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Build Innovative, Reliable and Cost-Effective

Automotive Lighting Systems

Introduction Design Support from TI
Automotive exterior LED lighting products from Texas Instruments (T1) help you build Tl offers comprehensive design tools,
innovative, reliable, cost-effective exterior automotive lighting systems that exceed technical resources and direct customer
today’s stringent requirements. Our highly efficient LED solutions extend the life of your support to help you get your automotive
lighting system, enable greater driver and pedestrian safety, and enhance the driver lighting products to market faster.
experience. ¢ Tl Designs - Lab-tested automotive

lighting reference designs

LED driver evaluation modules (EVMs)
e Automotive system block diagrams
Application notes

WEBENCH® LED design tool

Search for solutions and get help in
the LED driver forum in TI's E2E™

From headlights to taillights and everything in between, Tl delivers reliable, scalable and
power-efficient linear and switching solutions for simple and complex systems.
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Single-Stage Front Lighting Selection

Choose Many Single-Stage LED
Driver Solutions

TI's broad offering of single-stage LED Single-stage
drlv.er' .solgtlons glyes you o.ptlmurp . automotive front
flexibility in matching the wide variation . .

in LED load requirements with the LED I'ghtmg
dynamic operating range of automobile
and commercial truck batteries.

LED
current <
1.5A? 4

Low-side
sensing?

LM3409/HV-Q1 LM3406HV-Q1 TPS92690-Q1 LM3429-Q1
4.5-75V, 4.5-75V, simplest
6-42v/ 75V, 6- 75V, Analog/PWM

Hysteretic controller 1.5-A Converter dimmin
g
LM3421-Q1
4.5-75V
LM3429-Q1+
Fast PWM dim

LM3423-Q1
4.5-75V

LM3421-Q1+
fault flag

LM3424-Q1
4.5-75V
Frequency sync
Thermal fold-back

TPS92601-Q1
4.5-40V

Analog / PWM
dimming

TPS92602-Q1
4.5-40V
Dual TPS92601-Q1
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Single-Stage Front Lighting Selection

Featured Products

No.of | VINMin  VIN Max Topology Dim Method | Current Sense
Type Device Channels (V) (V)  Buck Boost Buck-Boost Flyback SEPIC Cuk Analog PWM  HS LS  Freq.Sync. Comments

iy Integrated NFET converter
LM3406Hv-Q1; 1 6 75 ° ¢ ° 1.5 A max LED current
L3409HV-Q1, 1 6 75 ° ° ° ° PFET controller
LV3409-01 1 6 42 ° ° ° ° PFET controller
...... 50-500 mV sense voltage
Lm3421-01 1 45 [C B ¢ * | ° M Fast PWM dimming
______ 50-500 mV sense voltage
[M3423-01 1 45 75 ° ° ° ° ° ° ° ° Fast PWM dimming

2 Fault flag

S

E=J 50-500 mV sense voltage

& | LM3424-Qb 1 45 8 ° ° ° ° ° ° ¢ ° ° Thermal fold-back
Li3429-01 1 45 75 ° ° ° ° ° ° ° ° 50-500 mV sense voltge
_______ 15-150 mV sense voltage
TPS92601-Q1: 1 45 40 o o o o o o o ° o Fast PFET PWM dimming

Fault diagnostics
_______ 15-150 mV sense voltage
TPS92602-Q1: 2 45 40 ° ° ° ° ° ° ° ° ° Fast PFET PWM dimming
Fault diagnostics
TPS92690-01 1 45 75 ° ° o | o ° ° ° ° 50-500 mV sense voltge
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Single-Stage Front Lighting Overview

Design Long Lasting LED Lights
Without Modifying the BCM
Automotive front lights are evolving from

incandescent high-intensity discharge
(HID) based lamps into highly intelligent

L] | -]HughBeam | O‘i - O"‘g‘;),i

Low Beam 0-%7 - 0’_&_};

