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Audi R8 LMX Laser based Headlamp Application
World Premiere 2014




Audi R8: 3 Generations of Pioneering New Technology

2014 — Audi R8 LMX
World Premier Laser Headlamp

2012 — Audi R8 FL
Facelift Full-LED headlamp

2008 — Audi R8
World first Full-LED headlamp




Laser Headlamp Audi R8 LMX A LIERTING

Official Presentation Audi R8 LMX
LeMans, June 13, 2014



Laser Headlamp Presentation LeMans June 13, 2014
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Audi R8 LMX: Optical Laser System

styling part
heatsink

metal shield

reflector:
h=20..30 mm
W =52 mm

laser light source
including ECU
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LASER Light Sources for Headlamp Applications

converter



Safety Needs

Most important Safety Features:
ECU integrated in laser light source:
- self diagnosis and safety deactivation
Vehicle speed controlled system (v > 60 km/h)
Camera controlled activation

Trap in optical system for coherent blue light in c

ase of a failure



Audi R8 LMX: Bird's Eye View High Beam AL oo

|
LED High Beam

LED HB + Laser

distarjce [m]

2Ix @ 250 m 2 Ix @ 450 m

[
4 10 20 40

illuminance [Ix]

Automotive Lighting, ALRI-EEG, 07.07.2015 / Confidential 10



AL Matrix-Beam Solutions

Audi TT3 Reflexion System
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Mercedes CLS facelift

13



Mercedes CLS — Matrix Beam Version A pUTOMOTIVE

Functional scope

Matrix S

segmented high beam sidemarker

multi-light guide: (for SAE-Variant)

DRL, BGL, BLL,
»,Coming Home"*

cornering light
LFX module

base light reflexion

12



Mercedes CLS — complex headlamp design A LIGHTING

Matrix Beam S module
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- 24 Osram Oslon Compact CM (Y2 mm? LEDS)
- 18 vertical segments

- Primary optic out of Silicon (ultra-tranparent)

- Passive thermal management

- Single plastic projection lens (3-layer type)

|13
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Matrix Beam: Segmented High Beam

15

Automotive Lighting, ALRI-EEG, 07.07.2015 / Confide  ntial



AI AUTOMOTI
LIGHTIN

Matrix Beam: Segmented High Beam
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AI AUTOMOTI
LIGHTIN

Matrix Beam: Segmented High Beam
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AI AUTOMOTI
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Matrix Beam: Segmented High Beam
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Mercedes CLS: Matrix Beam S Module + LFX AL LIGHTING

Base light

FX low beam
[ ] Matrixbeam S

LFX glarefree high beam

e

Matrix Beam S : An extension to the conventional partial high beam (LFX in Mercedes S-class)
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AUDI TTS - SOP 2014 A LIGHTING

e | AN
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Segmented High Beam




Segmented High Beam




Segmented High Beam




What does EEG mean?
E = Entwicklung - Development
E = Elektronik - Electronic
G = Gerat - Device
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EEG office: competence and tools A LIGHTING

- HW design
- Analog design
- Digital design

Cadence Allegro Design CIS

[ Mo Gasign iy G5
WP fix Vem Teck Pleos M Pigin Moo Cptar Wwskos Vg cadence
o8 4 4 -
— - L
il T ROGECE: TEROGHCE
L r
NE

Electronic design based on customer requirements

Electronic simulations: Bias, Sweep, time domain,
Montecarlo analysis ecc...



EEG office: competence and tools

Layout design Cadence Allegro PCB Design

- PCB design

- FPCdesign

- Panel design

- EMC design oriented
Industrialization design

- Manufacturing constrains

- Cost optimization

PCB and Pannel Layout design
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EEG office: competence and tools A LIGHTING

- SW design & testing

Developmenttools: ST IDE, Microsoft Visual Studio, Freescale Codewarrior
Configuration management: IBM RTC
Testing and Validation: Gimpel PC-LINT, NI CompactRIO
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Software design based on the customer requirements
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EEG office: competence and tools A LIGHTING

- Testing & Validation
- Electrical
-  EMC
- Thermal

- Optical

Proprietarytools

Standard & proprietary equipment

75

V‘ Signals
&\ a1 controller box

Program.
power supply

T AT 7
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EEG laboratories: EMC tests

Audi AUT24 RE NF Ref. ALEI
Rear Lamp 20.89
EMC Test Plan

Audi AU724 R8 NF
Rear lamp
EMC Test Plan

Issue Date: 10" March, 2014

Edition: 01
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Contents:

v

v
v
v
v

Functional and electrical description of DUT
Test Setup

Operative modes

List of Test

Parameters to be verified
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EEG laboratories: EMC tests

. Contents:

v

v
v
v
v
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Functional and electrical description of DUT
Test Setup

Operative modes

List of Test

Parameters to be verified
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EEG laboratories: EMC tests A LIGHTING
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v Functional and electrical description of DUT
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v Test Setup
= o8 s v' Operative modes
DYV VY v List of Test
1 Battery .
3 St v' Parameters to be verified
4 EUT
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1: Batlery
2 LISN

3 Simuketar
4: EUT
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EEG laboratories: EMC tests

4. Operating information
Typical test block diagram:

ECE version:

WARNING!

ECE Lamp shall be activated following the sequence of connection at page 14.

