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HC PHOTONICS CORP

Jan- 2000 : HCP founded. (R * /7 &+ F 4377 & ¢ )
Jun -2001: Move into HSINCHU Science Industrial Park (#7+ £ 5 1 ¥ Bl %)
HCP: Recognized as a world leading company in Nonlinear Frequency Conversion Devices.

(1) Our Core
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(a) QPM-bulk
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(b) QPM-Waveguide (c) QPM-Whispering Gallery Mode (WGM)
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(a) Application Examples: Biomedical and Green Life (b) Application Examples: Scientific and Advanced RD
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2 % : Very good at unique PPLN Chips but
#i-%: Lack of experience in module level integration x

Bt f#4-3 % Lack of insight in application sub-system integration x

Option 1:
Strong Core

(Inside-Out) . =
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How:?

Option 2:

Strong Core + Open Innovation
(Outside-In butas

partners together)
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Project attempt to join as Partner RC PrioToNCE GO

(1) 2009-Sepetmber:
Breath analysis as a diagnostic tool for early disease detection

(2) 2010-March
Mid-Infrared Solid-State Laser Systems for Minimally Invasive Surgery

(3) 2010 September:
Traceability for Greenhouse Gases

(4) 2011-May

Femtosecond Coherent X-Ray Imaging of Bio-molecular samples (FCXI)

(5) 2011-November
Metrology for Breath Analysis
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Failed due to different reason (too late or project does not pass....)

(1) 2009-Sepetmber:
Breath analysis as a diagnostic tool for early disease detection

(2) 2010-March
Mid-Infrared Solid-State Laser Systems for Minimally Invasive Surgery

(3) 2010 September:
Traceability for Greenhouse Gases

(4) 2011-May

Femtosecond Coherent X-Ray Imaging of Bio-molecular samples (FCXI)

(5) 2011-November
Metrology for Breath Analysis
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HC PHOTONICS CORP

Finally, we success with 5 projects (3 completed and 2 on-going)

(1) 2013-May to 2015 September. o
CELL-UV: Compact and Efficient Laser for Life science and

other applications, emitting > 60 mW continuous-wave radiation at 355 nm

(2) 2013-May to 2016 April
Metrology for airborne molecular contamination in manufacturing environments
- Development of Mid-IR Wavelength Conversion Chip and Mid-IR Wavelength Tunable Laser Module

(3) 2014-May to 2017 April
Metrology for biogas
-Tunable mid-IR laser sources and tunable mid-IR laser based gas sensing platform

(4) 2019-June to 2021 November

MIRDIAL: Compact and cost-effective MIR-DIAL for improved industrial and urban o

pollution measurement (https://mirdial.com/about/)

(5) 2020-Jan to 2024 December
AMPLITUDE: Advanced Multimodal Photonics Laser Imaging Tool for Urothelial
Diagnosis and Endoscopy (https://www.amplitude-imaging.com/partners)
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(1) 2013-May to 2015 September (UV-CELL): Compact and Efficient Laser for Life science

and other applications, emitting > 60 mW continuous-wave radiation at 355 nm

Too Bulky, too Expensive

High-End Research-Grade UV

Diagnosis and Semiconductor
Treatment —| Process Inspection

Enablelower-cost bench-top
Instruments and application system

CELL
(Compact/Efficient/

Cost-efficient UV Laser)

Wavelength
converter (HCP)

High Precision Laser
Packaging(Cobolt)

AR RFUVAE T
i@ 5k 7 F>60 mW, /ﬁ»—w 355

High Quality UV Coating High Quality UV Coating
Process (LzH, Germany) Facility (LzH, Germany)
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(2) 2013-May to 2016 April (AMC)
Metrology for airborne molecular contamination in manufacturing environments
- Development of Mid-IR Wavelength Conversion Chip and Mid-IR Wavelength Tunable Laser Module
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a. JRP-Partners (those who will accede to the JRP-Contract)
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no. | Participant Type Short Name | Organisation legal full name Country

