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The present deliverable summarises the consortium’s strategy and concrete actions to
disseminate and communicate the foreground generated by the project. It gives an
overview of the dissemination and communication activities performed up to M21 and
the ones planned for the subsequent period.
This deliverable is public and made accessible through the BeforeHand project website
and shall be used by anybody who wants to know the activities that have been
undertaken to make effective the BeforeHand project and in terms of utilization of results.
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The deliverable is structured in four chapters: Chapter 1 is the introduction, Chapter 2
contains the information about the dissemination and communication strategy and
Chapter 3 introduces the dissemination and communication tools, while Chapter 4
presents the actions performed to disseminate and communicate the BeforeHand project.
Each section is divided into different subsections, with a detailed description of
BeforeHand dissemination and communication.

1 Introduction
1.1 BeforeHand Project in brief
The BeforeHand project aims at establishing the foundations of a new technology,
suitable for the implementation in networks of Electronic Smart Systems (ESS)
exploiting the capability of phase-change materials (PCMs) to process and store data in
the very same physical place, with particular focus on automotive applications.

1.2 Scope and Objectives of this Deliverable
This deliverable (M21) includes the formulation of BeforeHand project Dissemination
and Communication strategy and an action plan for such activities concentrated in the
first period (January 2019-September 2020) of BeforeHand, with a view on the second
period.
The main objective of the planned dissemination and communication activities is to
increase the visibility of the BeforeHand project on selected communities and target
groups at both the European and International level and to further facilitate the
realization of the impacts.
This deliverable outlines the BeforeHand dissemination and communication strategy in
terms of identification and description of the dissemination and communication key
elements:
1.

the objectives (mission, vision),

2.

the subjects (what will be disseminated / communicated),

3.

the target audience (to whom it will be disseminated), as well as

4.

the methods (how it will be disseminated/ communicated).

The Consortium considers dissemination / communication actions of great importance
for the BeforeHand project. All partners will continue to contribute to that effort and will
strive to maximize the use of all existing dissemination / communication channels.
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2 Dissemination and Communication Strategy
The objective of the dissemination strategy is to identify and organise the activities to be
performed in order to maximise the influence of the project and promote commercial and
other exploitation of the project results.
In more detail, the objectives of the dissemination are:
•

To exchange experience with projects and groups working in the field in order to
join efforts, minimize duplication and maximize potential;

•

To disseminate the fundamental knowledge, the methodologies and technologies
developed during the project;

•

To pave the way for a successful commercial and non-commercial exploitation of
the project outcomes.

The objective of the communication is:
•

To raise public awareness about the project, its expected results and progress
within defined target groups using effective communication means and tools.

2.1 Subject of Dissemination and Communication
The following general subjects of Dissemination and Communication have been
identified:
1.
BeforeHand project itself (general scope, coverage, goals, milestones and plans to
reach them)
2.

interim results (reached objectives and achievements)

3.
techniques and methodologies [in respect of Intellectual Property Rights (IPR)
issues]
4.

technologies (in respect of industrial IPR issues)

In respect to the dissemination activities we clarify that they follow principles and best
practices successfully tested by the partners in other projects and in line with the EC
Guidelines for successful dissemination:
All research results/reports are duly reviewed, and a copy has been sent to
relevant partners involved in the project before these are published or disseminated.
When appropriate, the reports refer to other research projects and build on the existing
results and literature.

•

Research is conducted following sound analysis and scientific practice principles,
considering as much as possible policy requirements and needs.

•

All partners who have contributed to the project activities will be duly informed
about the final outcomes and the implications stemming from project results.

•
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All public results will be accessible from the project website and usable from all
parties who may benefit from them.

