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Detailed agenda

Automotive Lighting Overview

TIDA-01183: Single Stage DRL with Accurate Timer
— 555 Timer feedback and filter

TIDA-01382: Single Stage DRL with Thermal Foldback
— Analog signal conditioning for temperature-based current limiting

TIDA-01581: Single Stage DRL design with

— Multi-String Current Balancing

— Fault Detection

— Thermal Foldback

TIDA- 01520: Dual Stage (Boost + Buck) Headlight Design
— Pre-boost control using dynamic headroom feedback
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Automotive lighting overview

« Existing LED Driver portfolio with customizable
discrete circuitry allows for a flexible design to
meet specific needs

* OpAmp building blocks help realize complex and
flexible lighting solutions

» Tl Designs enable customer to realize LED
lighting solutions quickly
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Automotive lighting overview

#Project  #Project  #Account #Account Socket WIN SBE-2 Pending SBE-2 Lost SBE-2 Win
END EQUIPMENT SBE-2 EE s SBE-2 s EE % % ID Amount Amount Amount
Exterior Lighting - Fog Light 5 28 4 14 50% 18% $0.00 $338.76k $1.61M
Exterior Lighting - Headlight 147 468 24 46 65% 31% $4.56M $9.64M $8.91M
Exterior Lighting - Rear Light 76 211 18 32 60% 36% $2.30M $2.23M $4.05M
Exterior Lighting - Small Light 7 32 6 15 65% 22% $10.02k $464.10k $318.33k
Interior Lighting 5 76 4 26 83% % $228.15k $0.00 $34.82k
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Systems-level problem solving

Four problems to be solved:

1. Timer inaccuracy for improved dimming
2. Thermal inaccuracies and runaway of LEDs
3. Inefficiencies due to multi-stage LED drivers

4. Proper brightness balancing for multi-string designs

6

Wip TEXAS INSTRUMENTS



Accurate PWM dimming
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Timer inaccuracy
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Timer inaccuracy

SOLUTION

External accurate reference to avoid 555
reference inaccuracy

Filtered duty cycle of TLC555 examined with
0.5% accurate TL431 reference

Resultant output fed back to CONT controls
TRIG and THRES reference voltages and
removes internal process variance

Opamp Feedback compensates for additional
external RC variance
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Accurate timer
PWM filtering

PWM

TLC555 Active Filter
Output

TLC555
CONT Pin

- B>

(Timer Output)

Questions to ask:
* Do you need improve the accuracy of a TLC555 Timer?

Select Op Amp Based on:
» Low voltage, rail-to-rail input and output
*+ Good CMRR and PSRR, low Vos
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Recommended Op Amps:

- OPA2377-Q1
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TIDA-01183
Accurate PWM Generation with TLC555 for DRL/PSTN

Design Features Design Benefits

* Operates from Automotive Battery (6V to 45V) * Accurate PWM +/- 2% Dimming
* PWM dimming range 5% to 80% » Cost-effective no uC needed
* Buck/Boost topology (470kHz) * Small form factor
* Operates through cold crank, jump start, and load dump * CISPR25 Class 3 compliant
(IEC61000-4) * ISO 11452-4 Bulk Current Injection Tolerant
* Reverse battery protected
+ EMI Filter

Tools & Resources
Y : '7 DRL/PSTN

! —
LED String
LED Driver 1to12
Y
"
. \\
P’“;’L'c"_r’.'s';w“‘ LED Fault / "
- Faults N
N
"
\ J

* TIDA-01183 Tools Folder reporting
* Test Data/Design Guide
* Design Files: Schematics, BOM and BOM Analysis
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LED thermal stability
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LED thermal stability
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Model: LE UW D1W1 01

Relative Forward Voltage ° 7% /7 Relative Luminous Flux % 7% 7
Relative Vorwértsspannung ¥ 5% 7 Relative Lichtstrom % == 7
AVp =V - Ve(25°C) = f(T)); =700 mA @D, {25 °C) = f{T)); I = 700 mA
o P L
A —
o [X] H25°C)
[~
N
A - .
\‘\ N
o X
@ ¥
N
a1 o4
s N
b
Max. Permissible Forward Current

