operating free-air temperature, Ta —-40 85 °C

dc electrical characteristicsat T o =25°C,Vpp =5V

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Voo Output offset voltage 10 mV
Supply ripple rejection ratio Vpp=49Vto51V 81 dB
IDD Supply current See Figure 13 55 14 mA
IDD(MUTE)  Supply currentin MUTE 55 14 mA
Z) Input impedance >1 MQ

ac operating characteristics V. pp =5V, Tp = 25°C, R = 32 Q (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Po Output power (each channel) THD < 0.03%, Gain =1, See Figure 1 75t mw
THD+N  Total harmonic distortion plus noise gg:,:?gg)u:;v; 20 Hz-20 kHz, Gain = 1, 0.2%
Bowm Maximum output power bandwidth Ay =5, THD <0.6%, See Figure 2 >20 kHz
Phase margin Open loop, See Figure 16 80°
Supply ripple rejection ratio 1 kHz, Cg=1uF See Figure 12 65 dB
Mute attenuation See Figure 15 110 dB
Ch/Ch output separation See Figure 13 102 dB
Signal-to-Noise ratio Vo=1V(ms), Gain=1 See Figure 11 104 dB
Vn Noise output voltage See Figure 10 6 uV(rms)

T Measured at 1 kHz.
NOTES: 1. The dc output voltage is approximately Vpp/2.

2. Output power is measured at the output pins of the IC at 1 kHz.
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TPA152

75-mW STEREO AUDIO POWER AMPLIFIER

SLOS210A —

JUNE 1998 — REVISED MARCH 2000

ac operating characteristics V. pp =5V, Ta = 25°C, R = 10 kQ

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
\S/|e; é,g&?? 20 Hz-20 kHz, Gain =1, 0.005%
THD+N  Total harmonic distortion plus noise Vorm =4V, 20 Hz-20 Kiz. Gan= L.
See Figure 8 0.005%
Bom Maximum output power bandwidth G =5, THD <0.02%, See Figure 6 >20 kHz
Phase margin Open loop, See Figure 16 80°
ksvr Supply voltage rejection ratio 1 kHz, Cg=1yF See Figure 12 65 dB
Mute attenuation See Figure 15 110 dB
Ch/Ch output separation See Figure 13 102 dB
Signal-to-Noise ratio Vo=1Vms), Gain=1, See Figure 11 104 dB
Vi Noise output voltage See Figure 10 6 uV(rms)
T Measured at 1 kHz.
TYPICAL CHARACTERISTICS
Table of Graphs
FIGURE
THD+N Total harmonic distortion plus noise vs Output power 1,4
THD+N Total harmonic distortion plus noise vs Frequency 2,3,6,8,9
THD+N Total harmonic distortion plus noise vs Output voltage 57
Vn Output noise voltage vs Frequency 10
SNR Signal-to-noise ratio vs Gain 11
Supply ripple rejection ratio vs Frequency 12
Crosstalk vs Frequency 13,14
Mute Attenuation vs Frequency 15
Open-loop gain and phase vs Frequency 16, 17
Closed-loop gain and phase vs Frequency 18
IDD Supply current vs Supply voltage 19
Po Output power vs Load resistance 20
PD Power dissipation vs Output power 21
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THD+N —Total Harmonic Distortion + Noise — %

THD+N —Total Harmonic Distortion + Noise — %

TOTAL HARMONIC DISTORTION PLUS NOISE

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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Open-Loop Gain — dB

Closed-Loop Gain — dB
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TYPICAL CHARACTERISTICS
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| pD — Supply Current — mA
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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APPLICATION INFORMATION
selection of components

Figure 22 is a schematic diagram of a typical application circuit.
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t These resistors are optional. Adding these resistors improves the depop performance of the TPA152.

Figure 22. TPA152 Typical Application Circuit

{'} TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 11




TPA152
75-mW STEREO AUDIO POWER AMPLIFIER

SLOS210A — JUNE 1998 — REVISED MARCH 2000

APPLICATION INFORMATION

gain setting resistors, R g and R

The gain for the TPA152 is set by resistors Rg and R according to equation 1.

Gain = — (R?'IZ) (8]

Given that the TPA152 is a MOS amplifier, the input impedance is very high, consequently input leakage
currents are not generally a concern although noise in the circuit increases as the value of Rg increases. In
addition, a certain range of Rg values are required for proper start-up operation of the amplifier. Taken together
it is recommended that the effective impedance seen by the inverting node of the amplifier be set between 5
kQ and 20 kQ. The effective impedance is calculated in equation 2.

Effective Imped RERi 2
ective Impedance = W (2)
As an example, consider an input resistance of 20 kQ and a feedback resistor of 20 kQ. The gain of the amplifier
would be -1 and the effective impedance at the inverting terminal would be 10 kQ, which is within the
recommended range.

For high performance applications, metal film resistors are recommended because they tend to have lower
noise levels than carbon resistors. For values of Rg above 50 kQ, the amplifier tends to become unstable due
to a pole formed from R and the inherent input capacitance of the MOS input structure. For this reason, a small
compensation capacitor of approximately 5 pF should be placed in parallel with Rg. This, in effect, creates a
low-pass filter network with the cutoff frequency defined in equation 3.

_ 1
fc(lowpass) T 2aR F C F (3)

For example if Rg is 100 kQ and Cg is 5 pF then fq(jowpass) IS 318 kHz, which is well outside the audio range.

input capacitor, C |

In the typical application, an input capacitor, Cj, is required to allow the amplifier to bias the input signal to the
proper dc level for optimum operation. In this case, C; and R| form a high-pass filter with the corner frequency
determined in equation 4.

