IVAM. Photonic Integrated Circuits and
Applications: v s wmwshxcon

( The first digital meeting of the IVAM Focus Group Photonics : Tuesday, June 289,
2021 from 2:00 pm to 4:00 pm.)

Dr. Albert Hasper
(CEO-PHIX)
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PHIX Mission

PHIX is to become a world leader foundry in
packaging and assembly of Photonic
Integrated Circuits (PIC’s) by supplying PIC
based components and modules in scalable
production volumes.

* Founded in 2017
e Started operations in 2018

 Specialized in hybrid PIC assembly and fiber
array interfacing




Photonic Packaging (What we do)



Competencies and capabilities s

. Product design for assembly:
. Manufacturing:
* Die preparation
e Die alignment and bonding
* Electrical interfacing
e Thermal Packaging
* Polarization Maintaining Fiber Arrays
* High Power interfaces
* Free Space packaging
* Hybrid assembly

. Capital equipment sourcing.

Product

Process l:quipment




PHIX: Value Proposition: \“h

@ Independent Back-End Photonics Assembly Foundry:
@ Access to broad packaging and assembly expertise & processes = First Time Right.=» Quality
@ No capital equipment investment needed for customers. =» Cost
® Short time to Market (TTM) at lower cost. =» Timing
# Scalable volume from prototype to volume production =»Flexibility \

@ Offering design engineering services:

o Supporting vertically integrated approach which is required to successfully introduce emergi
technologies.

Engineering & Design Realization

® Characterization package CPS standard

\

® PHIX Assembly Design Kit integrated in Synopsis SW

© Technology:

® Broad process portfolio to assemble all PIC technolg

 Unique process of co-packaging multiple PIC tegfihologies in one pr:
 Unique process for g per._ to chip inter g.

© European based;
® Photonics igf
® Strong k
' Resg

3fined by EC as key enabling technology (KET).

opean and Dutch infrastructure including SW, Chip Design, chip manufacturing and applications.
ing and protecting our customers’ IP and Know-how



PHIX approach to automation
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Start with the end product in mind

Consider options for product design,
manufacturing process and manufacturing
equipment in parallel

Product

Consider total costs when optimizing
parameters

Process Equipment




PHIX Roadmap S

IVAM.

2017 | 2018 | 2019 | 2020 2021 2022 2023 2024 2025

$55S

I Automation

Standardization
Manual

Assembly h

Semi Automatic Assembly

Cost Curve
(Down > x10)

Full Automatic Assembly

Process Development
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PHIX key-competences: <’

Product

Proces quipment

Design =2 Manufactured module

phix




Examples of PIC Modules
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Hybrid PIC packages with DC and RF
electrical interfaces

e Hybrid integration multiple InP and
TriPleX PICs

* RF modulation (InP)

* Detector arrays (InP)

e Gain chips (InP)

* Dedicated electronics connection

e Accessibility to PICs for characterization
purposes

phi)K
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Biosensor application

Ultra sensitive sensor arrays

e Label-free refractive index sensing for disposable
applications

* Multiple MRR and/or MZI sensor arrays

* Flip-chip assembly of VCSEL’s and detector arrays
through grating couplers
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Tunable laser application

Fiber output

Power (10 dB/div)
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Characterization Package Standard

Characterization Package Standard:

* Modular package approach for
stand alone functional PIC
characterization

e Capable of addressing several form
factors and interfaces

* Applicable for edge-connected
optical fiber interfaces

* Up to 32 fibersin and out
* Up to 300 electrical contacts

* Chip design guidelines available for

compatibility with CPS
phi



Summary:

* PHIX is your worldwide partner for scalable
production needs for the packaging and
assembly of Photonic Integrated Circuits
(PIC’s).
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* PHIX covers the whole supply chain from :
1. Design
2. Prototype-production
3. Scale-up production
4. Volume Production




Why Photonic Focus group?

To create an European cross border business network that shares
insights on the Photonic Industry

To generate ideas to become stronger

Act as source of suppliers / customers =2 create group of “billable
friends”

Accelerate the Integrated Photonic industry by working together to
create a competitive edge

How do we differentiate with other photonic networks?