ON_PWM_Fog_OFF mode:

Power
Supply

13.2V

+

ON_PWM_Fog_ ON mode:

Power
Supply

13.2V

+

{if required)

L

Automotive Lighting, ALRI-EEG, 07.07.2015 / Confidential

iHarness)
hlf:jimd} | i (Coding Wire DUT
i i
* .
PWM LISN i i _
I ) ! | |[Stop1, Stop2, Tail,
M{;OEdI_UIIZe 6 ecpired) i i Reversa, Turn Ind.,
50% - | |
1 i Fog
| |
LISN ! |
: I’ | tifrequired) E ;_ .
T [N
LISN iHarness! . .
{f required) i iCodlnngr& DuUT
! !
. .
Mp:clilrl.Te ] tl,‘rflfﬂmd) i iSmpl. Fog. Turm Ind.
0.5Hz i i
50% + | |
Stop2, Tail, Raverse,
LISM

HGND

Contents:

v

v
v
v
v

Functional and electrical description of DUT
Test Setup

Operative modes

List of Test

Parameters to be verified
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EEG laboratories: EMC tests

Test shall be performed according fo the fable below with the same order sequence:

Eunc. B-zamples | C-zamples
- Status / Interface to |- ,-i0 . 121 1)
Tast Description Trast_ b testad SIC Operating Mode(s) Sais Sets
Severity 12 1122
TL 82466 - Immunity Electrical i .
to Electrostatic Category 3| Functionality | S UNE'MLIGD%ED‘ ¥ |y Yl vy
Discharge (ESD) After test -
TL 820 66 - Status C
Conducted for pulse 1, | Light Output,
Interference - § 5 Status A Elec;tnca! ON_DC vy viy
Intarference for pulses | Functionality P [
immunity verification | 2a, 3a, 3b, | after test
== 6 | |
TL 82166 - Radiated Light Output,
Interferances - §6.1 Electrical ON_PWM_Fog_ON,
BCI Test Categon 3| o octionality| S | ON PWM Fog oFF | YYD [ Y EYH
after test EA
TL 82166 - Radiated Light Output,
Interferences - §6.2 Elactrical ON_PWM_Fog_ON,
Antenna method | C21299 3| eynciionainy | S |on PwM Feg orr | Y | YT
after test | | i
TL 965 - Interference
Emission - §5.1 HF
amissions — Maise
measurament at the Class 5 genaratad ON_DC Y|y vy
artificial network (AN
tast)
TL 965 - Interfarence
Emission - §5.3 HF
amissions — Moisa ON_PWM_Fog ON.
maasuraments with Class 5 genaratad ON_PWM_Fog OFF Y|y Y1y
antennas (ALSE
tast)
LAH.DIUNM.00D.M -
Zusatzliche ESD Electrical ol
Priifungen an Functionality GROUND PLUGGED Y™ | v YEYEY
Scheinwearfern und after test
Hacklauchten
1. Indicate specific DUT operating modes that the test applies to.
C (Combinad): The operating modes are to be tested simultanaously.
S (Separate): The operating modes are to be tested separately

2."Y" means test to ba dong

3. ESD test to be performed only in case the samples have definitive plastic body. Anyhow ESD test on

pins has fo be dona.

Set | Description Motes
1 1 lamp ECE Left Hand, 1 lamp ECE Right Hand
2 1 lamp SAE Left Hand, 1 lamp SAE Right Hand
3 1 lamp ECE Left Hand, 1 lamp ECE Right Hand
Automotive Lighting, ALRI-EEG, 07.07.2015 / Confidential

Contents:

v

v
v
v
v

Functional and electrical description of DUT
Test Setup

Operative modes

List of Test

Parameters to be verified
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EEG laboratories: EMC tests

Contents:

v

v
v
v
v

Functional status Description:

Functional and electrical description of DUT
Test Setup

Operative modes

List of Test

Parameters to be verified

Functional status A: All device/system functions perform as specified during and after

exposure to the disturbance.

Functional status B: All device/system functions perform as specified during exposure.
However, one or more functions may be outside the specified limit deviation. All
functions automatically return to the specified limits once exposure has ended.

Functional status C: One or more device/system functions do not perform as specified
during exposure, but return to normal operation once exposure has ended.

Automotive Lighting, ALRI-EEG, 07.07.2015 / Confidential
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EEG laboratories — EMC/EMI tools

EMI receiver and RF signal generator
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Conducted emission

Bulk Current Injection
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EEG laboratories — ESD and pulses tools

Pulses
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ESD Test

36



EEG laboratories — optical tools

Microscope
Scanner 3D

l =~ |

Integrating spheres for optical simulation
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EEG laboratories — thermal analysis tools

Thermal simulation and analysis
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Assembled electronics: complete lighting system
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Implemented functionalities in rear lamp circuits

Current regulation

Over Temperature protection

Over Voltage Protection
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Electronic architectures for LED

current driving



LED functionality A £

1000 OHLO4196
mA /

800
II 700

/'/ 600 /
vope —Ph— e 0 /

/
® @ ,
N N A 400
@ /’O O O D ® ¢ ¢ o © 300 /
hole electron /
s 200 /
® 9 ® ® ® ® ® conduction band /
---------- Fermi level 100 7
"3
5 band gap 0 Rl
b (forbidden band) 25 27 29 31 33 35V3a7
valence band —= I
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Example datasheet

