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Executive Summary

One of the SPRINTER project essential ambitions is to fast-frack the transfer of knowledge between the
consortium and its target stakeholder base, funnelling the inwards-outwards value streams of the project and
capitalising on the results obtained all over Europe.

The present document is an update of the initial report D8.4 “Exploitation plans and
dissemination/communication activities” (released in M06), aiming to summarize the DEC activities performed
within the first phase of the project (M01-M18) and to provide all actors, involved in the promotion of the
SPRINTER solution, with the right means and tools to raise awareness and maximize the impact, visibility, and
accessibility of the project. The efforts on the organization of the DEC activities of SPRINTER presented in this
document are directly related with the technical work packages, in order to identify the exploitable assets
that will be converted later on, in the key exploitable results of the project.

An important part of this document is a first market analysis performed on SPRINTER technologies, which will
serve as a basis of SPRINTER exploitation plan. At this first step, the market contfext is based on market and
scientific literature sources and a first analysis on how SPRINTER might fit is provided. Activities regarding the
exploitation of the project foreground include the preparation/update of the individual exploitation plans by
the project partners, the efforts to align the development activities of the project with ongoing efforts world-
wide and the efforts to keep a close eye and monitor the possible generation of IPR world-wide in the various
research fields of SPRINTER.

Furthermore, this report highlights the communication and dissemination strategy of SPRINTER and ifs
implementation plan including the actions accomplished within Period 1 of the project, along with specific
timelines and the evaluation and progress of the respective key performance indicators.

The report is dived into the following main sections:

» Exploitation plans (Section 2): This refers to the academic as well as industrial exploitafion of the results
and technology, considering Intellectual Property Rights (IPR) management and business plans.

+ Dissemination and Communication activities (Section 3): This section presents the communication and
dissemination actfivities achieved within the 1st period of the project (i.e., by M18), covering all kinds of
actions undertaken by the SPRINTER consortium in order to spread the word on the concept and main
objectives of the project to the scientific community, relevant stakeholders the manufacturing field and
the general public (young minds, policymakers etc.).

* Monitoring and evaluation of Key Performance Indicators (KPIs) (Section 4): This section summarizes the
status of the KPIs for the Dissemination, Exploitation and Communication activities (DEC) performed in
the first phase of the project, depicting the progress made so far.

e Updated Data Management Plan (Section 5): This section provides information on the updated DMP of
the project and details on the datasets made already available via open access at the frusted
repositories, as part of the Open science practises of SPRINTER.

In the final section of the report, a conclusion is drawn to provide an overview of the document, summarizing
the key outcomes of the DEC activities performed within the first period of the project.

Keywords: Exploitation, Dissemination, Communication, DEC plan, KPIs, Business frends, market frends, SPRINTER
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1 INTRODUCTION

SPRINTER is a 3'2-year Innovation Action (IA) funded by the European Commission through Horizon Europe
program comes as a pragmatic innovation action combining the best-of-breed optical components and
methods, from various powerful but complementary photonic infegration platforms aiming to develop a set of
low-cost, energy-efficient, and ultra-dynamic optical transceivers and optical switching solutions.

SPRINTER solution aims to cope the diverse needs of the industrial networks and conftribute to the early adoption
of technology by the European industry, through the establishment of a pan-European Network with market and
research monitoring on a global scale.

To this end, the partners of the consortium, fogether and for a period of 42 months, are working on developing,
validating, and disseminating SPRINTER's fechnologies which ultimately will enable the truly digital transformation
of the industries o high — capacity networks. SPRINTER is expected to have a major impact on productivity,
energy efficiency, and costs. Hence, in the medium term, such benefits will translate info more skilled jobs, more
growth, and a lower environmental impact. One key objective is to develop SPRINTER's exploitation plan,
analysing possible business models that are foreseen during the project lifetime, and to infroduce the potential
paths that can ensure the success of SPRINTER's strategy.

SPRINTER project kicked off in September 2022 and within its first phase has made significant progress on the
development of the targeted optical fransceivers and switching solutions for time critical networking in industrial
environments. Over the next two years, project’s focus will be on the validation and adoption of SPRINTER
technology and its applicability in potential uses cases. In this respect, dissemination and communication play
a key role in generating awareness and interest fo invite European Companies that would be willing to test the
SPRINTER solution and provide feedback. Therefore, the content published via the communication channels is
more conversion-focused, highlighting the benefits of the SPRINTER solution and raise brand awareness.
Moreover, along with the good progress of the project development activities, participation in industrial events
is being planned to pitch the solution in-person to potential adopters. Furthermore, it is important to highlight
that the SPRINTER project aims to have a global impact not only on a purely industrial level but also on a society
level, encouraging gender parity in the industrial world and inviting young minds to pursue manufacturing-
oriented careers.

In summary, the purpose of this document is to document the SPRINTER exploitation, dissemination and
communication from the beginning of the project up to M18 (first period of the project) and address the
following aspects:

e An updated communication, dissemination and exploitation sftratfegy (communication phases,
objectives, channels)

* The evaluation, monitoring and reporting the effectiveness of the plan (KPIs)

This is a living document, able to accommodate any required customization. The plan will be constantly
evaluated and revised throughout the project.
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2 EXPLOITATION PLANS

2.1 SPRINTER’s Exploitation Methodology

This section outlines and extends the exploitation strategy that was presented in the initial project phase and will
be used as the basis to create the SPRINTER exploitation strategy following the process described in Figure 2-1.
The main goal of defining an exploitation and sustainability plan, following an innovation management process,
is to identify those assets with the highest potential to succeed into the market, identifying the time-to-market as
wells as impact. The SPRINTER methodology consists of three maijor steps:

4 y

o Validation &
|dentification & Planning

Potential

Preparation &
Market overview

Figure 2-1. SPRINTER Exploitation Methodology

1. Preparation & Market Overview: This first step represents the preliminary approach of the project results to
the market, understanding the market context and foreseen potential strategies to be followed. This step is
necessary fo understand what the project main assets are. Within this step an initial market analysis of tfrends
related to the project in order to identify them and how it is expected to evolve in the future. In this way the
project will be able to better understand how to allocate ifs results and fo whom target the offerings. Based
on a previous patent search, crucial technologies are examined in more detail. The suppliers found in the
patent search are examined in more detail and then possible applications and interesting links and
information are compiled.

2. Identification of KERs & Analysis of Potential: Following the general considerations, the second step starts
with the identification of the key exploitable results and validating them against the market. This is a critical
step to properly mature the sustainability and exploitation plan. Exploitable assets, individual or joint, are
identified and developed according to the maturity of the project. Obviously, not all of them will have the
same success rate into the market or will be ready at the same time. For this reason, a thorough analysis at
asset level will be performed considering their exploitability, innovation factor and the potential impact in
the market.

3. Vadlidation & Planning: The third step aims fo develop the go-to-market strategy of the previously identified
KERs. This also includes an overview of their potential target market, competitors, IPR considerations and
potential risks. A set of business goals is also developed to better position the offerings. Although all assets
can be considered as relevant, those not identified as KERs can be further exploited at individual level, as
represented in the section exploitable assets focusing on individual exploitation plans.

D8.5 - First exploitation and dissemination report and updated DMP_v1.0 Page 7153
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2.2 Business and Market Trends

2.2.1 Exploitation strategy, business models and evaluation of opportunities for exploitable results

A market analysis is the basis of an exploitation plan which reflects how to monetize a unique value proposition
(UVP), a.k.a. Minimum Viable Product (MVP). It is a targeted exercise that quantifies the relevance of the
innovation in multi-annual revenue and investment scheme, addresses the Time-To-Market (TTM)and scalability.
LioniX International considers its high speed, reconfigurable external cavity lasers and tuneable transmitters as
candidates in the SPRINTER network architecture.

With high level data available a detailed reflection of the available data and thorough analysis needs to be
made to find the market entry points of the novel envisioned solutions. This requires a definition of MVP, margin
potential and Bill Of Material (BOM) analysis, volume potential (TAM/SAM) and launch strategy. Figure 2-2
reflects on three potential business evaluation models. A pragmatic approach to find the business value of new
ideas is described by Wendy Kennedy in her methodology “So What? Who Cares? Why You? (2006)". Michael
Porter proposed his “Five Forces analysis model” in 1979 in the Harvard Business Review as a framework that
helps analysing the level of competition within a specific industry. More recently a model that reflects on the
competitiveness was proposed through the use of the Business Model Canvas (Osterwalder & Pigneur, 2010)
which will further be used in the assessment of SPRINTER innovations.

RIVALRY AMONG
THREAT OF NEW ENTRANTS:
EXISTING COMPETITORS: THREAT OF NEW = Barriers to entry
= Number of competitors
* Economies of scale
Diversity of competitors ENTRANTS Brand loyalty
Industry concentration Capital requirements
Industry growth Cumulative experience
Quality differences Government policies
Brand loyalty Access to distribution channels
Barriers to exit Switching costs

whocares?
o § Switching costs
ottt A2 Fe BARGAINING :x‘:)l:; BARGAINING
A Methodology Minimum POWER OF NG POWER OF
. : SUPPLIERS BUYERS
t he Business Viable COMPETITORS
BARGAINING POWER OF SUPPLIERS: BARGAINING POWER OF BUYERS:
Product « Number and size of suppliers * Number of customers
*  Uniqueness of each supplier’s product s Size of each customer order
By Wendy Kennedy o * Focal company’s ability to substitute *  Differences between competitors
- e Monetization * Price sensiivity
THREAY OF SUBSTITUTE PRODUCTS: *  Buyer’s ability to substitute
Number of substitute products available THREAT OF *  Buyer's information availability
Buyer propensity to substitute = Switching costs
* Relative price performance of substitute SUBSTITUTE
* Perceived level of product differentiation PRODUCTS Credit: Business-to-you 2016

* Switching costs

Figure 2-2. Reflection on 3 business evaluation models: WKI-model; MVP-model and Porters Five Forces model.

2.2.2 Relevant market data for laser solutions in communication and sensing applications

A good description of different types of lasers and the concept of lasing is provided by UCSB professor L.A.
Coldren!. Our unique photonic platform for external cavity lasers (ECL) is based on the intimate hybrid
infegration of a gain medium and a silicon nitride PIC that consists of a reconfigurable mirror and supporting
photonic circuitry such that a desired linewidth can be configured using low-power and fast reconfigurable PZT
[Lead Zirconium Tantalate]. The silicon nitride PIC can be equipped with extended circuitry to allow switching,
recombination, MUX and DeMUX, benefitting from the PZT properties. The large spectral fransparency of silicon
nitride [400 nm — 2.4 uym] offers the opportunity to make complex circuitry without compromising the insertion
loss and hereby opens opporfunities in the sensing and communication applications.

Relevant market studies would cover new developments in materials science and availability of high-power
gain sections, split over the markets and application of various laser types. Moreover, LXI relies on availability of
relevant modulators that can operate at high optical powers. These applications will not include ultra-fast lasers
or high-power machining lasers but rather on communication lasers. These lasers for telecommunications
applications can be divided neatly into two groups: (1) low-power, single-mode lasers with gigabit modulation
bandwidth based on InP and InGaAsP heterostructures, and (2) high-power CW lasers based on GaAs/AIGaAs
which are used to pump fibre amplifiers. Diode lasers, especially diode lasers in visible wavelengths are replacing

TL.A.Coldren, G. A.Fish, Y. Akulova, J.S. Barton, L. Johansson and C. W. Coldren, "Tunable semiconductor lasers: a tutorial," Journal of Lightwave
Technology, vol. 22, no. 1, pp. 193-202, Jan. 2004, doi: 10.1109/JLT.2003.822207.
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solid state lasers in display areas, medical areas, and others, especially as new diode lasers get more powerful
and their range of wavelengths expand?2.

To distinguish between the systems, the components, and the base materials, one has to understand the supply
chain and its players. SPRINTER partners will cover different spots in the supply chain and some partners are
“vertically integrated”, i.e., they cover different steps in the value chain. An example from EPIC 2015 Laser
market report reflects the diode-pumped solid-state laser materials processing system and may be a relevant
example for SPRINTER exploitation model.

o

Figure 2-3. The diode-pumped solid-state laser materials processing system (credit: EPIC 2015 Laser Market Report)

Omdia3 presented their 2022 report on optical components in telecommunications by market segment (WAN,
Datacom and Access). Their revenue estimate for 2021 was US$ 22.067 million. They believe that the segment of
WAN Externally Modulated Lasers is shrinking from US$40 million in 2021 to as little as US$ é million in 2027, a CAGR
of -27%.

EPIC Research* valued the laser systems market for 2014 at $27.3 billion, about 3 times larger than the laser
components market. The value of the laser systems market is significantly higher than the components alone.
The laser systems market for materials processing and manufacturing, both additive and subtractive reached
$14.2 billion in 2014, according to a study by Optech Consulting and Roland-Berger. The solid-state lasers (and
direct diode) cover 30% of this market where fiver lasers and COz lasers make up the 70%. The diode laserindustry
is now dominated by American and Asian companies. In 2014 the communications laser components business
was worth $3.6 billion, while the value of these components in transmitter systems industry-wide was $5.4 billion.
Strategies Unlimited stated in their 2020 report that in 2018, silicon photonics chip revenue was estimated to be
about $78M, with full silicon photonic transceivers (most are 100GB) estimated to be in the $550 M level. Judging
how much of this to allocate to “laser” is a work-in-progress. They report a market forecast for optical transceivers
[25G/40G; 100G and 200+G] and list suppliers of 980nm and 1480 nm pump diodes for EDFAs. Total
Communications Laser Revenue is reported at US$ 3.386,8 million in 2019 and expected to grow at a CAGR of
10.3 till 2025. Transceivers which operate at 200GB and above can use eight or more lasers, with 400GB often
using 16 lasers. Different wavelength lasers are used to increase the rate.

2.2.3 VCSELs and EMLs Market forecast

Surface emitters for wavelengths between 650 nm and 1300 nm are practically exclusively based on GaAs
wafers, while for wavelengths between 1300 nm and 2000 nm (long wavelength surface emitters) at least the
active zone is based on InP or GalnAsN. Based on this information, the technologies VCSEL (Vertical-Cavity
Surface-Emitting Laser) from GaAs and EML from InP were examined in more defail, in ferms of market shares
and application fields. The VCSEL market for consumer applications took off in 2017 with the intfroduction of 3D
facial recognition in smartphones. Since then, the consumer market for VCSELs has grown steadily and is
expected to reach $1.4 bilion by 2028, according to the report "VCSELs market and technology trends 2023"
published by Yole Group. The consumer and telecom sectors are still expected to be well ahead of the packin
the near future. In addition, and as a highlight, the automotive market is expected to experience a noteworthy
CAGR of 71% from 2022 to 2028 as shown in Figure 2-4.

2 Strategies Unlimited: THE WORLDWIDE MARKET FOR LASERS: MARKET REVIEW AND FORECAST 2020
3 OMDIA optical components in telecommunication 2022
4 EPIC Laser Market Report 2015
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2022-2028 VCSEL MARKET FORECAST
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Figure 2-4. VCSEL market forecast

In terms of VCSEL as a starting point for further research, the suppliers found were examined in more detail and
then possible applications and relevant information was compiled in the following Table 2-1.

