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O China automotive shipment becomes WW No. 1 in 2012

[ China automotive achieves 12.6% 10Yr CAGR from 2007 to 2017
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Tl Innovation Focuses on Four Application Sectors

Infotainment
& cluster

Body electronics
& lighting

Advanced driver

assistance systems

Entertainment system
Head-up display
Navigation system
eCall

Adaptive cruise control
Night vision
Blindspot detection
Lane departure warning

Safer driving Connected driving
environment experience

Security system
Seat position control
Remote keyless entry

Lighting

Differentiation in lighting

and body electronics

Hybrid/electric and
powertrain systems

Automatic start/stop
Battery management
Electric power steering

Engine and transmission
control

Electrification
of vehicles

and more...
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Fun & Safe in Infotainment & ADAS

Infotainment
Touch display, Navigation, Media Hub

Second Display ADAS Radar 3D TOF

Remote Display, Premium Audio, Touch Pad  LRR, MRR, SRR, Pedestrian Detection 3D TOF, Gesture Controlled Dashboard
Parking, BSD, LCA, LKA, etc
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Green Transportation in HEV/EV

Traction Motor
Functional Safety, ASIL C/D

On Board Charge
Analog & EP solution

o Bi-Directional DCDC HV BMS ~
400V-12V, 48V-12V DC/DC HV/LV BMS, ASIL C/D BMS
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TI’s Innovative Automotive Lighting Solution

DLP Headlight Chipset Dynamic LED driver
Glare-free Adaptive High Beam Adaptive High Beam / Low Beam

Switching LED Driver Linear LED Driver Multi-channel LED Driver
Daytime Running Light Stop / Tail Light Cluster Tell-Tale

High Beam / Low Beam Turn Light Dashboard Backlight

Fog Light Reverse Light
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Automotive LED Lighting Application
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Successful Story in Lamp




Expand to More Automotive LED EEs
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Signal Lighting — Safety Relevant

* LED Drivers needed per car
— Turn Indicators (8 pcs), RCL Lamp (8pcs), License plate(1pc)
— CHMSL(2pcs), Side Marker(2 pcs), Mirror Indicator(2pcs)
— EV/HEV Charger Indicator(1pc)

» Key Care-abouts
— Diagnostics of LED open/short failure with low fault current
— Single LED Short Diagnostics is key competitive feature.
— Mid current range 70 — 200mA per string
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Convenience Lighting — Cost Driven

* LED Drivers needed per car
— Door handler(4 pcs), Welcome (2pcs), Emblem (1pc)
— Dome (2pcs), Rearseat Overhead(2 pcs)
— Glove box(1pc), Sunshade (2pcs)

» Key Care-abouts
— Low cost
— Current accuracy for homogeneity
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Exterior LED Application

Matrix LED-Fernlicht Abblendlicht
Matrix LED Main beam Low beam unit

* Front
— Lowbeam & Highbeam
— DRL
— Turn Indicator

_ Front FOg Tagfahrlicht / Positionslicht Blinker

Daytime running light / Turn indicator
o Rear position light
— Stop
— Tail
— Turn Indicator
— Front Fog
— Reverse/Back up

* Misc: mirror, side marker, etc.
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LED Driving Topology

Vear
[

» .
Ll

DC/DC §
(Buck, Boost, %‘ Linear T
Sepic, Flyback, etc.) |

Linear

Controller Discrete
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Existing Design Challenge

Cost
EMC/EMI

High Power / Thermal

Diagnostics

Size

Size

Cost

EMC

Power

Diag

DC/DC

Size

Cost

yr/

Diag Power

EMC

Linear
Integrated

Cost
Size EMC
Diag Power
Linear
Controller

Cost

Size EMC

Power

Diag

Discrete

wip TEXAS INSTRUMENTS



Homogeneity

o LINEAR
. cc De/be LOWSIDE
BUCK/BOOST

cvDC/DC
BOOST

cc DC/DC
BUCK

¥

LINEAR
HIGHSIDE

srome  $HP $$

—i—i— i — i
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 LED-LED varies on forward voltage, color temperature and brightness, etc.

« Common solutionis 1. Use pre-selected LEDs, (Binned LED)
2. Adjust output current per batch requirement $5%
3. Serial LEDs to avoid current source variation.
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Diagnostics — LED Failure Modes

TLC6C5712 Ve TLC6C5712 Ve TLC6C5712 Vee

oV oV

GND GND

LED Open LED Short to GND LED Short to Supply

e Common LED faults includes LED Open, LED
Short, LED Short to GND, LED Short to Supply

Detect &
Distinguish
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BCM Diagnostics — 1 wire for EACH function

» Highside driver current sense in BCM

« Commonly supports both Bulb and
LED.

» Due to low accuracy of existing BCM
highside driver current sensing, some
European OEM requires LED driver:

— Consume more than 50mA when fully
functional

— Consume less than 10mA when fault is
detected and turn off all LEDs for this
function (One-Fail-All-Fail)

VRAT

BCM - ECU

A

O

TPS92630
-Ql
3CH

TPS92630
-Q1
3CH

TPS92630
-Q1
3CH
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Thermal — it’s all about cost

A

bl HEAT
ON DEVICE

Aluminum Based PCB  $$$

VBAT

~13.5v
Package Thermal
Challenge
6.3V
6V
4.2V
W Y
HEAT | HEAT
REZETACREZ
HIGH NOM LOW HIGH NOM LOW
* Moving to 6V crank condition will mcrease system level power dissipation by at least

50%. $$%

* Only selected rear light function(e.g. turn indicator in VW) requires warm cranking at
this moment. Some low cost customer in Japan even puts 4 LEDs in a string.
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EMC 3 |
- » Traditional rear light makers’ only
electrical component is Bulb.

