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OSRAM has extensive autonomous driving expertise

Gesture recognition Adaptive cruise control system (LIDAR)

Pre crash sensing (LIDAR)
Interior lighting

Ambient lighting IR e sOr
Rear Ight : LED/Laser head- Headlamp
up display (e.g. laser, matrix)
Ambient light sensor 3-D environment
detection (LIDAR)
Driver monitoring
Side view and lane detection Daytime running light

LED - Visible LED — Non visible
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OS is a long-time partner for lasers in the automotive industry
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905 nm pulse Laser,
75W, 20 ns

— First use of LIiDAR since early 2000s

)
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More than 10 car OEMs
use laser based AEB1
systems with OSRAM
s 905nm laser already
today

OS with pioneer role and a proven track record

 LiDAR Laser supplier to automotive
industry for over 10 years

 over 10 million LiDAR lasers in the field
(~ 200 billion km ) without chip failures

« zero field failures for 7 million bare dies

* more than 20 LiDAR design-ins and -wins
with OS lasers

Technology USP
* Highest Efficiency (30%)
e Best thermal resistance

* First automotive grade pulse laser on the
market

4 1) AEB: Auto emergency breaking
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Two different approaches to autonomous driving: Mobility providers
starting with L5 short term, traditional OEMs evolve from L1 to L5

ADAS!' Level
A

LS

L3

L1-2

ILLUSTRATIVE

Maas$ - Mobility as a Service path

» Robo cars Convergence

* Long-range and short-
range scanning LiDAR;

large field of view, high
resolution

v

2000 2018 2020 2022 2024 2026

» Co-existence of LIDAR,
RADAR and camera
sensors in Autonomous
Driving (L3 upwards)

» Two completely different approaches to
autonomous driving with different dynamics
driven by two distinct groups of players —
mobility-as-a-Service providers (MaaS) and
traditional car manufacturers

* However, in the long run there will likely be a
convergence of the two approaches

6

1) Advanced driver assistance systems
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LIDAR uses reflected light to measure distance to objects; it can be used
for short-range up to a distance of ~300m

LiDAR (Light Detection and Ranging) — a Time of Flight measurement Lidars can be used for different distances and use cases

+ Stop & Go
Short range + Automatic Emergency
(<20m) Breaking (AEB)
. * Pre-crash sensing
| l l l ‘s; bq 20m
- - - -
Medium range » Lane departure warning
(20 to 100m) * Blind spot detection
Detection principle:
¢ 100m
A very short laser pulse travels from
the LIiDAR sensor to an object and
back. The sensor measures the . _
travelling time of the laser pulse and Long range * Adaptive cruise control (ACC)
determines the distance and relative (>100m) * Long Range LIiDAR (LRL) for
velocity of the object. autonomous vehicles (L4/L5)

100 m distance = 0,6 us

! OSRAM
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Osram: we offer solutions for all relevant LIDAR technologies based on

905 nm Lasers

SELECTIVE
Evolution of 905nm edge emitting laser
- First AM grade pulse laser * Increased » Customization
on market output power + Integrated solutions
« Best performance in the * More laser channels * Multichannel versions
market * AM qualified / laser bars
* Very short pulses packages
OSRAM is in
discussion with
’ all relevant

— OS product roadmap for different LIDAR téchnologies

4 channel SMT Highest Power: Laser Bars

; _ Chip- and package variations
Scanning >, based on OS Platform

Mecha-
nical .
Integrated concepts

MEMS / ~N
Solid [TTIT1IT]

Customized laser bars
state ! 1 channel SM

players from the
LiDAR
ecosystem and
we further
develop our
portfolio based
on their needs

° In Mass Production today 2018/19 ... and Future concepts

OSRAM
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Bare Die 120W Infrared Laser Diode
SPL DS90A_3

