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WARNING

Always follow the Tl set-up and application instructions, including use of all interface components within
their recommended electrical rated voltage and power limits. Always use electrical safety precautions to
help ensure your personal safety and the safety of those working around you. Contact the Tl Product
Information Center http://support/ti./com for further information.

Save all warnings and instructions for future reference.

Failure to follow warnings and instructions may result in personal injury, property damage, or
death due to electrical shock and/or burn hazards.

The term TI HV EVM refers to an electronic device typically provided as an open framed, unenclosed
printed circuit board assembly. It is intended strictly for use in development laboratory environments,
solely for qualified professional users having training, expertise, and knowledge of electrical safety risks in
development and application of high-voltage electrical circuits. Any other use and/or application are strictly
prohibited by Texas Instruments. If you are not suitably qualified, you should immediately stop from further
use of the HV EVM.

1. Work Area Safety:
(a) Keep work area clean and orderly.
(b) Qualified observer(s) must be present anytime circuits are energized.

(c) Effective barriers and signage must be present in the area where the TI HV EVM and its interface
electronics are energized, indicating operation of accessible high voltages may be present, for the
purpose of protecting inadvertent access.

(d) All interface circuits, power supplies, evaluation modules, instruments, meters, scopes and other
related apparatus used in a development environment exceeding 50 Vgys/75 VDC must be
electrically located within a protected Emergency Power Off (EPO) protected power strip.

(e) Use a stable and non-conductive work surface.

(f) Use adequately insulated clamps and wires to attach measurement probes and instruments. No
freehand testing whenever possible.

2. Electrical Safety:

(a) De-energize the TI HV EVM and all its inputs, outputs, and electrical loads before performing any
electrical or other diagnostic measurements. Revalidate that TI HV EVM power has been safely de-
energized.

(b) With the EVM confirmed de-energized, proceed with required electrical circuit configurations, wiring,
measurement equipment hook-ups and other application needs, while still assuming the EVM circuit
and measuring instruments are electrically live.

(c) Once EVM readiness is complete, energize the EVM as intended.

WARNING: while the EVM is energized, never touch the EVM or its electrical circuits as they
could be at high voltages Capacitorable of causing electrical shock hazard.

3. Personal Safety:

(a) Wear personal protective equipment (for example. latex gloves and/or safety glasses with side
shields) or protect EVM in an adequate lucent plastic box with interlocks from accidental touch.

4. Limitation for Safe Use:
(a) Do not use EVMs as all or part of a production unit.
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LM3447-PAR-230VEVM is a Phase-Dimmable, Primary-
Side Regulated LED Driver

1 Introduction

The LM3447-PAR-230VEVM is a 16-W, 230-V,. isolated dimmable LED driver with form-factors intended
for BR and PAR applications.

2 Description

The LM3447-PAR-230VEVM is a primary-side power regulated PFC controller used for commercial and
residential phase-cut dimmer compatible LED lamp drivers. The LM3447-PAR-230VEVM uses fixed
frequency valley switching operation resulting in discontinuous current operation.