Table 2-1. VCSEL market research

Field of Application
Printers and scanners Optical data fransmission
Face & gesture recognition Lidar
AR and 3D sensing Industrial applications
Medical applications Sensors
Top players GaAs and VCSEL

e Infel o  Marlow Industries

e Coadna Photonics e Opfium

e Coherent e Photop Technologies

e Hewleft Packard ¢ Quantumbeam

e Marvell Asia o W & Wsens Devices

e Finisar e  Xerox

e Seiko Epson e AEGIS Semiconductor

e Epiworks e Alfera

e Lightsmyth Technologies e Apple

¢ M Cumed Technologies e Avago Technologies

Externally modulated lasers (EMLs) based on InP have various applications in optical communication
technology. Yole Group's compound semiconductor team projects that the InP market will reach $5.7 billion by
2027 (source: InP 2022 report - Compound Semiconductor Market Monitor), with InP consumer sensor
applications potentially reaching a $356 milion market. Applications for EMLs made of InP (the above-
mentioned applications for VCSEL also apply fo EMLs) were compiled in the following table.

Table 2-2. InP and EML market research

Field of Application

Optical communication High-speed data transmission
Dense wavelength division multiplexing | Long distance fransmission
5G communication Optical sensors

Quantum communication Photonics integration
Medical imaging Lidar systems

Spectroscopy Laser distance measurement
Optical data processing Security and defence
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Industrial metrology Fiber optic sensors
Underwater communication Satellite communication
Top players InP and EML
e Coherent Corp. e Avago Technologies
e  Fuji Xerox e Samsung Electronics
e Ricoh e  Finisar
e Sony e Furukawa Electric
e  Fujifilm ¢ M Cubed Technologies
e Canon e Photop Technologies
e Seiko Epson e Coadna Photonics
e Beijing University of Technology e Epiworks
e Lumentum Operations o  Kailight Photonics
e Vertilite e Lightsmyth Technologies

TEl in-depth understanding of the Telecom and Datacom optical market segments and technology (e.g., data
throughput, interconnect distances, latencies, and power dissipation) delivers market knowledge from this
perspective. The high-speed short reach connectivity datacom market is rapidly moving today to speeds of
400-800G and beyond with 200G declining now and it is expected even more in coming years. Especially,
inferest is seen in RAN for DRAN (Distributed RAN) application or Hub site internal connectivity for CRAN
(Centralized RAN).

2.2.4 Optical Switches

The Optical Circuit Switch (OCS) is gaining its way as a valid component in datacenters and Al systems. The
capability to reconfigure the network fopology can bring remarkable value as the system scales in size and
complexity. In 2022 Google revealed that tens of thousands of OCSs were manufactured and deployed in the
company's production datacenters over the past decade [Apollo]. More recent publications explored the
advantages of OCS application in Al clusters>¢7. Following Google's first volume deployments, other cloud
service providers are considering deploying OCSs to fake advantage of savings in cost and power consumption
in OCS-based DataCenter networks.
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Figure 2-5. Sales of Ethernet and InfiniBand switch ASICs and OCS hardware. Source: LightCounting.

5 Urata, Ryohei et al. “Mission Apollo: Landing Optical Circuit Switching at Datacenter Scale.” arXiv preprint arXiv:2208.10041 (2022).

6 N. Jouppi et al, “TPU v4: An Optically Reconfigurable Supercomputer for Machine Learning with Hardware Support for Embeddings,” ISCA '23,
June 2023

7 P. Bakopoulos et al., "Photonic switched networking for data centers and advanced computing systems," 2024 Optical Fiber Communications
Conference and Exhibition (OFC), San Diego, CA, USA, 2024, pp. 1-3.
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The market for optical circuit switches in datacenters and Al networks is forecasted to experience robust growth
over the next five years, driven by the increasing adoption of higher speed optics (400 Gbps, 800 Gbps, 1.6
Tbps). investments by cloud service providers and hyperscalers, and the computational demands of emerging
Al/ML workloads. Key industry analysts project strong CAGRs for OCS hardware and related optical components
targeting these markets. According to LightCounting, sales of opfical circuit switch (OCS) hardware for
datacenters are projected to grow at a 32% compound annual growth rate (CAGR) from 2023 to 20288. Dell'Oro
Group also acknowledges the scalability, reliability, and cost benefits of using OCS in Al networks compared o
fraditional electrical packet switches but highlights that the technology is new and may require changes in fiber
infrastructure?.

2.2.5 High-speed transceiver electronics

High-speed electronic chips are key to turn an optical device or photonic chip into an opfical fransceiver. The
electronic chip developments in Sprinter focus on the most critical circuits, the driver and transimpedance
amplifier front-ends which interface directly with the opfical elements. Silicon-Germanium (SiGe) BICMOS
technology provides a cost-effective platform for prototyping high-performance front-ends circuits. As the
fransceiver volume grows, CMOS may become more economical.

The tfransceiver industry is mostly vertically integrated having also electronic chip design teams in house e.g.
intel, Nvidia, Infinera, Broadcom etc. Some independent chip vendors do exist, like Marvell, Semtech or Renesas,
supplying particular chips to tfransceiver vendors, however, a lot of such fabless semiconductor companies were
acquired by large tfransceiver and system vendors. In this global context, the most realistic strategy for imec’s
high-speed transceiver electronics is to collaborate intensively with leading industry to fransfer IP and reference
designs and to explore new technologies and design concepfs.

2.2.6 Thin-film lithium niobate (TFLN) modulators

According to QYResearch's new survey, the global Thin Fim Lithium Niobate (TFLN) Modulator market is
projected to reach US$ 2043.1 million in 2029, increasing from US$ 185 million in 2022, with the CAGR of 41.0%
during the period of 2023 to 2029.

Over the past years, TFLN has evolved from a research-focused new material platform fo a strong contender in
providing practical solutions for next-generation applications. TFLN's attributes, including ulfra-high electro-optic
bandwidths, low driving voltages, compact size, and cost-effective production, are particularly advantageous
for datacom, telecom, and high-performance applications such as radio-over-fiber and measurement and test.

The main fields of application for TFLN are: Optical Communication, DataCenter, Microwave Photon, Quantum
Photonic, Fiber Optic Sensing, Fiber Optic Gyroscope, Video Transmission, Cable Television.

USS 2043.1M

41.0%

USS 185M

M = millions and B = billions

Figure 2-4. Thim Film Lithium Niobate (TFLN) Modulator Market Source: (qyresearch.com)

8 hitps://www.lightcounting.com/newsletter/en/october-2023-ethernet-infiniband-and-optical-switches-for-cloud-datacenters-211

9 hitps://www.delloro.com/reflecting-on-gtc-and-ofc-2024-no-one-size-fits-all-but-time-to-market-is-key/

D8.5 - First exploitation and dissemination report and updated DMP_v1.0 Page 12|53


https://www.lightcounting.com/newsletter/en/october-2023-ethernet-infiniband-and-optical-switches-for-cloud-datacenters-211
https://www.delloro.com/reflecting-on-gtc-and-ofc-2024-no-one-size-fits-all-but-time-to-market-is-key/

Project [101070581] — [SPRINTER]

Based on market analysis at CSEM, the TFLN modulator is a promising solution for the next generation of photonic
electro-opftical modulators. It will meet the demand for low-power, high-speed photonic integrated circuits.

2.2.7 Market insights on mmWave/FSO (ICOM)

Milimetre wave (mmWave) technologies refer to applications and systems that utilize radio frequencies in the
milimetre wave band. This band occupies a specific range within the electromagnetic spectrum, typically
defined as between 30 GHz and 300 GHz. The key aspects of mmWave are 10.11.12.13.1415:

e High-Speed Data: Due to their wider available channels, they can support ulira-fast data transfers.

e Llimited Range: A tfrade-off for the high capacity is the shorter range of mmWave signals. They are
susceptible to signal attenuation over longer distances and can be blocked by obstacles like buildings
or foliage.

e Fast Deployment: mmWave systems can be deployed relatively quickly, making them suitable for
sifuations where rapid network capacity increase is needed.

Main Applications: 5G networks already make use of mmWave bands (FR2), while the envisioned applications
for 6G necessitate the exploitation of their much wider channels and resultant throughput. Mobile network
operators are increasingly leveraging mmWave's data prowess for applications demanding ultra-high
throughput, both indoors and outdoors.

Some of the main applications where mmWaves are suitable, are:

e Backhaul solutions: mmWave can be used as backhaul for mobile networks, providing a high-
bandwidth connection between cell sites and the core network.

e Indoor venues like airports, stadiums, and event spaces: mmWave delivers multi-gigabit speeds and
ulfra-low latency, enabling smooth operation of bandwidth-hungry applications like VR/AR experiences
and high-definition video streaming.

e Enferprise networks: Businesses can leverage mmWave for their internal networks to support large data
transfers and real-time collaboration.

e Automotive industry, with V2X communications and Advanced Driver-Assistance Systems (ADAS).

e Security & Surveillance with high-resolution Imaging.

e Medical Applications with imaging & diagnostics
In the US, Ookla® Q4 2022 data showed mmWave is achieving almost 1.6 Gbps median 5G download speed,
26 times faster than the median 5G speed on low-band, while, in South Korea, Samsung harnessed the power

of mmWave as backhaul to achieve record-breaking download speeds of 1.8 Gbps on a fast-moving subway
train, both indicative of the potential of mmWave for real-world applications'é.

It's important to note that mmWave technology is still evolving, and new applications are emerging all the time.
As the technology matures and becomes more cost-effective, we can expect to see it play an even greater
role in various industries.

10 hitps://www.qualcomm.com/news/ong/2021/12/how-5g-mmwave-tfransforming-mobile-experiences-everyday-users (retrieve date:
23/5/2023)

T A. Shastri et al., “A Review of Millimeter Wave Device-Based Localization and Device-Free Sensing Technologies and Applications,” IEEE
Communications Surveys & Tutorials, vol. 24, no. 3, pp. 1708-1749, third quarter 2022, doi: 10.1109/COMST.2022.3177305.

12 G. Chittimoju and U. D. Yalavarthi, “A Comprehensive Review on Millimeter Waves Applications and Antennas,” Journal of Physics:
Conference Series, vol. 1804, no. 1, p. 012205, Feb. 2021, doi: 10.1088/1742-6596/1804/1/012205.

13 C. Seker, M. T. GUneser, and T. Ozturk, “A Review of Milimeter Wave Communication for 5G,” in 2018 2nd International Symposium on
Multidisciplinary Studies and Innovative Technologies (ISMSIT), Oct. 2018, pp. 1-5. doi: 10.1109/ISMSIT.2018.8567053.

14 K. K. Soumya and J. Zacharias, “FSO Challenges and Solutions at 5G Networks - A Review," in 2023 International Conference on Control,
Communication and Computing (ICCC), May 2023, pp. 1-5. doi: 10.1109/ICCC57789.2023.10165514.

157, Sharma, A. Chehri, and P. Fortier, “Review of optical and wireless backhaul networks and emerging trends of next generation 5G and 6G
technologies,” Transactions on Emerging Telecommunications Technologies, vol. 32, no. 3, p. €4155, Mar. 2021, doi: 10.1002/ett.4155.

16 hitps://www.gsma.com/get-involved/gsma-membership/gsma_resources/mmwave-clocks-gigabit-speeds-in-the-u-s-but-lacks-maturity
elsewhere/
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Estimated Market Size: The International Telecommunication Union (ITU) reported a significant surge in
infernational bandwidth usage from 292 Thit/s in 2017 to 1,230 Tbit/s in 2022. This escalating demand for
bandwidth is a key driver propelling the growth of the milimeter wave (mmWave) technology market. As data
consumption skyrockets, especially with the rise of high-definition video streaming, cloud services, and loT
devices, mmWave fechnology's ability to offer higher data transfer rates and accommodate increased traffic
becomes crucial. It's potential fo satisfy the escalating need for faster, more robust wireless connectivity is driving
the growth of the mmWave technology market!’.

Latest estimations on the size of the mmWave market and projections on its evolution, clearly indicate a
technology with high growth potential. According to Grand View Research, the global milimeter wave
technology market size was valued at USD 3.75 billion in 2023 and is expected to grow at a CAGR of 39.7% from
2024 to 2030'7. Mordor Intelligence estimates the market in 2024 at US$ 3.63 billion with a projection to reach
2030 the US$ 13.61 billion, at a CAGR of 24.6%'8. SkyQuest reports that the global millimeter wave technology
market size was valued at USD 2 billion in 2021 and is expected to grow from US$ 2.80 billion in 2022 to US$ 29.85
billion by 2030, at a CAGR of 40.20% during the forecast period (2023-2030)'? (Figure 2-7).

mmWave Market Valuations and Projections by Different Research Firms
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Figure 2-7. Market valuations and projections for the mmWave market according to different market research firms17. 18,19

Major mmWave players: There are two main categories of major players in mmWave technologies, equipment
manufacturers and component providers. Table 2-3 summarizes the major players in both categories. Parallel to
the system vendors and component providers, a major driving role in the deployment and usage of mmWaves
are the telecom operators. A breakdown of some of the largest telecommunication providers utilizing mmWave
technologies across different regions is also shown in Table 2-4.

Table 2-3. Major mmWave Vendors'8

Category Major Players

Siklu Communication Ltd (Ceragon Networks Ltd), Bridgewave Communications
Inc., E-band Communications LLC (Axxcss Wireless Solutions Inc.), Milimeter Wave
Products Inc., Ducommun Incorporated, FastBack Networks, Verana Networks,
Aviat Networks, Inc., NEC Corporation, L3HARRIS Technologies, Inc., Axxcss Wireless
Solutions, Inc.

Equipment
Manufacturers

Qualcomm, Qorvo, NXP Semiconductors, Broadcom, Smiths Group PLC, Milimeter
Component Providers Wave Products Inc., Farran Technology, Eravant, Keysight Technologies, Inc., Vubiqg
Networks, Inc., ELVA-1, Anokiwave

17 https://www.grandviewresearch.com/industry-analysis/millimeter-wave-mmw-technology-market#

18 hitps://www.mordorintelligence.com/industry-reports/milimeter-wave-technology-market

19 hitps://www.skyquestt.com/report/milimeter-wave-technology-market
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Table 2-4. Major mmWave Operators

Region Major Players

North & South America Verizon (US), AT&T (US), T-Mobile (US), TIM Brasil (Brazil)

Deutsche Telekom (Germany), Vodafone (UK), Orange (France), Telia Company

Europe (Sweden/Finland)

Asia China Mobile (China), China Telecom (China), NTT Docomo (Japan), SK Telecom
(South Korea), Bharti Airtel (India), Zain Group (Kuwait), STC (Saudi Arabia)

Deployments by these providers are not always uniform across their entire service arecs. They might be
concentrated in major cities or specific locations where high-speed data access is a priority. Additionally, the
mmWave landscape is constantly evolving, with new providers emerging and existing ones expanding their
deployments.