J

« EMC is a extremely difficult topic for
most rear light customers.

width of strip
Thickness of glass 314 mm

Permittivity 75
Dielectric losses 0.02
Real Ground Parameters
Permittivity 13

Conductivity, [S/m] S5e-3

\ /

« Many cars use rear window defogger as antenna

» Other cars placed closed to trunk/roof

« Most OEMs have stringent requirement of EMC
for rear light
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Linear LED Driver Topology

BCM - ECU

Vpatl Vgar| BEM - ECU Vear Vgay| BCM - ECU
oo —0 o—¢— oo —0
> > >
A AN A

TPS92630 TPS92638 TPS9283x
-Q1 -Q1 -Q1 3CH
3CH 8CH

£ a1
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Automotive LED Driver Demo
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Rear Combination Lamp Full LED Cluster
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TPS92830-Q1

Applications Key Parameter Overview

AEC-Q100 Qualified for Automotive Applications
Wide voltage input range from 5 - 40V
3-CH high side current driving and sensing
» Channel independent current setting
» Channel independent PWM inputs with 1000:1 dimming ratio
*  PWM dimming via either PWM inputs or power supply
*  Optimized slew rate for better EMC
High Precision LED Driving
» Precision current regulation with external NMOS FET (Max. 3% tolerance)
* 20:1 analog dimming profile with off-board bin resistor support
»  Precision on-chip PWM Generator with Full Duty-Cycle mask (Max. 2% tolerance) &
Open drain PWM output for synchronization
Protection and Diagnostics
»  Output Current Derating with adjustable input voltage threshold for external
MOSFET thermal protection
» Diagnostics for LED string Open Circuit or Short Circuit with auto recovery
» Diagnostics Enable with adjustable threshold for low voltage operation
» Fault bus up to 15 devices, configurable as either One-Fail-All-Fail or only failed-
channel off
» Low quiescent current in fault mode (<2mA per device)
TSSOP 28 Package (PW)
Operating Junction Temperature Range: -40 C to +150 C

Rear Light — Tail/Stop Light, Fog Light, Reverse Light, Turn Indicator
Front Light — Position Light, Daytime Running Light, Fog Light, Turn Indicator

» Complete high side architecture supports off-board LED driving and LED bin capability
» Linear LED driving for easy EMI/EMC design

» High precision local PWM generation saves external components

» Built-in diagnostics and protection for automotive lighting

* Multiple devices standalone operation with One-Fail-All-Fail
BATTERY,,

i
o
Q
o
o0
&N
(=)}
2
a
-

Output Channel 3

VIN Operating Voltage 5~40 \%
Current Regulation Accuracy 3 %
On-chip PWM Generator Accuracy 2 %
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TPS92610-Q1

Applications Key Parameter Overview

AEC-Q100 Qualified for Automotive Applications
Wide voltage input range from 4.5 - 40V
Single channel high side current driving and sensing
¢ Constant Current output up to 450mA
* Analog current setting via external resistor
* Output Current expansion via external NPN or resistors
*  PWM dimming by PWM input or SUPPLY
e Optimized slew rate for better EMC
* Max Dropout Voltage (-40~125C) 700mV @ 150mA
High Precision LED Driving
e Current accuracy <4.5% (-40 ~ 125C)
* 100mV Reference Resistor Headroom
Protection and Diagnostics
* Single LED Short detection
* LED Open detection with low dropout mode
e LED Short detection and protection
* Fault bus and One-Fails-All-Fail
* Auto Retry from any failures
* Thermal Shutdown protection
HTSSOP-14 package (52.4C/W)
Operating Junction Temperature Range: -40 Cto +150 C

Rear Light — Tail/Stop Light, Turn Light, Fog Light, Reverse Light
Interior Light — Dome Lamp, Glove Box Lamp
Side Marker, Mirror Indicator, EV Charger Indicator

e Full Diagnostics and Protection with Auto Retry to meet Automotive Safety requirements

¢ Single LED Short Detection to meet Car OEMs most advanced requests when using LED string
e Complete high side architecture supports off-board LED driving and LED bin capability

e Current Expansion with NPN and resistors helps to achieve low cost high current solution

4.5 - 40V

TPS92610 - Q1

Copyright © 2017, Texas Instruments Incorporated

Output Channel 1

VIN Operating Voltage 4.5~ 40 Vv
Per Channel Max. Output Current 450 mA
Output Current Accuracy 4.5 %
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TPS9261x-Q1 Functional Block Diagram

SUPPLY .

" Current
SUPPLY.J_| |J-| IN Flow
L=

L

EN [J}— X/

@

DIAGEN Ay OUT _
Supply &
2Ll Current Source

| =

Control

PWM

SSH

LED Diagnostics

FAULT [1—

SSL

M
LJ

N

H1
0 -
—i¢

GND N
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TPS92611-Q1

Features

AEC-Q100 Qualified for Automotive Applications
Wide voltage input range from 4.5 - 40V
Single channel high side current driving and sensing
¢ Constant Current output up to 300mA
* Analog current setting via external resistor
e Output Current expansion via external NPN or resistors
¢ PWM dimming by PWM input or SUPPLY
e Optimized slew rate for better EMC
* Max Dropout Voltage (-40~125C) 400mV @ 70mA
High Precision LED Driving
e Current accuracy <4.5% (-40 ~ 125C)
* 100mV Reference Resistor Headroom
Protection and Diagnostics
* LED Open detection with low dropout mode
e LED Short detection and protection
* Fault bus and One-Fails-All-Fail
¢ Auto Retry from any failures
e Thermal Shutdown protection
MSOP-8 package (60.0 C/W)
Operating Junction Temperature Range: -40 C to +150 C

Applications

Rear Light — Tail/Stop Light, Turn Light, Fog Light, Reverse Light
Interior Light — Dome Lamp, Glove Box Lamp
Side Marker, Mirror Indicator, EV Charger Indicator

Benefits

e Full Diagnostics and Protection with Auto Retry to meet Automotive Safety requirements

¢ Complete high side architecture supports off-board LED driving and LED bin capability

e Current Expansion with NPN and resistors helps to achieve low cost high current solution