D

and adaptive luminaires that automati- v @_[ I
cally adjust to dynamic environmental, ~ ' ]I”C')" :O_i - oS :
roadway and traffic conditions. v @_[ : ’_’":
i Position
Common implementations today are a = @—[ '0}1,7 “ OQ—S—/—%:
mixture of both traditional filament-based ‘ ; DAL :
lamps and LED light sources with LEDs o @_[ 0}17 “ o‘—&'—}:
typically being utilized on mid- and ; Fog I
high-end models or trim levels. — 1o ,o—i - o'—é’i’—/—%:
_____________ |
TI’s flexible portfolio of single/dual - 7[ '
channel LED drivers and development @ -ooner
tools help you in the design of long +— Diagrostioa/Contro
lasting LED light sources for replacement Body LIN Bus
of incandescent lamps without expensive Control l []]1
modification to existing Body Control
Modules (BCMs).
Flexible, Module Single Power Conversion Stage Architecture
LEDs are not only a long-lasting, energy efficient sources of light, they also provide Tlé:vigt;f:(efED and conven-
OEMs with creative new ways to combine lighting function with innovative styling. tionZtI liaht sources without ECU
TI’s flexible, single-stage LED driver products are highly configurable and modular modificgation
point-of-load solutions. They simplify matching the dynamic voltage range of modern « Flexible driver solutions for
automotive batteries to strings ranging from 1 to “n” LEDs in length. . “n
strings of 1 to LEDs
Available in single and dual-channel options, TI’s single-stage LED drivers also can e Low BOM cost
be configured to support all common topologies. Diagnostic and protection features
ensure reliable operation under fault conditions.
a . .
o Flexible Portfolio
Meets Your Needs
Condition Topology
VLED > VBATT Boost
VLED < VBATT Buck
VLED > or < VBATT Buck-Boost
SEPIC
Flyback
Cuk

Texas Instruments

Buck-Boost
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Dual-Stage Front Lighting Overview

Benefit From a Full LED Electronics Control Unit Approach

Vehicles adopting LEDs for all exterior lighting functions can benefit from a full LED
ECU platform approach based upon a dual power conversion stage architecture
consisting of a boost voltage source and buck current regulators for each lighting

Tl Advantages

e Boost removes VBATT
fluctuations

e Buck LED drivers have best

function. immunity to LED open or short
Buck LED drivers from Texas Instruments are ideal current sources and offer the best faults

immunity to common fault conditions such as short circuits to chassis and battery. TI’s e Scalable ECU platform for static
boost regulators produce stable DC input supplies for buck current source operation. or adaptive front lighting

Buck LED <
Boost B B
otaog Buck LED z
Regulators ']—h Low beam
¥ :
Buck LED 7
n
< Blg;r'i(VI;ED ]—Dﬁ—/_,7 Position
Buck LED 7
Buck LED < F
Driver :l > J., o9
Regulator
H Mcu
Diagnostics/Control

Body LIN Bus
Control I:E

Dual-Stage Front Lighting Product Selection Flow

T

Dual-stage
automotive front
LED lighting

Secondary

TPS40211-Q1 LED

s 4.£|3 -tzlgv . current 2>
implest boos
controller 1.5A?

LM3409/HV-Q1 LM3406/HV-Q1
6-42V / 75V, 6-75V,
Hysteretic controller 1.5-A Converter
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Adaptive Front Lighting Overview

Featured Products

No. of Topology Dim Method Current Sense
Type | Device Channels VIN Min (V) VIN Max (V) Buck Boost Flyback @ SEPIC Analog = PWM HS LS Comments
GG o B . Skt
._g LNi3409RV-Q1! 1 6 75 ° ° ° ° PFET controller
E L1i3409-0 1 6 42 o o o o PFET controller
TPS40211-0f 1 45 52 ° ° ° ° 260 mV fixed FB voltage

Adaptive Front Lighting (AFL) Gives You Optimal lllumination

Traditional high-/low beam High-Intensity

Discharge (HID) lamps consist of a bulb
and reflector to create a predefined

distribution of light. In most vehicles, the

only control for these headlamps is ON

or OFF. A relative few can alter the beam

direction by rudimentary mechanical

means based on steering wheel position.

These systems are subject to wear out
mechanisms and long-term reliability
concerns as they rely on motors,
actuators and baffles to physically steer
the headlamps.

Unlike incandescent bulbs, LEDs
are point sources of light. If they are

Traditional Front Lighting

creatively arranged and paired with a
suitable control method light is easily
steered without moving parts.

TI’s solid-state approach is a more
reliable, dynamic and scalable means
of solving designers AFL challenges.
Using speed, steering wheel position,
navigation system inputs, and front-
facing cameras for vehicle and object
detection, TI’s LED Matrix Manager for
AFL enables vehicles to automatically
adjust the distribution and intensity of
light emitted from the high/low beams
without physical movement of the
headlamps.

This capability provides always

optimal roadway, shoulder and median
illumination free of common high-beam
glare. The result is greater long distance
visibility at highway speeds, enhanced
side visibility when cornering, and
providing the driver with an obvious over-
illuminated visual warning of roadway
debris and potential animal or pedestrian
hazards.