2.2.8 Free Space Optics (FSO)

Free Space Optics (FSO) technology uses lasers to wirelessly fransmit data through the atmosphere. FSO systems
depend on line-of-sight communication between the transmitter and receiver, offering high-speed data transfer
rates without the need for physical cables or fiber optics. These systems feature low-cost setup and operation,
bandwidth comparable to fiber optics, light-speed fransmission, resistance to signal interception, and license-
and regulation-free usage?. FSO systems provide a flexible networking solution that requires no licensing,
supports high data rates, is immune to radio inferference and jamming, and can be deployed anywhere with a
clear line-of-sight. The main market drivers for FSO include?':

o Demand for Bandwidth: FSO technology effectively addresses the last-mile connectivity gap, especially
in urban and densely populated areas with a growing need for high-speed data fransfer.

o Security and Reliability: FSO systems use narrow light beams that are difficult to intercept or tap into,
offering highly secure data transfer. This is especially desirable in industries where data security is crifical,
such banking, healthcare, and defence.

e Spectrum Congestion: The RF spectrum is becoming increasingly crowded due to widespread wireless
communication fechnology. FSO operates in the optical specfrum, providing an alternative solution,
especially in urban areas with significant RF spectrum shortages.

e lLow Latency: FSO systems offer low-latency communication, making them ideal for real-time video
stfreaming, online gaming, and financial frading, where even minor delays can have significant impacts.

e Cost-effectiveness: Deploying fiber-optic cables or conventional wireless infrastructure may not always
be feasible or cost-effective. In some cases, FSO technology offers a more affordable option for last-
mile connectivity.

e Fast Deployment: FSO systems can be set up faster than traditional wired infrastructure, making them
suitable for temporary or emergency connectivity needs, such as disaster recovery plans or one-time
events.

e Environmental Considerations: FSO fechnology has a lower environmental impact compared to
traditional wired solutions, as it eliminates the need for french digging and physical cable installation.

e Technological Developments: Ongoing advancements in laser technology, opfics, and signal
processing are enhancing the performance and reliability of FSO systems, making them more attractive
for a wider range of applications and deployment scenarios.

20 Manpreet kaur, Amandeep kaur brar, "Free Space Optics Communication - Trends and Challenges", International Journal of Engineering
Development and Research (IJEDR), ISSN:2321-9939, Volume.5, Issue 2, pp.2132-2134, June 2017, Available at:
https://www.iledr.org/papers/IJEDR1702332.pdf

21 hitps://www.verifiedmarketresearch.com/product/global-free-space-optics-fso-market-size-and
forecast/#:~:text=Free%20Space%200ptics%20(FSO)%20Market%20size %20was%20value d%20at%20USD,the % 20forecast%20period%202024%2D
2030.
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Main Applications: FSO technology finds applications in various sectors including telecommunications, military
& defence, healthcare, and enterprise networking. FSO communication is an optical alternative to fibre
networks that can act as a backbone for rapidly deployable mobile wireless communication needs, covering
scenarios such as disaster relief response, temporary wireless networks for events, or communication over
distances where laying cables is impractical or illegal.

Main applications where FSO offers advantages and find use, are?2:

e Telecommunication and computer networking.

e Point-to-point LOS links.

e Temporary network installation for events or other purpose as disaster recovery.

e Forspace and satellite communications.

e Security applications.

e Military application.

e Entferprise connectivity between different buildings.

e Backhaul, to carry cellular telephone traffic from antenna towers to the core network.
e High-speed last-mile access.

Estimated Market Size: According to Verified Market Research, Free Space Optics (FSO) Market size was valued
at US$ 3.1 Billion in 2023 and is projected to reach US$ 18.1 billion by 2030, growing at a CAGR of 40.1% during
the forecast period 2024-20302'. In the Allied Market Research analysis, it was found that the global FSO
communication market was valued at $347.5 million in 2021, and is projected to reach $4.8 billion by 2031,
growing at a CAGR of 31.3% from 2022 to 203123, Global Market Estimates projects that the Global FSO market
will grow from US$ 4.4 billion in 2022 to US$ 47.5 billion by 2027 at a CAGR value of 34.1% from 2022 to 202724,

FSO Market Valuations and Projections by Different Research Firms
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Figure 2-8. Market valuations and projections for the FSO market according to different market research firms21. 23,24

22 hitps://www.axiomoptics.com/application/free-space-optical-communications/

23 hitps://www.alliedmarketresearch.com/free-space-optic-communication-market-A08077

24 hitps://www.globalmarketestimates.com/market-report/free-space-optics-fso-market-3687
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Major FSO players: According to Emergen Research, the most prominent providers of Free Space Optics
Communication Solutions, are presented in the table below?5,

Table 2-5. Major FSO Providers
Category Major Players

SA Photonics, Inc. (US), fSONA Networks Corporation (Canadal), Redline
Infrastructure (South Africa), Plaintree Systems Inc. (Canada), Lightpointe

FSO Solutions Providers  Communications, Inc. (US), Airlinx Communications, Inc. (US), Timble Hungary Kft
(Hungary), Cailabs (France), Collinear Networks, Inc. (US), Wireless Excellence
(UK). Laser Light Communications (US), Huawei (China)

Market Outlook: The Future of mmWave and FSO: The exponential growth in the demanded services with high
speed, high capacity, real time data, and high reliability, necessitates fransport solutions with the characteristics
of optical fibre technology. However, in many cases, fibre deployment is either not feasible, or cost effective. In
these cases, the most suitable technologies are mmWave and free space optics that can both support multi-
Gbit/s transmission over few kilometres distance. Both mmWave and FSO technologies hold immense promise
for the future of high-speed data transmission. mmWave is currently experiencing strong adoption for its
exceptional capacity and speed, while FSO offers a secure and potentially faster alternative for specific
applications.

As 5G networks continue to evolve, we can expect further advancements in both mmWave and FSO
technologies, making them even more relioble and cost-effective. Currently research focuses on the
improvement of the overall performance of both FSO and mmWave including the modulation schemas,
complementary integration and diversity combining?2s.

The future of wireless communication will likely involve a strategic combination of these technologies to cater
to diverse needs and applications. This highlights the significance of the proposed in SPRINTER combination of
mmWave and FSO technologies.

2.2.9 Time Sensitive Networking (TSN)

Manufacturing is becoming more complex and requires ultra-reliable, low delay variation communications. TSN
is an IEEE Ethernet standard designed fo meet the requirements of control systems that employ traditional Best
effort Etherneft. It makes it possible to save costs while enhancing interoperability by mixing time-sensitive and
best-effort data within the established Ethernet protocol. The IEEE TSN specifications provide deterministic
network communication and time synchronisation. TSN market segmentation based on application is power
and energy, automotive, fransportation, oil and gas, and aerospace. The TSN switches accounted for one of
the largest shares of the global switches and networking components due to the increasing adoption of
automation in the manufacturing sector. Demand for TSN switches is anticipated fo increase during the forecast
period as Industry 4.0 and the Internet of Things gain popularity as major technologies for industrial automation
motion control systems require networked devices on a large scale. The market is further positively impacted by
rapid digifisation, growth in the number of connected devices and increased system availability.

Table 2-6. Time-Sensitive Networking Market Report

Report Attribute Details

Year 2022

Market Size 300 M USD

Forecast 2023-2032 CAGR 15%

Value Projection 2032 1.5 Billion USD
Source:

25

26 Tawfik ISMAIL, Erich LEITGEB, Thomas PLANK, “Free Space Optic and mmWave Communications: Technologies, Challenges and
Applications”, IEICE Transactions on Communications, 2016, vol. E99.B, é, pp. 1243-1254,
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The global market for Time-Sensitive Networking (TSN) was NSS3udcisM
estimated to be worth US$ 166.4 million in 2023 and is forecast
to areadjusted size of US$ 3096.3 million by 2030 with a CAGR

of 49.3% during the forecast period 2024-203027. Global key S

players of time-sensitive networking (TSN) include Belden, ﬁp}’ﬁ'\'

Cisco, Microchip Technology, Xilinx (AMD) and Intel, etc. The &

top five players hold a share about 47%. In terms of product,

switches are the largest segment, with a share about 53%. In USS1GCaM Usmﬂ

terms of application, the largest application is industrial % m o

automation, which has a share about 43%. . . . . .
Figure 2-9. Time-Sensitive Networking Market Size

2.3 Exploitable assets

The main objective of defining an exploitation and sustainability plan, following an innovation management
process, is to identify those assets with the highest potential for market success, to identify the time to market, as
well as competitors and impact. During the "System Design and SPRINTER Technology Specifications" phase, a
number of assets were identified that will be exploited at the individual level. As the project develops and
matures, dependencies and potential incompatibilities that could prevent the development of a usable
deliverable are analysed and discussed. This information will be appropriately presented in the individual
exploitation plans. It is foreseen that some assets will be jointly owned, a situation that may change during the
course of the project. The Key Exploitable Results (KERs) of the project, shown in Table 2 7, form the basis and
main exploitation path for the development of appropriate commercial sustainability and exploitation plans for
SPRINTER.

Table 2-7. Initial list of commercially KERs

TRL -
KER MO1 TM20 M42m Description

Electro-absorption modulated lasers (EMLs) are one of
InP-EML arrays 4/5 | 4/5 | 6/7 FhG | the most suitable technologies for next generation
optical transceivers.

Vertical-cavity surface-emitting laser (VCSEL) technology
GaAs-VCSEL arrays 2/3 | Conf | 6/7 | NVIDIA |is a suitable solution especially for short reach and high-
capacity interconnects.

Ultra-fast tunable InP-TriPleX (phase actuators in the SisN4-
3/4 | 4/6 | 6/7 LXI based photonic integrated circuit platform) external
cavity lasers.

A multi-layer polymer PIC platform with an active
reconfigurable optical add-drop multiplexer (ROADM)
with low reconfiguration time for space-division
multiplexing (SDM) networks.

Mach-Zehnder modulator (MZM) based on lithium

LNOI MZM 2/3 | 4/5 | 6/7 | CSEM |niobate on insulator (LNOI) for integration of external
cavity lasers (ECLs).

Silicon-Germanium (SiGe) BICMOS technology provides
SiGe electronics 4/5 | 5/6 | 6/7 IMEC | a cost-effective platform for prototyping high-
performance front-ends circuits.

Tunable ECL source
on TriPleX

3D PolyBoard SDM-

ROADM 3 3 é/7 FhG

Hybrid . . - .
B T e 34 | a/5| 6/7 | 1com High-throughput, Iow-IgTency PtP links exploiting hybrid
transceivers FSO/mmWave transceivers.

A unified network platform that supports Time-Sensitive
Networking (TSN) over software-defined networking
(SDN) infrastructure and enables reliable and real-time
communication with guaranteed service quality.

A core network controller that uses SDN technology
2/3 | 3/4 | 5/6 CMC |based on NETCONF to manage the switches to deliver
end-to-end reliable TSN functionality.

SDN-enabled Time
Sensitive Networking | 4/5 | Conf | 6/7 | NVIDIA
platform

SDN-enabled TSN
core

27 Source: Time-Sensitive Networking (TSN) - Global Market Share and Ranking, Overall Sales and Demand Forecast 2024-2030
qyresearch.com)).
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The results in ferms of knowledge and fundamental principles will be used as a basis for new research and
innovation activities. These will mainly, but not exclusively, be developed by the Research and Technology
Organizations (RTOs) with the participation of industrial partners, which will also be considered and welcomed.
In addition, promising results will be used by industrial partners as infegrated knowledge in technological
solutions and novel products.

The list of project relevant output can also be revised and refined into Other Exploitable Results (OERs). The OERs
might consist of distinct components and/or merged subsystems of the KERs, with the potfential to be
commercialized for special applications. OERs emerged so far are listed under the following Table 2-8.

Table 2-8. Other Exploitable Results (OERs) of SPRINTER

LioniX International, ESA supported

Sensitivity and effect on PZT- and

Radiation hardness test of project aiming for Space product :
. . laser performance is tested under
PZT-driven External Cavity assurance of EEE components -
. . . Co90 radiation as part of TRL 6/7
Lasers. (Commercial electrical, electronic

and electromechanical components) qualification (harsh environment)

High-resolution and high-speed
Fill Gesellschaft m.b.H. camera-based detection system
for robotic end- effectors.

Visual based calibration system for
Fill Gesellschaft m.b.H. fast set-up and integration of
industrial robotic manipulators.
Visual based control system for the
Fill Gesellschaft m.b.H. operation of industrial robotic
manipulators.

Measurement system for end-
effector detection.

Calibration system for robotic
manipulators.

Control system for robotic
manipulators.

2.4 Individual Exploitation Plans

The project consorfium infends to be very exirovert about results and achievements, aiming at global impact
on industrial network advancements in the most efficient and cost-effective way. All partners will contribute to
this effort according to their respective outcomes and through their established channels to pursue their own
exploitation strategies and fields of exploitation. Early adopters will benefit from validating the new technologies
in their premises giving them preferential access fo the newly developed solutions as well as preferential status
in accessing the IP generated by the project. Research and Technology Organizations (RTOs) will benefit from
the research and development results by including the IP generated through the project in their IP portfolio to
exploit it. The knowledge gained will be used in new R&l activities and integrated in the education and fraining
curricula. In the following table a summary of the individual exploitation strategies and goals per partner are
summarized.

Table 2-9. Individual Exploitation goals and sirategies per partner

Exploitation strategies and goals

e Generation of significant know-how in photfonics and industrial communication.

e Academic exploitation of SPRINTER foreground knowledge through the involvement of its
scientific personnel.

e Education activities.

e Generation of system models and conducting simulation studies.

e Exchange knowledge on the applied industrial communication networks.

e Atfraction of high-quality PhD students and support of PhD thesis.

ICCS as a research institute with a pronounced educational and training character, is an integral
part of the National Technical University of Athens. As such, ICCS seeks to convey innovative
research results to undergraduate and post-graduate students at the School of Electrical and
Computer Engineering of NTUA. A dedicated lecture is given on the field of the microwave
photonics and optical communications in the framework of the undergraduate course "Optical
Fiber Transmission Systems”. During these activities ICCS aims at sustaining high interest in photonic

ICCs
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communication technology and systems within the students of ECE to attract high quality PhD

students.

e low-footprint and low-power-consumption electro-absorption modulated lasers (EMLs) for high-
speed optoelectronic transceivers.

e High-speed photodiodes for high-speed optoelectronic fransceivers.

e Photonic engine for high-speed optoelectronic fransceivers based on the PolyBoard hybrid
photonic integration technology.

e Flip-Chip-compatible flexible interconnects as elements of the packaging engine of high-speed
opfoelectronic transceivers.

e 3D photonic integration platform for large scale switching matrices, complex routing networks
and optical phased arrays.

e large-scale and multi-platform PICs based on a hybrid photonic integrafion finding

applications in the high-speed optoelectfronic market as well as in 6G and beyond.

Large-scale and mulfi-platform PICs based on a hybrid photonic integration finding

applications in the high-speed optoelectfronic market as well as in 6G and beyond.

e Merging photonics and mmW/THz technologies combining InP-based photonic mmW/THz
emitters and scalable antenna arrays based on a low-cost polymer-based technology.