45 - 40V

TPS92611 - Q1

EN Y EN SUPPLY
Rsns)
DIAGEN
DIAGEN IN
PWM
Bt VY ouT[

4[|] FAULT GND

Copyright © 2017, Texas Instruments Incorporated

Key Parameter Overview

M W

Output Channel 1

VIN Operating Voltage 4.5~ 40 Vv
Per Channel Max. Output Current 300 mA
Output Current Accuracy 4.5 %
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Value Proposition

_

Low cost Save customers’ cost with device family

Support Current Extension by Bipolar or

: Save customers’ solution cost
Resistors

Protect from thermal breakdown, saves cost of

Uresinel Ploceion extra package for reliability

Integrated PWM dimming and saves discrete

PWM Dimming cost

LED Diagnostics
(Open/Short Detection, Single LED Detection,
One-Fails-All-Fail)

Fulfill diagnostics requirement without additional
cost
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Protected LED Failure Mode

SUPPLY

SUPPLY

»

»

TPS92610 — Q1

TPS92610 — Q1

DIAGEN

Full Diagnostic and FAULT pin reports Open, Short to
GND and Thermal Shutdown

Auto Recovery after removing Fault condition (no
overshoot current upon recovery from Open)
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Single LED Short Detection

OUT [}
R
SSH 0
R4
SSL

Visst) = VissH) > VissH_tn)

VissL) < V(ssL_tn

VissL th)

AN

Il

|-

¢

» Use Bottom LED Forward Voltage as
reference

» Atleast 5 LEDs per string, also good for
DC/DC + Linear hybrid topology

 Auto-retry and one-fail-all-fail fault bus
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Current Expansion with External Resistors

SUPPLY
MSOP-8
« Total current is set by Rgns >
+ lnes varies with SUPPLY voltage TESSZeh
* ltotaL @chieves ~2x of lpgve s
« Supported by all TPS9261x-Q1
» With LED Open Fault Detection DIAGEN

B DIAGEN FAULTH
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TPS9261x-Q1 Package and Pin Assignment

EN SUPPLY
DIAGEN IN
NC NC
PWM out
NC NC
FauLT [ SSH
GND [ ssL
HTSSOP-14
Size 6.4*5%1.2
Pitch: 0.65

EN SUPPLY
DIAGEN IN
PWM ouT
FAULT GND
MSOP-8
Size :4.9%3*1.1
Pitch: 0.65
SUPPPLY IN
ouTt
PWM GND

Size :2.9%2.8%1.45
Pitch: 0.95
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Thanks!
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Agenda

TI N-Ch MOSFET Controller for LED Lighting
Family

TPS92691 Overview
How To Design SPEIC
EMI & Layout Placement
LED Matrix Manager
Customer Collateral

LnPr
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Tl N-Channel MOSFET Controller for iR
LED Lighting Portfolio TPS92692
|

65V, rail-to-rail current sense,
frequency synchronization, Fault
diagnosis Spread Spectrum
Frequency Modulation for
Improved EMI

20pin

Pseudo-Fixed

LM3423

LM3421+fault
protection, dim polarity,
LED ready, 20pin

LM3421

LM3429+EN, DDRYV,
and RPD, 16pin

LM3429

75Vin, Adj. HS Current
Sense, nDIM, OVP,

14pin

TPS92691

65V, rail-to-rail current sense,
frequency synchronization, Fault
diagnosis, 16pin

Features

Frequency control scheme



TPS92691 Multi-Topology LED Driver with d#2"

Rail-to-Rail Current Sense Amplifier

Features (4$1f)

Applications ()

Tools & Resources (LE5%R)

Input Voltage Range: 4.5 V to 65 V multi-topology configurable
Rail-to-rail current sense amplifier (Product Folder: TPS92691)
Better than +/-3% LED Current Accuracy

Analog and PWM Dimming

Switching Frequency Adjustable 80K~700KHz and up to 1MHz
with Sync option

Continuous LED status monitoring output

VCC UVLO, Over-Current, and Over-Temperature Protection
Packages: HTTSOP-16, AEC-Q100 Grade 1

Appliances
LED lighting applications requiring Current Monitoring
LED lighting applications requiring high currents or large LED

* EVMs:

» TPS92691 SEPIC LED Driver Evaluation Board
» TPS92691-Q1 Boost and Boost-to-Battery LED Driver
Evaluation Board

Benefits (3XZf)

» Supports Boost, Buck, Buck-boost, Cuk, Flyback and SEPIC
topologies

» Supports output voltage from 2V to 65V and either high-side or
low-side current sense

* Linear input range from 140mV to 2.2V for analog dimming and
over 1,000:1 series FET PWM dimming

+ Optimize for Efficiency, Size, or LED Ripple Current

. System Fault detection and diagnoses

qt&".ﬁ‘.?f@:?li‘n%tef Rt é“E’”rr?JJ.‘Ja'

AAAAAAA N AamAdibiama
Eff'l:lem:y wvs Output Voltage

|— Vg =80 W, I =g = 300 mA

e
TRESaEET 01
Com
1 [, w8

Effcicy (%)

R

® 10 11 12 13 14 18 1B 17 18
= Vi ()

HTTSOP-16
TIDésigns

}J}VEBE(NCH(! “
esign A2NE
ki i L —
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TPS92691/-Q1 Pin Description 2

|_|name | DESCRIPTION

i ™

VMINC T 110 16
SR N T
RT/SYNCT {3 | :14
PWML_T_14 | Thermal {13
coMP—T {5 | Fad {12
IADJC_T {6 | HEE]
MOSC—T—§F L 110
AGND[ T ] 8 9

. y.

[ [ |vVCC
[ T 1GATE
I — )

[ T 1PGND
[ [ 10OVP
[ T 1DDRY
[ T JCSP
[ T 1CSN

HTSSOP 16
(PWP186)

1 VIN
2 S5
3 RT/SYMNC
4 PWM
5 COMP
6 1ADJ
IMON
AGND
CSN
10 CSP
11 DDRWV
12 OvP
13 PGND
14 5
15 GATE
16 VCC
PowerPAD

Input supply for the intemal VCC regulator. Bypass with 100-nF capacitor to GND located close to
the controller.

