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ABSTRACT
This application report covers common questions regarding linear regulators and thermal metrics. This
document also compares continuous-load-condition and pulsed-load-condition thermal performance of low
dropout linear regulators (LDOs).
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1 Purpose
This application note covers common thermal questions related to LDOs in small surface mount device
(SMD) packages, provides an overview on thermal resistance and characterization parameters, and
explores LDO thermal performance under continuous load conditions and pulsed load conditions. In
addition, Appendix B provides a list of valuable thermal resources and tools provided by Texas
Instruments.

2 Fundamentals
Package thermal limitation is a key parameter for linear regulators, especially when the application
requires large difference between input power and output power. Nearly all of the dissipated power by the
linear regulators converts into heat and in turn increases the junction temperature. High junction
temperature can affect the lifetime reliability and accelerate common failures.

Thermal performance varies from package to package dependent on lead frame, bond wire, mold
compound, die-attach adhesive, die-size ratio to package, number of pins, thermal pad. Some common
characteristics of SMD packages are:
• For small-outline no leads (SON) packages, the primary conduction path for heat is through the

exposed power pad to the printed circuit board (PCB). To ensure the device does not overheat,
connect the exposed pad, through thermal vias, to an internal ground plane with an appropriate
amount of copper PCB area.

• On the ball grid array (BGA) package, the primary conduction path for heat is through the bumps to the
PCB.

A well-designed application board enhances the package capability to dissipate heat. Properly sizing of
the thermal plane, the thermal connection to the exposed pad, and strategic component placement
improves the thermal performance of the package.

Power dissipation (PD) within the device depends on the power that transform into heat. PD depends on
input voltage, output voltage, and load conditions. To calculate power dissipation use Equation 1.

PD(MAX) = (VIN(MAX) – VOUT) × IOUT(MAX) (1)

To minimized thermal dissipation while achieve higher efficiency, use the lowest available voltage drop
option or voltage difference between input and output that would still be greater than the minimum dropout
voltage (VDO). However, keep in mind that higher voltage drop or input-output voltage difference results in
a better power supply rejection ratio (PSRR) and transient performance.

http://www.ti.com
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2.1 Thermal Metrics
Thermal Information relevant to each package is available in the Specifications section of Texas
Instruments data sheets. Figure 1 show a typical thermal table.

Figure 1. LP5907 Thermal Metrics Table

The thermal metrics are widely adopted in the semiconductor industry. The Joint Electron Device
Engineering Council (JEDEC) and the Electronic Industries Alliance (EIA) regulate these standardized
thermal metrics.

The following boards are the main types of JESD 51-X boards used to characterized SMD:
• JESD51-7: A highly effective thermal conductivity test board for leaded SMD packages:

– Trace layers and layer thickness (High K 2s2p)
– Component trace, 2 oz. (0.035 mm)
– Plane 1, 1 oz. solid (0.070 mm)
– Plane 2, 1 oz. solid (0.070 mm)
– Backside trace, 2 oz. (0.035 mm)

• JESD51-5: This board is an extension of thermal test board standards for packages with direct thermal
attachment mechanisms:
– The stackup is the same as the JESD51-7 but with thermal vias with a diameter of 0.3 mm placed

in a grid array of 1-mm × 1-mm trace squares separated by 0.2-mm spaces. Directly under the
exposed thermal pad.

2.2 Thermal Metric Differences
Figure 1 shows two thermal metrics: thermal resistance and thermal characterization parameter. The
thermal resistance represents the heat flowing along a particular path between the junction and the other
location (for example, case, board, ambient, and so forth) as shown in Figure 2. In the contrary, the
thermal characterization parameter does not provide the thermal resistance on a specific path, but
provides the total system heat independent of the thermal path. The thermal characterization has two
main measurement terms, the junction-to-case center top and junction-to-board. Figure 3 shows the total
heat reading independent of the thermal path.

http://www.ti.com
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Figure 2. DSBGA Cross-Sectional View Figure 3. DSBGA Top View

2.2.1 Thermal Resistance
The Greek symbol Theta (θ) represents the thermal resistance. Theta is followed by a subscript that
represents the thermal resistance path, For example, RθJB stands for the thermal resistance between the
junction and the application board.