With the co-integration of HHI's PolyBoard polymer-based hybrid photonic integration technology

and HHI's InP-based foundry, HHI will be able to combine the best of both photonic integration

technologies. HHI's PolyBoard technology provides the possibility of integrating highly efficient
thermo-optically funable functions such as tunable lasers, attenuators and switches, on-chip free-
space sections fo implement wavelength monitors and opfical isolators, and U-grooves for
adjustment-free fiber-to-chip attachment. The unique combination of HHI's THz technology and the

PolyBoard and InP photonic integration platforms will position HHI as a strong technology provider

for high-speed optical inferconnects.

e As a global photonic integrated circuits and micro electromechanical systems provider, all
technical developments achieved in this project will be used in our work for our clients.

e Hybrid integration development, PZT actuation and optimalisation, ultra-fast tunable lasers
development, optical beam forming networks.

e Active presence with project topics on relevant PIC and photonics forum.
e Address academic and industrial stakeholders.
e Publication of academic papers.
e Results will be shared and exploited in other projects.
LioniX International ensures that accessible reports of our work are widely available for the public
and citizenry. LioniX International hosts a publicly accessible website where publicly funded
research and development projects are listed and described in detail. LioniX International sponsors
mulfiple student associations within its local community of young engineers. Presentations and talks
are often given fo these students as ways of introducing them to the industry, and relevant EU-
funded projects are often discussed, as they are publicly accessible. As a global photonic
infegrated circuits and micro electromechanical systems provider with decades of experience in
both fields, all fechnical developments achieved in this project will be used for exploitation and
work with other clients.

e Direct technology transfer to indusfrial partners through a license agreement, through a
bilateral contract to develop a close-to-market product line, or finally by spinning out a start-
up company.

e SPRINTER ICs will be designed and fabricated using SiGe BICMOS or CMOS processes in
semiconductor foundries that have the capabilities to scale production to industrial volumes,
significantly shortening time-to-market.

e Licenses to the fransmitter and receiver electronics foreground IP can be provided to the
industrial partners.

e Supply samples of the SPRINTER ICs and provide measurement services for R&D purposes.

e Educational and academic activities at Ghent University on Master and PhD level.

The IMEC-IDLab research group can receive support and investments from the Ghent University
industrial research fund (IOF). Start-ups can receive support and investments from different IMEC
funds, such as imec.start ( ). imec.scale-ups and imec.xpand
( ), tailored to the needs of the different phases that

FhG-HHI
(]

LXI

IMEC
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technology start-ups go through. Within IMEC, high-speed driver and TIA electronic integrated

circuits for opftical transceivers are part of the high-speed transceiver track of its Connectivity

Program. This tfrack and the Coherent Transceiver Program are managed by Peter Ossieur of the

IMEC-IDLab team involved in SPRINTER.

e Strengthen the position of Grupo de Opfoelectronica y Technologia Laser (GOTL) as a key
researcher group.

e Produce key advances in the field and collaboration with partners.

e Publication activity.

e Start and support of post-doctoral position(s).

UC3M'’s participation in SPRINTER is through the Grupo de Optoelectronica y Tecnologia Laser

(GOTL), a leading group in the field of integrated microwave photonics, pioneering the

development of photonic integrated circuits for mmWave wireless communications. UC3M-GOTL's

most important contribution in SPRINTER are the design of phased arrays antennas and the printed

circuit boards with high frequency access to the mmWave modules. UC3M-GOTL is advancing the

demonstration of hybrid integrated systems for mmWave signal generation for wireless

communications.

e Develop new co-packaged design concepts and hybrid photonic integration techniques.

e Scalable, cost effective, and compatible processes.

e Business opportunities with industrial and academic partners.

e Address market niches within the datacom/telecom market.

PHIX is scaling up their technologies and productions to large volume hybrid photonic modules.

Moreover, it will allow for more dissemination activities and create an opportunity to reach new

customers which will enable PHIX to further grow as the leading photonics assembly company in

Europe. With the new technology of integrating different material platforms, they believe that they

can address the market niches within datacom/telecom market and potentially expand into

integrated sensing and smart robotics systems that are requiring complex hybrid integration.

e Versatile platform combining baseband, IF kai RF in one unit, which can be exploited in future
research and also in potential product evolution.

e Potential product expansion into indoor markets (e.g. industry, stadiums, malls, etc.).

e Exploitation of photonics technology in potential future advanced mmWave solutions utilizing
photonics-enabled mmWave transmission for improved performance.

e  Opportunity to experiment with hybrid FSO/mmWave fransceivers.

ICOM, as a telecom vendor with a leading position in the global market of wireless transport

equipment, is significantly investing in R&D to develop cutting-edge products, competitive at global

level. The exploitation opportunities provided by SPRINTER, for both research and product evolution,

are multiple and diverse.

Given the company’s research focus on exploring advanced, real-time baseband processing in

mmWave and sub-THz bands, the introduction for the first fime of a versatile unit where baseband

and mmWave RF frequencies coexist with an intermediate frequency, will constitute a

development platform that could catalyse the company’s future research activities. The

experience acquired in SPRINTER from the use of the company’s mmWave platforms in indoor

environments, could be exploited in potential product expansion into differentiated from the

traditional outdoor X-haul markets (indoor environments like e.g. industry, stadiums, malls, etc.). In

the case of a potential product evolution which would exploit know-how on IF-modulated,

photonic-enabled transmission acquired in SPRINTER, the BB/IF/RF platform could be also exploited.

Finally, the opportunity to experiment with FSO transceivers, will bring in valuable experience which

could be utilised in a potentially relevant product development.

e foster the EU photonic technology ecosystem tfowards developing more competitive and
energy efficient single-mode fransceiver products.

e Accelerate 5G CloudRAN rollout with SDN-enabled Time Sensitive Network platform with
improved fiming accuracy.

Since its founding in 1993, NVIDIA has been a pioneer in accelerated computing. The company’s

invention of the GPU in 1999 sparked the growth of the PC gaming market, redefined computer

graphics, ignited the era of modern Al and is fuelling industrial digitalization across markets. NVIDIA

Uc3m

PHIX

ICOM

NVIDIA
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is now a full-stack computing infrastructure company with data-centfer-scale offerings that are

reshaping industry.

o Development of SDN controller that willmanage the available resources and assign policies for
fraffic management.

e TSN franslator functionality would be developed following 3GPP specifications in order fo
infegrate fixed and wireless networks.

e Ultra -reliable infrastructure will be available and extend to both radio technologies and Free
Space Optfical (FSO) type of connections.

Cumucore will deliver a Software defined networking (SDN) controller which would be integrated

in the optical switches (developed during the project) managed as Time Sensitive Networking (TSN)

devices. Further, Cumucore will design the TSN translator functionality which is required to

intferoperate both the wired and wireless devices (TSN tfranslator include multitude of functionalities,

which are not limited to connectivity, discovery, scheduling and reporting).

e Allow validation of the SPRINTER prototypes in a TSN — enabled network.

e Confribution to the definition of SPRINTER optical and network component specification and
testing.

e Adoption of SPRINTER developments inside the indusfrial networks with possible exploitation
routes in adjacent application fields.

e lLeverage developments on Ericsson events and networks.

Ericsson Italy represented by R&D ltaly, is present in Italy since 1918 and Italy has always had a

strategic role for Ericsson both for its market position and for a strong R&D presence in the country.

Ericsson’s leading role in the evolution of telecommunication is well recognized by Italian institutions.

R&D Italy participating in SPRINTER is the Genoa based development unit Optical Solutions &

Fronthaul, TEl OS&FH that is part of Transport Product Engineering Unit in Business Area Networks of

Ericsson. TEI OS&FH has at its premises in Genoa a complete RAN E2E lab designed fo validate

optical transport solutions with KPIs close to SPRINTER's ones, targeting high throughput, low-latency

and time deterministic communication. TEl OS&FH participation and confributionin SPRINTER project

provides a great opportunity to elaborate on application scenarios.

e Adoption of SPRINTER developments inside the industrial networks.

e Conduct internal workshops and exhibitions performing live demos of project prototypes to
enhance the uptake of SPRINTER technologies by the industry.

e Webinars as a tool to push SPRINTER results and applications.

e Participate in external workshops and events to infroduce SPRINTER technologies to potential
new fields in the indusfry (GigalLab).

FILL is an Austrian worldwide leading mechanical engineering and plant construction company with

a comprehensive portfolio including woodworking machines, production systems for industrial

composite production and machine tools. FILL fogether with NVIDIA and TH will elaborate on

application scenarios involving the adoption of SPRINTER developments inside the industrial

networks. During the SPRINTER project phase, different business models can be explored and

evaluated. In the FILL FUTURE ZONE, the center for digitalization, research and development, FILL will

provide the core facility NC ROBOT LAB to conduct internal SPRINTER WORKSHOPS performing live

demos of project prototypes but also for interested groups from the broader industry. The FUTURE

DOME wiill be utilized for inhouse EXHIBITIONS with the purpose to enhance the uptake of SPRINTER

technologies by the industry and utilize the above-mentioned exploitation activities to present

suitable business models that can easily applied.

o  CSEM will establish a spin — off to commercialize the foundry service.

e Engage in collaborative R&D projects with end users across various industries.

e Plans to seek additional national and EU funding to address important challenges.

CSEM is an internationally recognized Swiss innovation leader that develops and transfers disruptive

technologies with a high societal impact and multiple industry applications. The PDK will be

customized for telecommunication applications at 1550nm and will be made compatible with

polymer and SiN platforms through butt-coupling integration. Collaboration with other major

photonic design tools such as Synopsys and Luceda, would make LNOI PDKs available on more

design platforms and software commonly used inindustry. CSEM's goal is to become a leaderin the

photonics industry by providing innovative solutions and collaborating with various stakeholders to

maximize its impact.

CMC

TEI

FILL

CSEM
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2.5 Joint Exploitation and Sustainability Paths

There are several ways to share project results for exploitation and to ensure their sustainability. This section
focuses on the different options available, followed by an analysis of the advantages and disadvantages, so
that partners can decide which is most appropriate for them. A combined approach to develop a stronger joint
exploitation plan is also possible.

Lead Users

Early adopters

Figure 2-10. Partners Profiles Exploitation Interests Matrix

Research and Technology Organizations (RTOs) will benefit from the R&D results from different angles, the
network effect as well as the knowledge gained, which will be used in new R&D activities and training. Early
adopters will benefit from the validation of new technologies in their premises, giving them preferential access
to the newly developed solutions. The network of hardware integrators (pilot lines) will apply and test the
emerging SPRINTER solutions demonstrated at the RTOs' premises. They will host industrial showrooms capable of
demonstrating the SPRINTER capabilities in a generic, multi-application, multi-sector approach. The network is a
support tool for the commercialization of the solution. This approach will support the expansion of the potential
customer base and other technology developers to commercialize these solutions through live in-situ
demonstration activities. Lead users will adopt this fechnology and act as suppliers of the generated results (fools
and modules covering a wide range of technologies and solutions) to SPRINTER integrators and/or potential
industrial end-users. In addition, all industrial partners (lead users and early adopters) will be licensed by the RTOs
to use their generated IP in the exploitation of the project results in their applications.

2.6 Innovation Management

The innovation management section describes the practical roadmap for project execution monitoring from
the innovation tracking point of view as well as the correct IP capture and proper exploitation of KERs and OERs
by the SPRINTER consorfium. It is addressed by the Innovation Management Committee (INnMC) currently
represented by the persons listed in the table below, responsible for the realization of crucial key tasks of
SPRINTER.

Table 2-10. SPRINTER Innovation Management Committee and key Tasks

Partner InMC Member Representative

FILL | Fill Gesellschaft mbH Harald Sehrschdn (Innovation Manager)
ICCS | Institute of Communications & Computer Systems Hercules Avramopoulos

FhG-HHI | Fraunhofer Heinrich-Hertz Institute David de Felipe

LXI | LioniX International BV Chris Roeloffzen and Paul van Dijk
NVIDIA | Mellanox Technologies LTD Paraskevas Bakopoulos

CSEM | Centre Suisse d'Electronique et de Microtechnique SA | Homa Zarebidaki
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IMEC | Interuniversitair Micro-Electronica Centrum Johan Bauwelinck

UC3M | Universidad Carlos lll de Madrid Guillermo Carpintero

PHIX | PHIX Photonics Assembly BV Joost van Kerkhof

ICOM | Infracom Telecom Dimitrios Kritharidis

CMC | Cumucore Oy Jose Costa-Requena

TEl | Ericsson Telecomunicazioni SpA Alfredo Palagi and Johann Petterson

» Defining the exploitation strategy for the industrialization and commercialization
* Monitoring the developments in target application areas

« I[dentifying emerging needs and business opportunities

* Making suitable modifications in the technical plan if necessary

» Coordinating the interaction with relevant stakeholders

» Continuously assessing the execution of the exploitation and dissemination plan

SPRINTER has set up the InMC for the tasks of WP8 and for the effective collaboration with all consortium
members in order to properly monitor the project developments. For this reason, and if necessary, the core group
will be extended to include other contacts from the consortium to keep them informed on IP issues and
innovation management tracking.

The InMC has established a comprehensive IPR monitoring process whereby each partner performs a patent
search using search terms related to its research area within SPRINTER and analyses the resulfs. A comprehensive
patent statistical analysis of the SPRINTER project has been carried out up to this deliverable. The analysis focused
on the two main concepts "InP and EML" and "GaAs and VCSEL". Subsequently, the main applicants, application
years, classification etc. were analysed and further information was evaluated and presented in appropriate
graphs with an example shown in the following Figure 2-11.

GALLIUMARSENIDE (GaAs) AND VCSEL INDIUMPHOSPIDE (InP) AND EML

Top application countries Top application countries

Top applicants Top applicants
Intel, Coherent, Hewlett Packard, Finisar, Seiko Epson, Epiworks, Lightsmith Chendu Billion Core Source Semiconductor Science, Coherent, Arista
Technologies, Optium, Xerox, Quantumbeam, Marlow Industries, Altera MNetwaorks, Xiamen Semiconductor, Avago Technologies, Emcore, Cisco

Figure 2-11. Patent statistical evaluation with GaAs (left) and InP (right)

INMC meetings are devoted to monitor actions and mitigate risks related with the dissemination and exploitation
of SPRINTER project and streamline the technology push of SPRINTER with current and future market pull.
Furthermore, IPR monitoring is crucial process for protection of intellectual property rights and proper execution
of the exploitation plans. The process of IP monitoring can be overwhelming if the people involved do not have
much experience in this area. Hence, the aim to facilitate the entry into the topic of IP management might
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represent a high priority task. Newly developed platforms that are supported by Al can make a significant
contribution to overcoming this hurdle. For this reason, a platform was presented and infroduced to the INMC
and two subsequent workshops were conducted. As previously mentioned, the InMC is extended to other
consortium members for key topics and when deemed beneficial, in order to maximize the impact of knowledge
acquisition as well as transfer. The participants in this workshop are listed in the following Table 2-11. The project
partners themselves carried out an evaluation and further processing, with the help of the Al platform as this
enabled them to focus more effectively on specific topics and areas of expertise. The positive feedback and
engagement regarding the platform led to the decision to hold further INnMC meetings on this fopic in the
coming months and integrate it as a standard tool.