Adaptive Front Lighting

Texas Instruments
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LED Matrix Manager

for Adaptive Front Lighting

Simplify Your Automotive Exterior Lighting Design with the
TPS92661-Q1 Tl Advantages

¢ Solid state - no moving parts
required

e Controls up to 96 LEDs for
headlamp beam forming and
directional control

e 10-bit pulse-width modulated
(PWM) LED brightness control
for pixel-level light intensity
adjustment

Glare Free High Beam e LED open/short fault diagnostics

¢ Easy integration into dual-stage

LED drivers from Tl provide the ultimate flexibility for enhancing automobile styling

and safety. The TPS92661-Q1, LED Matrix Manager IC, is a compact solution with

LED pixel-level brightness control and diagnostics ideally suited for adaptive high/low
beams, sequential turn indicators and daytime running lights. This solid-state approach
requires no moving parts, increasing system reliability.

LED Matrix Manager

Buck LED

Boost
o—— Voltage

Buck LED
Regulator | ¢

Adaptive Low Beam ECU

Buck LED

L Driver Sequential Turn
4
n
Bl::;:rli(v:ED (] Static Low Beam
4
Buck LED "
1 Driver DRL / Position
4
Buck LED 2
To matrix
+ MCuU = D
| Diagnostics/Control malréasger
[—>|
Body D CAN Bus
Control Dj
"""""" i |
i
crp[] i i i
i b i
! | '
vin[ : J - JLED12
Linear ! '= Level Driver with LED “‘_ i
Regulator 1 0 Shifters Fault Detection !
vee[ ] i ! |
i i : cPP +—_| LED11
q 1
GND[ | ! i 1L =
N Level N Driver with LED 1
i ] Shifters Fault Detection il !
______________ Logic { Vo
___________ and | 1 2 —{ | LED1O
EN Registers| | . |
|
ADR2| | E ° f
ADR1[] ! i
1
ADRO|[ ] ! 0
1 1
SYNC CPP LED2
[ ] i - |
Level Driver with LED 0
177 shifters [ Fauit Detection [ "1 !
CLK[_] 1 i — | LED1
! i CPP -
RX =
L f L Level ., Driver with LED ST
™[ ] | Shifters Fault Detection !
1 o e LEDO
1_ Communications «—VCC iSwitchAmay ]
LED Matrix Controller
Device Vin Ferk (MH2) Package Features
------- ; AEC-Q100 Grade 1 qualified
e - = H \ 1
TPS92661- 4.5-5.5V 0.1-16 TQFP Exp-Pad 48 pins Automotive grade production flow
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Rear Lighting: Reliable, Low EMI Solutions

Get Integrated Solutions with Full Diagnostic and Thermal Management Features

TI's Linear LED driver portfolio consists for long LED strings where the LED full diagnostic (e.g., LED open, short
of reliable, low-EMI solutions for rear forward voltage is greater than the and single LED short) and thermal
stop, turn and backup lighting. Integrated minimum battery voltage. TI’s Linear management.

DC/DC with linear LED drive is suitable solutions offer the leading features of

W Y

— — LDO
; — ;|; Boost + Linear
| |

Control «—»

EM
| | |
| | |

i;‘ ia it:

Single-Channel Linear Multi-Channel Linear Boost + Linear
e |deal for few LED pixels, ¢ Best for designs using many e DC/DC (boost, SEPIC) buffers
high-current designs parallel, low-current LEDs LED strings from battery voltage
e Simple building block, repeat e Simplified fault reporting as variation under cold/warm crank
circuit for additional channels single IC controls multiple ¢ Suitable for longer series-
channels connected LEDs

Rear Lighting Product Selection Flow

. LM3492HC-Q1 LM3431/A-Q1
DC/DC Low Side
4.5-65V, 0.25A/Ch x 2-Ch 5-36V, >0.2A/Ch x 3-Ch
TPS92630-Q1
5-45V, 0.15A/Ch x 3-Ch
High Side

. TPS92638-Q1
Linear
5-45V, 0.07A/Ch x 8-Ch
Low Side
4.5-42V, 0.5A/Ch x 1-Ch

Typology | | Current Sense | | 1 x Channel | 2 x Channels 3 x Channels 8 x Channels
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Rear Lighting: Reliable, Low EMI Solutions

Featured Products

No. of VIN Min VIN Max Dim Method Current Sense
Type | Device Channels ) V) Analog PWM HS LS Comments
TL4242-01' 1 45 42 ° ° ° 500 mA max current
150 mA / channel
..... . Single LED short detection
= dis il . 9 . ° ° ¢ Fault detection and protection
§ Thermal foldback
- 70 mA / channel
_______ 4-bank PWM control
TPS92638-Q1 8 5 40 ° ° ° Stop / tail function
Fault detetion and protection
Thermal current foldback
------- 3-channel boost and linear controller
g LM3431/A-03 3 45 36 o J ® | “A"—lower offset
-3
S | amre oo 2-channel integrated boost and linear converter
- -
3 | LM 2 45 65 ° ° ® | 50-200 mAmax/ ch
[ 723
§ _______ 2-channel integrated boost and linear converter
LM3492HC-Q1; 2 45 65 ° (] ° 50-250 mA max / ch
High contrast ratio up to 10,000:1

10
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Design Resources, References and Support

Tl provides many resources for your external lighting needs to help you design systems faster, including Tl Designs and guides. We

also offer worldwide support to ensure your questions are answered fast.