•

2.2 Dissemination and Communication Target Audience
The overall aim is to maximize the utilization of the dissemination and communication
potential of BeforeHand consortium. Activities then must be tailored in such a way to
reach the audiences most efficiently through appropriately selected channels and tools.
One of the key elements of the BeforeHand dissemination and communication strategy is
the identification of target areas and audiences.
Dissemination within the BeforeHand partners (Internal Dissemination)
Ensuring effective internal communication and dissemination among the Consortium
partners represents an important key success element for the BeforeHand Project.
Partners’ organizations are important for dissemination as they are potential users of
BeforeHand project results themselves.
In particular, STMicroelectronics (a consortium partner) is an important market player
in Electronic Smart Systems (ESS) and this constitutes a natural channel for the
dissemination of the project and its result to other potential users. Furthermore, the
dissemination activities rely on the effort and the possibility of each partner in exploiting
opportunities to present the project and its result. Therefore, it is important to
communicate information about BeforeHand project and its results to partners’
management, consultants and people responsible for their marketing and sales.
Additionally, it is necessary to encourage them to share this information further with
their customers and business partners.
Methods of internal dissemination can vary from providing links from partners’ web
pages to the BeforeHand website, to seminars or workshops showcasing, to articles in
partners’ internal newsletters and publications, etc.
The internal communication strategy also pursues the objective to maintain all partners
fully informed about planning, work in progress and existing or potential problems.
Besides the requested EC and Internal reporting, all partners are invited to actively
communicate with WP Leaders about technical progresses and issues, as well as WP
Leaders are invited to keep the project coordinator (PC) updated about the activities. All
partners are invited to inform the PC of any Administrative and Legal issues arising. PC is
at the partners’ disposal for any technical and administrative information/issue.
Dissemination beyond the BeforeHand partners (External Dissemination)
The target audience is on the one hand the Academic and research community, on the
other the Industrial sector.
This group targets all research communities interested in the BeforeHand project’s
developments, results and innovation which can be beneficial for their own research
activities. Scientific contributions of BeforeHand are particularly interesting for
D1.6
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researchers working in the field of development of chalcogenide materials,
nanostructured materials, memory fabrication, modeling, neuromorphic computing, thin
films characterization activities.
The participation of project partners in other relevant projects offers the opportunity to
establish quick links among parties through common participants.
External dissemination addresses the defined target groups at the National, European
and international levels.
As BeforeHand is a project financed under the Horizon2020 Programme of the European
Community, the EU is naturally interested in the project results being disseminated at EU
and worldwide level.
BeforeHand partners have interesting and significant links with European and
international activities:
- Most of the BeforeHand partners already participated, and currently participates, in the
EU projects, which are related with BeforeHand project. This formed an adequate basis
for the transfer of significant knowledge and technology from former RTD projects by
strengthening the exploitation of results.
- Some BeforeHand partners are members of international committees/boards of
important symposia, which can ensure and facilitate the dissemination of BeforeHand
results.
- Finally, many BeforeHand partners have consolidated pre-existing collaborations
between each other (research or industrial), even in funded EU projects. This has
certainly strengthened the cooperation within BeforeHand proposal, which is requested
to successfully finalize the project.
During the project, all BeforeHand partners have been and will be encouraged to identify
and approach the most important local groups of interests.
Communication (Outreach)
The target audience is a broader non-technical audience that will be reached by specific
measures through for instance web page and social media usage.

2.3 Dissemination and Communication Activities Timing
Dissemination and communication activities are planned in accordance with the stage of
the development in the project.
Although several dissemination and communication activities took place during the first
18 months of the project, the most significant dissemination and communication
activities will take place as final research results and especially the demonstrator will be
available.
The dissemination and communication activities are to be performed according to the
following logical schedule:
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Initial awareness phase (month 0-10): this especially included establishment of
BeforeHand communication including graphical identity of the project (project logo,
project presentation, project poster, press release and templates for project documents
and for project presentations) and analysis of relevant information resources in terms of
identification of dissemination and communication opportunities.
Targeted dissemination phase (month 10-24): the consortium has enriched and
updated the website, attended selected events and workshops. Preliminary project
results have been presented to the target audiences.
Targeted dissemination phase (month 24-36): this represents the period closely
before the end of the project, when BeforeHand consortium partners will present the final
and demo results.