Table 2-11. Workshop on Al assisted IP Management

IPSCREENER

-4 Innovators IP professionals Features Media
W AutoMatch technology

Workshops participants

Alfredo Palagi (Ericsson) Paraskevas Bakopoulos(Nvidia)
Johann Pettersson (Ericsson) Dirnitrios Kritharidis (Intracom)
Jose Costa-Requena (Cumucore) Joost van Kerkhof (PHIX)

A Sundararajan (PHIX) Guillermo Carpintero (UC3M)
Roberto Magri (Ericsson) Johan Bauwelinck (IMEC)
David de Felipe (FHG-HHI) Chris Roeloffzen (Lionix)

Michel Despont (CSEM) Homa Zarebidaki (CSEM)

Linus Wretblad (IPScreener) Muik Martin (Fill)

2.7 Business Models and Validation Criteria

Although the project is at a preliminary stage, some potential business models can be identified and validated
through an analysis of the current market trends discussed in the previous sections. lterations of these models will
be carried out to identify the most appropriate ones for the main exploitation outcomes of the project, taking
info account what partners are willing fo support and how the market expects to receive the services offered.

The business models will be presented using a canvas approach (model based on the thesis of Alexander
Osterwalder), which is a strategic management and entrepreneurial tool that allows to describe, design,
challenge, invent and pivot a business model. Based on initial considerations, 3 different models for different
assets are considered in more detail. One model is based on knowledge transfer (Model A), one on the
exploitation of hardware (Model B) and one on the establishment of the SPRINTER solution as an overall concept
via a use-case integration (Model C).

The respective models are presented to consortium partners as self-evaluated surveys with applicability
scenarios ranging from 0, (not), 1 (low), 2 (medium) and 3 (high). The following table shows the individual
applicability and relevance of the respective models for each member.

Table 2-12. Applicability of Business-models

ICCS FhG-HHI LXI ‘IMEC UC3M PHIX ICOM‘ NVIDIA CMC‘ TEl FILL CSEM

< A - Knowledge transfer 3 2 3 3 3 3 0 N/A 0 0 2 2
B B - Hardware 0 3 3 0 0 3 1 N/A 3 0 0 2
= C - (Use-case) integration 0 0 2 0 0 0 3 N/A 3 1 3 0

Although the respective consortium partners usually have different business areas, it is possible to achieve an
overlap of interests in certain areas and fo increase the exploitation potential through active cooperation. The
following Venn diagram shows the assignment of the consortium partners to the respective model areas. Here,
overlapping areas represent the applicability of several business models. Based on this assessment, joint
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exploitation strategies can be developed for partners in the same area, as there may be overlapping interests.
This could be a good basis for subsequent exploitation scenarios in the next phases of the project.

Model A: Knowledge transfer

umec

ST uedm
& Universidad

&) G

Z Fraunhofer
HHI
@ CsSem &

Lioni X(®
INTERNATIONAL!

@b

phi¥

ERICSSON 2

N

Cumucore

Model B:
Hardware

Model C:
(Use-case) integration

Figure 2-12. Classification into possible business models

In order to evaluate, validate and compare the business models, SPRINTER, under the guidance of the InMC,

will use a validation framework that has been
dimensions / criteria:

e Impact on the market

Probability / Likelihood of its adoption or

successfully tested in other projects and is divided into two

implementation

The range of values for evaluation goes from 0 (lowest) to 5 (highest) and can be seen in the table below:

Criterion

Value

[0-1] lower, [1-2] low, [2-3] medium, [3-4] high, [4-5] higher

- Revenue potential Value the revenue potential
8 Customer acceptance Value the need of the customers for the product
g Novelty Value the novelty on the market
Visibility Value the potential to raise attention
= Investment costs Value the investment costs
'% Time required Value the time required until the first application is ready
2 Risks Value the technical feasibility
< Vulnerability of the value proposition | Value the vulnerability of your proposition
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Model A/B/C
Revenue potential

E P2 ... Pn  Mean

Customer acceptance

Impact

Novelty
Visibility
Investment costs

Time required
Risks
Vulnerability

Adoption

The assessment factors are divided into two sections. One section focuses on potential impact (blue side), while
the other provides a risk assessment (red side). Ideally, maximum impact should be achieved with a low or
manageable risk component. This would mean that the underlying evaluation matrix should be skewed to the
left, keeping the risk factors (red) low and the impact/opportunity (blue) high. These results would be used to
characterise good business models.

2.7.1 Model A: Knowledge and Technology transfer

The Knowledge and Technology transfer model can be applied to individual results, such as components,
modules or research results, but also fo joint results, such as the SPRINTER architecture or application scenarios.
One of the key issues in this business model is the value proposition, as it needs to be attractive enough to attract
researchers from industry and academia, but also to demonstrate the potential of SPRINTER results fo companies
that can adopt them. For this reason, the involvement of the consortium is crucial, as they have the knowledge
that can be transferred to them.

Model A is most likely applied to:

= Universities, which are aiming to create or enhance courses and research topics with the results and solutions
provided by the project.

= Research centres, who usually test new fechnologies and do tfechnology transfer to other companies.

= Research divisions within companies in the consortium, which need to fransfer fechnology to their business
units so it can be applied to their portfolio. In this case, there is no direct revenue until the first application is
sold.

= SMEs, who can access to the SPRINTER set of tools and modules at a lower price to develop their own
applications or use them on top of their infrastructure, or even receive training from consortium members.

Value
Proposition
Reference
architecture.

Key Partners

Key Activities

Customer Relationships =~ Customer Segments

IPR management.
Further research &
development.
Knowledge and
technology transfer

Consortium
members, they have
the knowledge to
build and run
SPRINTER modules
and applications.

Students, they can
learn new
technologies.
Research centres, they
can learn and test the
new technology.

« Community building:
opensource
community, SMEs
networks, researchers.

* Online promotion.

*Teaching and fraining

Energy efficient
modules for
data transfer.

Infrastructure
providers, they have

Key Resources

activities.

Channels \

SMEs, as early
adopters they can

the capabilities to Consortium Social media. berjeﬁ’r from the
integrate and knowledge. Scientific publications. | Project results.
validate SPRINTER SPRINTER modules. Online promotion. Regulatory bodies
technology. SPRINTER Events and conferences.

architecture.
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Cost Structure Revenue Streams

e Creation of new courses or extension of existing ones.

e Establishment of additional research directions via new
diploma and PhD theses.

e Technology transfer to scale up production via factory
extensions or spin-offs.

o Webinars or other demonstration sessions for potential
customers directly on the test ground of the
infrastructure providers.

e |PR revenues via licence.

e Publications, conferences and events for increasing the
scientific reputation.

Teaching and training material.
Dissemination and promotion.
Follow up on research topics.
Personnel costs.

Model A Mean

Revenue potential 2.0
g Customer acceptance 2.7
g Novelty 3.4

Visibility 3.4
c [Investment costs 1.3
% Time required 2.1 3
8 Risks 1.4 Vulnerabilif
< Vulnerability 1.6

Figure 2-13. Analysis of Model A with corresponding Evaluation Matrix

Regarding the costs, it is important to take info consideration that a high initial effort might be needed to
develop the teaching and training courses and their promotion, while the revenues can be low at initial stages.
The market impact is not very high at the offering is mainly focused on the scientific community, with a lower
impact in the industrial one.

2.7.2 Model B: SPRINTER Basic (Hardware)

This model is focusing on the direct commercialization of the SPRINTER technology / modules. Similar fo Model A
it can be applied to individual components or modules, but also to joint results, such as the SPRINTER overall
architecture or application scenarios. There is no need to maintain any new infrastructure, and the revenue
streams, as it is usually a one-time sell.

s ore Value Customer
Key Partners Key Activities Propbosition Relationshios Customer Segments
Consortium Promotion to SPRINTER tools Community Technology
members, they have | stakeholders. and modules for | building. providers, they can
the knowledge to IPR management. migration to high | Online promotion. | adapt SPRINTER
build and run amount and solutions and
SPRINTER modules energy efficient infegrate them into

and applications. data throughput

Infrastructure Key Resources communication. Channels \

their portfolio.

: Consortium Industry oriented | Use case .
el Fn cvens % | coome ey
infegrate and SPRINTER modules. Online Media. Using SPRINTER
validate SPRINTER SPRINTER SPRINTER Website. | rasuits.
technology. architecture. Other meetings.
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Cost Structure Revenue Streams

e Revenue via selling of components.
e Personnel costs. e Hybrid infegration of photonic and electronic
e Promotion and marketing. components. ) i
. e Co-development of modules including

e Material costs. N

o hardware, software, licences, etc.
 Existing infrastructure costs. e Infegration of HW/SW solutions into
commercially available products.

Model B Mean

Revenue potential 3.6
g Customer acceptance 3.0
% Novelty 4.0
~ |Visibility 38
c [Investment costs 3.4
‘4(—91 Time required 3.2
S [Risks 32
< [Vulnerability 26

Figure 2-14. Analysis of Model B with corresponding Evaluation Matrix

2.7.3 Model C: SPRINTER Premium (Hardware + Integration)

This model is very similar to the previous one. The main difference come from the value proposition structure, as
there are already validated solutions in the field of robotic motion control through the end-user case. There is
also no need to maintain any infrastructure. Regarding the revenue streams, it is usually a one-time sell plus an
agreement on the maintenance.

A o Customer Customer

Key Partners Key Activities Value Proposition Relationships Segments
Consortium Promotion o SPRINTER tools and | Community Technology
members, they have | stakeholders. modules for building. providers, they can
the knowledge fo IPR migration to high Online promotion. adapt SPRINTER
build and run management. amount and Support & solutions and
SPlijNTEleo?ules gln?rgfy}/’]efficiﬁn’rJr maintenance ;r;’rggro’reﬁ’r?em info
anda applicarions. ara I'O.Ug .pU Channels ‘ elr portrolio.
Infrastructure LD A communication,  [EESEERSIELIIS OREEEE

id thev h Consortium . . Industry oriented Use case
e e SPRINTER n e fieid o Online Media. directly benefit
infegrate and aul robotic and . from using SPRINTER
validate SPRINTER moaules. surface scanning. | SPRINTER website. results
technology. SPRINTER Other meetings. ’

architecture.

Cost Structure Revenue Streams

e Support & maintenance.
¢ Personnel costs. e Licence model for analysis / control algorithms.

»  Promotion and marketing. e Revenue due to evolution of certain technology
e Material costs. fields if potential use-cases are applicable.

Revenue due to upgrading existing industrial
networks with either SW or HW solutions.

e Time consuming if new models are tested. .
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Model C Mean

Revenue potential 3.2
Q Customer acceptance 2.5
% Novelty 3.0
~ |Visibility 2.3
c [Investment costs 3.5
u(—il Ti.me required 3.7 (uinares
2 Risks _ 3.8
Vulnerability 3.7

Figure 2-15. Analysis of Model C with corresponding Evaluation Matrix

3  DISSEMINATION AND COMMUNICATION (D/C) ACTIVITIES

3.1 Objectives and Target Audience

The promotion of SPRINTER project and its results is an ongoing process throughout project’s entire duration. The
strategic goal of the Dissemination and Communication (D/C) activities is to maximize SPRINTER's impact, and
create a general awareness of SPRINTER's fechnologies and to inform and engage with the project’s target
audience. The regular assessment and update of SPRINTER's D/C plan serves as a guarantee for reliable
progress, and feedback control that could potentially affect the exploitation strategy of the overall project.

D/C Objectives Status

1. Create awareness and ensure visibility of the project key facts and its concept Achieved & ongoing
2. Promote SPRINTER events and dissemination material for knowledge transfer Achieved & ongoing
3. Achieve societal endorsement linked to new and key technologies Achieved & ongoing

4. Enable interaction with stakeholders and potential users to get feedback to enhance

Ongoin
exploitation opportunities going
5. Foster the broad applicability of project results and acceptance of technology solutions Ongoing
6. Leverage project results and capitalizing the project’'s team effort Upcoming

In the initial phase of the SPRINTER project (Objectives 1-3), the main purpose of D/C activities was to create
general awareness about the project and its expected outcomes. In this phase, the focus was on the creation
of the project identity, the design and production of promotional material (factsheet, project presentation), the
development of the project’s website, and the extensive use of all communication means, and social media
channels selected to create awareness among the key industry and the general public. Within the first period
of the project, several activities with respect to Objectives 1-3 have been successfully achieved and all partners
continue their efforts to increase further the awareness around the project and its activities.

During the current phase (Objectives 4-5) of the project, the D/C activities will also focus in attracting potential
users & early adopters for the SPRINTER solutions. The main output to be disseminated/communicated will be the
project’s results and achievements. The project resulfs will be disseminated via more focused activities, including
press releases, and teaser videos presenting live demos of SPRINTER's key technologies, social media postings,
presentations, active participation in high-quality international and European events, organization of
workshops/webinars, training activities and scientific publications.
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In the last phase of the project (Objective 6) partners will put all their effort to leverage the exploitation of the
SPRINTER outcomes and promote the advantages of the SPRINTER technology to the targeted stakeholders.

SPRINTER consortium actively pursues publication of the project results. The following table presents a stakeholder

analysis, classifies, and lists the different groups so that synergies and efficiencies in the solutions being offered
by the project can be matched to the most relevant group of people.

Target Group Communication & Dissemination ltem
1. Scientific, Research and Education community,
European research area

2. Public audience, Policy makers and standardization Maijor findings and advancement of state of the
bodies, European research area, technology associations | art

Scientific and technical results

3. Industrial stakeholders, Policy makers, technical Overview of the technical attributes of the
audience SPRINTER technology

All publicly available information and

4. General public, technical audience documentation of SPRINTER project

5. Technology adopters, industrial stakeholders, private Technical results, business — related findings and
sector, professional investors exploitation results

Monitoring the status of stakeholder representation is the basis for updating the communication strategy
throughout the project and choosing the appropriate communication & dissemination channels and activities
to maximize the possible impact.

Along this line, during the first period of the project (M01-M18), the conceptfs and objectives of SPRINTER
promoted and made available, in the best possible way, to the target stakeholders, with ultimate goal to raise
the awareness and demonstrate how EU funding contributes to tackling societal challenges.

In a nutshell, the D/C achievements accomplished within the first 18 months of the project are the following:

« Communication kit of the project prepared, including the project logos, a short project presentation, a
factsheet and a "briefing” brochure;

« Project promotion video produced and launched in October 2023;
« SPRINTER’s website set up and is regularly updated, gaining more than 1170 visitors by M18 (Feb 2024);

« SPRINTER’s social accounts created, with more than 600 followers on LinkedIn and Twitter/X platforms by
M18 and an avg. engagement rate more than 7%;

« 4 peer-reviewed scientific articles prepared and accepted for publication;

« > 23 presentations of SPRINTER concept and technologies at major conferences / workshops, exhibitions,
education /training and other events.

The following paragraphs summarize the communication/ dissemination actions performed by SPRINTER
consortium within the first period of the project.

3.2 Communication Activities

Since the beginning of the project, the consortium partners have undertaken a set of carefully designed
communication activities to promote SPRINTER project. The communication of the conceptfs and results of
SPRINTER takes advantage of a variety of activities and means to share the project’s outcomes and
achievements.

3.2.1 Digital Communication

3.2.1.1  »Communication kit

As standard promotional material, a gamut of communication fools has been produced early in the project
aiming to facilitate the communication and dissemination of SPRINTER towards the various audiences and the
public and raise awareness of the project. SPRINTER communication kit includes:
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o Visual identity: For the general communication, the project logo of SPRINTER has been created in MO1
(available for download at SPRINTER's website, https://horizon-de-sprinter.eu/sprinter-logo-3/) along with a
set of tfemplates which have been used in all dissemination activities of the project along with the EU
emblem and funding acknowledgement.

o SPRINTER Factsheet and short presentation: A 2-page factsheet and a short presentation for the project have
been prepared, providing standard information about SPRINTER project, presenting in brief project's
concept, the main technical concepts and objectives, and the expected impact. Both the factsheet and
short presentation have been extensively used digitally, shared via the social media accounts of the project
and they are available on the project’s website page ‘Communication kit'. The short presentation of the
project is also available, in the form of a video, at SPRINTER's YouTube channel (link).