List of theta subscripts and meaning:
• RθJA = (TJ – TA)/ PD: Total thermal resistance from junction to ambient. TJ = junction temperature;

TA = ambient temperature.
• RθJC: thermal resistance from junction to case
• RθJB: thermal resistance from junction to board
• RθCA: thermal resistance from case to ambient
• RθBA: thermal resistance from board to ambient (dependent on the PCB characteristics and layout)

The RθJA is a conservative measure of the package ability to dissipate heat to the ambient environment.
The sole purpose of RθJA is to serve as a baseline to compare the thermal performance of a package to
another package in a standardized test environment. Figure 4 shows an example of thermal resistance
comparison between two packages the YKA-DSBGA package and DRV-WSON package. YKA-DSBGA
has lower RθJB and RθJC (top) than the DRV-WSON, but the DRV-WSON package has a lower total thermal
resistance from junction to ambient than the YKA-DSBGA package due to the exposed thermal pad which
brings down the overall thermal resistance from junction to ambient (RθJA).

Figure 4. Thermal Resistance Comparison Between Packages

RθJA provides a great package-to-package comparison value but, unfortunately, Theta does not
approximate or predict the thermal performance of a particular package in a specific application because
Theta is dependent on the PCB characteristics and board layout.

2.2.2 Thermal Characterization
The Greek symbol Psi (Ψ) shown in Figure 4 represents the thermal characterization parameter. The
thermal characterization values are not thermal resistance values, but rather package-specific thermal
characteristics that offer practical and relative means of estimating junction temperatures on a particular
application board. The junction is approximated by measuring the case temperature or board temperature
(measured 1 mm from the device pin) and then using Equation 2 or Equation 3.

http://www.ti.com
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List of Ψ subscripts and meanings:
• ΨJT: Junction-to-top characteristic parameter
• ΨJB: Junction-to-board characteristic parameter

Equation 2 approximates junction temperature using the measured case top temperature:
TJ(MAX) = TTOP + (ΨJT × PD(MAX))

where
• TTOP = is the case temperature measured on top of the device package (2)

Equation 3 approximates junction temperature using the measured board temperature (temperature
adjacent to a device pin):

TJ(MAX) = TBOARD + (ΨJB × PD(MAX))

where
• TBOARD = is the PCB surface temperature measured 1 mm from the device package and centered on the

package edge (3)

For more information about the thermal characteristics ΨJT and ΨJB, see the TI Application Report
Semiconductor and IC Package Thermal Metrics (SPRA953), available for download at www.ti.com.

For more information about measuring TTOP and TBOARD, see the TI Application Report Using New Thermal
Metrics (SBVA025), available for download at www.ti.com.

For more information about the EIA/JEDEC JESD51 PCB used for validating RθJA, see the TI Application
Report Thermal Characteristics of Linear and Logic Packages Using JEDEC PCB Designs, also at
(SZZA017), www.ti.com.

http://www.ti.com
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3 Thermal Performance of SMD Packages
This section evaluates and compares the thermal performance of LP5907 and LP5910 LDOs under
continuous load conditions and pulsed load conditions. All the measurements in the following subsections
were taken under typical lab conditions at room temperature 23°C and without controlled airflow.

3.1 Test Boards, Devices, and Equipment

3.1.1 Boards

3.1.1.1 θJA_LP5907_BGA
θJA_LP5907_BGA does not represent a board but the theoretical junction temperature of LP5907UVE
calculated using the simulated JESD51-7 RθJA (206.1°C/W) and Equation 4 to calculate the junction
temperature:

TJ(MAX) = TA(MAX) + (RθJA × PD(MAX)) (4)

3.1.1.2 JESD_M
JESD_M has the same layers and traces requirements as a JESD_51-7 standard board, but with minor
deviations from the standard. JESD_M has two 0402 capacitors close to the IN and OUT pins of the LDO
in order to accommodate compensation capacitors to assure stability and functionality of the LP5907UVX-
2.5/NOPB .