Power TOPLED
Enhanced thin film LED
Lead (Pb) Free Product - RoHS Compliant

LA E67F, LO E67F, LY E67F

Released

Besondere Merkmale

Gehdusetyp: weiBes P-LCC-4 Gehause,
farbloser klarer Verguss

Besonderheit des Bautells: mehr Licht durch
erhihten optischen Wirkungsgrad
Wellenldnge: 617 nm {amber), 606 nm {ocrange),
590 nm (gelb)

Abstrahlwinkel: Lambertscher Strahler (120°)
Technologie: InGaAlP

optischer Wirkungsgrad: 62 Im/W {amber),
79 ImW (orange), 47 ImW (yellow)
Gruppierungsparameter: Lichistarke,
Durchflussspannung. Wellenlange
Verarbeitungsmethode: far alie
SMT-Bestacktechniken gesignet
Lotmethode: Reflow Loten und

Wellenitten (TTW)

Vorbehandlung: nach JEDEC Level 2
Gurtung: 8 mm Gurt mit 2000/Rolle, 180 mm
oder 8000/Rolle, 2330 mm

ESD-Festigkeit: ESD-sicher bis 2 kY nach
JESDZ22-A114-D

Erweiterte Korrosionsfestigkeit:

Details siche Seite 9
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Features

package: white P-LCC-4 package. coloress clear
resin

feature of the device: more light due to higher
optical efficiency

wavelength: 817 nm (amber), 606 nm (orange),
590 nm (vellow)

viewing angle: Lambertian Emitter (1207)
technology: InGaAlP

optical efficiency: 62 Im/W (amber), 79 Im/W
(orange), 47 Im/W (vellow)

grouping parameter: luminous intensity, forward
voitage, wavelength

assembly methods: suitable for all

SMT assembly methods

soldering methods: reflow soldering and

TTW scldering

preconditioning: acc. to JEDEC Level 2
taping: 8 mm tape with 2000/reel, @180 mm or
B000/reel, @330 mm

ESD-withstand voltage: up to 2 KV acc. to
JESDZ22-A114-D

Superior Corrosion Robusiness:

details see page 9
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Example datasheet

Durchlassspannungsgruppen @
Forward Voltage Groups 5 5= 16

Sate 16

g,l-.::ﬂgﬂ amber orange vellow Er:lllt'hmt
min. max. min. max. . max.

A 1.80 2.05 1.90 2.05 )

aB 2.05 2.20 2.05 220 2.05 2.20 )

LA 2.20 2.35 2.20 2.35 2.20 2.35 v

4B 2.35 2.50 2.35 2.50 2.35 2.50 v

5A 2.50 2.65 2.50 2.65 )

Helligkeits-Gruppierungsschema
Brightness Groups

Helligkeitsgruppe Lichtstirke'! Sate 16 Lichtstrom?®] Sas 15
Brightness Group Luminous Intensity! #2216 Luminous Flux? page 15
Iy (med) T4, (mlm)

AA 1120 .. 1400 2700 (typ.)

AB 1400 ... 1800 4800  (typ.)

BA 1800 ... 2240 BOS0  (typ.)

BE 2940 ... 2800 7550  ftyp.]

CA 2800 ... 3550 0500  (typ.)

CE 3550 ... 4500 12000 (typ.)

DA 4500 ... S600 15100 [typ.)

Aam.: Die Sandardiefedform von

Automotive Lighting, ALRI-EEG, 07.07.2015 / Confidential

Sanenfypen beinhalkel eihe Familengruppe. Diese besteht aus
weanigan Helligkeftsgruppen. Einzelne Halligkeitsgruppen sind nich bastalibar,

Mote:  The standard shipping format for senal pes includes a family group of only a few individual brightness groups.
Individual brightness groups cannal be ordared

46



Example datasheet A LIGHTING

Durchlassstrom? 5 16 Relative Lichtstarke® 7 59 &
Forward Current® /92 18 Relative Luminous Intensity? 7 #29= 16
Ie=f(Ve) Tg=257C I,/1,(50 mA) = f(I); T = 25 °C
102 O g4a0e 102 OHLD4151
f: mA. I I'I‘I . . -
Relative Vorwértsspannung® 5% '¢ Relative Lichtstarke® S
1 Relative Forward Voltage®' P39¢ ' Relative Luminous Intensity?®/ 7222 18
o ﬂi"‘-‘r|: = 1"|"IE.' B 1'I"rEl:EEI' Fl:] :__irf-rj:' ;F = 5':' m.l':'l. I\"H\J‘[EE FE] Zf{]]:l ;F = E|-|:| r|"|,||:'|,
/ r/ 0.25 QL peser 25 OHLO4508
yellow v Iy
10’ e RE0 [
7 0L r 2.0 | vellow
fl‘{ oY
/ 0.1
I ' \
x. - x‘
! 0.05 '5\ -
'I..\ § \‘\
0 A amber, P
R
N Py 1.0 orange \
00 -0.05 LM
158 17 19 241 Y -
— 0.1 A\ 0s 3
o “"\1‘
-0.15
0.2 - 0 .
G0 -40 -20 0 20 40 &0 "C 100 60 40 -20 0 20 40 &0 °C 100



Example datasheet

Kennwerle
Characteristics
(Tg =25 "C)

Bezeichnung
Parameater

GlEE

LY

wmmmﬂ“ i
Forward voliaga® Mo '8
le = 50 mA

{rmin. )

(max.)