40 -0 0 20 4 & 80 00120
TrQ Max. zulissiger Durchlassstrom

Chromaticity Coordinate Shift 55 17 k=fM

Farbortverschiebung ¥ === '™ E 1900 -
Gx, Cy =f(T); I, = 700 mA [mA] i
jg o o T
=20
1
oot :
an T
I 1 I 1 ]
50 1 L] 1 ! L] 1 L]
il A BRI
1 1 L 1 1 L 1
\ e rrlrren
oo i I I O B 1 B
1 1 1 1 I 1 1
1 1 1 1 I 1 1
1 ] 1 1 ] 1 1
HEEERREERERRIL
100

w20 0 2 4 & @101

[
0 D A @ 8 0 20 M
mrel

Te[T]

W3 TEXAS INSTRUMENTS




LED thermal stability

SOLUTION Foldback with LMT87 and no
: : additional slope control
 Modern LED drivers like the f}p

= 250

TPS92691 utilize a IADJ pin to set the
current limit

N
=}
3

o
3

Current Through

=]
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50

« Thermal foldback through use of temp ' Wm0 B w6 w o
sense device (LMTxxx, NTC, etc) and Foldback with LMT87 with opamp
opamp can control the IADJ pin with a ~ slope control |

slope to lower as temperature rises e
« Opamp Gain settings control slope for = g

customization =
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Thermal foldback

NTC sensing and signal conditioning

Temperature  Non-inverting - Questions to ask:
sensor amp LED Driver s
* Does the LED driver use an NTC or RTD for thermal foldback?

V: .- .
NTC 3 T * Do you need to condition an NTC signal for measurement?
Thermistor, —> — emp
RTD FB Select Op Amp Based on:
* Low voltage
» Rail-to-Rail input and output

Recommended Op Amps

* Reference Voltage * O PA3 17'Q 1
: . OPA377-01

LED Diver CurrentLimi i ° L MV93 1_ Q 1
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TIDA-01382

Automotive DRL LED Driver Reference Design with Linear Thermal Foldback

De5|gn Features Design Benefits

* Operates from Automotive Battery (6V to 45V) * Accurate Temperature +/- 2.7°C
* Boost topology (470kHz) * Small form factor
» Operates through cold crank, jump start, and load dump * CISPR25 Class 3 compliant
* Reverse battery protected * ISO 11452-4 Bulk Current Injection Tolerant
« EMI Filter

Tools & Resources i

- TIDA-01382 Tools Folder %‘“‘ S— I :
"

"

“a

* Test Data/Design Guide

» Design Files: Schematics, BOM and BOM Analysis, Design
Wip TEXAS INSTRUMENTS
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Dual stage LED driver efficiency
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Dual stage driver efficiency

Efficiency losses
and temp increase

as Vout lowers e
DC/DC Boost LED Driver
¥ Voutvaries
X with
Forward
voltage

W
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Dual stage driver efficiency

SOL UTIO N Drop across linear
driver minimized,
» To keep the voltage drop at a e ClcCTemo
minimum headroom control can be £ Ot - Varies with forward votage
use d D(C:/;Se?t?rst LED Driver %

» Dual stage LED driver systems (boost
+ Linear or buck + linear) can be
regulated dynamically based on the
varying forward voltage

-

Wip TEXAS INSTRUMENTS



Dynamic Headroom Control

Voltage Sensing

Driver Active Filter First Stage Boost
Output Feedback

DC Sense '
Voltage

Questions to ask:
* Do you have concerns for efficiency in your LED Driver?
* Do you need to compensate for changes in forward voltage?

Select Op Amp Based on:
* DC accuracy requirements (Vgs, Vog drift)
* Wide input common mode range

DC Out

DC/DC Boost

Converter

LED Driver %

A A~

I—AMA—

LED Out - Varies with forward voltage

Recommended Op Amp
« OPA2377-Q1

w o K &
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TIDA-01520 50w Dual Stage LED driver for automotive headlights T|D'é§/igns

« Wide input voltage range: 13.5V Typical, 6-18V Continuous » Adaptable to Different System Power Requirements
 Supports dynamic loads ' » Flexible number of Buck LED driver’s

» Dual Stage: Boost + 2 Buck LED arivers - Boost with optional dual phase operation

° EaEn GEMIDI U (B 2 JE0E @ 23 « Automatic output voltage adaption of boost controller to
* 1A output current per string lorees: S0 SfinG tecd

* Reverse battery protection 9 9 . N . .