3.1.1.3 LP5907_BGA
The LP5907_BGA board is the LP5907UV-1.8EVM Evaluation board populated with LP5907UVX-
2.5/NOPB

3.1.1.4 JESD_H
The JESD_H board has the same dimensions as the JEDEC_M board, but thermally optimized by adding
a copper fill surrounding the LP5907UVX-2.5/NOPB, adding various thermal vias to lower the thermal
resistance and two more intermediate layers.

3.1.1.5 LP5907_SOT23
The LP5907_ SOT23 board is an SOT23 EVM populated with LP5907MFX-2.5/NOPB.

3.1.1.6 LP5907_X2SON
The LP5907_ X2SON board is an X2SON EVM populated with LP5907SNX-2.5/NOPB.

3.1.1.7 LP5910_WSON
The LP5910_ WSON is the LP5910DRV18EVM evaluation module populated with LP5910-1.8DRVR.

3.1.1.8 LP5910_BGA
The LP5910_ WSON is the LP5910YKA18EVM evaluation module populated with LP5910-1.8YKAR.

NOTE: Refer to Appendix A for additional evaluation board details as board layers, PCB layout and
component placement.

http://www.ti.com
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3.1.2 Devices and Packages

3.1.2.1 LP5907 Ultra-Low-Noise, 250-mA Linear Regulator for RF and Analog Circuits
The LP5907 is a linear regulator capable of supplying 250-mA output current. Designed to meet the
requirements of RF and analog circuits, the LP5907 device provides low noise, high PSRR, low quiescent
current and low line or load transient response figures. Using new innovative design techniques, the
LP5907 offers class-leading noise performance without a noise bypass capacitor and the ability for remote
output capacitor placement.

Figure 5. LP5907 DSBGA Package (RθJA = 206.1°C/W) Figure 6. LP5907 SOT Package (RθJA = 193.4°C/W)

Figure 7. LP5907 X2SON Package (RθJA = 216.1°C/W)

3.1.2.2 LP5910 Ultra-Low-Noise, 300-mA Linear Regulator for RF and Analog Circuits
The LP5910 is a linear regulator capable of supplying up to 300 mA of output current. Designed to meet
the requirements of RF and analog circuits, this device provides low noise, high PSRR, low quiescent
current and superior line transient and load transient response. Using new innovative design techniques
the LP5910 offers class-leading noise performance without a noise bypass capacitor and with the option
for remote output capacitor placement.

http://www.ti.com
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Figure 8. LP5910 DSBGA Package (RθJA = 202.8°C/W) Figure 9. LP5910 WSON Package (RθJA = 79.2°C/W)

3.1.3 Equipment Used
Table 1 shows the test equipment used in the subsequent sections

Table 1. Test Equipment

TEST EQUIPMENT PART NUMBER
DC voltage supply Agilent E3631A

Multimeter Agilent E34401A
Thermal camera Optotherm InfraSight MI320

3.2 Continuous Load Conditions
This section tests the thermal performance of SMD LDOs under continuous load conditions. The output
load is a resistive passive element.

Test procedure:
1. Calculate power dissipation (PD) using Equation 1 and maintain the same PD for all the boards under

test.
2. Measure the device case (top) temperature when the device is thermally stable.
3. Approximate junction temperature using Equation 2.
4. Repeat procedure for increments of 25% power dissipation.

3.2.1 Thermal Comparison Between JESD51-7 Simulated and Real Board
The simulated JESD51-7 board is used to obtain conservative RθJA values; however, the board does not
take into consideration the compensation components like external capacitors and resistors, nor does it
compensate for ambient conditions such as air flow and ventilation.

In the following thermal comparison comparison, the simulated board as JESD51-7 is referenced; the
constructed evaluation board is referred to as JESD_M. The JESD_M follows all the regulations from the
standard JESD51-7 but it contains copper pads close to the input and output pins for the required
capacitors and was tested at room temperature under regular laboratory conditions. For JESD_M layers
stack and layout printout refer to Appendix A of this document.

http://www.ti.com
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The evaluation results are presented in Figure 10 and, as expected, the board tested in the lab (JESD_M)
outperformed the simulated JESD51-7 board by 5% to 15% depending on the power dissipation.