1.80°
215
2.65

1.80°
2.15
2.5

2,057

265

Sperrstrom
Reversa cumrant
Vg=12V

(typ.)

0.2
10

02

02
10

Temperaturkostfizient von &,
Temperature coefficient of A,
Ie = 50 mA; =10°C < T < 100°C

(ve.) |

0.14

0.12

0.12

Temperaturkoeffizient von 7.
Temperature coefficlent of A,
I; = 50 mA; —10°C < T < 100°C

TC, o

.07

0.10

010

YWarmewsdersiand

Thermal resistance
Sperrschicht/Umgebung? =™ ™
Junclion/ambignt?! Pape 18
Spemschicht/Lotpad
Junction/soldering point

Ry 1a
Re iz

300™

1 m“

* BEnzelgruppon siehe Soile 5
Indnadual groups on pages 5

"R (max) basiert auf statstschon Werlen
A, imax) is hasad on statiste values

Automotive Lighting, ALRI-EEG, 07.07.2015 / Confidential
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LED validation
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Several optical and thermal tests, life cycle simulations, quality..
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LED validation

Relative Luminous Flux

- — -
" 50
- //

Current [mA]

Temperature [°C]

m1.25-1.3
= 1.2-1.25
= 1.15-1.2
=1.1-1.15
= 1.05-1.1
= 1-1.05

=0.95-1

= 0.9-0.95
= 0.85-0.9
= O.B-0.85
= 0.75-0.8
=m0.7-0.75
= 0.65-0.7
= 0.6-0.65
m 0.55-0.6
=-0.5-0.55
= 0.45-0.5
=0.4-0.45
=0.35-0.4
= 0.3-0.35
= 0.25-0.3
= 0.2-0.25
= 0.15-0.2
=0.1-0.15

= 0.05-0.1

Performances analysis,
result comparison,
best devices selections

Automotive Lighting, ALRI-EEG, 07.07.2015 / Confidential
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How to drive a LED: main architectures A CIEHTING

TAILY

LD1 LD2 LD3 i LD4 LED and resistors

R2 A3 A4 § RS
Current regulation with transistors
11
LDS LD8& Lov7 LD8
T v ij‘i\ |
in LED
e AN Vier =V =V, +Vy
BIN
Ré R7 R8 > R9 RREF;E Vb e Vm —M*Rﬁﬂ- _VM
? Ryzr + Ry
v
z y, Tlb T1 V.o —V 174
?D 'f.’u j;ﬁ—lv;{ VRE}: ~ ( Z be) &= RRE}: o const * R
* 8
JT — VREF
12D = o
BIV
ﬁ j ILED ~ Vcamr EY RREF
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How to drive a LED: main architectures Al o

1
—— Current regulation with IC LED Driver
= oz
J: & I = . w®
“' ut Not Pacsg
i 1S EN o 2
a8 cmi:% !:I-J;_?E — DIAG M TAIL

Lo L2

TP
&

]
TFi

- 3
| i m2 z Lk
Lo Lo= STATLS BLOCH b
% &=l = &5
ot Placed Pt Placed
=
L s

SHD TAIL I
L

Current regulation with Op-Amp

e
&
v’ = V.
2| TRZ T3 @m
a2
z ™ RS
Voltage VCONST % V _ VCD."M‘ST E3 R
—— regulator REF — REF
: | Rezr + Ry
§ R LED
T
v 4
L + I J— REF
_ > > |< LED — _R
vV BIN
3 Reer REF
jRBIN
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Software design
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Turn Wiplng A LIGHTING
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Turn Wiping A LIEHTING

WHY IS NECESSARY TO INTRODUCE SOFTWARE?

Wiping effect could be obtained also introducing simple HW delays on the several LED branch switches
on...

LED 25 ms LED 25 ms LED
So, why SW is necessary? BLK 1 BLK 2 BLK 3

Robustness
= In case of glitch on the input voltage, the
sequence must not be interrupted,;
= Fault recovery;
= Robust readings (SW filtering) on the signals

ST
I

ADC Readings Time

Flexible design on the animation

Function behavior during fault
= If a LED is faulty, the system memorizes the  Fauity
fault condition in the internal memory, LED
in order to stay switched off and avoid
aesthetical defects and to communicate
the fault to the car’s body computer.

Automotive Lighting, ALRI-EEG, 07.07.2015 / Confidential |



Software architecture design: HW/SW partitioning AL e

R MPUT FILTER VOLTAZE
CODING WIRE ——— REVERSE POLARITY CODING WIRE SECULATOR
PROTECTION =
lucore . MICROCONTROLLER
MPUT FILTER R e e
TURN ——— REVERSE POLARITY SAENOETIC
PROTECTION SRARLE
— N
DIAG E |z T
AT EM T |3 z
uC_OFF E E g
@m tj'-u T oz
EMAELE ENAELE
Swiching off Swikching off
DUMMY LOAD
STATUS STATLE
DIAG EM

LED DRV LED DRV
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Modular design and software architecture AL LIGHTING

Modular software design allow us to achieve
= flexibility of design
= efficiency of implementation
= clean distribution within the architecture
= separation of the software modules in several layers such
as low-level drivers (Pwm, Adc), and high level functions

Software decompositionin layers and modules

el [
olnjaiofln
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Software design: layers

HARDWARE LAYER (Hal)