2.4 Dissemination and Communication Responsibilities
Each beneficiary must – as soon as possible – ‘disseminate’ its results by disclosing them
to the public by appropriate means (other than those resulting from protecting or
exploiting the results), including in scientific publications (in any medium). Therefore,
every possible opportunity has been embraced and will be embraced by individual
partners or on a collective basis through a joint appearance by more than one partner to
make BeforeHand known among specialized and general public as well.
All partners of the consortium have been contributing to the dissemination according to
their role and effort and using all available tools. Thus, for instance by participating and
giving presentations at conferences, publishing papers, holding press conferences,
networking and similar activities and maximizing the existing dissemination and
communication channels.
Dissemination activities in BeforeHand project are deeply wedded with intellectual
property (IP) rights protection. Practical application of IP rights protection agreed among
BeforeHand project partners is adjusted in the Consortium Agreement (CA).
The main aspects of IP rights protection are the following:
Common agreement on publication of other partners’ confidential information or
any other information subjected to their IP rights.

•

Setting up the dissemination rules and procedures to avoid any potential breach
of any partner’s IP rights, especially rules and procedures for BeforeHand project results
publications.

•

A common graphic identity has been defined (see Section 3.3) to allow for better
visibility and recognition as well as branding of the project. Therefore, besides
acknowledgments to EC public funds using the official EC logo, with the Horizon 2020
indication, all dissemination as well communication tools and activities should possibly
refer to or include the project’s website URL (www.beforehand.eu) and the project logo
(described in Section 3.3).
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All consortium partners are to report the results of each dissemination and
communication activity immediately after they are presented. The reports shall include
feedback gathered by the respective partner from the target audience (if applicable),
eventually gained contacts to be listed in the contact repository used for further
dissemination purposes.
All partners are invited to publish the dissemination and communication material on the
Consortium private website (this can be a paper, a conference presentation or the audio
file of an interview for example). Dissemination and communication documents and files
(text, audio, video, etc.) shall be uploaded on the Project Collaborative space.
The Final Report to be delivered to the EC at the end of the project will include the final
report on Dissemination and Communication on the basis of the contributions of all
partners.

3 Dissemination and Communication Tools
3.1 Graphic Identity LOGO
The LOGO includes the name of the project (BeforeHand) - its main concept intends to
capture the attention of the audience. The LOGO aims to indicate the field of work of the
Project that is the IoT blue cloud surrounded by three green icons for memory, processing
and automotive, the background with city skyline recall to the IoT application in smart
cities. The LOGO is used for (internal or external) dissemination actions.

Figure 1: BeforeHand official LOGO
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3.2 Project Background
The project background is coupled to the Project message and could be used in
presentations, brochures, press releases. The background reminds the conceptual
approach of IoT automotive applications.

Figure 2: BeforeHand official Background

3.3 Project Symbol
The Project Symbol recall the project acronym. We developed two different versions. The
first one shown in Fig.3 is the full-color version while the one presented in Fig. 4 is used
on colored backgrounds, as shown in Fig.4 for the example of the background of the
webpage.

Figure 3: BeforeHand symbol

Figure 4: BeforeHand symbol for colored backgrounds, shown on the webpage
background.
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3.4 Project Website
Project websites are one of the main communication tools of projects funded under the
EU H2020 Programme. To ensure maximum visibility to the BeforeHand objectives and
results, it has been set up a project website registered in the “eu” domain and with an
intuitive URL to increase hit rates: www.beforehand.eu.
The design of the website builds upon the following criteria:
1. visual communication: use of colours and/or photos, web pages are easy to
browse, information is kept short and links are included to websites, publications,
and so on.
2. verbal communication: the website uses simple phrasing, no jargon is used in
order to attract the widest possible audience, e-devices are user friendly.
3. visibility: maximum use of free or affordable methods to increase page ranking
on search engines.
4. regular update of contents: the website is maintained and the update is
regularly done by the Webmaster upon inputs of the PC and partners.
5. monitoring tools: the website includes a counter of visitors (or other statistical
tools) that is used to measure the number of visits.
The public section of the BeforeHand website:
provides a brief project summary highlighting the objectives, the contents and the
structure of the BeforeHand Project, including the composition of the BeforeHand
Consortium.