Figure 10. Comparison between JESD_M and JESD51-7

3.2.2 DSBGA Evaluation Boards Comparison
This exercise compares the junction temperature of the LP5907 in DSBGA packages mounted on various
evaluation boards:
• θJA_LP5907_BGA: calculated junction temperature with standard JEDEC RθJA values
• JESD_M board: Modified JEDEC board
• JESD_H board: Highly optimized thermal board
• LP5907_BGA: Standard evaluation module

Figure 11. LP5907 DSBGA Board Comparison

Figure 11 compares the same device in the same package mounted on different boards. The thermal
resistance drops with larger copper areas, for this reason the JESD_H board present the lowest junction
temperature and the θJA_LP5907_BGA and JESD_M boards present the lowest thermal performance.

http://www.ti.com
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3.2.3 Comparison Between DSBGA Package and WSON Package
Figure 12 compares the junction temperature the LP5910 in the same voltage trim and similar board but in
two different packages WSON package and DSBGA package, and confirms that the WSON package has
better thermal performance than the DSBGA package.

Figure 12. LP5910 Packages Comparison

3.3 Package Thermal Performance Comparison
Figure 13 and Table 2 show that the thermal resistance RθJA correlates with the junction temperature
calculated with the measured case temperature. When the package thermal resistance is higher the
junction temperature increases at a faster rate.

Figure 13. SOT, SON, and BGA Package Thermal Response Comparison

Table 2. Thermal Performance Comparison

DEVICE PACKAGE TYPE RθJA (°C/W) MEASURED TEMPERATURE
at PD = 375 mW (°C)

LP5907
DQN (X2SON) 216.1 83
YKE (DSBGA) 206.1 53
DBV (SOT-23) 193.4 51

L5910 DRV (WSON) 79.2 33

http://www.ti.com
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3.4 Case Temperature Under Pulsed-Load Conditions
This section explores the thermal behavior of a linear regulator under pulse load conditions.

Test procedure:
• A passive resistive load was applied to LP5907_BGA output.
• Power dissipation during the ON time was 625 mW; the magnitude of the load remained the same for

all the iterations.
• The device was evaluated under four load duty cycles conditions: 4s, 400 ms, 40 ms and 4 ms tuned

to achieve various ON time scenarios as shown in Figure 14 , Figure 15, Figure 16, and Figure 17.
• The device case temperature was continuously measured as shown in Figure 14 , Figure 15,

Figure 16, and Figure 17.

Figure 14. Load Pulse Duration 4s Figure 15. Load Pulse Duration 400 ms

Figure 16. Load Pulse Duration 40 ms Figure 17. Load Pulse Duration 4 ms

http://www.ti.com
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As expected, a low-frequency load pulse presents a lower maximum case temperature — this statement is
true for up to tens of milliseconds as shown in Figure 18; at higher frequencies the case temperature
starts to rise at a faster rate. These results vary depending on the thermal mass and thermal resistance of
the package and board layout.

Figure 18. Transient Thermal Response Graph for LP5907 DSBGA

http://www.ti.com
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4 Frequently Asked Questions
The power tree requires a high PSRR and low noise LDO, but the LDO cannot support the load
conditions?
Use a switcher regulator followed by an LDO or use two LDOs in current sharing configurations as shown
in the following links:

TI Application Report: Ballast Resistors Allow Load Sharing Between Two Paralleled DC/DC Converters
(SLVA250)

Video: Can't Take the Heat? Share the Current

Does the thermal PAD connected to GND make a substantial thermal difference?
TI highly recommends connecting the expose thermal PAD or TAB to a copper area and to maximize the
thermal response vias must connect the PAD to inner solid ground planes. The total thermal improvement
from the tab depends on the package, power dissipation, thermal pad dimension, the thickness of the top
layer copper, isolating material between layers, number and dimension of vias, number of components
surrounding the device due to thermal coupling effect, and airflow.

As an example, the following two cases were evaluated using X2SON package; the test conditions were
the same in the two cases.
• Case A: The thermal pad connected to a solid ground area
• Case B: Thermal pad floating, not connected

Case A had 20% better thermal performance than the Case B. In a package with a bigger thermal
PAD, the thermal improvements could be even greater.