2.1 Typical Applications
* BR Bulb Form Factor
« PAR Bulb Form Factor

2.2 Features
» Primary-Side Control
» Power Factor Correction
» Leading and Trailing Edge Compatible
* 50:1 Dimming Range
» Valley Switching with Fixed Frequency Discontinuous Operation
e Thermal Foldback
» Efficient Triac Hold Current Operation
» LED Short and Open Circuit Protection
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3 Electrical Performance Specifications
Table 1. LM3447-PAR-230VEVM Electrical Performance Specifications
PARAMETER | TEST CONDITIONS | MmN TYP MAX | UNITS
Input Characteristics
Voltage range ’ ’ 180 230 265 ‘ Y
Output Characteristics
Output voltage, Vour 9to 11 LED's 30 32 34 \%
Output load current, loyr 500 mA
Output over voltage 38 Y
Systems Characteristics
Switching frequency 69 kHz
Full-load efficiency Vin =230 Ve 85%
Power factor, PF 0.96
4 LM3447-PAR-230VEVM is a Phase-Dimmable, Primary-Side Regulated LED SLUUAO02-AUGUST 2012
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Figure 1. LM3447-PAR-230VEVM Schematic
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5.1 Test Equipment
Voltage Source: 180 Vgys to 270 Vg5 isolated AC source Agilent 6812B
Multimeters: Agilent 34410A
Power Meter: WT210 Digital Power Meter (Voltech)
Output Load: 10 LEDs in series (VF = 3.2 V at 350 mA per LED)
Oscilloscope: DP0O4054 (TEKTRONIX)
Operating Temperature: 25°C
Recommended Wire Gauge: 18 AWG not more than two feet long
5.2 Recommended Test Setup
AMP Meter 1 Volt Meter 1
. ) B
m LM3447 FLYBACK LED DRIVER
=] | EERR
Oyf‘umm S L e toe T B s 4B <B 4 I 4|
m ] 9 Li 8 A‘ ;_:n’f LED Load
AC Source - ! VRI oC ouUTPUT
7 . 30V - 34y
O > ]
ADﬁNEED: HIGH UOLTAGE AMP Meter 2
§ Dlmmer § . AENJTIUN: READ USER GUIDE BEFORE USE
EMin MaxE '
: : 0
H [
P
A
e
....... PR . S
Figure 2. LM3447-PAR-230VEVM Recommended Test Set Up
5.3 List of Test Points
Table 2. Test Points Functions
TEST POINTS NAME DESCRIPTION
J3-1 Line 230 V¢ neutral connection
J3-2 Neutral 230 V¢ line voltage
LED+ LED anode connection
LED- LED cathode connection
6 LM3447-PAR-230VEVM is a Phase-Dimmable, Primary-Side Regulated LED
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6 Test Procedure

6.1 Line/Load Regulation and Efficiency Measurement Procedure

1.

2
3.
4

o

6.
7.

6.2 Eq
1.
2.

6.3 EV
1.

ok~ wnN

N o

Connect EVM per Figure 2. An external LED load must be used to start up the EVM.

. Prior to turning on the AC source, set the voltage to 180 Vgys.

Turn on the AC source.

. Record the output voltage from Voltmeter 2 and output current reading from Ammeter 2 and input

current from Ammeter 1.

Increase output voltage by 5 Vigys.

Repeat steps 4 and 5 until 265 V, is reached.
Refer to Section 6.2 for shutdown procedure.

uipment Shutdown
Turn off equipment.
Make sure Capacitoracitors are discharged.

M Phase Angle Decode vs LED Current

Connect EVM per Figure 2. An external LED load must be used to start up the EVM.
Prior to turning on the AC source, set the voltage to 230 VRMS.

Connect scope probe to EVM per Figure 2 to bridge rectifier output.

Turn on the AC source.

Record the output voltage from Voltmeter 2 and output current reading from Ammeter 2 and input
current from Ammeter 1.

Set dimmer to maximum setting and note the LED current.
Varry the dimmer from maximum to minimum setting and evaluate the dimming performance.
Refer to Section 6.2 for shutdown procedure.

NOTE: The scope must be isolated.
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EVM Assembly Drawing and PCB Layout

The following figures (Figure 3 through Figure 6) show the design of the LM3447-PAR-230VEVM printed

circuit board.

029

Figure 3. LM3447-PAR-230VEVM Top Layer Copper (top view)
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Figure 4. LM3447-PAR-230VEVM Bottom Layer Copper (bottom view)
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Figure 5. LM3447-PAR-230VEVM Top Assembly Drawing (top view)
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EVM Assembly Drawing and PCB Layout
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Figure 6. LM3447-PAR-230VEVM Bottom Assembly Drawing (bottom view)
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8 Performance Data and Typical Characteristic Curves
Figure 7 through Figure 30 present typical performance curves for LM3447-PAR-230VEVM.