WEBENCH® Automotive

TI's automotive WEBENCH designs are another way to get your applications to
market faster. The design tool helps you:

e SELECT the right automotive-grade parts for your system requirements

e CREATE a design in seconds and visually optimize results for efficiency, size and cost
e ANALYZE your design by running electrical and thermal analysis right in the tool
e EXPORT your optimized design directly into your CAD program

www.ti.com/webenchauto

______________________

Helpful Automotive Collateral and Tl.com Links

Collateral

e Automotive Infotainment Guide (www.ti.com/Iit/SSAY002)

¢ Advanced Driver Assistance Systems (ADAS) Guide (www.ti.com/lit/SLYY044)

¢ Automotive Wide VIN DC/DC Guide (www.ti.com/Ilit/SLPT042)

e Automotive DC/DC, Multirail, and LDO Quick Reference Guide

* Automotive and Transportation Solutions Guide www.ti.com/lit/SSAY001)

¢ Tl Automotive Solutions: www.ti.com/automotive

Texas Instruments

TIDesigns

Jump start your design process

e Comprehensive reference designs

e Complete schematics/block diagrams
e BOMs

e Design files and test reports

Tl E2E™
Community

For an expert opinion, blogs and forums,
check out the TI E2E™ Community.

www.ti.com/leddriverforum
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Tl Worldwide Technical Support

Internet

Tl Semiconductor Product Information Center
Home Page

TI E2E™ Community Home Page

e2e.ti.com

Product Information Centers
Americas Phone +1(512) 434-1560

Brazil Phone 0800-891-2616
Mexico Phone 0800-670-7544

Fax +1(972) 927-6377
Internet/Email support.ti.com/sc/pic/americas.htm

Europe, Middle East, and Africa

Phone
European Free Call 00800-ASK-TEXAS
(00800 275 83927)
International +49 (0) 8161 80 2121
Russian Support +7(4) 9598 10 701

Note: The European Free Call (Toll Free) number is not active in

all countries. If you have technical difficulty calling the free call
number, please use the international number above.

Fax +(49) (0) 8161 80 2045

Internet www.ti.com/asktexas

Direct Email asktexas@ti.com

Japan

Fax International +81-3-3344-5317

Domestic 0120-81-0036

Internet/Email  International  support.ti.com/sc/pic/japan.htm

Domestic ww.tif.co.jp/pio

The platform bar and E2E are trademarks and WEBENCH is a registered trademark of

Texas Instruments. All other trademarks are the property of their respective owners.

© 2015 Texas Instruments Incorporated //
Printed in U.S.A. by (Printer, City, State)

Asia
Phone Toll-Free Number

Note: Toll-free numbers may not support
mobile and IP phones.

Australia 1-800-999-084
China 800-820-8682
Hong Kong 800-96-5941
India 000-800-100-8888
Indonesia 001-803-8861-1006
Korea 080-551-2804
Malaysia 1-800-80-3973
New Zealand 0800-446-934
Philippines 1-800-765-7404
Singapore 800-886-1028
Taiwan 0800-006800
Thailand 001-800-886-0010
International  +86-21-23073444
Fax +86-21-23073686
Email tiasia@ti.com or ti-china@ti.com
Internet support.ti.com/sc/pic/asia.himt

Important Notice: The products and services of Texas Instruments
Incorporated and its subsidiaries described herein are sold subject to Tl's
standard terms and conditions of sale. Customers are advised to obtain the
most current and complete information about Tl products and services
before placing orders. Tl assumes no liability for applications assistance,
customer’s applications or product designs, software performance, or
infringement of patents. The publication of information regarding any other
company’s products or services does not constitute TI’s approval, warranty or
endorsement thereof.

A021014
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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.

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 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.

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 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 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.
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 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 Tl and its representatives against any damages arising out of the use
of any Tl 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 Tl components are authorized for use in FDA Class Ill (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.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

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

dsp.ti.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

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

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

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2015, Texas Instruments Incorporated
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