MICROCONTROLLER

Microcontroller
= Platform based on 8 bit ST microcontroller

= uC family contains many memory/package sizes options

= Used also in headlamp projects = high volumes

— Hardware layer
= Contains all the low-level drivers to access the uC peripherals with standard functions interfaces

= If uC platform is changed, only the hardware layer needs to be adapted - portable solution
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Software design: layers

A 8T BT W e gmy e e —l——

REAL TIME OS5

Real time operating system
Schedules task execution with definition of 1 ms
Assure task timing execution

Manage task priority if multiple tasks occurs in one time
slice

Provides a common framework for modular software design
on the application layer

Provide mid-level services (error logging, watchdog and
stack overflow management)

Can be reused in different project
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Software design: layers

APPLICATION LAYER (App)

Application layer
Contains all the application specific functionalities

It’s the only part that need to be modified in a project that
use the standard HW platform and Real Time OS

It’s based on the standard design pattern concept of state
machine

Each state of the system contains a different set of real

time scheduled tasks that implement all the system state
functionalities
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MISRA C compliancy AL LigHTING

Guideline Example: MISRA

Improvements:

= code robustness
T e R ey
The Motor Industry Software Refiahility Azsociation

= avoids misunderstandings between developers

= problems / failures are recognized sooner
= improved porting and maintenance of code

Sxample MISRA-C:2004

MISRA-C:2004 Rule 12.7:
no bitwise operation on signed data

(position of sign bit is compiler specific!) G U idel i nes
— for the use

signed int8 MyModule _nWhatever;

of the
/F\wrong C language
if (MyModule_nWhatever & 0x80u){...} = s
JI OK In critical
if (( UINT8) MyModule _nWhatever & 0x80u) {...} Systems
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MISRA C compliancy

MISRA C is a set of guidelines for the development of code in C
language. It increases the safety, the portability and the reliability of
the code in embedded systems.

File Name - Code |- Message

C:\Users\Admin\workspaceLNT\PsP Warning 659| Nothing follows '}’ on line terminating struct/union/enum definition
C:\Users\Admin\workspaceLNT\PsP Warning 525| Negative indentation from line 60
C:\Users\Admin\workspaceLNT\PsP Warning 525| Negative indentation from line 60
C:\Users\Admin\workspaceLNT\PsP Note 9027 | Unpermitted operand to operator ‘!' [MISRA 2012 Rule 10.1, required]
C:A\Users\Admin\workspaceLNT\PsP Warning 525| Negative indentation from line 60
C:A\Users\Admin\workspaceLNT\PsP Note 9012 | sub-statement should be a compound statement [MISRA 2012 Rule 15.6, required]
C:\Users\Admin\workspaceLNT\PsP Note 904 Return statement before end of function '0OsPushTaskScheduler(function_type, function_type, MTIMER, MTIMER)' [MISRA 2012 Rule 15.5, advisory]
CA\Users\Admin\workspaceLNT\PsP Note 9012 | sub-statement should be a compound statement [MISRA 2012 Rule 15.6, required]
CA\Users\Admin\workspaceLNT\PsP Note 904 Return statement before end of function 'OsInitTask(task_id_t, MTIMER)' [MISRA 2012 Rule 15.5, advisory]
CA\Users\Admin\workspaceLNT\PsP Warning 661| Possible access of out-of-bounds pointer (1 beyond end of data) by operator '[' [Reference: file C:\Users\Admin\workspaceLNT\PsPwm_Module\AL_RTSvA\
CA\Users\Admin\workspaceLNT\PsP Warning 661| Possible access of out-of-bounds pointer (1 beyond end of data) by operator '[' [Reference: file C:\Users\Admin\workspaceLNT\PsPwm_Module\AL_RTSvA\
CA\Users\Admin\workspaceLNT\PsP Note 9012 | sub-statement should be a compound statement [MISRA 2012 Rule 15.6, required]
CA\Users\Admin\workspaceLNT\PsP Warning 661| Possible access of out-of-bounds pointer (1 beyond end of data) by operator '[' [Reference: file C:\Users\Admin\workspaceLNT\PsPwm_Module\AL_RTSvA\
CA\Users\Admin\workspaceLNT\PsP Warning 661| Possible access of out-of-bounds pointer (1 beyond end of data) by operator '[' [Reference: file C:\Users\Admin\workspaceLNT\PsPwm_Module\AL_RTSvA\
CA\Users\Admin\workspaceLNT\PsP Warning 661| Possible access of out-of-bounds pointer (1 beyond end of data) by operator '[' [Reference: file C:\Users\Admin\workspaceLNT\PsPwm_Module\AL_RTSvA\
CA\Users\Admin\workspaceLNT\PsP Warning 661| Possible access of out-of-bounds pointer (1 beyond end of data) by operator '[' [Reference: file C:\Users\Admin\workspaceLNT\PsPwm_Module\AL_RTSvA\
CAUsers\Admin\workspaceLNT\PsP Note 904 Return statement before end of function 'OsInitTask(task_id_t, MTIMER)' [MISRA 2012 Rule 15.5, advisory]
C:\Users\Admin\workspacelLNT\PsP Note 9077 | missing unconditional break from final switch case [MISRA 2012 Rule 16.1, required], [MISRA 2012 Rule 16.3, required]
C:\Users\Admin\workspacelLNT\PsP Warning 661| Possible access of out-of-bounds pointer (1 beyond end of data) by operator '[' [Reference: file C:\Users\Admin\workspaceLNT\PsPwm_Module\AL_RTSvA\
C:\Users\Admin\workspacelLNT\PsP Note 9012 | sub-statement should be a compound statement [MISRA 2012 Rule 15.6, required]
C:\Users\Admin\workspacelNT\PsP Note 904 Return statement before end of function 'OsStartTask(task_id_t)' [MISRA 2012 Rule 15.5, advisory]
C:\Users\Admin\workspacelNT\PsP Warning 661| Possible access of out-of-bounds pointer (1 beyond end of data) by operator '[' [Reference: file C:\Users\Admin\workspaceLNT\PsPwm_Module\AL_RTSvA\