•

•

provides a short profile of each of the BeforeHand Partners;

provides access to the project Public Deliverables and abstracts of selected nonPublic Deliverables;

•
•

provides the links to our publications;

HOME: the home page of the website shortly introduces the BeforeHand project and gives
the relevant information on the methodology, and the expected results and impacts by
placing the project in a broader scientific context. The EU funding is duly acknowledged,
also by the inclusion of the relevant logos (i.e. EU, H2020), and claiming that " This project
has received funding from the European Union's Horizon 2020 research and
innovation programme under grant agreement no. 824957.".
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Figure 5: BeforeHand webpage HOME

Figure 6: BeforeHand webpage acknowledgement
The Homepage contains links to all the following subpages:
About us (Consortium): this webpage section presents a brief description of the
project partners and their logos.

•

Figure 7: BeforeHand webpage About us
•

D1.6
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Figure 8: BeforeHand webpage Events
•

Outreach: this section contains links to Communication actions.

Figure 9: BeforeHand webpage Outreach
Dissemination: this section contains a list of publications and conference
participations

•
•

Science: useful background information for the implementation of the project.

Figure 10: BeforeHand webpage Science
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Contacts: this section enables people to easily get in touch with the project
Coordinator.

•

Figure 11: BeforeHand webpage Contacts
Downloads: this section enables people to easily download public project
deliverables and reports.

•

Social Networks buttons: direct access to the social media (Facebook, Instagram
and LinkedIn – see next section for details).

•

Private area
On the BeforeHand website homepage there is a link allowing to access the website used
for partnership internal communication and project management. The website is totally
private and a password is mandatory to gain access to it.

3.5 Web 2.0 – Social Media
Web2.0 tools are the emerging platform for innovative creation, sharing and tracking of
citizens’ needs and wishes on public awareness. Web 2.0 applications, including social
networks, are changing and improving the way of how user interacts within the World
Wide Web. In order to reach a broad target audience while establishing two-ways
communication channels, the presence of the BeforeHand project in social media is one
of the key actions for dissemination activities.
Facebook and Instagram
A Facebook page has been created as one communication instrument for reaching the
general public (https://www.facebook.com/BeforeHand-2476273805781159/).
The
integration
between
Facebook
and
Instagram
(https://www.instagram.com/beforehandh2020/) has been achieved by connecting the
two social network entries: this aids in achieving the viral communication the
BeforeHand project is pursuing.
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LinkedIn
A LinkedIn article (https://www.linkedin.com/pulse/boosting-performance-phasechange-devices-hetero-material-calarco?articleId=6503276353352142848#comments6503276353352142848&trk=public_profile_article_view) has been created as one
dissemination/communication instrument for reaching stakeholders and industry
professionals.
YouTube
To accompany the website and ease the publication of videos produced within the course
of the project, e.g. videos of related conferences or workshops, the consortium will create
a dedicated channel on the YouTube video platform. The channel will be publicly
available at http://www.youtube.com/ and contains videos that are also embedded into
the project main website. Further videos will be put online by the partners as new results
and demonstrators are being presented.
The website will have direct access to these social networks by clicking over the
icons situated on the footer part of the website. In this way, it is easy for every user to
participate in this when the website is visited.

4 Dissemination Activities
4.1 Target Publications
The Industrial and academic partners, individually and in collaboration, publish and
present scientific advances in technical papers, as well as in journals (peer-reviewed or
not) and magazines. Scientific publications are an effective way to disseminate high-level
project information and to attract the interest of representatives of the various target
groups. Publications in specialised magazines, papers sent to related events attract the
attention of technicians and researchers as well as give the opportunity to collaborate
within the purposes of BeforeHand.
LIST
MANUSCRIPTS PUBLISHED/ACCEPTED
1. R. Cecchini, R.S.R. Gajjela, C. Martella, C. Wiemer, A. Lamperti, L. Nasi, L. Lazzarini,
L.G. Nobili and M. Longo “High-Density Sb2Te3 Nanopillars Arrays by Templated,
Bottom-Up
MOCVD
Growth”,
Small
15
(2019)
1901743;
https://doi.org/10.1002/smll.201901743. The article was advertised on CNRIMM Agrate unit website and on LinkedIn and ResearchGate personal webpages
of the authors.
2. M. Longo, P. Fantini, P. Noé, “Phase-Change Memories: Materials Science,
Technological Applications and Perspectives”, Editorial for the Special Issue on
Phase-Change Memories: Materials Science, Technological Applications and
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3.