1 Funded JRP-Partner | MIKES Mittatekniikan Keskus Finland

2 Funded JRP-Partner | CMI Cesky Metrologicky Institut Brno Czech
Republic

3 Funded JRP-Partner | INRIM Istituto Nazionale di Ricerca Metrologica Italy

4 Funded JRP-Partner | NPL NPL Management Limited United
Kingdom

5 Funded JRP-Partner | PTB Physikalisch-Technische Bundesanstalt Germany

6 Funded JRP-Partner | VSL VSL B.V. Netherlands

7 Unfunded HCP HC Photonics Corporation Taiwan

JRP-Partner

Goal: construct an immediate (<5 minutes) and
precision (<ppb level) of the gas monitoring system
for high sensitivity air airborne contaminants testing
in advanced semiconductor/other high-tech
manufacturing process.
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(3) 2014-May to 2017 April: Metrology for biogas
-Tunable mid-IR laser sources and tunable mid-IR laser based gas sensing platform
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Other alternative energy sources with consideration of environmental issues
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CoordinatEd by no. | Participant Type ShortName | Organisation legal full name
VSL, Netherland 1 | Funded JRP-Partner vsL | vsL % * ﬁ; 7L N $
2 Funded JRP-Partner CEM Centro Espanol deMetrologia
3 Funded JRP-Partner CMI Czech Metrology Institute
4 Funded JRP-Partner IMBIH Institut za mjeriteljstvo Bosne i
Hercegovine
5 Funded JRP-Partner LMNE Laboratoire Mational de Métrologie et
d'Essais
g Funded JRP-Partner MIKES Mittatekniikan keskus
7 Funded JRP-Partner MKEH Hungarian Trade Licensing Office
8 Funded JRP-Partner MNPL Mational Physical Laboratory
9 Funded JRP-Partner FTB Physikalisch-T echnische Bundesanstalt
10 | Funded JRP-Partner SMu Slovensky metrologicky Ustav
11 | Funded JRP-Partner SP SP Technical Research Institute of Sweden
12 | Funded JRP-Partner TUBITAK | Ulusal 1 etroloii Enstitiisi
HCP 13 | Unfunded HCP HC Photonics, Taiwan
JRP-Partner




(4) 2019 June to 2021 November (on-going)

MIRDIAL: Compact and cost-effective MIR-DIAL for improved industrial and urban pollution
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DIAL for Remote Emissions Measurement

The NPL Differential Absorption Lidar (DIAL) s a sophisticated remote sensing system that
provides rapid, accurate measurements of airborme atmospheri poliutants. The system is 3
completely self-contained mobile laboratory that carries 3 suite of additional measurement
equipment to monitor metecrological parameters and ambient gas concentrations.
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MIR-DIAL System with good mobility
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How do we find the connection/partners (1 % by f & = L 3):
- Make yourself ready in capabilities/mindset for integration/be integrated

(H, >> H+ (3 7E{£ihd )>> H,0, etc)

- From previous connection points to partnership network
(no fixed way, but one way or the other way toward where you think/envision.... )
15




(5) 2020-Jan to 2024-December
AMPLITUDE: Advanced Multimodal Photonics Laser Imaging Tool for Urothelial
Diagnosis and Endoscopy (https://www.amplitude-imaging.com/partners)
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Digital Innovation for smart health and wellbeing

0o
PHOTONICS®

Photonics PPP

Photonics21 Research and Innovation topics (RIA)

for the Horizon2020 PPP Work Programme 2018-2020

https://www.photonics21.org/download/about-us/photonics-ppp/photonics-ppp_research-and-innovation-topics.pdf?m=1513605489&
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Photonics PPP