. CISPR25 Class 3 compliant  Enables customer to realize LED lighting solution quickly

(no SPI programming, no uC necessary, cost effective)

Applications i

LM5122-Q1 TPS92515HV-Q1
Boost Controller L Buck LED-Driver 1§

T Vi TPS92515HV-Q1

OUT_BOOST i
Jo—or-000eT - .
Pre-Boost|_Vour st (B UEpHDT 1\\. i“

Control [,
out e
le—=

Transient

» Automotive Headlight

Tools & Resources

» TIDA-01520 Tools Folder » Device Datasheets:
» Design Guide —LM5122-Q1
« Design Files: Schematics, — TPS92515HV-Q1

BOM, Gerbers, Software, etc.
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http://www.ti.com/solution/automotive-front-led-lighting-system-single-stage

Multi-string current balancing and
protection

W3 TEXAS INSTRUMENTS



Multi-String current balancing and protection

§‘4 16 LED string

§: ~60V Forward
Voltage

< a—
w

Two 8 LED strings
30V Forward Voltage

oK

Variance in forward
voltage per string
leads to imbalance in
current consumption

% %
v Yy
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Multi-String current balancing and protection

SOLUTION

» Opamp-based current mirror for
balancing

 String currents at the same level
independent of process and
temperature variations and minimizes <~
maximum voltage requirements

« Comparator-based protection circuitry
allows for current limiting in cases
where one string exhibits a fault
condition to prevent overheating and
overcurrent conditions
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Current Balancing LED Strings

Low Side Sensing and Current Mirror Control

Questions to ask:

* Do you need to balance the current between multiple LED Strings?

» Are there concerns for process and temperature variation between
multiple LED strings?

Reference String Mirrored String

cc
LED Driver

Select Op Amp Based on:
* Input common-mode voltage range (should include ground)
* DC accuracy requirements (Ib, Vos, Vos drift)

IADJ

<

Comparator

Current Mirror |~
]

Recommended Op Amps:
« TLV316-Q1
« OPA377-Q1

Wip TEXAS INSTRUMENTS | .



TIDA-01581 Automotive Daytime Running Light Dual String LED Driver Reference Design TIDE&Q“S

with Current Balancing and Adjustable Thermal Foldback

* Wide Input Voltage 4.5 V to 65 V * Requires a single LED controller

* High Accuracy LED Current Balancing (<1%)  Lower driving voltage can be used

» Adjustable Thermal Foldback » Ensures equal brightness of LED strings

* ‘Position’ and ‘DRL’ Lighting Modes Using PWM * Open/short circuit failure over current protection
 Current Limiting Incase of Open Circuit Failure * Thermal protection

» Spread Spectrum Frequency Modulation » Operates without a microcontroller

* CISPR25 Class 5 EMI Tested

Applications

» Daytime Running Lights (DRL)
* Rear Lighting YN -
* Front Lighting

Tools & Resources 1 I LM2901-Q1 %
* TIDA-01581 and/or Tools « Device Datasheets: corbotery | Lol ewrwer o ssazan | ot s e some
Folder —TPS92692-Q1 ! :
. Design Guide —TLV2316-Q1 i B J LMT87-Q1
— LMT87-Q1 i | .

* Design Files: Schematics,
BOM, Gerbers, Software, etc.

- LM2901-Q1

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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Summary

* OpAmp Building Blocks help drive innovation and improve Automotive lighting
designs!

« For more information on Automotive Body and Lighting and details on these Tl
Designs, please see Tl.com/body

THANK YOUI!
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Summary

* OpAmp Building Blocks help drive innovation and improve Automotive lighting
designs!

« SEM will continue to help Find More, Win More and increase the ID% for our
building block parts!

* For more information on Automotive Body and Lighting and details on these Tl
Designs, please see Tl.com/body
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