NT\PsP: Warning 6671 Possible access of nut-of-hounds pointer (1 beyond end of data) by operator '[' [Reference: file C:\Users\Admin\workspaceLNT\PsPwm_Module\AL_RTSvA\

4 JECCRREETR {unction 'OsStartTask(task_id_t)' [MISRA 2012 Rule 15.5, advisory]
;3 final switch case [MISRA 2012 Rule 16.1, required], [MISRA 2012 Rule 16.3, required]
: pointer (1 bevond end of data) by operator '[' [Reference: file C:\Users\Admin\workspaceLNT\PsPwm_Module\AL RTSvA\
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Continuous platform optimization AL LichTING

= uC scouting to improve the function integration, bus communication and cost reduction
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Case study: PWM generation



Why PWM? Al e

" Customer and market requests for dimmed luminosity:
e Background light during wiping in SAE market;

e Smooth wiping;
e Welcome effects.

" Pulse Width Modulation:
e Simple control of LED branches; e

® Mean LED branch current:

Lon
A Imean - Imax T . :
period v

e Generated by puController.

21) .2? .§21 S B pO /’

i

<€ >
vdd - Tperiod

Voltage v

<>
ton
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Not a good news for EMC...

" Spurious harmonics introduced;

e Integer multiples of fp.riod =

" Firstpole at F, = 1/(nT) ;

® Tmin = min(ton» toff);

e Low luminosity requires small t,,;;

e Very high cut-off frequency!

" Second pole at E. = 1/(mt,.);

® t, rise time of the signal;
e t,. should be quite fast.

uC PWM with EMC Optimization

Repetitive Trapezoidal Pulse

—P.tr."— _"ntfa"_ _"ltl' | ——

E Zl Ton h\{' Toff :.;I

-
>

AT

-

a. Typical waveform

-1.20 log(2A/T)

-20 dB/decade

~)

Amplitude (dB)
(5]
(=]
8
A%
] oy

-40 dB/decade

F1 Fe= lf(ﬁTrnin) Fr=1/(m:r)
Log (Frequency)

b. Spectral envelope of waveform
obtained by Fourier analysis
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Not a good news for EMC...

O K N
557
501

4571

40T

357

30T

Level in dBpV/m

100k 200 300 400 500 800 1M 2M 3M

Freauency in Hz

20M

29,7M

AVG_CLRWR-AVG

PK+_CLRWR-PK+

TL 965 2009-05 Electric Field Strength 1 m Class 5 BW9kHz PK
TL 965 2009-05 Electric Field Strength 1 m Class 5 BW9kHz AV

no PWM
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Not a good news for EMC...

or

NOK \

4571

Level in dBpV/m

100k 200

40f
35:
30t
251
207
15t

101

300 400 500 800 1M 2M 3M 4M 5M 6 8 10M

Freauency in Hz

20M

29,7M

uC PWM with EMC Optimization

AVG_CLRWR-AVG

PK+_CLRWR-PK+

TL 965 2009-05 Electric Field Strength 1 m Class 5 BW9kHz PK
TL 965 2009-05 Electric Field Strength 1 m Class 5 BW9kHz AV
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Not a good news for EMC... A

NOK

dBuV
100

90
80 \
0+ B

TL81000 Issue 2014-04 Pk 9

60
50 =
40 _—A\‘\"Mﬁ,\w PWM_Std@13,5V 9K Pk 16 MHz pC clock frequency
30 NoPWM@13 5V 9K Pk W\x\‘\“ \
20
WMMWMNWMMJ\%

10

0

A 1 10
13/04/2015 13:14:56 (Start = 0,08, Stop = 30,00) MHz

without PWM with 2% PWM
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Phase Shift PWM
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How to reduce PWM harmonics?

" Generally, multiple LED branches controlled by the same t,,;;

= All the signal harmonics sum with the same phase;
e PWM disturbances are emphasized,

" Possible solution: phase shift among the signals;

" |t can be easily done by uC;
e Aim: destructive interference between the frequency spectra.

" How to choose phase shifts?

e Simple solution: uniform phase shift;
A 0= Tperiod/N;
A N number of LED branches.

3Vvdd - 7 ] —

vdd - — — — .
0

Voltage v

Time t Time t
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How to reduce PWM harmonics? AL uromor v

" Generally, multiple LED branches controlled by the same t,,;;
= All the signal harmonics sum with the same phase;
e PWM disturbances are emphasized,

" Possible solution: phase shift among the signals;

" |t can be easily done by uC;
e Aim: destructive interference between the frequency spectra.

" How to choose phase shifts?

e Simple solution: uniform phase shift;
A 0= Tperiod/N;
A N number of LED branches.