4.
5.
6.

7.

Perspectives,
J.
Phys.
D:
Appl.
Phys.,
53
(2020)
440201;
https://doi.org/10.1088/1361-6463/aba0e0.
G. D’Arrigo, A.M. Mio, J.E. Boschker, A. Meli, S. Cecchi, E. Zallo, A. Sciuto, M.
Buscema, E. Bruno, R. Calarco, E. Rimini, Crystallization of nano amorphized
regions in thin epitaxial layer ofGe2Sb2Te5, J. Phys. D: Appl. Phys. 53 (2020)
194001 https://doi.org/10.1088/1361-6463/ab71ae
C. Ribaldone, D. Dragoni, and M. Bernasconi, A first principles study of the switching
mechanism in GeTe/InSbTe superlattices, Nanoscale Advances, 2020, Advance
Article https://doi.org/10.1039/D0NA00577K
D. Baratella, D. Dragoni, D. Ceresoli, and M. Bernasconi, First Principles Study on
the Crystalline Ga4Sb6Te3 Phase Change Compound, Physica Status Solidi RRL,
2020, 2000382, https://doi.org/10.1002/pssr.202000382
Jean-Luc Battaglia, Andrzej Kusiak, Kanka Gosh, The use of photothermal
techniques for thermal conductivity and thermal boundary resistance
measurements of phase change calcogenides alloys, accepted in J. Appl. Phys. (July
2020).
Kanka Ghosh, Andrzej Kusiak and Jean-Luc Battaglia, Phonon hydrodynamics
in crystalline GeTe at low temperature, accepted in Phys. Rev. B, 094311, (2020),
https://journals.aps.org/prb/pdf/10.1103/PhysRevB.102.094311

8. Kanka Ghosh, Andrzej Kusiak,Pierre Noé, Marie-Claire Cyrille, and Jean-Luc
Battaglia, Thermal conductivity of amorphous and crystalline GeTe thin film at
high temperature:Experimental and theoretical study Phys. Rev. B, 101, 214305
(2020) https://journals.aps.org/prb/pdf/10.1103/PhysRevB.101.214305
MANUSCRIPTS SUBMITTED
9. Stefania Privitera, Inaki Lopez Garcia, Corrado Bongiorno, Veronique Sousa,
Marie-Claire Cyrille, Gabriele Navarro, Chiara Sabbione, Egidio Carria, Emanuele
Rimini, Crystallization properties of melt-quenched Ge-rich GeSbTe thin films for
phase change memory applications, submitted in July 2020 to J. Appl. Phys.,
special issue on “Phase-Change Materials: Syntheses, Fundamentals, and
Applications”.
10. E. Zallo, D. Dragoni, Y. Zaytseva, S. Cecchi, N. I. Borgardt, M. Bernasconi, and R.
Calarco, Evolution of low frequency vibrational modes in ultrathin GeSbTe
films, Physica Status Solidi RRL, submitted.
MANUSCRIPTS IN PREPARATION
11. Andrzej Kusiak, Kanka Ghosh, Marie-Claire Cyrille, Anna-Lisa Serra and Jean-Luc
Battaglia, Temperature dependent thermal conductivity and thermal boundary
resistance of Ge rich Ge2Sb2Te5 mono-layers and superlattices, in preparation for J.
Appl. Phys. (Special issue Phase change materials).
12. S.Cecchi, O. Abou El Kheir, J. Momand, D. Kriegner, D. Dragoni, F. Arciprete, E. Zallo,
V. Holy, B. J. Kooi, M. Bernasconi, R. Calarco – Paper in preparation (2020) “Quasi
van der Waals epitaxy of GeTe-rich (GeTe)m(Sb2Te3)n alloys”
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REPORTS
13. S. Cecchi, D. Kriegner, F. Arciprete, E. Zallo, V. Holy, R. Calarco, PDI Annual Report
2020 – Written Contribution “Towards Ge-rich Ge-Sb-Te alloys fabricated by
molecular beam epitaxy”
THESIS
14. Master thesis 18/3/2019 by Chiara Ribaldone “First-principles atomistic
simulations of materials for electronic phase-change memories” University of
Milano-Bicocca (Prof. M. Bernasconi).
15. Master thesis /10/2019 by Omar Abou El Kheir “Ab-initio study of Ge-rich GeSbTe
alloys for phase change memories” University of Milano-Bicocca (Prof. M.
Bernasconi).
16. Master thesis 1/04/2020 by Dario Baratella “First principles study of GaSbTe
alloys for electronic phase change memories” University of Milano-Bicocca (Prof.
M. Bernasconi).
17. Master thesis 4/6/2020 by Julien van der Ree “Increasing the crystallisation
temperature of phase-change thin films for memory applications” University of
Groningen (Prof. Bart J. Kooi).
18. Bachelor Thesis 28/05/2020 by Christian Petrucci “CARATTERIZZAZIONE
RAMAN DI LEGHE (GeTe)n-(Sb2Te3)m” University of Rome Tor Vergata URTOV
(Prof. F. Arciprete) in cooperation with CNR-IMM Rome (Dr. R. Calarco)
19. Master Thesis 23/07/2020 by Adriano Diaz Fattorini “Growth of (GeTe)n(Sb2Te3)m Phase Change Alloys and their characterization by Photoemission
Spectroscopy” University of Rome Tor Vergata URTOV (Prof. F. Arciprete) in
cooperation with CNR-IMM Rome (Dr. R. Calarco)