Photonics21 Research and Innovation topics (RIA)

for the Horizon2020 PPP Work Programme 2018-2020

Annex — Full Proposals...............o.o 24

WG 1 - Private Optical Networks for Vertical Markets.........ccccoeviiiiiciinicicincicniece 25
WG 1 - Photonics for intra data center and consumer applications .........ccccceeeiueennen. 28
WG 2 - Highly Productive Ultra-Short Pulse Laser Systems for Fast Material Processing
......................................................................................................................................... 32
WG 2 — Manufacturing with Tailored Laser BEaMS ........cc.ccceeeuveereieveeenieeineeeseeeesnsennns 35
WG 2 - Digital Innovation Hubs (DIH) for Laser-based Equipment in Advanced

M ANUTACTUFINE .ottt et e et et e e et aeeseensaae e enaeeseersseeeesasseseeansesenenseeeasans 38
WG 3 — Next generation of biophotonic methods and tools to understand the cellular
OFIZIN OF ISBASES. ..ottt et e et aee e e e te e e e eba e e e eabaeeeebans e e ensseeeanaseas 43
WG 3 - Photonics enabled, more accurate quantified diagnosis during interventions
and treatment — ReSEArCh aCtiONS........iciiiiiie e ceireiere e sesree e e ssae s e s ansssessssaeessansssas 43
WG 4 - 3D Light Field and Holographic Displays for Natural Visualization.................... 50
WG 4 — Connected LIBTING .....vviiieiieiie e s eae s e s ssns e s e s rnna e s e e snas 53
WG 4 — Beyond Classical LIZRTING ..o s 53
WG 4 — Robust materials for OPV and OPD performance..........cccceeeeevievveeeeeeiisreneeneennns 60
WG 5 — F3S — Flexible Farm-t0-FOrk SENSING .....cccvvviirioriiieniiiiiesiissssenesssssssesessaesns 64
WG 6 — Photonic Integrated Circuit Technology ........cccceciiiiiiiiiiiniiiiiniicneciccci 69
WG 6 = Photonic System on Chip/System in Package ..........cccueaiiiiiiiiniiiininnccineesneens 74
WG 6 = Assembly and Packaging TeChNOIOBY ......coooviiiiieiiniiiiiiii s 76
WG 7 — Nano-opto-electro-mechanical systems........ccccvviiiiiniiininiiin e, 78
WG 7 - 2D materials on 3D structures for new device architectures...........cccccevvrcvennen 81
WG 7 = Pilot Line for Free-form OptiCs.. ..o iriisiiieenisissessssssssssssssssssssnns 84
Cross Cutting Task Force — Photonics Research-for-Innovation Hub (PR4I Hub)........... 86

Cross Cutting Task Force — LIGHT TO FUEL; photonic devices for the production of solar
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WG 3 — Next generation of biophotonic methods and tools to understand the
cellular origin of diseases

WG 3 - Photonics enabled, more accurate quantified diagnosis during
interventions and treatment — Research actions

I.  Description of the area where Horizon2020 funding is requested (1 page max)
1. Areato be addressed

The application domain is the health and life science area. The targeted application areas are

1. Photonics enabled, more accurate quantified diagnosis during interventions and
treatment; diagnostics driven therapy (including, e.g., image guidance, medical laser
systems etc.) or point-of-care diagnostic tools and instruments for minimally invasive

as well as non-invasive longitudinal monitoring and/or companion diagnostics towards
stratified medicine.

2. Pilot lines for advanced optical medical devices
3. Next generation of biophotonic methods and toals to understand the origin of -
diseases.

Generally, it is expected that the resulting tools and methods are clearly superior to earlier
approaches/Goldstandards.

X 3+ B @ ohiEAY B B m PERPRIZATEZE L ECRE
X0 fRBHAZRET - A kI 3 ga{ra & oo
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Impact on societal challenges:
Most European countries will see a strong demographic change in the near future with drastic
consequences for the health and well-being of the European citizens and for their healthcare systems. E.g.
the number of new cancer cases and corresponding incidences will rise steeply every year as a consequence.
The same is true for other age-related diseases such as cardiovascular, osteoarticular and cerebrovascular
diseases and many others. Early detection, precise diagnostics is key to an appropriate and successful
treatment. Of particular concern are the falling birth rates and the increasingly aged population. The latter
is causing an increase of the number of people with degenerative diseases (Alzheimer’s, Parkinson’s etc) and
the former decreases the ability of the working population to support retirees.
(% % BeRo B RS F A bk A Bl X nA T R SR RO O R B JeABALIL 2 6P e
B kA 4B X B o Blde o B & FTRE g G chlic R fodp e g AR L 2 o gt W g
# 5 B T Pldos g o F B & frtn B R T 4 & FHHWoB i s H ot o B HpB I My
DERE G D APl g o Rl AR I d FT e A v e o (8 F EREIA