Figure 3-2. SPRINTER Factsheet

« Brochures: In addition fo the factsheet, a brochure has been designed by SPRINTER’s partner LioniX, as a
briefing on the concept, the applications of SPRINTER project and the impact that is envisioned to have in
the future industrial networks. The brochure has been printed and circulated in several international
conference events and booth exhibitions of LXI and is available for download at the ‘Communication kit’
page of SPRINTER website.
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Briefings [T —

“ Optical networks for industrial

machine communication

Fundea by
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;
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Figure 3-3. ‘Briefing’ brochure presented at LioniX’s exhibitions booths at several major events (e.g., ECOC Exhibition 2023,
iMNC 2023, PIC Summit Europe, Photonics West 2024 and OFC 2024)

« Videos ('"Media’ gallery): A promotion video, as a mean to provide a concise project overview in a way that
is comprehensive to a broad audience, produced by the project coordination team (ICCS) and launched
in October 2023. The video has been shared with the target audience through the YouTube channel of
SPRINTER: htfps://www.youtube.com/watch2v=EXdry8I3pnk, the social media accounts of the project
(LinkedIn and Twitter/X) and also shared though the official websites and communication channels of the
beneficiaries’ organizations. So far, the video gained more than 770 views. The promotion video has been
also embedded in SPRINTER's welbsite under the tab Media Gallery in the Dissemination tab. Details on the
content of the video can be found at the public deliverable D8.2 'SPRINTER promotion video'.

Sprinter ~ INDUSTRY 4.0
Increased Productivity
Lower cost *
Higher.e.fficiency

Customer retentign S

Improved Quality
and consistency

Improved safety

. Sm o
scsem ‘umec L phif

oo @ amcssou & M t 1

Funded by
the Eurcpean Union

Figure 3-4. Screen shots of SPRINTER’s promotion video
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Within the upcoming months, as the development and implementation activities of SPRINTER progress, video
clips and teaser videos will be produced, demonstrating the results of SPRINTER and the benefits of their
adaptation. This newly created promotional material will be made available to the public through the SPRINTER
website and social communication channels.

All'in all, the project’s dissemination/communication material produced are available on the ‘Dissemination’
page of SPRINTER's website.

3.2.1.2  »SPRINTER Website

The SPRINTER website ( ). the main visibility and dissemination vehicle of the project, has
been set upin the very beginning of the project and is maintained and regularly updated. It contains information
material relevant to the project stakeholders, and hosts all the basic information regarding the project
objectives, the consortium partners, as well as public documents and deliverables, peer-reviewed publications
(downloadable), etc. The content of the website is regularly updated by the site administrator (Coordination
team-ICCS) with all partners (news section) contributing fo evaluating the content prior to each post, according
to their background, experience and role in the project. This ensures to reflect the project’s progress in each
phase and present ifs key results.

p r!n ter Home About Consortium Dissemination News
o SPRINTER Project | Video P

“sprinter  INDUSTRY 4.0

SPRINTER

Low-coSt and energy-efficient hybrid Photonie
integrated circuits for fibeR-optic, free-space optical
and mmWave commuNication systems supporting
Time critical networking in industrial EnviRonments

Figure 3-5. Header of the SPRINTER website and SPRINTER promotion video presentation

To have aninsight on the impact of the D/C actions on the website conversion rates, the fraffic on the SPRINTER
website is acquired regularly, using Google Analytics. The main website engagement metrics (listed in the fable
below), as well as the monthly evolution of the project’s visitors (see Figure 3-6) show that the SPRINTER website
has a good visibility, with 1170 unique visitors globally and more than 3100 pageviews, by the end of Period 1 of
the project (M18, February 2024).

Table 3-1. SPRINTER Website metrics
@ Website engagement metrics  M02-M18 M02-M20

Unique Users 1170 1353

Page views 3136 3720

Sessions 1706 1955

Number of sessions/user 0.89 1.014
Avg. session duration 1 min34s
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120
Vistors of SPRINTER welbsite
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Figure 3-4. Analytics of SPRINTER Website for the period M02*-M20 (Sep.’22-Apr.’24): Unique Visiiors| *Launch: 23.10.22

With an average number of >60 new users per month the website is confinuing to grow, with more and more
users joining, and the knowledge it offers is constantly expanding.

SPRINTER Website
H New users

9 o o

v v v
< ) o]
g oW

Figure 3-7. Analytics of SPRINTER Website for the period M02-M20 (Sep.’22-Apr.’24): New users

3.2.1.3 P SPRINTER social media

With an open access dissemination strategy, the project concept and activities are also communicated through
popular social media platforms. Along with the official website of the project, SPRINTER established social
accounts in LinkedIn, Twitter/X, and Facebook, aiming to reach a wider audience and allow bi-directional
communication with the target audience of SPRINTER. A YouTube channel was also created to serve as a
repository of the project’s videos. Social media serve as a valuable tool fo engage the target audience and the
general public due to their popularity, ease of access and quick information flow. Especially the Linkedin and
Twitter/X platforms, as more business-oriented social media platforms widely followed by the project’s
stakeholders, have been proven to be extremely useful communication tools to inform, engage and stay
connected with our target audiences and their respective communities. Regular posts on the project’s concept,
developments and achievements increase the engagement of the target audience and help the project to
achieve a good interaction with the users.
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Figure 3-8. Social media appearance of SPRINTER (Linkedin left, Twitter/X right)

The social media accounts are maintained by the coordination team of ICCS with contributions from all partners,
and their statistics are regularly evaluated. A brief overview of the Social Media channels created for SPRINTER
together with the extracted analytics by M20 of the project, are summarized in the table below.

Table 3-2. SPRINTER Social media metrics

SPRINTER Social media M02-M18 M02-M20
Followers 282 333
Linkedin Posts 34 43
Impressions 10690 15747
m Reactions > 330
Avg. Engagement rate 7.4 %
Followers 321 368
Twitter / X #Tweets 31 38
u Impressions 4150 4695
Profile visits 3813 4294
Facebook Followers 10 13
YouTube Videos/views 2 /238

By the end of April 2024, SPRINTER gained 333 users on the Linkedin platform and had more than 15700
impressions in total, while the page views as well as the new followers built up over the project months, exhibiting
a constant growth rate (see Figure 3-9). In addition, the engagement rate of SPRINTER Linkedinis 7.4 % indicating
good performance and positive feedback from the target audience of the project. The engagement rate of
SPRINTER's social media is regularly analysed to assess the effectiveness of our digital communication strategy,
as it is an excellent performance indicator that counts how many people have interacted with SPRINTER page’s
posts through likes, comments, and shares. It is calculated by measuring the total number of interactions (likes,
comments, shares) divided by the total impressions and in relation to all posts at different intervals we obtain an
average value (ER= 100*total engagement/impressions). In general, an engagement rate above 2% is
considered as positive. The monthly evolution of the Linkedlin engagement rate is shown in Figure 3-10.
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Figure 3-9. Analysis of SPRINTER LinkedIn account metrics: Page views (top-left), New followers (top-right), and impressions
(bottom)

LinkedIn Posts Engagment
[MO1-M20]

Figure 3-10. SPRINTER LinkedIn: Metrics of posts engagement

The following figure represents a set of metrics for two highlights of SPRINTER project posted within the first period
of the project: the SPRINTER video presentation which received a high number of views (> 3000 in total) and the
post regarding the 3rd Plenary project meeting, with an excellent value of engagement rate (13.68%).
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Figure 3-11. SPRINTER video (left) and 3rd Plenary Project meeting (right)

In addition the metrics of the SPRINTER Twitter/X account are analysed in detail, showing a similar pattern with
LinkedIn. On the Twitter/X platfom the project is followed by 368 users and gained more than 4600 impressions,
while the profile visits exhibit a constantly increasing rate over the months, as depicted in Figure 3-12.
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Figure 3-12. Analysis of SPRINTER Twitter/X account metrics: New followers (top), Profile visits (middle) and impressions
(bottom)
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Taking this data into account, SPRINTER aims to intensify the use of Twitter and Linkedin as communication
channels and to connect with 'high influencers' in the research and industry community to further extend the
project's high quality dissemination network.

3.2.2 Press-based Communication

The consortium promotes the project at nafional and pan-European level events through press releases, to
achieve the media engagement in the dissemination of the project’s objectives and results. A first press release
was produced early in the project, to share the project’s concept and expected outcomes as well as the
reference Architecture and announce the kick-off of the project. This press release published on the website
and the social media of the project. Furthermore, several announcements with respect to the project have
been made by the partners and shared through their communication channels in the form of press releases.
Some indicative press releases, announcing the kick-off of the project and presenting SPRINTER's concept and
objectives are listed below:

« Pressrelease by Fraunhofer Heinrich Hertz Institute (FhG-HHI), an industry-oriented research institute of the
consortium through the News section of the Institute’s website:
https://www.hhi.fraunhofer.de/en/news/nachrichten/2022/the-eu-funded-project-sprinter-kicks-off-at-
fraunhofer-hhi.html

«  Pressrelease by Cumucore (CMC), an SME of the consortium, published af the News section of the
company'’s website: https://cumucore.com/cumucore-news-and-events/sprinter-eu-project/

« Pressrelease by, Institute of Communications and Computers Science (ICCS), an academic partner of the
consortium, published on the projects news webpage of the Photonics Communication Research
Laboratory: https://photonics.ntua.gr/sprinter-project-press-release/

« The launch of the project and a brief description of its concept published by Infracom Telecom (ICOM) in
ICOM's corporate newsletter 'INTERVIEW': https://www.infracom-
telecom.com/downloads/pdf/company/newsletter/INTERVIEW Feb2023.pdf

INTERVIEW

SPRINTIR

Figure 3-13. SPRINTER Press Releases announcing the project Launch
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3.3 Dissemination Activities

3.3.1 Participation in Major events (Conferences, Exhibitions, Workshops and other events)

The expected impact from the participation of the consortium partners in public events, such as international
conferences, workshops, exhibitions, education/training and other events is to enhance the awareness of the
project and present its key technological innovations and results, to create synergies with other initiatives and
to strengthen links with SPRINTER's stakeholders and the public.

To this end, within the first period of the project (MO1-M18), the consortium partners actively parficipated in
several high-profile events, mainly in the field of optical communication, photonics, microwave technology,
robotics and promoted SPRINTER's concept and objectives through oral presentations, brochures at
international conferences, exhibitions as well as educational-training events. Some indicative highlights of the
dissemination activities performed are the following:

ICOM shared some of the SPRINTER results with an international audience (academy/industry) through its invited
presentation with fitle “Research on Wireless Beyond 5G/6G Technologies at Infracom Telecom: Recent
Highlights" at the COST Action CA18223 — SYMAT which took place in April 2024, in Athens, Greece.

LXI acftively interacted with the research community, industry actors, end users and more, leveraging the project
objectives and results, by presenting the SPRINTER ‘briefing’ brochure to major conferences in the field of optical
communications and photonics, such as at SPIE Photonics West 2024, PIC Summit Europe 2023, Infernational
MicroNanoConference 2023, ECOC Exhibition 2023 and Laser World of Photonics 2023. A talk was also given
about SPRINTER project at the EU Microwave Week 2023 conference which was held on 19-21 Sept 2023, af
Berlin. It worths also mentioning the presentation of SPRINTER ambition and PIC technology to KPN Technology
Office at the KPN Scale Up Event held af Rotterdam, the Netherlands on 11 April 2024. Recent results on “Hylbrid
Integrated Microwave Photonics for Multi-Beam Antenna applications” will be presented by C. C. Roeloffzen at
the forthcoming ECOC 2024 conference (22 September 2024) and an invited talk on “Integrated microwave
photonic functionalities on a hybrid integrated InP-Si3N4 PIC platform”, will be given also by C. Roeloffzen-
LioniX), af the 12th Special Session on Microwave Photonics of ICTON 2024, on Tuesday 16 July 2024.

An invited talk was given by FhG-HHI SPRINTER partner, at the Photonics West 2024 with title “Polymer-based
hybrid photonic integration for terabit optical transceivers”, where the concept of the SPRINTER O-band and
1060-nm transceiver PICs has been presented.

The industrial-oriented partners Ericson Italy and CSEM also presented SPRINTER to prestigious events. FILL as
leader of the innovation management commifttee of SPRINTER, had the opportunity to participate at the
Austrian Robotics Workshop (April 2023, https://www.roboticsworkshop.at) and infroduced the concept of
SPRINTER to a variety of experts from well-known companies, and networks/forums from the field of industrial
robotics, mobile robotics, and machine vision. These fruitful discussions led to the participation at the Gigabit
Academy (November 2023 Gigabit x Beyond - June é Vienna - powered by Gigabit Academy'24 - Home
(b2match.io)), which is designed as an idea lab that brings people together to develop solutions for digital
challenges.

Furthermore, IMEC organized lab visits and workshops targeting children as part of the Flemish Day of Science
(2022 and 2023) where the concept and fechnologies of SPRINTER presented in a simplified way to more than
240 children. During the Nerdland Festival of 2023 -one of Belgium's largest outdoor science festivals-, IMEC had
the opportunity to showcase some fun experiments on optical transceivers and communications related to
SPRINTER to more than 500 children.

The consortium as a whole and the project partners individually will continue to actively promote the SPRINTER
project and its results at future major events by participating in national, European, and international events. For
the second period of the project (starting from M19, March 2024), SPRINTER partners have already planned to
present the project results in several internation conferences and major events, such as OFC 2024, ECOC 2024,
ICTON 2024, the 9th annual PIC International Conference and others.

Table 3-3 summarizes all the events where the project’s partners participated to by the end of Period 1 (M18),
as well as some forthcoming dissemination activities.
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Table 3-3. Overview of SPRINTER participation in public events (Conferences, exhibitions, workshops, training-education and other events)

FILL

TEI

LXI

LXI

CSEM

ICOM

LXI

LXI

CSEM

LXI

HHI

LXI

CSEM

FILL

IMEC

TEI

Type of
dissemination
activity

Conferences
Other

Conferences

Conferences

Conferences

Clustering
events

Conferences
Other
Conferences

Conferences

Conferences

Conferences
Conferences
Education and
Training events

Education and
Training events

Other

Name of the event

ARW 2024_Austrian

Robotics Workshop

R&D Italy Innovation
Day

ECOC 2024

ICTON 2024

CLEO 2024

SYMAT
PIC International
Conference 2024

KPN Scale Up Event,
Exhibition OFC 2024

Exhibition OFC 2024

SPIE Photonics West
2024

SPIE Photonics West
2024

SPIE Photonics West
2024

Gigabit Academy

Flemish Day of Science

Ericsson R&D Italy
Innovation day

Date of
occurrence

Autumn 2024

Autumn 2024

Sept 22-26, 2024
[M25]

July 14-18, 2024
[M23]

4-9 May 2024
M21]

COST Action CA18223 - Apr 8-10, 2024

[M20]

Apr 16-17, 2024

[M20]
Apr 11, 2024

[M20]

Mar 24-28, 2024
[M19]

Mar 24-28, 2024
[M19]

Jan 30-Feb 02,
2024 [M18]

Jan 30-Feb 02,
2024 [M18]
Jan 30-Feb 02,
2024 [M18]

Nov 21-22, 2023
[M15]

Sunday 26 Nov
2023 [M15]
Nov 14-15, 2023
[M15]

Place of
occurrence

Frankfurt, Germany

Bari, Italy

Description of the dissemination event

Period 2: Upcoming events (M22-.....)