I T T

G T
H o[ 7 CUUUUUUUUUL

Timet Time t

Voltage v
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Does it works?

dBuV
100

Yes! =16 dB reduction!

9
80 \

70
60
50
40
30

20 PVWI_Uniforme@13,5V 9K Pk
10

PWM_Std@13,5V 9K Pk

g

13/04/2015 13:21:14

uC PWM with EMC Optimization

TL81000 Issue 2014-04 Pk 9

-

without

'

16 MHz puC clock frequency

\

10

WMMMJL e

(Start = 0,08, Stop = 30,00) MHz

with phase shift
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Optimization of the PWM Phase Shifts
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Can we do it even better? |

" Are different choices for phase shifts better?
" Uniform phase shift solution is not “customizable”;

e Very small margin in some areas and very large in others;

" We want to “shape” EMC frequency spectrum.

el Small margin here

100
90
80
70
60
50
40
30
20 PWM_Uniforme@135V 9K Pk
0

. TL81000 Issue 2014-04 Pk 9

| U

Huge margin here

 PWM_Std@135V 9K Pk |

L. A | Dot O T P

iy 1 10

13/04/2015 13:21:14 (Start = 0,08, Stop = 30,00) MHz
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Reduction [dB]

Can we do it even better? A

Reduction given by uniform phase:
Fixed: 20 log;0(1/y), N number of LED branches;

Constant in frequency.

We want to shape the spectrum with an user-supplied mask;

To gain margin in a particular frequency range.
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: f ]
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Reduction [dB]

Can we do it even better? A

" Reduction given by uniform phase:
e Fixed: 20 log;o(*/y), N number of LED branches;

e Constant in frequency.

" We want to shape the spectrum with an user-supplied mask;

e To gain margin in a particular frequency range.

L — — O
B e
10 [ % 10 |- i %
A5 [ A5
E‘ ...............................................
_________________________________________________________________________________________ 3
__________________________________ £
____________ 1 8
____________________________________________________________________________________________________________________________________________ S L
el
@
- D: L
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Frequency [kHz] Frequency [kHz]
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Phase Shift Optimization )y —

" We have to consider the sum of the PWM signals:

o A(t) = xpywm () + xpwy (t + 61) + -+ xpwy (t + 6y—1)
A Xpyy (t) is the PWM signal;
A N is the number of LED branches to be controlled by PWM;

A 0q,..,0y_q1 are the N — 1 relative delays.
" The Fourier transform is:
= A(f) = Xpwn (F) + Xpwu () e2™ 01 + o + Xpyp (f)e?™ On-1 =
— XPWM (f) . (1 + el27Tf51 4+ ..+ elZ7Tf5N—1)
= Xpwu (f) is the spectrum of the PWM signal;

® We can hardly change it, since it depends on t,, and t,;
" We can optimize the delays 67, ..., Oy—1-

" Patent pending method.
" Problem: how to choose the best delays?

e “Brute-force” algorithms not feasible (too time-consuming).
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Genetic Algorithm

Heuristic numerical optimization method;
Mimics biological life evolution:

Random generation of possible solutions;

Random set of phase shifts; 0[1[0]]}].!1]0{1[0 @Ililﬂmﬂilﬁ

Solutions fitness computation;

Distance to a particular frequency mask;
01011
Cross-over;

Mixing together solutions can give you better results; M

Random mutation;

Exploration of new possible solutions.

Implementation in Visual Studio C++.

0 3 7 0 -
5| : 5 / 1
5 i % i /
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25 | 8 25 - / \/ R
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Example of Optimization
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Example of Optimization
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Example of Optimization
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Example of Optimization

Reduction [dB]
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Example of Optimization
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Another Example
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Comparison of different optimizations A

LTENTING
dBuv Frequency spectrum better shaped.
100
90
g |
PWM_Uniforme@13,5V 9K Pk
0
4 PWM_NOP@13,5V 9K Pk
50 PWM_Std@13.5V 9K Pk
40 ' ‘ 16 MHz pC clock frequency
» Wt’y
20 \s.” \
10 ‘d INCARNRTT Y, mlu‘ iwmnml‘n'.«”& G T Lt ﬂlr\tw.u e [
0
1 1 10
13/04/2015 14:01:18 (Start = 0,08, Stop = 30,00) MHz
without phase shift uniform phase
shift optimized phase shift
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Comparison of different optimizations A

dBuv Magnification in the optimized range 100-150 kHz.
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09 N
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uC PWM with EMC Optimization

PWM_Std@13,5V 9K Pk

Up to 15 dB of further reduction in this range!
PWM_Uniforme@13 5V 9K Pk

PWM_NOP@135V 9K Pk
g
(Start = 0,09, Stop = 0,25) MHz

without phase shift uniform phase
shift optimized phase shift
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Further results

or

NOK \

4571

40T
357
30T
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Level in dBpV/m
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Further results A AUTOMOTIVE

OK | «

55T

50T

Level in dBuV/m

100k 200 300 400 500 800 1M 2M 3M 4M 5M 6 8 10M 20M 29,7M

Frequency in Hz

PK+_CLRWR-PK+

~  AVG_CLRWR-AVG X
TL 965 2009-05 Electric Field Strength 1 m Class 5 BW9kHz AV

TL 965 2009-05 Electric Field Strength 1 m Class 5 BW9kHz PK

shifted PWM
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Conclusions

uC PWM with EMC Optimization 10.07.2015 91



Conclusions AL e

" PWM modulation generated internally by the rear lamp is
required;
" PWM signals may lead to EMC issues;

" Phase shift of PWM signals done by nC reduces spurious

harmonics;
" Uniform phase shifts give simple and effective solution;

" Numerical optimization of the phase shifts permits to further

“shape” the frequency spectrum if required.
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OLED A LIGHTING

OLED is a light emitting diodes composed with organ ic electroluminescent layers.