(1P f: KBS o ok S 8 ) 4 e e
Example:
* Photonics enabled therapy
In particular, we are looking for advanced photonic methods (from THz, visible light, X-ray to gamma
frequencies) which support surgical procedures e.g. by helping to delineate tumor borders or areas with a
perfusion deficit, to guide navigation of devices, to develop new surgical tools for navigation and
treatment, or to locally apply drugs.

* Next generation of biophotonic methods and tools to understand the origin of diseases

A third topic that is in the focus consists of advanced instruments and methods to understand the cellular
reasons for the origin of diseases to stop diseases even before their onset.

The goal is to provide the biochemical end-user and the medical doctors engaged in research with new tools
towards a better understanding of the origin of diseases (DNA sequencing or other genomics, leading e.g.

to personalized (or stratified) 19



Challenges beyond innovation:
* In this context both system integration companies (mostly large OEMs) and SMEs
collaborate with System and method, development will need to include steps necessary to
enabling clinical studies.

(A3 E2F(~ 5 Hcs < F|OEM)fe# -] A &

L e & SR 1 TRAAT L R 0 )

EL

* Furthermore, a potential project proposal must include a part where the benefit of the
outcome is demonstrated in a real environment — (preclinical studies, including pilot clinical
studies when necessary) within the study.

Mk s (FRh T A7)

* There are lots of barriers to the market entry of SMEs as medical device manufacturers due

to regulations and other barriers as well as further risks. Also large companies face such issues.

(ﬂ ERPE "E_,'fr’t! gl % 8- Hhehh e o ¢ o fEiTE %ﬁ)% g@;ﬁ@ﬁﬁ AP e S R
SIRER e X O F . m TRt SE R AR

* For all topics above, it is of less importance what kinds of photonic technologies and
methods will be employed, what photonic component, subsystem or method will be
combined or further developed as long as the final device is clearly superior to already
available and established devices and has a definite added value for the physician/clinician
and the patient in case of the first and second topic and for the biochemical end-user for the
third topic

(2273 2 L& PREBLAPMRPIIG Do 22 G50F N2 HFF/TREF LS

”ﬁﬁ’éﬁf‘ﬁ”lff%t B
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European companies are able to supply the whole food chain from components over
systems to complete solutions.

(B o @ S s e B R R RS FnfE B Y E4a)

In the life science related market Europe is also weII-p05|t|oned with larger companies like
Zeiss, Leica and Tecan but also with a multitude of different SMEs. For medical imaging
systems industries providing both hardware and software are e.g. Philips and Siemens
Healthcare. Besides, there also exist several smaller companies who can be worldwide or
European leaders on a particular specific domain related to equipment and/or components,
as for example Thales for X-ray detectors and imaging solutions in cooperation with Trixell (a
joint venture of Thales-Philips-Siemens). To fully exploit the potential of new photonics
innovations it is also essential to optimize integration into the medical workflow and into
existing hardware and software products and solutions.

EUROPE

Europe: Colorful & Diverse
(Innovative/collaborative)

A
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(5) 2020-Jan to 2024 December
AMPLITUDE: Advanced Multimodal Photonics Laser Imaging Tool for Urothelial
Diagnosis and Endoscopy (https://www.amplitude-imaging.com/partners)
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TAMPEREEN KORKEAKOULUSAATIO SR (TAU): TAU will coordinate the project under
the scientific leadership of Dr Regina Gumenyuk.