What are the common layout practices to improve thermal response?
Good layout practices to improve PCB and system design are:
• Spread out hot device on PCB
• Maximize GND layer in PCB
• No breaks in heat flow through planes
• Increase PCB layers or thickness
• Widen PCB traces near devices
• PCB vias under or near device
• System air vents near to device system air vents near device
• Global and local airflow
• Heat sink (Individual, group and chassis)
• Gap filler material up to chassis
• Metal screws from PCB to chassis

However, device layout depends on package type; TI data sheets include layout recommendations in the
Layout section. Figure 19 shows a layout example taken from the LP5900 datasheet.

Figure 19. LP5900 WSON Layout

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVA753
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On the other hand, for recommended pad dimensions, refer to the Mechanical, Packaging, and Orderable
Information section at the end of the data sheet. Figure 20 shows the recommended land pattern for
LP5900.

Figure 20. LP5900 Recommended Land Pattern

Is it possible to approximate the thermal resistance in the application board without a thermal
camera or thermocouple sensor?
Yes, the thermal resistance from junction to ambient in a particular application board can be approximated
by slowly increasing the power dissipation until the device enters into thermal shutdown then plugging the
values in Equation 5. TJ can be obtained from the Recommended Operating Conditions table in the data
sheet.

RθJA = TJ – TA / PD (5)

See the video at the following link for an example and detailed explanation of this procedure:

1.5 Engineer IT: Measuring Thermals - How Hot is Your LDO?

http://www.ti.com
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5 TI Tools and Support

5.1 Thermal Analysis
This Thermal Analysis page provides easy access to the tools and information needed to understand and
design thermal systems including design tools, lab analysis recommendations, education, and FAQs.
Select this thermal analysis link to see more information.

5.2 Thermal Calculator
Texas Instruments is creating a collection of useful engineering calculators and tools to facilitate design
implementation.
• TI Gadgets/Widgets
• PCB Thermal Calculator
• TI Application Report Using Thermal Calculation Tools for Analog Components (SLUA566)

5.3 WebTHERM™ Online Thermal Simulation
The WEBENCH® WebTHERM online tool simulates the thermal behavior of a WEBENCH custom power
design. All of the components within a design are integrated on a validated reference printed circuit board
(PCB) design. The user defines the environment, and the problem is solved using the fast and accurate
simulator of the tool.

WebTHERM is constantly adding new features and supporting additional devices.

5.4 Technical Library
Multiple technical document types may be selected, enabling users to download data sheets, errata,
application notes, user guides, selection guides, solution guides, simulation models, white papers, design
files, and more.
• Thermal application notes
• SMT and packaging application notes

5.5 Video
Training videos are used to better understand LDOs and include more information on designing the best
ADC power supply, stabilizing an LDO, measuring LDO noise and PSRR, sourcing 5 A or more with
current sharing regulators, measuring thermal resistance between junction temperature and ambient, and
measuring the ADC power supply rejection.