Presentation of SPRINTER progress and results

Presentation of activities and results so far from SPRINTER

Presentation (C. Roeloffzen) on “Hybrid Integrated Microwave Photonics
for Multi-Beam Antenna applications”, 22/09/2024
Invited talk (by C. Roeloffzen, LioniX) on “Integrated microwave photonic
functionalities on a hybrid integrated InP-Si3N4 PIC platform”, at the 12th
Special Session on Microwave Photonics

Period 2: Dissemination events delivered (M19-M21)

San Francisco,
California, USA

Athens, Greece

Eindhoven, the
Netherlands

Rotterdam
Berlin, Germany

Berlin, Germany

Presentation of SPRINTER project at the Exhibition booth of CSEM

Exposing some of the SPRINTER results to international audience
(academy/industry)

“Research on Wireless Beyond 5G/6G Technologies at Infracom
Telecom: Recent Highlights” (Invited confribution — Industrial sessions)
Showcase LioniX's ‘briefing’ flyer, dedicated to SPRINTER project, at the
Exhibition booth of LioniX.

Pitching SPRINTER and PIC technology

Presentation of SPRINTER project at the Exhibition booth of CSEM

Showcase LioniX's ‘briefing’ flyer, dedicated to SPRINTER project, at the
Exhibition booth of LioniX.

Period 1: Dissemination events delivered (MO1-M18)

San Francisco,
California, USA

San Francisco,
California, USA
San Francisco,
California, USA

Vienna, Austria

Gent, Belgium

Genova
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Invited talk at the Photonics West 2024 with fitle “Polymer-based hybrid
photonic integration for terabit optical fransceivers”. The concept of the
SPRINTER O-band and 1060-nm fransceiver PICs was presented.
Showcase LioniX's ‘briefing’ brochure, dedicated to SPRINTER project, at
the Exhibition booth of LioniX.

Presentation of SPRINTER project at the Exhibition booth of CSEM

The idea lab where participants come fogether fo develop solutions for
gigabit & 5G applications (SPRINTER Solution applied to potential
application scenarios / fields)

Lab visit and workshop targeting children in particular as part of the
Flemish Day of Science

Presentation of activities and results so far from SPRINTER

Targete audience reached

Research
communities
Industry,
business
Innovators
International
Regional
authorities
Local
authorities
Citizens
End user
communities
Other

organization
EU Institutions
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LXI Conferences PIC Summit Europe Nov 7- 9, 2023 Eindhoven, the Showcase LioniX's ‘briefing’ flyer, dedicated to SPRINTER project, at the el ol e N
2023 [M15] Netherlands Exhibition booth of LioniX
1 | Conferences Micro'gfrzggfnﬂg'rence Oct 30- 31, Utrecht, the | Showcase LioniX's ‘briefing’ flyer, dedicated fo SPRINTER project, atthe ., .
2023 2023 [M14] Netherlands Exhibition booth of LioniX
. Oct 2- 4, 2023 Showcase LioniX's ‘briefing’ flyer, dedicated to SPRINTER project, at the
LXI Conferences | ECOC Exhibition 2023 [M14] Glasgow, Scotland Exhibition booth of Lionix o o . °
EU Microwave Week | 19-21 Sept 2023 Berlin .
LXI Conferences 2023 [M13] Germany Presentation of SPRINTER concept o o o .
LXI Conferences Laser World of June 27-29, Munich German Showcase LioniX's ‘briefing’ flyer, dedicated to SPRINTER project, at the ol ol e N
Photonics 2023 2023 [M10] Y Exhibition booth of LioniX
Education and . Sunday 28 May . Demo and workshop on optical transceivers and communications as
IMEC Training events Nerdland Fesfival 2023 [M09?] Belgium part of the Nerdland Festival
Austrian Robotics | April 12-13, 2023 ) ) ‘ uc preserﬁohon and expgrf talks at The ARW 2023. Creation gnd
FILL Conferences Workshop 2023 [MO8] Linz, Austria implementation of surveys with companies (partners, networks)in-and | e | e
P outside the robotic sector on the topic of high data throughput
Education and . . Sunday 27 Nov . Lab visit and workshop targeting children in particular as part of the
IMEC i ining events F€mMish Day of Science =505 103 Gent, Belgium Flemish Day of Science
Education and . Oct 9,2022 |TU/e Eindhoven, The .
ICCS Training events EHCI Colloquium [MO2] Netherlands Presentation of SPRINTER concept .
. E be the first ‘+ o ,,_m KUKA Join usl!
- AGilex  ABB o= Gigalab
’ S 21. & 22112023
TaurRoas DS KIZBA
ﬁi J— brantn (
AUTOMAPPPS 4"-...r.\
trotec

Austrian Robotics Workshop 2023
J!U Lm :::ICMATROMCS

Johannes Kepler University Linz
April 12.13, 2023

ROBOTICS

VING LOOISYICB

Q) HUMANETICS
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3.3.2 Peer-reviewed publications

The Consortium has a proactive policy to disseminate the project results with prior notice of any dissemination
activity (see Table 3-3 with SPRINTER participation to conferences and events). All partners actively pursue
opportunities to publish the SPRINTER results in high-quality international journals and conferences to achieve
high visibility and raise attention around its respective outcomes. SPRINTER partners aim for fast and open access
publication. Once clear results are established and if there is no conflict with potential patenting, SPRINTER actors
publish the breakthroughs in specialized scientific and technical journals.

During the first 18 months of the project, SPRINTER partners produced four (4) peer-reviewed scientific arficles in
journal and conference proceedings. Following the Open science policies and priorities as set by the Horizon
Europe programme, an electronic copy of the final peer-reviewed manuscripts published is archived in online
repositories ( and ). ensuring open access. The
peer-reviewed scientific papers of SPRINTER project accepted for publication by the time of preparation of the
current report are listed below. Almost all publications have been jointly prepared with the participation of the
academic and industry with intfernal or external to the consortium collaborations.

1. [Early Access] A. Zarzuelo et al., "Investigation of the Long-Term Stability of a Local Oscillator Generator
based on InP-Si3N4 Laser Source for Satellite Payloads," in Journal of Lightwave Technology, doi:
10.1109/JLT.2024.3368798.

1. [Published in M15] K. Kanta et al., "Multiplexing Multi-Gbps Analog Radio-Over-Fiber Links Over a Converged
Fiber/FSO Intfra-Campus Infrastructure," 2023 International Workshop on Fiber Optics on Access Networks
(FOAN), Gent, Belgium, 2023, pp. 36-40, doi: 10.1109/FOANS59927.2023.10328092 [SPRINTER website
repository | , Zenodo | ]

2. [Accepted] C. Roeloffzen et al. "Infegrated microwave photonic functionalities on a hybrid infegrated InP-
Si3N4 PIC platform”, 12th Special Session on Microwave Photonics (MWP), Tuesday 16 July, ICTON Bari, 2024
( )

3. [Accepted] C. Roeloffzen et al. “Hybrid Integrated Microwave Photonics for Multi-Beam Antenna
applications”, 22 September 2024, ECOC 2024, Frankfurt, Germany
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4 MONITORING AND EVALUATION OF KEY PERFORMANCE INDICATORS

4.1 Key Performance Indicators for Exploitation (EM-KPIs)

The consortium is well positioned for the successful exploitation of its Research & Innovation activities (R&l).
Results will be, to a large-extent, open-source and/or publicly available, validated and supported by partners
with the necessary expertise. The projects key exploitable results form the basis for the detailed exploitation /
business plan and the development of appropriate plans for commercial sustainability. The KPIs set for the
Exploitation plan execution (EM-KPIs) throughout the project duration are summarized in the table below which
provides the status of the respective KPIs until M18 (end of Period 1 of the project, Feb 2024) against the targeted
EM-KPIs for the end of the project (M42, Feb 2026).

Table 4-1. SPRINTERs Exploitation KPIs (EM-KPIs): Period 1 (M01-M18)

Activity - Tool EM-Nr KPI KPI-Target
E Lectures / courses EM-01 Held +5 4 80 %
§ Diploma/Master Thesis EM-02 Conducted +10 3 30 %
2 PhD students EM-03 Trained +9 10 111 %
> Partnerships EM-04 Established + 9f not yet 0%
% Opportunities and markets EM-05 Identified +6 2 33%
= Potential investors EM-06 Meetings +6 2 33 %

'I' Actions towards the establishment of partnerships with SMEs and/or industry leading companies will be actively engaged within the second
period of the project (see Table 4-4), along with the development and performance evaluation of SPRINTER technologies.

4.2 Key Performance Indicators for Dissemination (DM-KPIs)

Activities will be continuously monitored and synchronized with the respective tasks of the project, identifying,
and leveraging the best opportunities for promoting the results. This also includes the active confribution to joint
workshops/courses/seminars, as well as participating in events of reference to promote the project and its most
remarkable outcomes.

SPRINTER partners include industry-leading companies, innovative SMEs and top-tier research organizations, with
extensive experience in EU and national projects. Activities targeting the academic community and researchers
are carried out by the academic partners of the consortium. Project results and developments are also
communicated through external websites and industry’s forums or panels. The consorfium will actively pursue
publication of scientific papers and articles with project-related results in prestigious top-journal, high-standing
conferences, and workshops. The Table 4-2 below summarizes the Key Performance Indicators for the
dissemination activities (EM-KPls), providing the status of the respective KPIs by M18 (end of Period 1, Feb 2024)
against the targeted EM-KPIs for the end of the project (M42, Feb 2026).

Table 4-2: SPRINTERs Dissemination KPIs (EM-KPIs): Period 1 (M01-M18)

Activity - Tool DM-Nr KPI KPI-Target

Unigue users + 4000 1170 29%
o Website DM-01 Page views + 12000 3136 26%
g Documents + 25 11 28%
= o Journals 16 1 6%

Publications DM-02

Conferences 16 3 19%
o Conferences/Exhibitions DM-03 Conducted + 25* 12 48%
% Education/Training events DM-04 Conducted + 6 9 83%
< Workshops / Webinars DM-05 Conducted + 6 2 33%
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Public authorities DM-06 Conversations + 2t 0 0%
Clustering events DM-07 Conducted +2 1 50%
Other events DM-08 Conducted +5 3 60%

* Participation at > 5 Exhibition booths
T Communications with Public authorities are planned to be engaged in October 2024 (see Table 4-4)

4.3 Key Performance Indicators for Communication (CM-KPIs)

The SPRINTER consortium intends to be very extrovert about the project achievements, its concepts and
objectives and to actively intferact with the farget audience to leverage the project effort and result. The
dissemination and communication of SPRINTER are accomplished through various channels.

In order to measure the impact and success of the dissemination and communication activities, a set of key
performance indicators has been defined along with their target values to be reached by the end of the project.
The Table 4-3 below addresses the Key Performance Indicators for the communication actions (CM-KPIs),
providing the status of the respective KPIs by M18 (end of Period 1, Feb 2024) against the targeted CM-KPIs for
the end of the project (M42, Feb 2026).

Table 4-3. SPRINTERs Communication KPIs (CM-KPIs): Period 1 (M01-M18)

Activity - Tool CM-Nr KPI (activities) KPI-Target by M18 % of Target
Followers* + 350 282 81 %
Linkedin CM-01 | Avg. Engagement rate* 2% 7.4 % =
o Posts + 180 43 24 %
8 Followers* + 450 321 71 %
% Twitter / X CM-02 Tweets +180 33 18%
'g Re-Tweets + 400 40 10 %
¥ Facebook CM-03 Followers +350 10 3%
Videos released 7 2 29 %
YouTube CM-04 )
Views 400 238 60 %
feEEes CM-05 Production +6 2 33 %
Brochures / Roll-ups °
T _ Releases 6 2 33%
S 5 Newsltleﬂers/ Press CM-06 .
=5 releases Media outlets +3 2 67 %
§ E Teaser videos CM-07 Production 6 0 0%
- X . Production 1 1 100 %
Promotion video CM-08 .
Views + 700 778 111%

*KPIs of SPRINTER's social media accounts

4.4 SPRINTER’s DEC activities: Progress and evaluation

The Table 4-4 together with Figure 4-1 below conclude the report by consolidating the Dissemination,
Exploitation, and Communication (DEC) activities planned for the project lifecycle and the progress made within
the first period of the project. Figure 4-1 presents the status of the respective KPIs in ferms of percentage reached
by M18 against the targeted values for the end of the project, depicting thus the success of the different DEC
activities performed to leverage the project effort and results to the targeted stakeholders. The DEC actions and
respective KPIs are synchronized with the different phases of the development and implementation activities of
the project. This means that some of the KPIs will get more traction at a later stage of the project as SPRINTER
technological readiness advances. In order to achieve the maxim possible impact of SPRINTER project, the
consortium accurately tracks the DEC activities performed and assess in a continuous base the respective KPIs
to identify possible mitigation actions, as summarized in the following paragraphs.
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Table 4-4. Timetable for SPRINTERs Exploitation, Communication and Dissemination activities
Period 1 Period 2 Period 3
Oct-22  Apr-23  Oct-23  Feb-24 | Mar-24  Oct24  Feb-25 | Mar-25 Oct25  Feb-26

1 I

1 1
EM-D1: Lectures/courses EM-01 i E
ENM-02: Diplomay/Mast er Thesis EM-02 i i
EM-03: PhD students training EM-03

ENM-04: Established partnerships EM-04

Exploitafion KPIs

EM-05: Identified opportunities and markets EM-05
ENM-06: Meetings with potentialinvestors EM-06
CM-01: Social media/ Linkedin CM-01
CM-02: Social media/ Twitter-X CM-02

CM-03: Social media/ Facebook CM-03

CM-04: Social media/ Youtube CM-04

CM-05: Factsheet / Brochures / Roll-ups CM-05

CM-06: Newsletters/Press releases CM-06
CMO7: Teaser videos CM-07
CM-08: Promotion video CM-08
DNM-01:SPRINTER Website DM-01

DM-02: Publications DM-02
DM03: Conferences/ Exhibitions DM-03

Communication KPIs

DM-04: Education/Training events DM-04
DM-05: Workshops/Webinars DM-05
DM-06: Communication with public authorities DM-06

Dissemination KPls

DM-07: Clustering activities DM-07
DM-08: Other events DM-08

Lectures/ courses: ENM-0I
Diploma/ haster Thesis: EM-02
PhD students: EM-03
Partnerships: EN-04
Opportunities: EM-05
Investors: ENH06

LinkedIn (followers): ChA01
Twitter (followers): Ch-02
Facebook: ChM-03

YouTube: Ch-04

Factsheet/ Brochures: Ch-05
News.: Ch-06

Teaser videos: ChM-0O7
Promotion video: Ch08
Website: DM-01
Publications: DhM-02
Conferences / Exhibitions: DIMO3
Education/Training: D04
Workshops/Webinars: DIM-05
Public Authorifies: D04
Clustering: DM-07

Other: DM-03

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 4-1. Progress indicator of SPRINTER DEC activities
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EM-KPIs | Inits first phase, SPRINTER project has made a good progress on
transferring the knowledge through dedicated lectures/courses to students/young researchers (EM-01) and
more than 10 Master and PhD students are already involved in the development activities (EM-02, -03) of
SPRINTER technologies. Regarding the industrial part, a first market analysis has been carried out and several
potential applications have been identified. An Intellectual property (IP) management partnership was
established with a very experienced player in the field of patent search and management. Furthermore, the
industrial-oriented partners (FILL and LioniX) pitched SPRINTER to potential investors. During the current and next
phase of the project, the focus will now be placed on attracting potential investors and developing further
partnerships and opportunities. A complete report listing all the activities performed to engage external
stakeholders, the feedback received and the impact for SPRINTER will be included in the final exploitation,
dissemination and communication deliverable D8.9 which will be made public after the project end.