Soft-start programming pin. Connect a capacitor to AGND to extend the start-up time. Switching can
be disabled by shorting the pin to GND.

Orscillator frequency programming pin. Connect a resistor to AGND to set the switching frequency.
The internal oscillator can be synchronized by coupling an external clock pulse through 100-nF
senes capacitor.

PWM dimming input. Driving the pin below 2.3 V (typ), turns off switching, idles the oscillator,
disconnects the COMP pin, and sets DDRYV output to ground. The input signal duty cycle controls the
average LED curmrent through PWM dimming operation. Connect to VCC when not used for PWM
dimming.

Transconductance error amplifier output. Connect compensation network to achieve desired closed-
loop response.

LED current reference input. Connecting pin to VCC with 100-kQ) series resistor sets internal
reference voltage to 2.42 V and the current sense threshold, V cop ey to 172 mV. The pin can be
modulated by external voltage source from 0 V to 2.25 V to implement analog dimming.

LED current report pin. The LED current sensed by CSP/CSN input is reported as Vpon = 14 % | op %
Rcs- Bypass with a 1-nF ceramic capacitor to AGND.

Analog ground.

Current sense amplifier negative input {—). Connect directly to the negative node of LED current
sense resistor (Rgs).

Current sense amplifier positive input (+). Connect directly to the positive node of LED current sense
resistor (Re:).

Sernes dimming FET gate dniver output. Connect to gate of external N-channel MOSFET or a level-
shift circuit with P-channel MOSFET to implement series FET PWM dimming.

Hysteretic overvoltage protection input. Connect resistor divider from output voltage to set OVP
threshold and hysteresis

Power ground connection pin for internal N-channel MOSFET gate drivers.

Switch current sense input. Connected to the switch current sense resistor, RIS, in the source of the
N- channel MOSFET.

N-channel MOSFET gate dnver output. Connect to gate of external switching N-channel MOSFET.
VCC bias supply pin. Locally decouple to PGND using a 2.2-pF to 4.7-pF ceramic capacitor located
close to the controller.

The AGND and PGND pin must be connected to the exposed PowerPAD for proper operation. This
PowerPAD must be connected toa PCB ground plane using multiple vias_
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TPS92691/-Q1 Block Diagram ar

—1. * Fixed Frequency Peak Current Mode Controller
—Rail-to-Rail current sense amplifier feedback
—Internal slope compensation

_—Max duty cycle limit: 92%

>« PWM Dimming

—Fast dimming transient response

” —Integrated series N-ch FET driver for high
contrast application

- —oImple enable/disable operation for low contrast
application

* Analog Adjust
—Fixed internal reference: 2.42V
—Linear range:140mV to 2.25V

*Current Reporting Output
Comprehensive fault protection with default auto-
restart mode of operation

37



Topology Ll

D Shke 1 I
WVIN Cin LED+ VIN
TPS02691-Q1 ]
- ; TPS92691-01 LED+
Risis VIN vee
—] VIN vee
l—\—2 ss GATE %
R: 3 ss GATE
V2 RTISYNC IS RT/SYNC IS
Ve 21 prvm PGND 1 PWM PGND L]
] |C75 compP ovP LED— Eorid ave LED-
cowE 68 1aDJ DDRV 1ADJ DDRY
7
IMON cspP =
- lm AGND CSN ::gc:; :":: g
PAD PAD -

Boost LED Driver SEPIC LED Driver

—AAAN——] = . —
LED— VIN LED+
[ [Fme] : . - b
= C
VIN i Cm L J-il/' LED+ T N LE)---
S . 1\ TPS02601-Q1
TPS02601-Q1 ) y 1 L Cas ’
= = I = Rapz = VIN vee
hY b3
vIN vee ._Q_‘—Z ss GATE
:&;—zqmr (JM;:. +—ron—>3) RsYNG s
R 5 Vo [ [ 4] Pwwm PGND
Vewn [ 1= Pwm PGND TTH LIk 51 come ovP
JHE _
m— i btel PT o Coowe 6 1apy DDRV
I1AD DDRY I = —
| - 71 imon csp 1o REie '_HC.MON = IMON cspP =
L - | AGND CSN 9 - e AGND CSN ~
1 PAD = PAD
=
Buck-Boost LED Driver Buck LED Driver
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Rail-to-rail Current Sense Amplifier a2

= Common-mode range of CSP,CSN = Flexibility on sensing resistor
runs from0Vto 65V position: either high-side or low-side
TPS92691 g 31‘!::"22;!.‘&?? iiﬁ O _L _ ry:,-._,l
:_____i___: VIN o Res LED+
ECFD;[ It g TPS92691-01 o
7777777777 Cses
AN =z 1
CSM Ree R __H = \a;sN G\a:‘?:;
I o 21 RTISYNG ] R Qs
omemon Made | E e —21 Pt ! =
roir Capocters | | Crow | Crou| Rrralalor povild - = T |8
"""""""" Coome l; (ADJ BORY 1:}
1
- Provides accurate current regulation Ren [les—a] M o] I
| FAD

with single LED ocutput
o :

wing [ ,_‘3 |§T‘:I7 [ |
o] VI J_ LED+
Cume |’—l B = Cm
I Lol Wty
TPSE26E1-01 J ] D H“i Fes  |LED+ TPEaEEaT T
Faom IN wee B 2 o T 3 Coar Cres 1
55 GaTE PE =z Ranuz WIN
RTISYNC 18 e o T %R’T o — |_|—2 ss
PAVM pono P12 l IO oy 2} RTisYNG Qs
e ] o
Ao DORY
P MO cse PY _Hf.‘-:.cm 2 ComMP -——) LED-
?ggu can 12 — laDd
RenZ 1l :'Z.TEE::’
- E.g. SEPIC from VIN from 7 — 16 V, &

VLED =2 V for Red LED
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PWM Dimming Using Series N-MOSFET @i2”