ASTON UNIVERSITY (ASTON): Aston University will be involved in the development of
fibre lasers at 1640-1720nm and in efficient frequency conversion of this wavelength
to 850nm for metabolomic investigations.

CONSIGLIO NAZIONALE DELLE RICERCHE (CNR): CNR will lead WP4 Imaging biomarker
identification.

AMPLICONYX OY (AMPX): AMPX role in the project is to design of laser drive and
control electronics and software.

FUNDACIO INSTITUT DE CIENCIES FOTONIQUES (ICFO): ICFO will be involved in the
development of the coupling of the lasers at 1700nm and its frequency doubling signal
to the microscope.

FEMTONICS KUTATO ES FEJLESZTO KORLATOLT FELELOSSEGU TARSASAG (FEMT):
FEMT will deliver the role of system integration for the proposed Microscope.
UNIVERSITA' DEGLI STUDI DI MILANO-BICOCCA (UNIMIB):UNIMIB-SYSBIO will provide
a systems metabolomics approach to characterize clinical bladder cancer samples.
UNIVERSITA DEGLI STUDI DI FIRENZE (UNIFI): UNIFI will lead WPS6, clinical proof of
concept coordinating the ethical approvals and the proof-of-concept studies

HC PHOTONICS CORPORATION LIMITED (HCP): Work will be focused on the
development of frequency conversion of two sources to cover the full biological
window.

10 MODUS RESEARCH AND INNOVATION LIMITED (MODUS): MODUS will provide project
management support for AMPLITUDE in collaboration with the coordinator (TAU).

1 LEONI Fiber Optics GmbH (LEONI):

LEONI will lead WP1 and contribute to the specification of the lasers and multi-modal
imaging system related to the requirements for optical fibers for urological endoscopy
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AMPLITUDE:
Advanced Multimodal Photonics Laser Imaging Tool for Urothelial Diagnosis and Endoscopy

(RIS ERFIFTHIGLE > * WRE DR 8K 2R)

Amplitude targets the development of new multimodal imaging systems exploiting novel laser

sources and state-of-the-art imaging and spectroscopic technologies to fulfil unmet clinical

needs in terms of the specificity and accuracy of cancer diagnosis and therapy monitoring.

(Amplitudef'ﬁﬁ W8 B3 ATA) R 2 Tk B 3% A B ATA R R 2 B AT e
L AR R ERE B B ein R B R B B e A 2 G A% KT 3 1)

The project will develop novel ultrafast lasers that access currently unavailable wavelengths,
and use them for high resolution non-linear imaging and confocal microscopy.

(P 2 5 4720 5 B0 & ok S0 37 5 Sl ™ P31 Gek R 2 it e ffe sk o B
R Srieink BRI O R o R AR ek 3 R)

By combining the deeper morphological and structural information provided by these
modalities with the functional/molecular information provided by metabolic imaging and
Raman spectroscopy in a prototype multimodal microscope and endoscopic probe, Amplitude
will deliver imaging systems offering unparalleled label-free and real-time high-resolution
imaging deep inside tissues.
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Components and Enabling Technology View HCP

HC PHOTONICS CORP

Advance of Fiber Laser Wavelength Converter
Ultrafast laser evolution
Costs Reliability
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Solution & Impact View HCP
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Figure 6: lllustration of different pathological sta;Jes of t.z'/;Jdder: Eam;er (;l}aléh: INSTANT BLADDER CANCER SCAN COU LD SAVE
THOUSANDS OF LIVES

Urology).

5-year survival rate decreases with increasing stage,
as follows:

Ta, T1, CIS — 82-100%; T2 — 63-83%;

T3a-67-71%; T3b — 17-57%;

T4 - 0-22%, despite active or radical treatment
From the T2 stage, radical cystectomy is advocated,
thus leading to important changes in patients’
quality of life as it requires definitive urinary
diversion and sometimes also chemotherapy.
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mplitude

HIGH RESOLUTION IMAGING
Label free, real time imaging

Morphological and structural data
from combined multiphoton imaging,
auto-fluorescence imaging and
Raman spectroscopy, will enable label-
free, real-time high-resolution imaging
deep inside tissues.