_ 1
fe(nighpass) ~ 2xR C, @)

The value of C, is important to consider as it directly affects the bass (low frequency) performance of the circuit.
Consider the example where R is 20 kQ and the specification calls for a flat bass response down to 20 Hz.
Equation 4 is reconfigured as equation 5.

C, = 1 (5)
2anfc(highpass)

In this example, C; is 0.40 pF, so one would likely choose a value in the range of 0.47 pF to 1 pF. A further
consideration for this capacitor is the leakage path from the input source through the input network (R, C;) and
the feedback resistor (Rg) to the load. This leakage current creates a dc offset voltage at the input to the amplifier
that reduces useful headroom, especially in high-gain applications (> 10). For this reason a low-leakage
tantalum or ceramic capacitor is the best choice. When polarized capacitors are used, the positive side of the
capacitor should face the amplifier input in most applications, as the dc level there is held at Vpp/2, which is
likely higher that the source dc level. Please note that it is important to confirm the capacitor polarity in the
application.

12
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APPLICATION INFORMATION

power supply decoupling, C g

The TPA152 is a high-performance CMOS audio amplifier that requires adequate power supply decoupling to
ensure that the output total harmonic distortion (THD) is as low as possible. Power supply decoupling also
prevents oscillations for long lead lengths between the amplifier and the speaker. The optimum decoupling is
achieved by using two capacitors of different types that target different types of noise on the power supply leads.
For higher frequency transients, spikes, or digital hash on the line, a good low equivalent-series-resistance
(ESR) ceramic capacitor, typically 0.1 pF, placed as close as possible to the device Vpp lead, works best. For
filtering lower-frequency noise signals, a larger aluminum electrolytic capacitor of 10 uF or greater placed near
the power amplifier is recommended.

midrail bypass capacitor, C g

The midrail bypass capacitor, Cp, serves several important functions. During startup or recovery from shutdown
mode, Cpg determines the rate at which the amplifier starts up. This helps to push the start-up pop noise into
the subaudible range (so slow it can not be heard). The second function is to reduce noise produced by the
power supply caused by coupling into the output drive signal. This noise is from the midrail generation circuit
internal to the amplifier. The capacitor is fed from a 160-kQ source inside the amplifier. To keep the start-up pop
as low as possible, the relationship shown in equation 6 should be maintained.

1 _ 1
(Cg x 160 ka) ~ (R ©6)

As an example, consider a circuit where Cg is 1 puF, C;is 1 yF and Ry is 20 kQ. Inserting these values into the
equation 9 results in:

6.25 = 50

which satisfies the rule. Bypass capacitor, Cg, values of 0.1 uF to 1 pF ceramic or tantalum low-ESR capacitors
are recommended for the best THD and noise performance.

output coupling capacitor, C ¢

In the typical single-supply single-ended (SE) configuration, an output coupling capacitor (C¢) is required to
block the dc bias at the output of the amplifier thus preventing dc currents in the load. As with the input coupling
capacitor, the output coupling capacitor and impedance of the load form a high-pass filter governed by
equation 7.

_ 1
fehigh) ~ 27R, Co @)

The main disadvantage, from a performance standpoint, is that the load impedances are typically small, which
drive the low-frequency corner higher. Large values of C are required to pass low frequencies into the load.
Consider the example where a C¢ of 68 pF is chosen and loads vary from 32 Q to 47 kQ. Table 1 summarizes
the frequency response characteristics of each configuration.
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APPLICATION INFORMATION

Table 1. Common Load Impedances vs Low Frequency Output Characteristics in SE Mode

RL Cc LOWEST FREQUENCY
32Q 68 puF 73 Hz

10,000 Q 68 UF 0.23 Hz

47,000 Q 68 UF 0.05 Hz

As Table 1 indicates, headphone response is adequate and drive into line level inputs (a home stereo for
example) is very good.

The output coupling capacitor required in single-supply SE mode also places additional constraints on the
selection of other components in the amplifier circuit. With the rules described earlier still valid, add the following
relationship:

1 1
(Cg x 160 ko) - (cR)) “R.Cc ®)

output pull-down resistor, R ¢+ Rp

Placing a 100-Q resistor, R¢, from the output side of the coupling capacitor to ground insures the coupling
capacitor, C¢, is charged before a plug is inserted into the jack. Without this resistor, the coupling capacitor
would charge rapidly upon insertion of a plug, leading to an audible pop in the headphones.

Placing a 20-kQ resistor, Rp, from the output of the IC to ground insures that the coupling capacitor fully
discharges at power down. If the supply is rapidly cycled without this capacitor, a small pop may be audible in
10-kQ loads.

using low-ESR capacitors

Low-ESR capacitors are recommended throughout this applications section. A real capacitor can be modeled
simply as a resistor in series with an ideal capacitor. The voltage drop across this resistor minimizes the
beneficial effects of the capacitor in the circuit. The lower the equivalent value of this resistance, the more the
real capacitor behaves like an ideal capacitor.

14
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Tem Op Temp (°C Device Markin Samples
ge 1yp g g p p p g p
I Drawing Qty @ (6) (3) (4/5)

TPA152D ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TPA152 Samples
& no Sh/Br)

TPA152DG4 ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TPA152 Samples
& no Sh/Br)

TPA152DR ACTIVE SoIC D 8 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TPA152 Samples
& no Sh/Br)

TPA152DRG4 ACTIVE SoIC D 8 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 TPA152 Samples
& no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.
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Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPA152DR SoIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 | 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPA152DR SoIC D 8 2500 367.0 367.0 38.0
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
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.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has 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. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other 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 Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
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 Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl 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 I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING 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 DESIGNER 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 Tl 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 Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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