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ZLUMENTUM

Corporate Overview



Lumentum: How We Got Here

1979

Uniphase Corporation
founded

- Gas lasers

w uniphase

B

1981
JDS Fitel founded

- Passive Components
- Test & Measurement

1980 1985 1990 1995

ZLUMENTUM

1999

JDS Uniphase
founded

creating a world leader
in optical components
for communications

2015

Lumentum formed
CCOP business
segment spun out
from JDSU

4.1 DS Uniphase

< JDSU
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SDL
2001

Acquired SDL.:
world leader in
diode lasers,
and many
other optical
components
companies

2000 2005

Started 3D
2007 sensing business 2018

PicoLight, a

manufacturer

Lumentum acquires
Oclaro, becoming

the global leader in
optical components

2015 2020
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Complementary Chip Leadership Drives Sustainable Product Differentiation

/\ 3D Sensing
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Datacom

Edge-emitting laser
Chip-on-submount
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Coherent Transceiver Modules WSS Modules

NLW Integrated Tx and Rx
Lasers Coherent Sub-Assemblies

Amplifier Modules

Telecom Pump Lasers

Coherent:
DML Modulators | Lasers | Receiver PICs

LCoS Telecom Pump

Commercial Lasers

Laser Systems

Industrial Pump Lasers

Industrial Diode Lasers
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Our Key Locations

North America EMEA APAC

Milpitas, California USA San Donato, Italy Shenzhen, China

- Corporate headquarters :

ékofljica, Slovenia SECEMITEE), JZEl
San Jose, California USA
Zurich, Switzerland 10, JeEfpEn
Ottawa, Ontario Canada

Caswell, UK Pangyo,.Korea

Paignton, UK New Taipel City, Talwan

Pathumthani, Thailand

Best-in-class manufacturing
partners

Global presence — close to our customers
R&D and operations excellence centers across the globe
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3D Sensing Market Trend



Diode Laser Options for 3D Sensing

DFB edge emitters Fabry-Perot edge emitters VCSEL arrays

/ﬁ /ﬁ/

v

* Narrow bandwidth: <1 nm * Narrow bandwidth: >1 nm * Narrow bandwidth: <1 nm

 Power range: 200 mW — scalableto -« Power range: 200mW — scalableto +« Power range: 200 mW — scalable to
10s of watts 10s of watts 10s of watts

* Output beam: Elliptical * Output beam: Elliptical * Output beam: Circular

« Wavelength locking with « Higher wall plug efficiency « Wavelength locking with
temperature temperature
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3D Sensing: Past, Present, and Near-Future Applications

‘‘‘‘‘‘

Credit: Sociofl -  Pine
redit: Sociofly World-facing for AR Credit: Pinterest Automotive LIDAR

Mobile front-facing IR illumination in
for biometrics automotive
Non-mobile application
Credit: Intel RealSense AR/VR, surveillance,
Gaming, PC, various | robot, interactive app
niche applications
Credit: Robot Advance
2010-2016 2018 2020 2022
v J J o v v J
2017 TODAY 2021

J LUMENTUM

Lumentum is the largest supplier of laser illuminators in 3D sensing
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Automotive 3D Sensing: 90M Cars Sold Annually
TODAY 2021 2023 2025
v v ) v o v 9
2020 2022 2024

redit: interest Credit: iluslab / Alamy

Cabin Monitoring RoboTaxi LIDAR L4/L5 Consumer Vehicle LIDAR
Mass Autonomous Deployment

Better LIDAR

Better mapping, connectivity
Machine learning for complex
decisions

Continuous Safety Improvement

New Business Models

* Supplement driver decisions
* Reduce potential human errors
« Driver monitoring for L2-L4

Mobility as a Service (MaaS)

Robotaxis
Automated trucking

VCSEL +
Diffuser &

High
Power
VCSEL

FMCW
LOSA
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Strengths and Challenges of ToF for Automotive

a ToF
<
= « 1D Tx array w/ 1D scan, 1D/2D Rx array
<  Larger collection aperture
= « “Less” complex photonics
n

7))
)
= * Receiver noise

Q * Immunity to ambient light / other LIiDAR
Ecs « No native velocity measurement

@)

Comfort Zone
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Understanding of Technologies
for 3D Sensing Applications



3D Sensing Architectures for Mobile Applications

Light stripe

Front Facing

Shaped Object pixel

object

Stripe number

sope m |
| Structured light H

Matrix camera

Camera
pixel

Payment Animoji Background removal

Gesture control Auto focus AR apps Time of ﬂl.ght
(ToF) — Indirect
* Credit: iphonehacks, iPhone, Pamela Vaughan, Industry Chronicles, Asus, Alamy

2 * Credit: Nalan Karunanayake, University of Kentucky (Laser Focus World)
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Comparison of Structured Light (SL) and Time-of-Flight (ToF)

Method ToF

Principle 3D point cloud pattern is projected on an IR illuminator sends out IR signal and IR
object. Each point depth is calculated by sensor measures time or phase difference
analyzing the deformation of the pattern. to calculate depth.