Engineer IT LDO Training Videos

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVA753
http://www.ti.com/adc/docs/midlevel.tsp?contentId=105986
http://www.ti.com/general/docs/gencontent.tsp?contentId=45777&DCMP=TI_Gadgets&HQS=Other+OT+gadgets
http://www.ti.com/adc/docs/midlevel.tsp?contentId=76735&DCMP=hpa_design_center&HQS=Tools+OT+pcbthermalcalc
http://www.ti.com/lit/pdf/SLUA566
http://www.ti.com/lsds/ti/analog/webench/thermal-simulation.page
http://www.ti.com/analog/docs/analogtechdoc_hh.tsp?viewType=mostuseful&rootFamilyId=64&familyId=400&docCategoryId=2
http://www.ti.com/analog/docs/analogtechdoc_hh.tsp?viewType=mostuseful&rootFamilyId=64&familyId=400&docCategoryId=3
http://www.ti.com/analog/docs/analogtechdoc_hh.tsp?viewType=mostuseful&rootFamilyId=64&familyId=400&docCategoryId=1
http://www.ti.com/analog/docs/analogtechdoc_hh.tsp?viewType=mostuseful&rootFamilyId=64&familyId=400&docCategoryId=6
http://www.ti.com/analog/docs/analogtechdoc_hh.tsp?viewType=mostuseful&rootFamilyId=64&familyId=400&docCategoryId=10
http://www.ti.com/analog/docs/analogtechdoc_hh.tsp?viewType=mostuseful&rootFamilyId=64&familyId=400&docCategoryId=11
http://www.ti.com/analog/docs/analogtechdoc_hh.tsp?viewType=mostuseful&rootFamilyId=64&familyId=400&docCategoryId=4
http://www.ti.com/analog/docs/analogtechdoc_hh.tsp?viewType=mostuseful&rootFamilyId=64&familyId=400&docCategoryId=9
http://www.ti.com/analog/docs/analogtechdoc_hh.tsp?viewType=mostuseful&rootFamilyId=64&familyId=400&docCategoryId=12
http://www.ti.com/analog/docs/analogtechdoc_hh.tsp?viewType=mostuseful&rootFamilyId=64&familyId=400&docCategoryId=12
http://www.ti.com/analog/docs/analogtechdoc_hh.tsp?viewType=mostuseful&rootFamilyId=64&familyId=400&docTitle=thermal&docCategoryId=1
http://www.ti.com/lsds/ti/packaging/packaging_resources/SMT_and_application_notes.page
https://training.ti.com/engineer-it-ldo-training-videos
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Evaluation Board Layers Stack and Layout Printout

A.1 JESD_M

Figure 21. JESD_M Layer Stackup

Figure 22. JESD_M Top Figure 23. JESD_M Signal Layer 1

http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVA753
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Figure 24. JESD_M Signal Layer 2 Figure 25. JESD_M Bottom

http://www.ti.com
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A.2 JESD_H

Figure 26. JESD_H Layer Stackup

Figure 27. JESD_H: Top Figure 28. JESD_H: Signal Layer 1

http://www.ti.com
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Figure 29. JESD_H: Signal Layer 2 Figure 30. JESD_H: Signal Layer 3

Figure 31. JESD_H: Signal Layer 4 Figure 32. JESD_H: Bottom

http://www.ti.com
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A.3 LP5907_BGA

Figure 33. LP5907_BGA: Layer Stackup

Figure 34. LP5907_BGA: Top Layer Silk Screen Figure 35. LP5907_BGA: Top Layer

http://www.ti.com
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Figure 36. LP5907_BGA: Internal Plane 1 Figure 37. LP5907_BGA: Internal Plane 2

Figure 38. LP5907_BGA: Bottom Layer

http://www.ti.com
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A.4 LP5907_SOT23

Figure 39. LP5907_SOT23: Layer Stackup

Figure 40. LP5907_SOT23: Top Layer Silk Screen Figure 41. LP5907_SOT23: Top Layer

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVA753


LP5907_SOT23 www.ti.com

24 SNVA753–April 2016
Submit Documentation Feedback

Copyright © 2016, Texas Instruments Incorporated

LDOs Thermal Performance in Small SMD Packages

Figure 42. LP5907_SOT23: Internal Plane 1 Figure 43. LP5907_SOT23: Internal Plane 2

Figure 44. LP5907_SOT23: Internal Plane 3

http://www.ti.com
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A.5 LP5907_X2SON

Figure 45. LP5907_X2SON: Top Layer Figure 46. LP5907_X2SON: Bottom Layer

A.6 LP5910_WSON

Figure 47. LP5910_WSON: Layer Stackup

http://www.ti.com
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Figure 48. LP5910_WSON: Top Layer Figure 49. LP5910_WSON: L1

Figure 50. LP5910_WSON: L2 Figure 51. LP5910_WSON: Bottom Layer
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A.7 LP5910_BGA

Figure 52. LP5910_BGA: Layer Stackup

Figure 53. LP5910_BGA: Top Layer Figure 54. LP5910_BGA: L1
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Figure 55. LP5910_BGA: L2 Figure 56. LP5910_BGA: Bottom Layer
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Texas Instruments Incorporated and its subsidiaries (TI) reserve 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 JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 TI under the patents or other intellectual property of TI.
Reproduction of significant portions of TI 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. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.
Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.
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