CM-KPIs |

As aforementioned in the previous section 3.2.1.3, SPRINTER project has been widely promoted so
far, through the more business-oriented LinkedIn and Twitter/X platforms. Together with the project’s website
(DM-01) these platforms have been proven to be extremely useful for raising the aware of SPRINTER to the target
stakeholders, as illustrated at the CM-01 and CM-02 KPIs progress. On the other hand, for the respective social
media accounts established in Facebook (CM-03) and YouTube (CM-04) it was more difficult to achieve the
specific KPIs (CM-03 and CM-04). This is attributed not only fo the fact that these social media platforms are
more generic with a diverse user base, but also they have been constantly replaced or challenged by other
platforms (Twitch, Instagram, etc.). To mitigate this effect, links and content will be promoted through the
effective Linkedin channel to Facebook to attract additional audiences and possibly increase the subscribers.
The YouTube channel will be used mainly as a repository for the project videos therefore the original “Followers”
KPI has been replaced by the number of views to get a more objective evaluation.

As standard promotional material, a gamut of communication tools has been produced
early in the project, including a first version of the Factsheet / Brochures (CM-05), as well as Press releases
/Newsletfters (CM-06) which were successfully uploaded on the project homepage as part of the
communication tool kit. Furthermore, the promotion video (CM-08) of SPRINTER which was launched in October
2023 and shared to the scientist community and public through different communication platforms, gained
significant attraction. Within the next phases of the project, teaser videos presenting live demos of SPRINTER's
key technologies will be produced and released and the respective indicators (CM-07 Teaser videos) will be
monitored.

DM-KPIs |

SPRINTER's website (DM-01) has a good visibility, with 1170 unique visitors globally and
more than 3100 pageviews, by the end of Period 1, which is in line with the progress of the project. Regarding
DM-02 (Publications), this task has only recently been launched and has already achieved its first successes with
the publication of a conference paper and a scientific journal (early access). Two more conference papers
have been also accepted (see section 3.3.2). It is a common fact that publications are not distributed linearly
over the duration of the project. Sufficient usable knowledge and research activity must first be generated in
order for them to be used appropriately. A significant increase in the publication rate is expected in the
subsequent project phases.

As regards active dissemination activities, it should be noted that very good results have
already been achieved for DM-03 (Conferences-Exhibitions), DM-03 (Education/training events) and DM-05
(Workshops/webinars). The remaining indicators have been recently launched or, in the case of DM-06 (Public
authorities), will be actively engaged from October 2024. These KPIs will be contfinuously monitored and
updated. Therefore, there is no need for specific action at this stage.
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5 UPDATED DATA MANAGEMENT PLAN (DMP)

SPRINTER adheres to Open science policies and priorities as set by the Horizon Europe programme, contributing
to meeting its objectives for improved quality, efficiency and responsiveness of research. Open science
practices have been applied to ensure that research data, of all sorts, generated in the course of the project is
Findable, Accessible, Interoperable, and Reusable (FAIR). This means that interested parties — academia,
industry, end users, civil society are able to search for, find and access research as well as to understand and
use the research data.

To this end, in order to regulate the use of the data generated withing the project and sharing with the research
community and associated industry parties, the Data Management Plan (DMP) of SPRINTER has been defined
in M06 and reported in the initial version of the DMP public deliverable (D8.3, available for download at SPRINTER
website: link). The DMP deals with all the concerns about the treatment of the data that will be collected,
processed or generated in the whole project lifecycle, in terms of:

* Types of data generated, collected or processed
e Standards used to manage data

¢ Data exploitation methodology

e Accessibility to data produced by the Project

* Data Dissemination level

* Data Preservation and re-use

In total forty-three (43) datasets were identified and analysed in the data management plan, submitted with
D8.3, out of which four (4) have been specified for Open access. The DMP is a living document and is
progressively updated during the project lifespan to reflect any possible changes and/or addifions in the data
sefs, as well as any refinement in the strategy to maximize the sharing and re-use of the project outcomes. The
partners regularly assess the DMP, based on the experience acquired during the development of SPRINTER
technologies and by the time of the preparation of the current report, all the data sets that were originally
identified remain highly relevant and are retained.

Table 5-1 shows the list of the four (4) open datasets that were specified based on the Open Research Data Pilot
regulations.

Table 5-1. Open Access data sets foreseen in the Data management plan

- Estimated IPR
Open Data sets | Name / Description Type Format Volume Access Owner
Dataset 1.0 | Simulation studies of SPRINTER 200Gb/s PSM4 fransceivers
Data description: The data set includes simulation results from *.Csv
the system level evaluation of the transmission performance of  Results  *.txt, *.tsv, <250 MB Open ICCS
SPRINTER Module-1. *jpeg files
Dataset 2.0 | Simulation studies of SPRINTER 10Gb/s tunable transceiver
. . . *.CSV
Data description: The data set includes simulation results from « .
the system level evaluation of SPRINTER Module-2 Results *'.TXT’ 'T.SV’ <250MB  Open ICCS
Jjpeg files
Dataset 3.0 | Simulation studies of SPRINTER hybrid mmWave/FSO transceivers
. . . *.csv
Data description: The data set includes simulation results from " .
the system level evaluation of SPRINTER Module-4 Results  *.Ixt, “fsv, <250MB  Open ICCS
Jjoeg files
Dataset 4.0 | DSP of SPRINTER mmWave transceiver
e . . . *.csv
Data description: The data set includes simulation results from * .
the DSP of SPRINTER Module-4 (mmWave) Results Jgég;jés <250MB  Open ICOM
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By
da

the time of the preparation of the current report, a first set of data (Dataset 1.0), consisting of raw simulation
ta from the fransmission studies performed assessing the transmission performance of SPRINTER Module-1b

(VCSEL based 1060nm transceiver), has been created and uploaded on the Zenodo repository. Details on the
information and the metadata stored for the generated dataset (e.g., creation date, DOI, keywords etc.) can

be

found in the following Table 5-2.

Table 5-2. DS1. Simulation fransmission studies of assessing transmission performance of VCSEL-based transmitters across
various temperatures and fiber lengths (simulation data)

Data set Reference DS1. Simulation transmission studies of assessing transmission performance of VCSEL-based transmitters

Na

me across temperature variations and fiber lengths_SPRINTER_WP2

The dataset comprises raw simulation data concerning the waveform and eye diagram of 50 Gb/s OOK-
NRZ signals at various stages, both at the transmitter (Tx) and receiver (Rx) ends. These simulations were
conducted to assess the transmission performance of the Module-1b SPRINTER device, which facilitates a
200 Gb/s aggregated capacity and supports the generation and detection of four 50 GBaud OOK-NRZ

Abstract signals. The dataset is presented in *.csv format and encompasses results obtained for various operational

temperatures of the Tx-side, diverse voltage amplitudes of the NRZ signals, and bandwidth limitations of
both Tx- and Rx-sides. These evaluations were conducted during fransmission through a standard single-
mode fiber (SSMF) across various fiber lengths, spanning from direct connection of the Tx-end to the Rx-
end up to 1 km.

Standards and Metadata

1.

2.

13

16.

Dataset Title: DS1. Simulation tfransmission studies of assessing fransmission performance of VCSEL-based fransmitters across
various femperatures and fiber lengths_SPRINTER_v1.0

Name(s) of dataset creator(s): ICCS

. Description of Data: The dataset consists of simulated waveforms and eye diagrams captfured at both fransmitter (Tx) and

receiver (Rx) ends, aiming to assess fransmission performance across various operational temperatures of the VCSEL-based
Tx (25, 55, and 85 °C). For each temperature, two scenarios of RF electrical inputs were examined, corresponding to peak-
to-peak voltages of 0.4 and 0.8 V for 50 GBaud OOK-NRZ signals. Following this, the fransmission performance was examined
across fiber lengths of 500 m and 1 km for both RF cases, as well as in the scenario where the Tx-end was directly connected
to the Rx-end (Back-to-back, B2B). The data collection focused on capturing simulated data at four critical stages of the
fransmission: a) during the generation of the RF 50 GBaud OOK-NRZ signals, b) at the VCSEL output, c) at the photodiode
(PD) input, and d) during the reception of the electrical signal af the Rx-end. The operational temperature factor was also
considered when applying the transfer function in the VCSEL component of the Tx. The devices that impose the bandwidth
limitations and are investigated in these simulations, are: the laser driver, VCSEL (also affected by operational femperature
and RF input voltage swing), PD, and transimpedance amplifier (TIA).

. Data Source: This dataset is a primary oufput of SPRINTER project

. Creation Date: 11.03.2024

. Format: Compressed (*.zip) file containing *.csv files and a *.txt file
. Size: 88.3 Mb

. Location of Data:

. Digital Object Identified (DOI): 10.5281/zenodo.10990699

. Access status: Open Data

. Embargo: No embargo period foreseen for this dataset

. Funding Statement: This project has received funding from the European Union’s Horizon Europe Framework Programme
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Archiving and
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6 CONCLUSIONS

The present deliverable is the second dissemination and exploitation report, presenting the updated
Exploitation, Dissemination/Communication strategy and the respective activities performed within the first
period of the project (i.e., by M18).

The main objective of defining a commercialisation and sustainability plan is to identify those assets with the
highest potential for market success. A market analysis forms the basis and preliminary approach of the project
results to the market, understanding the market context and the foreseen potential. With high-level data
available for several possible application areas, detailed consideration and thorough analysis was undertaken
to find the market entry points for the novel solutions envisaged. Lasers for telecom applications mainly consist
of low power single mode lasers with gigabit modulation bandwidth (InP and INnGaAsP heterostructures) and
high-power CW lasers (GaAs/AlIGaAs), with a significantly higher valuation of the laser systems market than the
components alone. The market for vertical-cavity surface-emitting lasers (VCSELs) itself for consumer and
telecom applications, which took off in 2017, has been growing steadily and is expected to continue to do so
in the near future, with the automotive market being the highlight with a remarkable CAGR of >70%. The Optical
Circuit Switch (OCS) is emerging as a valid component in data centres with the capability to reconfigure the
network fopology. The market for optical circuit switches in data centres and Al networks is forecast to
experience robust growth over the next five years (CAGR >30%). Driven by the increasing adoption of higher
speed optics, high speed electronic chips are key to transforming an optical device or photonic chip info an
optical transceiver. Thin Film Lithium Niobate (TFLN) modulators and their market potential have evolved from
research focused new material platform to a strong contender in providing practical solutions for next
generation applications. Its properties are particularly advantageous for datacom, ftelecom and high-
performance applications with a projected CAGR of around 40%. Milimetre wave (mmWave) technologies
support ultra-fast data transmission and, due to their rapid deployment, can be used in situations where a rapid
increase in network capacity is required. mmWave technology is still evolving and new applications are
emerging, with increasing demand for bandwidth as a key driver. Recent estimates of the size of the mmWave
market clearly indicate a technology with high growth potential, with CAGRs in the range of 25-40%. Free Space
Optics (FSO) systems as an optical alternative to fibre networks provide a flexible networking solution that
supports high dafta rates and can be deployed anywhere with a clear line of sight. Applications include
telecommunications, military and defence, healthcare and enterprise networking, and the global market is
forecast to grow at a CAGR of 40%. Time Sensitive Networking (TSN), an IEEE Ethernet standard, has applications
in power and energy, automotive, fransportation, oil and gas, and aerospace. TSN switches accounted for one
of the largest shares of the global switch and network component market and is expected to grow with a globall
CAGR of >49% as the Internet of Things (loT) continues to gain popularity.

Identifying the key exploitable outcomes and validating them against the market is a crifical step in properly
maturing the sustainability and exploitation plan. Exploitable assets, whether individual or joint, have been
identified and will be developed according fo the maturity of the project. While research and technology
organisations (RTOs) will benefit from the R&D results, early adopters will benefit from the validation of the new
technologies in their premises, giving them preferential access to the newly developed solutions as well as
preferential status in accessing the IP generated by the project. Although the project is at a preliminary stage,
potential business models (knowledge fransfer (A), hardware deployment (B), use-case integration (C)) have
been identified and presented using a canvas approach. From a current perspective, Model A appears to be
the easiest to apply, with a significantly higher weighting towards impact creation. Focusing on hardware
deployment (Model B) or use-case integration (Model C) leads to a shift fowards adoption barriers, as the risks
increase, and the success rate cannot yet be sufficiently estimated. These models will be validated through an
analysis of current market tfrends and their applicability in terms of impact creation and adoption barriers, with
potential leverage in case of overlapping exploitation interests.

Dissemination/Communication (D/C) strategy of SPRINTER, its main objectives and key audience and a full
report on the first period D/C activities and KPIs metrics evaluation are also consolidated in this document. In
line with the dissemination/communication strategy of SPRINTER, within the first phase of the project the D/C
work plan was focused on creating a general awareness of SPRINTER fechnology and inform and engage with

D8.5 - First exploitation and dissemination report and updated DMP_v1.0 Page 50| 53



Project [101070581] — [SPRINTER]

the project’s target audience. To this end, SPRINTER consortium actively communicated and disseminated the
project's concept and activities through a gamut of D/C channels. A complete communication kit was
prepared including different types of communication material: visual identity, factsheet, a short presentation
and a promotional video launch which has been already integrated as a key milestone. The POETICS official
website and associated social media accounts are up and running, gaining significant attention. Press releases
and a newsletfter, announcing the project launch and highlighting the project’s concept and expected
outcomes shared through different communication channels of the consorfium’s organizations. Four peer-
reviewed scientific articles have been produced with one of them being published and made available to
download at SPRINTER’s website. The consortium actively participated in several high-profile events, mainly in
the field of optical communication, photonics, microwave technology, robotics and promoted SPRINTER and its
technologies through oral presentations, brochures at international conferences, exhibitions. In addifion,
participation in the Gigabit Academy enabled SPRINTER technology to be presented to a wide audience, while
lab visits and fun experiments related to SPRINTER fechnologies have been organized and showcased to children
as part of the Flemish Day of Science and the Nerdland Festival.

All'in all, it can be said that at the end of the first period the efforts at these fronts are ongoing and in absolute
track with the original plan for the Exploitation, Dissemination and communication activities.
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