IMPROVED OUTCOMES
Accurate diagnosis and follow ups

Enhanced morphological and
structural information provided by the
combined imaging modalities will
enable faster and more accurate
diagnosis, helping clinicians to select
the most appropriate therapeutic
approach and to efficiently and non-
invasively monitor the effects of
treatment

https://www.amplitude-imaging.com/

NOVEL LIGHT SOURCES
Providing enhanced performance

New wavelength emitting highly stable
fibre lasers with frequency conversion
to provide a single source directly
addressing wavelengths in the 1st and
3rd biological-window to enable
dramatic increases in penetration
depth with high image resolution.

NEW DIAGNOSTIC TOOLS
Characterisation and monitoring

Development of a microscope and
endoscopic probe that can perform
multi modal imaging in a clinical
setting, providing high resolution, fast
and accurate imaging, helping
clinicians to efficiently diagnose and
stage cancerous tumours

Amplitude brings together 11 partners from across Europe to develop
a compact and efficient multi-modal microscopy and endoscopy
platform combining confocal and non-linear imaging techniques.

Motivated by recent breakthroughs in multi-photon imaging the
project aims to develop a system that exploits the optical properties of
near-infrared (NIR), instead of visible or UV light, to image deep inside
tissues.

Using novel ultrafast light sources, the project will investigate a new
concept of label-free, multi-modal microscopy and endoscopic
imaging based on an under explored wavelength region between
1650nm and 1870nm (the 3rd biological window).

Using this wavelength range Amplitude will develop high resolution
imaging and spectroscopic technologies, including NIR confocal
reflectance microscopy, multi-photon microscopy and spontaneous
Raman spectroscopy to enable exhaustive characterisation of the
morphological, metabolic and molecular characteristics of tissues.

The different technologies will be integrated into a novel diagnostic
imaging platform, for use in microscopy or endoscopic probes,
enabling the capture of high-resolution images at depths up to 10
times greater than existing clinical diagnostic tools.

Finally the ability of the platform to improve the speed and accuracy of
the detection and monitoring of bladder cancer will be evaluated. A
series of laboratory and clinical assessments will be carried out with
the aim of demonstrating that the high resolution images produced by
the microscope and endoscope can enhance the ability of doctors to

diagnose, treat and monitor bladder cancer patients.
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Summary: F i g 3\ HCP

A q’ HC PHOTONICS CORP

E = hc/A=HC Photonics / full spectrum A

0+ =0

unique small photon ©O BIG VALUE

small photon alone, BIG VALUE OGETHER
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Ending Note : another “failed” proposal @ 2018

SUPERIORS: Supercontinuum and Upconversion based on Poled crystal waveguides for
Efficient Real-time mOnitoring in the mid-infraRed Spectrum
(481 & Wt B izl Aot RIF 0 7 09 Jvh bk ang o R R)

a. Scope

The scope of project SUPERIOR is within the general topic of Photonics, and includes: NORBLIS —

. . s . ST o REAL-TIME HIGH-RESOLUTION
e Numerical modelling to aid in the design phase G MiD-iERARED OCT

o Modelling of pulse compression in hollow-core optical fiber
o Modelling of supercontinuum seed and dispersion compensation

e Development of new integrated photonics technologies
o  First fully waveguide integrated mid-IR OPA/DFG laser source.

o  First waveguide OPA pumped long-wavelength mid-IR supercontinuum source.

o  First system to use a single pump for all-waveguide mid-IR generation and upconversion.

e Application of these technologies for industrial guality control and real-time process monitorin

o  Real-time mid-IR spectroscopy

o Real-time mid-IR imaging

o Demonstration of long-wavelength mid-IR fingerprint imaging and spectroscopy using high power

and ultra-broadband supercontinuum.
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