[

DDRYV output designed to directly
drive low-side N-ch MOSFET

Linear and monotonic behavior with
over 100:1 contrast ratio for
dimming frequency up to 400 Hz

Recommended for SEPIC, Cuk and
Flyback LED driver topologies

WM

I
i -
- Cuw
TPS92691.Q1
Caa 1
WIN vee
- [ GATE
Y —] Is
Wewm 3 P PGND
— |075 comP ove
A~ cowr 6X 1aDJ DDRV
7
3 »—Hm MO csP
AGND csN
——  1=0o
<

LED-

TPS592691

:: DDRV

| (]

V,, = 14V, 18 LEDs,

V,ap, = 420mV,
Rcs = 0.1Q, foyym = 400Hz
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PWM Dimming Using Series P- MOSFET @2/

« DDRYV output with external level- 7 Q—D
shift circuit used to drive high-side TPS92691 7
P-ch MOSFET R (TEe)

| | . [>-eem ()

 Linear and monotonic behavior with s

over 100:1 contrast ratio for

dimming frequency up to 400 Hz

« Recommended for Boost, Buck-
Boost and Buck LED driver
topologies

wo L .
AT
™ — Cm
TPS92691-Q1
2 2
Ropg < VIN vce

It

R|_|—2 ss GATE
v 2 rusvne IS

Wewu [ [ —2 P panD 2
»—Hpib comp ovP
A= BY aDy DDRV
Raon = »—”57? IMON csp

1 mon  SY AGND csn =2 - -
i acn V,, = 14V, 18 LEDs, V ., = 420mV,

Rcs = 0.1Q, fopym = 400Hz
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PWM Dimming: Enable/Disable Mode @i~

| |
|ﬁ'\.\_\\!\\_\\\\\“\\_\\\.\\,\\.\\\\\\\\\\\l\\t\ll\\_\\\.\\\\_\.\l\\\\\\\\.\\\\%\!\\\\\\_\\\\\\\}\.\\\\\\\\\\\\\\!\l\\\\\\\\l\\!\\\l\,\\\\!\\\,\\\\\

VIN = 14V, 18 LEDs, VIADJ =420mV,
RCS =0.1Q, fPWM = 400Hz

LED current controlled by PWM input

—Dimming achieved by turning on and
off switching operation (GATE drive)

—No series FET required

*Suitable for low contrast dimming
application (10:1)

*LED current response and overshoot

controlled by tuning compensation
network
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Analog Adjust Input @i’

TPS92691

VCC

TPS92691 TPS92691

vce
Rabpuy

—_— p1nn L

PWM Te
SIGNAL ADJ

IADJ

RapJ2

IADJ

RAbus =

(a) (b) (c)
a. Static reference setting resistor divider from VCC

b. Thermal fold-back circuit using external NTC resistor
c. Analog dimming achieved by low-pass filtering external PWM signal
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Startup Behavior: Soft Start P

7 SRR SEG - Soft-start time programmed by
connected a capacitor from SS
s 4 . / ... ...+ COMP voltage clamped to SS
e ramp by a diode during start-up
| frem— e :- «  Switching can disabled by
i ‘ driving SS below 25mV
(e | § threshold
C SRR N EERTY R EETTITENER I

VIN =14V, 7 LEDs, VIADJ = 420mV, RCS
=0.1Q, tSS = 8ms

Ch1 : Input Voltage, Ch2 : Soft start,
Ch3 : Input current, Ch4 : LED current
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-
nas V=/

Rail to Rail AMP WP

Current Capacity PCB Etch

WIDTH CURRENT CAPACITY
o.o010" 08 A
0.015" 1.2 A
0.020" 15 A
0.050" 39 A
0.100" 60A
TPS92691 sl LOAD CURRENT PATH LOAD CURRENT PATH

CSP

Geod[ | 3 Res T 1=yl

csN |
e \
SENSE

- ) RESISTOR
Common Mode | TcC C H
Filter Capacitors | FCM FCM !

Current Sense Amplifier Input Filter Options
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Oscillator .

TPS92691 R - 1.432 % 101'[]
| RT/SYNC CLOCK =

(foww )
J; OSCILLATOR M SW

1047 (&2

Oscillator Synchronization Through AC Coupling

Tl recommends a switching frequency setting between 80 kHz and 700 kHz for
optimal performance over input and output voltage operating range and for best
efficiency.

Operation at higher switching frequencies requires careful selection of N-channel
MOSFET characteristics and should take into consideration additional switching
losses and junction temperature rise.
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TPS92692/-Q1 High Accuracy LED Controller With i

: . wePr
SW’ead Spectrum Frequency Modulation and Internal ey
PWM Generator
* Wide Input Voltage: 4.5V to 65V » Supports Boost, Buck-Boost, SEPIC and Cuk LED Driver
© B%Eel_r thaln s “I%ﬁ EE) I_\g:qlrrtenlg A_cI:CéJracy ?\éer Ten&per[a_]‘gyre Topologies
with Low Inpu set Rail-to-Rail Current Sense Amplifier , o e
- Spread Spepctrum Frequency Modulation for Im rovepd EMI * Reduced BOM Count While Maintaining Homogeneity in Light
. Igtern?_l Analog-to-PWM Conversion for Stand-Alone Dimming Output Across System; No Need to Overdesign to Meet
peration . . Lumen Specifications
%\ﬁlo ohﬁgs?ﬁgﬁgt e e * Prevent System Damage and Increase Life of LEDs
Integrated P-Channel Driver to enable Series FET * Meets Automotive Requirements Specified by OEMs
Dimming and LED Protection
» Advanced Fault Protections and Reporting: Yy
* Open Drain FAULT Indicator P e W
» Continuous Output Current Monitoring wer 2 - 118 Fene
« AEC-Q100 Grade 1 Qualified (T jyax = 150°C) in HTSSOP-20 == Hs s
ssCT |4 }17 [ [ 1GND
Applications RTM?\E%: i Thema Hz %zﬁps
- Automotive Front Lighting: DRL, High Beam/Low Beam, Turn = I == -
Indicator, Position, Fog v P ==
* Emergency Industrial Lighting Signs —_
 Portable Industrial Lighting
|

« EVM: TPS92692EVM-880

* Tools: PSpice Transient Model, Spreadsheet Design
Calculator

* Tl Reference Design : TIDA-01581
http://www.ti.com/tool/TIDA-01581 48




TPS92692/-Q1 High Accuracy LED Controller With Spread
Spectrum Frequency Modulation and Internal PWM Generator

“Easier to meet EMI standards” .
*  What is Spread Spectrum Frequency Modulation (SSFM)?