Hardware Dot projector + Flood illumination IR illuminator
Pros High depth accuracy No baseline
Low power consumption Compact size
Low cost
Cons Baseline required High power consumption
Heavy processing Weak on ambient noise
Big module size Eye-safety concern
High cost
Applications Biometric scanning AR, VR
Working distance Poor linearity Depending on light source power
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Comparison of Indirect TOF vs Direct TOF

_ Indirect ToF Direct ToF

Emitted pulse
MeChanism - Received pulse
L) 15

phase delay Time delay
Measurement Phase shift A round trip time of light
Range 5 meters (indoor), 3 meters (outdoor) Tens-to-hundreds of meters
Resolution VGA <HQVGA
Detector type IR CMOS image sensor APD / SiPM / SPAD
Qutdoqr noise Low High
Immunity
Packaging complexity Low High
Manufacturability Established Emerging

* APD: Avalanche Photo-Diode, SiPM: Silicon Photo-Multiplier, SPAD: Single-Photon Avalanche Diode
Z
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VCSEL Coverage and Trend

= Market is moving towards longer distance coverage (5~10 m) with ToF.

= Well covered 1A ~ 6A for mobile and consumer markets

» Also extended VCSEL catalog of high power for new markets

Smaller Size

» Light source for

proximity sensing
« Single spot LIDAR

Sensing Distance

J LUMENTUM

30cm ~ 1m

2~3A

3~4A

3m

4~6A

5m

Triple Junction

D-TOF LIiDAR
Flash LIDAR

High Peak Power

High-res. TOF
Longer range
active stereo

© 2019 Lumentum Operations LLC
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Requirement of Eye Safety Function

= Diffuser is required for eye safety (IEC 60825-1)

e
—4

EL

Diffuser 1

Class 1

Class 3~4

= How to ensure diffuser is intact on package

Eye safety function Detection mechanism

Optical detection To measure PD current which is created by reflected light by diffuser and to control laser
(Photodiode) power automatically (APC function)

Electrical detection To check electrical connection between substrate pads and ITO layer on diffuser before
(ITO or metal coating) driving laser

Hybrid detection To check diffuser existence before laser driving and to measure PD current after laser
(ITO + Photodiode) driving

/
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ToF Focus Area

= Extend Range/Improve SNR
— Narrow Pulse
— Higher Peak Power
— Narrower Rx Optical Filter

r—ﬁ Po
T_.t noise ISNR
pulse -—J — pulse ~ L

ZLUMENTUM



ZLUMENTUM

ToF Applications



Applications for 3D Sensing Face ID

:‘\_ ‘u. ; a
Credit: Apple i0S12 Credit: Apple

Animojis Portrait Mode Selfies

_ _ . o . redit: Snapchat
Background substitution video Ultra realistic Snapchat Lenses

/
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Front Facing 3D Sensing — Native Support with Android Q!!!

= 3D facial recognition function is a standard feature with Google Android Q(10).
» This feature will allow users to unlock the phone, to authorize payments and to sign
Into apps.

Credit: arstechnica
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World Facing 3D Sensing — Killer Apps Coming

Augmented Reality

ARKit P,
-
3D Education - 7%
Holograms
Photo & Video - 6%
Lifestyle - 5%
oo [

Credit: Tencent  Credit: Android Authority

120° Uitra Wide Camera
8MP, F2.4, 120°

() TelephotoCamera - -
NZ4 toMp F2.4, 2x Optical Zoom

Q\“‘ ~ Main Camera
O 24MP, 17, Clear & Bright

s~ DepthCamera
*- 5MP, F2.2, Live Focus

Credit: Samsung Computational Imaging + Artificial Intelligence

Quadruple cameras are R
becoming standard on all Tele® Googl_e Al
premium smartphones! .. ~ 3
._] 8 BILATTICE

’
i

3 Cameras + 1 Depth camera Googetens —— () Cortana

- AL .- g, I e
L3 AW ;
K X 2
Credit: Inverse Credit: Matt Miesnieks
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Various Kinds of Applications with 3D Sensing Functions

Credit: AlI3DP

Room scanning and real time
distance measurement

_ - _Credit: Pngfly
People identification

and behavior analysis
7 LUMENTUM

Climbing Mt. Everest

by Murphy Cooper
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Credit: Magic Leap
Interactive application
with augmented reality

o
0«

3D reconstruction and real-
time object scanning

Credit: Asus

| 1

Credit: iSense

3L

S
L

Credit: Asus
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Thank you
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This presentation was presented at

EPIC Meeting on VCSELs Technology and Applications 2019

HOSTED BY
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EU initiatives funded by
www.photonics21.org
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