8.1 Efficiency
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Figure 7. LM3447-PAR-230VEVM Efficiency

8.2 Power Factor
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Figure 8. LM3447-PAR-230VEVM Power Factor vs Line Voltage

8.3 Line Regulation
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Figure 9. LM3447-PAR-230VEVM Input Power Regulation
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Figure 10. LM3447-PAR-230VEVM LED Current Regulation

8.4 Input Current THD
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Figure 11. LM3447-PAR-230VEVM- Current THD % vs Line Voltage

8.5 Output Ripple
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Figure 12. Output Ripple
(Ch1 - rectified line voltage (100V/div); Ch3 - line current (100mA/div); Ch4- LED current (100 mA/div))
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8.6 Switch Node Voltage Valley Switching
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Figure 13. Switch Node Waveform

(Ch1 - switch node (100V/div); Ch2 - rectified line voltage (100V/div))

8.7 Current Sense Waveform
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Figure 14. Current Sense Waveform

(Ch1 - switch node voltage (100V/div); Ch2 - R11 current sense (100mV/div))
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8.8 LED Open Circuit Protection
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Figure 15. Pre-Open Circuit Waveforms
(Ch1 - LED voltage (10V/div); Ch3 - line current (100mA/div); Ch4 - LED current(200mA/div))
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Figure 16. Open Circuit Steady State Waveforms
(Chl - LED voltage (10V/div); Ch3 - line current (100mA/div); Ch4 - LED current(200mA/div))
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Figure 17. Open Circuit Transient Waveforms
(Ch1 - LED voltage (10V/div); Ch3 - line current (100mA/div); Ch4 - LED current(200mA/div))
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8.9 LED Short Circuit Protection
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Figure 18. Pre-Short Circuit Waveforms
(Ch1 - LED voltage (10V/div); Ch3 - line current (100mA/div); Ch4 - LED current(200mA/div))
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Figure 19. Short Circuit Steady State Waveforms
(Chl - LED voltage (10V/div); Ch3 - line current (100mA/div); Ch4 - LED current(200mA/div))
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Figure 20. Short Circuit Transient Waveforms
(Ch1 - LED voltage (10V/div); Ch3 - line current (100mA/div); Ch4 - LED current(200mA/div))
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8.10 Dimming Characteristics with Reverse Phase Dimmer
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Figure 21. LED Current vs Conduction Angle
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Figure 22. Dimmer at maximum brightness setting
(Ch1l - rectified line voltage (100V/div); Ch3 - line current (100mA/div); Ch4- LED current (100 mA/div))
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Figure 23. Dimmer at half brightness setting
(Ch1l - rectified line voltage (100V/div); Ch3 - line current (100mA/div); Ch4- LED current (100 mA/div))
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Figure 24. Dimmer at minimum brightness setting
(Ch1l - rectified line voltage (100V/div); Ch3 - line current (100mA/div); Ch4- LED current (100 mA/div))

8.11 Dimming Characteristics with Forward Phase Dimmer
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Figure 25. LED Current vs Input Voltage

Tek Stop

@ 00mA @ 200mA ) [4.00ms ”25.0M§f§ I [ ] fzs.omA“
\ 1M points

Figure 26. Dimmer at maximum brightness setting
(Ch1l - rectified line voltage (100V/div); Ch3 - line current (100mA/div); Ch4- LED current (100 mA/div))
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Figure 27. Dimmer at half brightness setting
(Ch1l - rectified line voltage (100V/div); Ch3 - line current (100mA/div); Ch4- LED current (100 mA/div))
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Figure 28. Dimmer at minimum brightness setting
(Ch1l - rectified line voltage (100V/div); Ch3 - line current (100mA/div); Ch4- LED current (100 mA/div))
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8.12 EMI Plot

®
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Figure 29. Peak EMI Scan
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Figure 30. Average EMI Scan
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8.13 Thermal Performance

100.0 °C

25.0°C

Figure 31. LM3447-PAR-230VEVM Thermal Image (top view)