»  Switching LED Drivers generate conducted and radiated EMI. SSFM improves this EMI by not
allowing emitted energy to stay in any one receiver band for a significant amount of time

+  TPS92692’s SSFM characteristics:
*  Modulation method: Triangular wave
*  Modulation spread, Af : + 15%
*  Modulation Frequency, f,,: Adjustable 100Hz to 12Khz = 16.67 x10°° (Hz)
»  Spread Spectrum Disable function Con

EMI Scan with SSFM disabled EMI Scan with SSFM enabled
[ 1 MHz 10 MHz [ 1 MHz 10 MHz
120 dByV 120 dBpV
100 dBuV 100 dBuv
C25P1.LIN C25P1.LIN
1PK 80|dB|,|V 1PK 80|dBp\‘/
cl . cl
2,:‘5 C25AL LIN225P2 LIN ‘fzfpﬁ-lu"\“ 2An\7 C25A1 LINZ25P2 LIN ‘CZ‘SPF]U‘N‘
cinw |0 [T S e LTI
C25A2.L. C25P5.LI C25A2.LIN C25P5.LIN
C25A|_3.|LI‘ ‘ ‘ ‘ C25A3.LIN l ‘ ‘
40 dBpV —— 40 dBpv L]
L ["™~1"C25A5 LIN SRR [™*C25A5 LIN
M o AT [ NRET) o B R e S W RSO SOV A % i N
Loy gy i , F2 ECTVIA S F2
| I | || Fi | s L2 IS S I
Start 150.0 kHz Stop 108.0 MHz Start 150.0 kHz Stop 108.0 MHz
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Yo/

TPS92692-Q1 Spread Spectrum Frequency Modulation @72

RGN —

TPS92692-QLIRE R ¥ —MIRR LI ZHIEIN - R TB T F BRI MDMS | IIEZEZIGNDRLH] - £#COME AR
EFELLVARLHN=BRRT - —BKIR R MRESI AN ERBERTIR ERITRIRIARA£15% -
COMEBRERERMBEFIRER - £1002 1.2 THASEENKIFIHEMIFE R EERIIRNEATE - E-H M
R EBEEMIF#EZINAK - FAFHMRIRENLIO kHZRES @ ISSHXEBREEMINENZE - & T 9kHZE
Mo PR (RBW)IB MR NI E IR EEMITE - XMW ERMAK - ZEREBTRHEBTEIERNFEER
B{EEMIZItE - ETNENEMIEZRME - FIHEA T REBFIIARFMOD (Hz ) FriFERCDMATEEE -
DM ENEZZEIGNDIAZ BB R R o eB B IRAF -

R

\ ¥ _J10 pa

10 pA
L {1 s afl—m C = F
— DM | DM 2-fMGD-O.3V(:I
: 10 pA — R
" F<ilﬂ—

Cp L .4
D85V — —
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SEPIC DESIGN
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SEPIC Circuit

k¥4 - L7
+ La 5 vER _ Vp "
- (Y YY) - || - pf
I JE— [ — [E— —
ILa cp lcp D b louT
I = +
-
i Cin - + 7
IN—— —= L Lb —
| Va b Cour —— ROUT§ VouT
s +
IO l ILbT =
L1k MSD126@—153
15uH
- 2.
et ——C% - | B320-13
VIN T LUBARS :5: I T ' VOUT
9—15v c1 R6 D1 cse c9 12v
10uF 7 100 22uF 22uF
e (W] 25V 25V
C17 . TPS61175PWP
28y 1Isw PGNDH: RS
—§ sw PGND| :i ¢ 50
= VIN PGND)|
4|’ EE Véa ]
EN E NC gm.or =
51ss FrREQ|H@ o R1
6 g9 z 93.1k
c3 SYNC Fel2
©.047uF| AGND,  COMP R2
E.3w T 15‘" R3 10.7k
1 v

c4
E.3V
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TPS92691/-Q1 SEPIC Spec Details

nas
AL

PARAMETER TEST CONDITIONS MIN | TYP | MAX UNIT

INPUT CHARACTERISTICS
Vin input voltage (nominal) — 8 13 16 W
Vi input voltage (min or max) Warm crank or load dump 7 — 42 W
Vin undervoltage lockout — — 4.4 — W
OUTPUT CHARACTERISTICS
LED forward voltage —_ —_ 2 — A4
Number of LED in series — 1 — 6 —
Vi ep output voltage LED+ to LED— — — 12 A"
|, ep cutput current Viaps = 0.1 to 2.1V, six LEDs 0.33 15 3 A
Output power —_— —_ 18 36 wW
PWM dimming range 60 Hz, six LEDs — 900:1 — —
SYSTEM CHARACTERISTICS
Output overvoltage protection level — — 51 — W
Overvoltage hysteresis — — 3 — W
faw switching frequency — 350 — kHz

. Vi = 13 V, six LEDs at 1.5 A — 87 — Yo
Efficiency =

Vin=13V, six LEDs at 3 A — 84 —

EMI (conducted) — CISPR-25 Class 3
BASE BOARD CHARACTERISTICS
Form factor — 3.3"L = 2.58"W
Number of layers — -
Height — 0.4"

-

.