Active layer
d ~ 500nm

/i Cathode (e.g. Al)

Encapsulation —_ < },_df—f Organic layers

— | Anode (ITO)
ERIUENNEE 4 Small molecule OLED
Sbistrate (Chss) deposited through
evaporation in vacuum
chambers
+ = Red layer reaches monochromatic radiation up to 630nm
Yellow layer monochromatic radiation working @ 591nm
transparent co . . . " . .
organic layers White light can be achieved depositing in the same device
mang | SHSRRCANOG the 3 RGB layers
= substrate
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OLED /

PRO: CONS:

Large light emitting area and full homogeneity Glass substrate for fragility, rigidity

OFF Appearance: Transparent, mirroring or

m ||ky | N oFF-state
"
k ___—A

Curved shaped pixel

@

Thin slice

Lifetime at high temperatures/humidity

High Costs

ON-State
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OLED: STYLISTIC INPUT A LIGHTING
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OLED: CONCEPT AL s

First Internal AL Design - Application on OLED rearl amp

OQ-Ring Version

OLED COMBINATION

ORING OLED 7

SHELL sTOP - g o "
REFLECTOR - g = CD:.UFDAI.E{UE
-5 CLEAR BEZEL
., TAIL OLED
STOP LED
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General description of ORING rearlamp A LIGHTING

Light functions

FRONT VIEW BLADE TURN

REVERSE OLED TURN

STOP
RETROILLUMINATION OLED TAIL

STOP

REVERSE

SIDE VIEW

STOP
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General description of ORING rearlamp

Electronic system

—— LAMP
s ngre REVERSE/TURN PCB
TURN PCEZ o TURN PCB s
(30140} i Y| = - P ) TR [
= 5 > —i—H [8LED] >
= = ECU TURN LED
NEEDED AREA: 40 CWA2 = » = E 2 g :l
MEEDED AREA: 150 TM2 —
r— | I
way
o 4 mays
BACKLIGHT PCB2
14LED] e . " = -
s B s P
EEDED AREA: 15 CAW2 z = 5 =
3 E £ F
H __-' I 0 AT IV I
g © TAIL STOP PCB1  NEEDED AREA: 100 CAB2
a ¥
Shd - LED STOP
- - |ECL;3T0'P | [eLED]
=
ol & [ T l I...unas 1.]
= = T i -
I [||
—
- 7 wars
y—— = 4w
BASE =
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General description of ORING rearlamp

Light functions
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Light functions
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Innovation topics

Electronic Control Unit
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Electronic architecture evolution

1) Wiping turn

2) ARS

TAIL R /R1/RM1 (constant)

TAIL R2 / RM2 (varable)

Adaptive light levels
according environmental

STOP S1 (constant)
STOP &2 (varable)

STOP 53 (constant)

Cond Itlons STOP 54 (variable)

Tum Indicator 2a (Constant)
Dally |Ight Turn Indicator 2b (variable)
Poor VISIblllty FOG F 7 F1 (constant)

FOG F2 (varabla)

3) Welcome function
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Outboard

Example of other
whipping turn
configurations

LEFTHand

RIGHTHand

Outboard

600

For system with variable
light intensity, the maximum
value is increased and could
be used in poor visibility
condition

1200
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Electronic architecture evolution

Technology Trend Analysis

Ad hoc control electronics

One ECU per light function
Non-standard solution

Non-standard data communication
Redundancy between light functions

(harness, input filters, regulators,

diagnosis, ...)

TAUL BOTTOML-SHAPE  onp 0 cu

Trend
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Standard Control Electronic

One standard ECU per rear lamp

Data bus with body computer

All advanced features standardized:

Diagnosis

Car body communication

Animations

Current regulation
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Electronic architecture evolution A LIGHTING

New functionality: ECU with Network interface

PWR lines N S0,

N N
Key features of such a ECU
B B
é . » Standard high speed data
A Trunk . . .
v communication with car body
computer

« Management of advanced
functionalities with a single
centralized ECU

Car body

The integration of an automotive bus network in the rear lamp, will allow the integration of additional functionality thanks to the
possibility to exchange information with the car body computer

Management of complex functions in rearlamp will make Intelligent ECU an interesting option for rearlamps.

Functions such as ARS (Adaptive light level), wiping TURN, Welcome functions, Diagnostics, Current control, ...., can be
managed without increase of car cables and without requirin g the development of a new car body computer
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Tolmezzo Plant

Thank you for your attention!!
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HR contacts

alessandra.polonia@al-lighting.co

giulia.sandri@al-lightifig.co

Technical:€ontacts:

eay ‘*ﬁ ‘“’ L "\“a é‘irli”a éﬂ‘.}bat' éﬁfih@‘&r -fl'i‘g ht i n g .CO

1

alberto.guiotto@al-lighting.co

PROUD OF OUR LAND, PROUD OF OUR JOB
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