100.0 °C

25.0°C

Figure 32. LM3447-PAR-230VEVM Thermal Image (bottom view)
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9 Transformer Specification
CUSTOMER TERMINAL | RoHS | LEAD(Pb)—FREE 7—9'0
Sn06%, Aga% Yes Yes - —<
e o
WURTH ELEKTRONIK
* DIMENSION MAY BE EXCEEDED WITH SOLDER ONLY
.118/.158 *
[3.00/4.00] I DOT LOCATES TERM. #1
< TER. NO.’s FOR REF. ONLY ‘6[51%_0”;"]’(' 9{;‘;3‘5"
| - [
(=] ‘I‘.‘
- LE
'8[72“2,%‘]"' 7508151501
=] o
=l T
| 7 /]
\\— [05[?] sa.(14) LOT CODE & DATE CODE —‘I‘I
PART MUST INSERT FULLY TO
SURFACE A IN RECOMMENDED GRID
P #.052(14) .787
(S ) [1.32] r [20.00] 4_‘ .088(11)
)] [2.49]
%
PRI " = i J
255;;(7:;% \)—Q‘ . i3 L T T
o|C SEC o %
O—||— . 30-40VDC, 18W i *
h {14 .
E—s ’ (001 [ 3 i
AUX 3
14VDC, 20mADC /
{@j P.C. FA]‘I’REE}?l%C?MgDEEEéBENT SIDE
ELECTRICAL SPECIFICATIONS @ 25°C unless otherwise noted:
D.C. RESISTANCE (@20°C):  3-1, 3.80 Ohms +10%.
6-4, 0.385 Ohms +10%.
13-14, 0.120 Ohms +10%.
DIELECTRIC RATING: 4500VAC, 1 minute tested by applying 4500VAC for 1 second between
pins 3-13(tie 1+6).
INDUCTANCE: 1.78mH +10%, 70kHz, 100mVAC, OmADC, 3-1, Ls.
LEAKAGE INDUCTANCE: 45uH max., 100kHz, 100mVAC, 3-1(tie 4+6, 13+14), Ls.
TURNS RATIO: (3-1):(6-4), (11.54):(1.00), +2%.
(3-1):(13-14), (5.17 ):(1.00), +2%.
(3-2)(2-1), (1):(1.00), £2%.
OPERATING TEMPERATURE RANGE: -40°C to +125°C including temp rise.
Designed to comply with the following requirements as defined by IEC61558-2-16:
- Reinforced insulation for a primary circuit at a working voltage of 400VDC.
Wire insulation & RoHS status not affected by wire color. Wire insulation color may vary depending on availability.
Unless otherwise specified, tolerances are as follows: W E M . d I
mYh Angles: £1° Fractions: £1/64 - .
WE Mldcoms Inc. Decimals:+.005(.127mm) lacom, Inc
Watertown, SD USA Drawing Title Drawing Number Rev.
Toll Free: 800-643-2661
Fax: 605-886-4486 Transformer 7508151501 | ot
Dimenaions i brackets & n ilimetrs Revisions: See Sheet 1 Scale — | Spec Sheet 1 of 1
Engineer:EJK 06/05/2012
Figure 33. Transformer Specification
20 LM3447-PAR-230VEVM is a Phase-Dimmable, Primary-Side Regulated LED SLUUAO02-AUGUST 2012

Driver

Copyright © 2012, Texas Instruments Incorporated

Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUUA02

13 TEXAS
INSTRUMENTS

www.ti.com List of Materials

10

List of Materials

The EVM components list according to the schematic shown in Figure 1.

Table 3. LM3447-PAR-230VEVM List of Materials

QTY | REFDES DESCRIPTION MANUFACTURER PARTNUMBER

1 |ul ﬁ;;;fé‘g?nﬁiﬁg fgft‘é‘g 'Lsigﬁti‘r’]g""er regulated, PFC | o, o Instruments LM3447MTE/NOPB

1 |[C1 Capacitor, Ceramic, 2200 pF, 250 V, 20%, Radial TDK Corporation CD12-E2GA222MYNS

2 |C3,C5 Capacitor, Film, 0.047 pF, 310 VAC, 20%, Radial EPCOS B32921C3473M

1 |[C4 Capacitor, Film, 0.01 pF, 630 VDC, 20%, Radial Vishay BC Components | BFC233820103

2 |C6,C9 Capacitor, Ceramic, 0.1 pF, 630 V, +10%, X7R, Radial | TDK Corporation FK22X7R2J104K

1 |C7 AP, Aluminum, 680 pF, 50 V, £20%, Radial Vishay BC Components | MAL214651681E3