¥!’ ’
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TPS92691/-Q1 SEPIC EVM Circuit

AR

| e | 4

PED
P2 TP
= ]
wec 100pF 3 1.0k
Ri2 o
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100k
R15 ]
45 14D
100k
TPe
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SHUTDOWN
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™ re Rig
1 R20
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1.00k 1.00k L
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Design Detail

V,

ouT

+ "Ny

D

VI?\' -+ V('}L."'[' =+ VD

Duty_Min

Vout

vd

Vin_Max

12

0.5

16

Duty_Max

Vout vd

60.98

12 0.5 8

DMAX = 60.98% occurs at VIN(MIN)= 8 V and DMIN=43.86 occurs at VIN(MAX)=16V

I ~ Tour i Vour + Vb
Ny AV
NesT ™

Li _le - I ¢ VIE\'(m;D;} = D(mjn)

SR | S _ -

2 AlL(lj\a"m} g
I eD(MAX) * Dmax
CS —

lin(DC) lout Vout Vd Efficiency Vin
2.60 1.5 12 0.5 90 8
L1a=L1b Delta_IL Fsw(K) Vin Dmin _ _
9.62 1.041667 350 16 43.86 L1 a—L1 b—1 OUH
Cs ILED_Max Dmax Fsw Delta_Vc
6.53 3 60.98 350 08 Cs=10uF
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Choose Inductor and Cs

Lia Lib
T i
PGT
——C5
uF 10puF
—e D1
O Cs 1
i 7
R4 >t
PGND1 ¢ +={ 2%’5 2
47uF ' 100V
®
G| 100V
I-tjnrﬁ;_lc'hz2




| u u
Cin/Cout/MOSFET/Diode Design i
CDUT = ILED = DMM Cout lout Dmax Delta Vrpl | Fsw(K) | C_ESR

fsw = o = Ai_epep) 34.8457143 3 60.98 50 350 3
| - L OUTMAX) iC Pout | Vinmin | Efficiency
Al B VIN(M!N} 5 DMEN Delta_|L(ppmax) Vin_max Fsw Duty_Min Choose L1a
L (PPMAX) — s T 2.01 16 350 43.86 10

|

Cin = LEFPMAK) Cin IL(ppmax) Fsw Vin_ripple
faw x AViypp) * 8 14.36 2.01 350 50
Vds Vo(ov) Vin_max

Vos =12 (Vov) + Vinmax) ) 80.40 51 16
P | IQ_peak |_LED IL
Q ep TR 8.62 3 5.62
|Q1r o VO'UT = IOUT IQ1rms Vout lout Vin_min Efficiecny D_max

Vaiiin: 20 % A/D o 6.78 12 3 8 85 60.98
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A

Choose Cin/Cout/MOSFET/Diode Al

1 veo
wvce 18 CAUTION HOT SURFACE
=
D2
15 0 | Cc16
GhIE 1r1a 1000pF IRi13 _H
c17 $0.015 3374k
ol i 1l R5
1 1.00k
1000pF ]
ovp [o12 —T—_
PGND ir18 Dimm_MOSFET
11 =100
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MOSFET Vds/lds Waveform Al

20.96
1 1 —

=
3
=
w1048
@
=)
£
3
=3

0.o0)

0.0a 2.48 672 8.47
Time Scale [us]

Min. Voltage FET Q1: 0.00 v

Max. Voltage FET Q1: 2096 V

888

1444

Yoltage FET @1 [W]

0.00)

0.00 2486 572 8.a7
Time Scale [ps]
Min. Voltage FET Q1: 0.00 V
Max. Voltage FET Q1: 2889V

8.46

v

Current FET Q1 [A]
=
p

0.00)

2435 SJFZ 857

Time Scale [us]

Min. Current FET Q1: 7.06 A Input Voltage:
Max. CurrentFETQ1: 8.46 A 8.00 V
RMS Current FETQ1: 6.09 A
Avg. CurrentFETQ1: 476 A Ve
AC Current FET Q1: 379 A 8.00 12.00 16.00
6.39
=z
3
ooz
3
0.00f
0.00 246 572 8.%7
Time Scale [ps]
Min. Current FETQ1: 437 A Input Voltage:
Max. Current FET Q1:  6.39 A 16.00 V
RMS Current FETQ1:  3.60 A
Avg. CurrentFETQ1: 238 A —_—)
AC Current FET Q1: 270 A 8.00 12.00 16.00
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Diode Vf/lf Waveform WPl
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Cs Voltage And Current Waveform @2~
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Shielding — Using GND or PWR Planes

COMPONENTS

COMPONENTS

LAYER 1 LAYER 1
LAYER 2
LAYER 3
LAYER 2 LAYER 4
70 4
o
s h 65 L '
soT CISPR22 Class A (3M) a1 | CISPR22 Class A (3M)
' &5
55 -+
504 I CISPR22 Class B (3M) e T CISPR22 Class B (3M)
é 454 % :5 ¥ I
B § 27.5dBpV/
§ s+ ERELD o " L l“l m
10 :'.‘ml,'\,‘-l A A» 32 Sd Bp.V/r‘n 304 ‘.'\‘.‘J‘,‘a\ o N !
Yy 'YW | ¥ - r
251 YoM \ 21 AV *“ w M
s TTLN ".‘L"‘ll " . W "'j ] \ ’ M
sk b ) ! st \ l f I.‘;W"‘”
_ Wl i, \\‘ ..Nf‘""" T gL W
e : 'r"‘. 10+ -"F !
~J
&1 s1
?IGM £0 &0 80 100M 200 300 400 %00 800 1G n]ﬂM 50 60 a0 100M 200 300 400 500 800 1G

Frequency in HZ

Frequency in Mz

Two Layer (one GND layer) : 32.5 dBuV/m
Multi layer GND shielding : 27.5 dBuV/m
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TPS92691 — Layout Placement Gih
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TPS92691 — Layout Placement
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TPS92661Q
LED Matrix Manager

High-brightness LED Matrix Manager for Automotive
Headlight Systems

N
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Architectures for Automotive Front Lighting 2/

* Matrix headlight

LED Matrix Manager

Boost
——  Voltage
Regulator

— LED Matrix Manager dynamically
controls individual LED brightness

— Fast-response constant current
buck LED drivers are required to
support fast-changing pixels and
not causing LED damage