4.2 Target Conferences and events
BeforeHand promotes project presentations at scientific conferences targeting relevant
domains for the project. The impact of presentations at this kind of events is very high
because of the attendance of scientists and industrial experts. National and international
conferences are an excellent opportunity to share the results with experts in the field and,
therefore, to achieve an effective dissemination of the project. Workshops, meetings and
other large events (exhibitions, trade fairs, showcases) represent relevant opportunities
for dissemination. The goal of these events is to disseminate both techniques developed
during the project and the preliminary results of the project to the targeted beneficiaries
of the BeforeHand project. The following events are especially relevant for the
communication strategy of the project:
Contribution to conferences:
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1. Contributed talk by S. Cecchi, E. Zallo, R. Calarco, April 22nd–26th 2019 – MRS
2019 Spring Meeting – Phoenix, USA – Oral Contribution “Growth and
Characterization of Epitaxial GeSbTe Films towards Ge-rich compositions”
2. Contributed talk by R. Cecchini E-MRS Spring meeting 2019 May 27 - 31, 2019,
Nice, France IMM participants: C. Wiemer, R. Cecchini “Templated growth of highdensity Sb2Te3 nanopillars by MOCVD”, authors: R. Cecchini, R.S.R. Gajjela, C.
Martella, C. Wiemer, A. Lamperti, L. Nasi, L. Lazzarini, L.G. Nobili and M. Longo
3. Poster presentation by R.S.R. Gajjela "Jaszowiec 2019”: 48th International
School & Conference on the Physics of Semiconductors June 8-14, 2019
Szczyrk (Poland) “Templated Bottom-up growth of High-density Sb2Te3 Nanopillars
by MOCVD”, authors: R. Cecchini, R.S.R. Gajjela, C. Martella, C. Wiemer, A. Lamperti,
L. Nasi, L. Lazzarini, L.G. Nobili and M. Longo.