1 |C8 Capacitor, Ceramic, 1 pF, 100 V, £10%, X7R, 1210 MuRata GRM32CR72A105KA35L

1 |C10 Capacitor, Ceramic, 2.2 pF, 16 V, +10%, X7R, 0805 MuRata GRM21BR71C225KA12L

1 |Cl1 Capacitor, Ceramic, 10uF, 35V, £10%, X7R, 1210 MuRata GRM32ER7YA106KA12L

2 |C12,C13 Capacitor, Ceramic, 0.1 pF, 16 V, +10%, X7R, 0603 MuRata GRM188R71C104KA01D

1 |cia Capacitor, Ceramic, 4.7 iF, 16 V, X7R, 10%, 0805 | huraia Electronics North | g gy gr71ca7sKA73L
C15 Capacitor, Ceramic, 22 pF, 25V, £10%, X7R, 1210 MuRata GRM32ER71E226KE15L
D1 Diode, Switching-Bridge, 600 V, 0.8 A, MiniDIP Diodes Inc HDO6-T

1 D2 Diode, GPP Ultrafast, 800 V, 1 A, SMA \ishay General USIK-E3/61T

1 |D3 Diode, Zener, 3.3V, 200 mW, SOD-323 Diodes Inc. MMSZ5226BS-7-F

1 |D4 Diode, Superfast, 200 V, 2 A, SMB Diodes Inc ES2D-13-F

2 | D5, D6 Diode, Ultrafast, 100 V, 0.25 A, SOD-323 NXP Semiconductor BAS316,115

1 |D7 Diode, TVS, Uni, 220 V, 600 W, 5%, SMB Littelfuse Inc SMBJ220A

1 |F1 Fuse, Slow, 500 mA, 250 VAC, Radial Bel Fuse Inc RST 500

2 |L1,L2 Inductor, 3300 pH, 290 mA, 9.1 Q (max), Radial Bourns Inc. RLB9012-332KL

1 |Q1 MOSFET, N-channel, 800 V, 0.3 A, TO-92 STMicroelectronics STQINK80ZR-AP

1 |Q2 MOSFET, N-channel, 800 V, 3 A, DPAK STMicroelectronics STD4NK80ZT4

4 |RLRZRSIRES 412 k0, 19, 0.25W, 1206 Vishay-Dale CRCW1206412KFKEA
R3 RES, 165 kQ, 1%, 0.1W, 0603 Vishay-Dale CRCWO0603165KFKEA
R4 RES, 18 kQ, 5%, 0.1W, 0603 Vishay-Dale CRCWO060318K0JNEA
R6 Res, Fusible, 6.8 Q, x10%, 2W, Axial WELWYN EMC2-6R8K

2 |R7,R8 RES, 1 kQ, 5%, 1W, 2512 Vishay Dale gRCWZSlZlKOO‘]NEGH

1 |R11 RES, 100 Q, 1%, 0.125W, 0805 Vishay-Dale CRCWO0805100RFKEA

1 |R12 RES, 0.18 Q, 1%, 0.5W, 1210 Rohm MCR25JZHFLR180

1 |R13 RES, 10 Q, 5%, 0.1W, 0603 Vishay-Dale CRCWO060310R0JNEA

1 |R14 RES, 20 kQ, 5%, 0.25W, 1206 Vishay-Dale CRCW120620K0JNEA

1 |R16 RES, 33 Q, 5%, 0.125W, 0805 Vishay-Dale CRCWO080533R0JNEA

1 |R17 RES, 4.7 kQ, 5%, 0.125W, 0805 Vishay-Dale CRCWO08054K70JNEA

1 |R18 RES, 143 kQ, 1%, 0.1W, 0603 Vishay-Dale CRCWO0603143KFKEA

1 |R19 RES, 280 kQ, 1%, 0.1W, 0603 Vishay-Dale CRCWO0603280KFKEA

1 |RT1 Thermistor NTC, 100 kQ, 5%, 0603 MuRata NCP18WF104J03RB

1 |T1 Xfmr, EE20/10/6 Wurth/Midcom 7508151501 Rev 01

1 |VR1 Varistor, 275VAC, 369VDC, 23J, 7 mm dia., Radial Littelfuse Inc V275LA4P
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Evaluation Board/Kit Important Notice