Regulator

— Matrix headlight improves road oy | can bus
safety if working together with
ADAS system, e.g. anti-glaring

70



LED Matrix Manager for Matrix Head-Light P Y

Portfolio Strengths

* First-to-market matrix manager device

* 10-bit individual LED brightness control

* Multiple devices to support high number of pixel matrix head-light
* UART interface enhance noise immunity for communication

+ Comprehensive LED fault protection and fault report

* Work with ADAS system to enhance road safety

* Reduce board space due to discrete implementations

* Realize fine brightness control per individual pixel

» Able to support high resolution matrix head-light applications
 Easy digital communication between MCU and matrix managers
» LED faults be informed immediately

» Enhance road safety such as anti-glaring

Target End Equipment

Dynamic High beam

Dynamic Low beam

Wiping Daytime Running Light / Position Light
Sequential Turn light

Parts

+ TPS92661-Q1
* Max. 12 LEDs in series
» Max. 1 A LED current support
* 10-bit individual LED brightness control

» Max. 96-pixel implementable

+ TPS92662-Q1 (New)
* Flexible LEDs in series arrangements
* High LED current support feasible
* 10-bit individual LED brightness control
» Max. 384-pixel implementable
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LED Matrix Manager — Tl Advantages iPr

10-bit brightness adjustment

Individual LED fault protect & report

-

.

Voltage

* Adjust brightness by controlling
LEDON and LEDOFF registers
through UART interface

*  Synchronize multiple devices to
achieve systematic dynamic
head-light beam-forming

+  Work with ADAS cameras for
anti-glaring to enhance road-
safety

LED brightness control through LEDON/OFF

CPJD_\" I_"
A g
| |
CEE',_ ——

Driver with LED —l
174 fault detection

LPP’s LED Matrix Manager enables
convenient LED fault protection and
reporting per individual LEDs

Advantages:
» Real-time monitor on LED open / short
LED1 < LED open: protect LED through turning-
on internal FET and report fault on fault
register
» LED short: Report fault on fault register
LEDO . Fault information read-back per UART

Diagnostic Registers

ECh FAULTL

FAULTIE:1] 00000000

Eth FAULTH

RESERVED FAULT[12:9] 00000000

LED Matrix Manager significantly reduces board space for matrix head-light electronics’ implementation!
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TPS92661-Q1 High Brightness LED Matrix Manager . #27

o
Features | Benefits
* 12 floating bypass LED switches in series * Instantaneous beam forming / shaping for advanced
* Multi-drop UART communication interface automotive headlight systems
* Programmable 10-bit PWM dimming * IC can control ON/OFF times for each LED individually
* Individual turn-on / off time per switch + Simplifies control algorithm for the LMMs
* Inherent phase-shift capability + Seamless communication with system MCUs
» Device-to-device synchronizations » Feasible to support LED current running at above 1 A*
» LED open protection, short detection and fault diagnostic + Individual LED fault diagnostics and status reporting
/ reporting + Cost effective routing with single layer metal-core PCB
* Q100 Grade 1 qualified » Small form factor with good thermal performance
» Package: 48-pin TQFP exposed PAD package ECU Board LED Load Board
Applications cotsepedion — '
Battery T 5_-: : .' ;
» Matrix head-light :
« Factory Automation :
» Applications requiring individual LED brightness control
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LMM1 System Architecture Py

System configuration
12 LEDs per string >
Current source for each string
8 string max per
communication line

A
\J
A
\J
/A
\JJ
A
\J

Individual control of switches
Separate PWM control of each
10 bit dimming resolution
Individual fault detection/protection

woowW
oW
W
woow

Tl - Ll Ll

v

IR AR

v

Tl - Tl Ll

v
v

Other system features

UART based communication architecture
Minimized complexity, part count, signal routing
3.3V or 5V communication compatible

Up to 65V LED stack voltage
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Competitive Summary iR

TPS92661Q Discrete-built
[Compactness Excellent
IEMI performance Good
IControI easiness Easy
INumber of components Minimal
Solution Cost Medium

[System reliability -4
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LMM in Dynamic Turn Signaling @iz
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LMM in Dynamic Turn Signaling
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LMM in Dynamic Turn Signaling aii2r
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LMM in Dynamic Turn Signaling

Replay dynamic turn -
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LMM in Directional Beaming

=

- Anti-glaring feature
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LMM in Directional Beaming

=

- Anti-glaring feature
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LMM in Directional Beaming

=

- Anti-glaring feature
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LMM in Directional Beaming

=

- Anti-glaring feature
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LMM in Directional Beaming

=

- Anti-glaring feature
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LMM in Directional Beaming

=

- Anti-glaring feature
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LMM in Directional Beaming

=

- Anti-glaring feature
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LMM in Anti-Glaring Feature

e

Directional beaming -- FAQ
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LMM in Anti-Glaring Feature

e

Directional beaming -- FAQ
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LMM in Anti-Glaring Feature

e

Directional beaming -- FAQ
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LMM in Anti-Glaring Feature

e

Directional beaming -- FAQ
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LMM in Anti-Glaring Feature

e

Directional beaming -- FAQ
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LMM in Anti-Glaring Feature

e

Directional beaming -- FAQ
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LMM in Anti-Glaring Feature

e

Directional beaming -- FAQ
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Tl Matrix LED Lighting EVM

LMS010 5-v LM3409 Buck
WVoltage TLW70033 Current
Regulator 3.3-V LDhO Regulators

Re30 A ” TPS926g
i [}

0

GEFORE. USE

Input Power
OnfOff Switch

OE

Input Power
Connections

UsB-to-Serial

A

X
Connector @
= TPS92661
] Z Bus
(o Expansion/
z Probe
MCU ADC i Connector
Expansion
Connector

B AL
i'Pseasaz Teaszea
DO SS

U4

| i

RRCRERRRATLD |$H TREE2E41
- AOORESS O

MCU GPIO/PWM MCLU JTAG
Expansion Programming
Connector Connector
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Demo EVM Board
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