Figure 12: Poster presented by R.S.R Gajjela at “48th International School &
Conference on the Physics of Semiconductors”, June 8-14, 2019 Szczyrk
(Poland)
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4. Invited talk S. Cecchi, June 25th 2019 – Leti Innovation Days 2019, Non-Volatile
Memories Workshop – Grenoble, France “Epitaxial Phase Change Alloys and
Heterostructures for Memory Applications”
5. E/PCOS “European Phase Change and Ovonics Symposium” 2019, Grenoble (F) 910/9/2019
a. Contributed talk by D. Dragoni: "A first-principles study of the switching
mechanism in GeTe-InSbTe superlattices", C. Ribaldone, D. Dragoni, and M.
Bernasconi
b. Poster presentation by R. Cecchini “MOCVD growth of antimony telluride in
high-density templates”, authors: R. Cecchini, R.S.R. Gajjela, C. Martella, C.
Wiemer, A. Lamperti, L. Nasi, L. Lazzarini, L.G. Nobili and M. Longo
c. Invited presentation by Bart J. Kooi: Bart J. Kooi, Jamo Momand, Ruining
Wang, Jos E. Boschker, Raffaella Calarco "Elemental mapping of GeTe and
Sb2Te3 at Si(111) interfaces"
d. Poster presentation by Jamo Momand: Jamo Momand, Jos E. Boschker,
Ruining Wang, Sytze de Graaf, Raffaella Calarco, Bart J. Kooi "Intermixing
between Sb2Te3/GeTe films and Si(111) substrates"
e. Poster presentation by Daniel T. Yimam: D.T. Yimam, P.A. Vermeulen, M.A.
Loi, B.J. Kooi "Multilevel Reflectivity Switching of Ultrathin Phase-Change
Films"

Figure 13 Poster by R. Cecchini at E\PCOS 2019 September 8-10, 2019 Grenoble
(France)
6. NVMTS 2019 - Non-Volatile Memory Technology Symposium 2019 October 2830, 2019 Washington Duke Inn, Durham, North Carolina (US)
a. Invited talk by R. Cecchini “Selective, bottom-up MOCVD growth of phase
change chalcogenide nanostructures”, authors: R. Cecchini, M. Longo, C.
Wiemer; and by M. Longo: “Nanowires for phase change non-volatile
memories”, authors M. Longo, R. Cecchini, C. Wiemer.
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b. Poster presentation M. Longo: “Chalcogenide nanowires: can they really be
an option for downscaled phase change memory devices?” authors: M. Longo,
R. Cecchini, C. Wiemer
7. Invited seminar S. Cecchi, February 21st 2020 – University of Milano Bicocca,
“Van der Waals epitaxy and characterization of quasi-two-dimensional Ge-Sb-Te
alloys and superlattices”
8. Contributed talk by D. Dragoni to be given at “Congresso Nazionale della
Società Italiana di Fisica”, videoconference 14-17/9/2020: "A first-principles
study of the switching mechanism in GeTe-InSbTe superlattices", C. Ribaldone, D.
Dragoni, and M. Bernasconi

Figure 14: Poster by M. Longo at NVMTS 2019 October 28-30, 2019 Washington
Duke Inn, Durham, North Carolina (US)
9. Poster presentation by Jamo Momand Physics@Veldhoven meeting January 2122 2020 Veldhoven (Netherlands) UGRO “Nanostructuring phase-change
materials for memory and neuromorphic applications”
10. CIMTEC 2020 | 15th International Conference on Modern Materials and
Technologies (Postponed to 2021 for the Covid-19 emergency), June 21-30
Montecatini Terme (Italy).
a. Accepted Oral:“MOCVD growth of Sb-Te and In-Ge-Te nanostructures on
templated substrates for phase change memories” authors: R. Cecchini, C.
Martella, A. Lamperti, S. Brivio, M. Longo, F. Rossi, L. Lazzarini, E. Varesi.
b. Accepted Oral: “Shape Controlled Self-Assembly of Core Shell Ge-SbTe/Sb2Te3 Nanowires by MOCVD”, authors: A. Kumar, R. Cecchini, C.
Wiemer, C. Martella, M. Longo, M. Scuderi, G. Nicotra.
11. Symposium EL09 (Phase-Change Materials for Electronic and Photonic
Nonvolatile Memory and Neuro-Inspired Computing) at MRS Spring Meeting
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2020. The meeting in Phoenix in April 2020 has been cancelled due to SARS2COVID-19 emergency and it will take place virtually Webinar from November 28
to December 4 2020.
a. Invited by S. Privitera: “Amorphization and Crystallization of Ge Rich
GeSbTe Thin Films for Embedded Memory Applications”. Authors: Stefania
Privitera, Inaki Lopez Garcia, Corrado Bongiorno, Veronique Sousa, MarieClaire Cyrille, Gabriele Navarro, Chiara Sabbione, Egidio Carria, Emanuele
Rimini.
b. Invited by F. Arciprete “Towards the Investigation of Electronic Properties
of Epitaxial Phase Change Materials”
c. Oral presentation by Jamo Momand “Compositional Tuning of GaSb and GeRich GST for Enhanced Performance Phase-Change Material Thin Films and
Heterostructures” Postponed till November 28 - December 4 2020.
d. Oral presentation by Daniel T. Yimam "Pulsed Laser Deposited Sb2Te3, GaSb,
and Ge - rich GST Thin Films and Heterostructures for Memory Devices".
Due to the SARS2-COVID19 emergency, we take into account new forms of dissemination,
such as Webinars.
The European Phase-Change and Ovonic Symposium (E\PCOS 2020) has been cancelled
due to Covid-19 pandemic. This fundamental event for the phase change community
would have been an important opportunity of dissemination of the BeforeHand results.
The scope and goals of BeforeHand were discussed and presented by M Longo and R.
Cecchini during a meeting with Prof. Ritesh Agarwal at the Materials Science and
Engineering department of the University of Pennsylvania (October, 31st Philadelphia,
US). During the visit M. Longo and R. Cecchini gave an oral presentation to an audience of
about ten undergraduate/post-graduate students.