Texas Instruments (TI) provides the enclosed product(s) under the following conditions:

This evaluation board/kit is intended for use for ENGINEERING DEVELOPMENT, DEMONSTRATION, OR EVALUATION PURPOSES
ONLY and is not considered by Tl to be a finished end-product fit for general consumer use. Persons handling the product(s) must have
electronics training and observe good engineering practice standards. As such, the goods being provided are not intended to be complete
in terms of required design-, marketing-, and/or manufacturing-related protective considerations, including product safety and environmental
measures typically found in end products that incorporate such semiconductor components or circuit boards. This evaluation board/kit does
not fall within the scope of the European Union directives regarding electromagnetic compatibility, restricted substances (RoHS), recycling
(WEEE), FCC, CE or UL, and therefore may not meet the technical requirements of these directives or other related directives.

Should this evaluation board/kit not meet the specifications indicated in the User’'s Guide, the board/kit may be returned within 30 days from
the date of delivery for a full refund. THE FOREGOING WARRANTY IS THE EXCLUSIVE WARRANTY MADE BY SELLER TO BUYER
AND IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE.

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user indemnifies Tl from all claims
arising from the handling or use of the goods. Due to the open construction of the product, it is the user’s responsibility to take any and all
appropriate precautions with regard to electrostatic discharge.

EXCEPT TO THE EXTENT OF THE INDEMNITY SET FORTH ABOVE, NEITHER PARTY SHALL BE LIABLE TO THE OTHER FOR ANY
INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES.

Tl currently deals with a variety of customers for products, and therefore our arrangement with the user is not exclusive.

Tl assumes no liability for applications assistance, customer product design, software performance, or infringement of patents or
services described herein.

Please read the User's Guide and, specifically, the Warnings and Restrictions notice in the User’s Guide prior to handling the product. This
notice contains important safety information about temperatures and voltages. For additional information on TI's environmental and/or
safety programs, please contact the TI application engineer or visit www.ti.com/esh.

No license is granted under any patent right or other intellectual property right of Tl covering or relating to any machine, process, or
combination in which such TI products or services might be or are used.

FCC Warning

This evaluation board/kit is intended for use for ENGINEERING DEVELOPMENT, DEMONSTRATION, OR EVALUATION PURPOSES
ONLY and is not considered by Tl to be a finished end-product fit for general consumer use. It generates, uses, and can radiate radio
frequency energy and has not been tested for compliance with the limits of computing devices pursuant to part 15 of FCC rules, which are
designed to provide reasonable protection against radio frequency interference. Operation of this equipment in other environments may
cause interference with radio communications, in which case the user at his own expense will be required to take whatever measures may
be required to correct this interference.

EVM Warnings and Restrictions

It is important to operate this EVM within the input voltage range of 190 V to 265 V and the output voltage range of 26 V to 34 V.

Exceeding the specified input range may cause unexpected operation and/or irreversible damage to the EVM. If there are questions
concerning the input range, please contact a Tl field representative prior to connecting the input power.

Applying loads outside of the specified output range may result in unintended operation and/or possible permanent damage to the EVM.
Please consult the EVM User's Guide prior to connecting any load to the EVM output. If there is uncertainty as to the load specification,
please contact a Tl field representative.

During normal operation, some circuit components may have case temperatures greater than 90°C. The EVM is designed to operate
properly with certain components above 90°C as long as the input and output ranges are maintained. These components include but are
not limited to linear regulators, switching transistors, pass transistors, and current sense resistors. These types of devices can be identified
using the EVM schematic located in the EVM User's Guide. When placing measurement probes near these devices during operation,
please be aware that these devices may be very warm to the touch.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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IMPORTANT NOTICE

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 JESDA48, 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.

Tl 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 Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl 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.

Tl 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 Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or 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 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 Tl 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.
Tl 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 Tl 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 Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl 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 Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl 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.

Tl has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and Tl will not be responsible for any failure of such
components to meet such requirements.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com

www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

TI E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers
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www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical
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