Why do we want to work together, and what should be the
outcome?

g
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Questions to consider during the discussion ?

* How do we differentiate with other photonic

networks?
* Why do we want to work together, and what should

be the outcome? -« [ /(1
* What kind of events/activities are important for the (M\ (&\ -

focus group?
i
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Status and outlook of (Integrated) Photonics:
->
Some trends

phix
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The importance of the integrated Photonics is related with its
applications in different market segments and activities:

The GAGR of the Photonic Markets is about 40% (*)

(*) Compound annual growth rate (CAGR)

RonbpeTEal I LIDAR market increase with 113% CAGR 82 1.7$8n in 2025
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to reach $15.2 Billion by 2020

Growing at a CAGR of
16.9%

2013 2014 2015 2016 2017 2018 2019 2020 From 2014-2020

Global Photonic Sensors Market
By Application

©
@)TONICS
Global Photonic Sensors Market is expected (( I )) VAN,

Global Photonic Sensors Market

By Type

_ Military —
Fiber optic sensors - Homeland security —
Image sensors ;
) . Industrial process -
Biophotonic sensors r— Ea i
o
Other ctory automation
Civil structures O —
Fiber optic sensors is expected to be highest Transportation L —
revenue generating segment by 2020 Biomedical —
® The comprehensive view on the % share of Type segment (2020) Micro fluidic -
Rin- envirnnmeantal O — p '
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Optical transceivers market in 2024 16 $SBn
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LiDAR market increase with 113% CAGR to 1.75Bn in 2025

Overview of sensors and COMPUUNE Market revenue

9 uw 2025
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Sensing market in 2025: 26.6 (in SBn)
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. i . PHOTONICS
Photonics in Europe is a Key Enabling Technology: IVAM.

* Strategic importance
* Keep R&D, innovation and industrial capacity in
Europe

Global economical ImpaCt. Advanced Photonic Integrated Circuits

* Lead by cost & performa nce Opens: Est. June 2021 Deadline: Est. September 2021 Budget: €38.4m total €3-5m project. TRL 2/3 -> 4/
e Kee p VO | ume p rod u CtiO n | n Euro pe HORIZON-CL4-2021-DIGITAL-EMERGING-01-07: Advanced Photonic Integrated Circuits (RIA)

- Expected outcome
- New generations of photonic integrated circuits and devices
- Strengthening industrial capability of photonic device fabrication by integration and miniaturisation of technologies

- Lowering the barrier to the use of advanced or innovative photogic integration technologies for companies, in particular high-
tech SMEs

- Providing European strategic autonomy in Photonic Integrated Circuits and related manufacturing processing
- Scope

- New paradigms to extend the functionalities of optical components through design, integration, fabrication, assembly and
packaging techniques including the co-integration of photonic and electronic components.

- Augmented with new functions and performance enhancements, requiring in many cases the development of new maternials
and innovative device structures.

— Challenges

N y - Mastering epitaxial material growth and processing on large wafers RAFT
% E — Broadband (“white") light sources and high sensitivity photodetectors (including arrays) D
< - High-efficiency semiconductor lasers across many wavelength bands,
- Incerporation of new building blocks such as magneto-optic elements for non-reciprocal functionality could also be included.

\Quantus

\

Projects should demonstrate the developed integration technologies in at least two application oriented
use cases and establish integration platforms, which help potential user companies with their uptake

phi
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The application integrated photonics is in line with the macro trends and
will lead to an expected yearly market grow of > 30%

Macro-Trends

Strong growth of data traffic (i.e. Artificial
Intelligence) leads to more energy usage, whereby
data-centers must be more energy efficient

loT will ask for faster and more energy efficient
connections of many applications

Introduction of self driving cars need more radar
and LIDAR solutions

Increase of need of healthcare needs more medical -
technological innovation

Bron: Grand View Research; BCC; Credence; Markets & Markets; Roland Berger

Global Market (1):
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Challenges & Opportunities
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How we ensure that the development in Europe
leads to a Photonic European Industry?

How to manage High Volume and High Mix
Manufacturing?

How do we accelerate the New Product
Development & a risk free New Product
Introduction?

How do we keep competitive and cost efficient?

phiX
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