Pre-series PPAP SOP
A A A
[ | VT \
SPL DS90A_3  today End of 2018 2019
Technical details & Target performance Product Status
r — ] *  Pre- Series production
Optica| OUtpUt Power + Edge emitting pulse laser 3 vertically stacked
itt *  PPAP planned for Dec 2018
P =f(l) 140 emitters
opt F
120 // « Dimensions 0.4 mm x 0.6 mmm x 0.115 mm
o , + Efficiency @ working point ~30%
80
g.% // + DC max 0.1% (0,2% targeted) Highlights & Benefits
& e - _ _ +  Optical Power typ 125W @ 40A
“ * The product qualification test plan is referencing
/ the guidelines of AEC-Q102(*) * Pulsed Laser LiDAR Applications
20
/ *  Wavelength: 905 nm
00 10 20 30 40
LIA]

Data is subject to change due to status of development.
10 (*)The complete qualification test plan in AEC-Q102 is not applicable for bare IR laser die. Only selected tests from AEC-Q102 which are deemed relevant for bare die-related failure mechanism are performed. OSRAM
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Technical discussion :
LIV Curve for different temperatures

CONFIDENTIAL

Pulse Width 100ns

Masured in TO can as test vehicle
Variable T is Tambient as indicated in
Diagram

Pulse Repetition Frequency 10kHz

Average approx ~-0.4%/K

140 Measurement conditions
105 .
2 70 [ g
o _ 65°C °
— 85°C
= 105°C
35 -
0 | | |
0 11,25 225 33,75 45
I[A]

1"
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SMD 1 Channel Device

In development SOP
f : ' L \

SPL S1L90A_3 A01 2019

Technical details & Target performance Product Status

* In development
Opt. Power / Forward Voltage | ° Optical Power: 120W@40A
12 OHFOST61 4 o) B SOP 2019
Poe Ve =f )y v //_ W, | * Pulselength 2ns demonstrated
o T f1 . DCmax0.1% (0,2% target)
8 / é* 4100 *+ Dimensions 1.8mm x 2.3mm x 1mm
° /' / % * The product qualification test plan is based on the Highlights & Benefits
/ leo o + 1 channel SMD pulse laser
4 / guidelines of AEC-Q102
/ 40 *«  Wavelength: 905 nm
2 /
/ 120
00 5 10 15 20 25 30 35 A 450
— 1

Data is subject to change due to status of development.
12
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Short pulse Demonstrator

1

channel Pulse Laser and LIDAR Pulse Laser Demo
Pulse width, current slope rise time, duty cycle, eye Laser Diode Power
safety and total reachable Popt are strongly linked. Supply

Vm lervy
We built up a reference design to demonstrate 2ns é ‘T D‘i N
short pulse behavior of our laser source. = = | s

a, vdaln

PCB routing strongly affects optical rise time and Ve 5
optical peak power Trigger Signal Ve _

* 1 channel pulsed laser
« pulse width ~2ns Driver principle
« Laser wavelength 905 nm
» Peak output power 120W @ 40A
» Option to measure the laser current
Measured optical Pulse width (50%) :

13
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Actual shape of electrical and optical pulse

Example Pulse shape for Vbus = 45V Pulse shape of optical Signal for different Vbus levels

Pulse shape for differnet V_bus supply voltages

0,12
0,1
=
~ 0,08
a
_QI
S 0,06
2
£ 004
o
(0]
Vbus Peak Optical  Optical pulse §° 0,02
Power width @ PD S
' w ns 0
20 41 2
25 53 2 -0,02
30 66 2 35 36 37 38 39 40 41 42 43
35 81 2 time [ns]
40 93 2
45 107 2 Measured optical Pulse width (50%) : ~2ns

14 OSRAM
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OSRAM is well positioned to participate in the LIDAR market

OSRAM has a long track record in automotive LIDAR applications

Successful 905 nm edge emitting laser platform will be further developed to higher
power and packaged versions

2ns pulse operation demonstrated
OSRAM LiDAR Lasers will be qualified referencing the guidelines of AEC-Q102

16
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