4.3 Target Networking opportunities
One of BeforeHand priorities are networking activities with other H2020 projects with
relevant objectives. Several official requests have been made to the ESTEEM Project
within H2020 programme for characterization of several samples within the BeforeHand
project to enhance the HRTEM machine time of the project.
Training activities should contribute to professional development through advanced
training of researchers and other key staff, research managers, industrial executives, and
potential users of the knowledge generated by the project. In BeforeHand, training is
envisaged as that given by and for personnel working in the project. Periodic technical
meetings will be also an opportunity for training, cross-fertilization.

4.4 Industrial Dissemination
“Emerging Memories” represent the answer to the increasing demand from the
automotive, IoT, MCU and SmartCard markets segments of memory-based solutions for
future technology nodes when performance and scaling limitation of conventional
memories will not be easily overcome.
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Between the most relevant Emerging Memories like Ferroelectric Memory (FRAM),
Resistive Memory (RRAM), Magnetic Memory (MRAM), STMicroelectronics is strongly
engaged in the research and industrialization activity to bring Phase Change Memory
(PRAM) as a reliable solution for the embedded market.
Up to nowadays the large majority of the global eNVM market is still dominated by
conventional (flash-based) memories. This because the biggest portion of the embedded
ecosystem (the automotive segment) is conservative and reluctant to adopt “new”
Emerging Memories for lack of trust on their manufacturability and reliability. Moreover,
the relatively poor stand-alone proliferation of Emerging Memories did not help much to
close the gap for a widespread adoption.

Table1: specifications for the four main categories of eNVM applications
Table 1 summarizes the most relevant specifications for the four main categories of eNVM
applications; high-temperature data retention, either for operating range or for soldering,
comes out to be a very critical requirement for every eNVM application. From this
viewpoint, none of the different EMs is as robust as conventional NVMs, definitely not as
robust as floating-gate memories.
STMicroelectronics, in collaboration with Intel, has been focused since early 2000 on
demonstrating the integration feasibility of PCM memory and, from 2010, in the research
activity to propose PCM with an engineered stoichiometry of GeSbTe as a unique solution
to serve consumer as well as automotive-grade applications.
It has been found that the crystallization temperature of GST alloys can be raised by
increasing the Ge content: there is a linear correlation between GST crystallization
temperature (Fig. 15a) and Ge relative concentration (Fig. 15b). GST alloys with
sufficiently high Ge content can cover the data retention temperature range for
automotive application (Fig. 15c). This solution is able to fulfill the demanding retention
requirements reported in Table 1.
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Figure 15: Crystallization temperature increase in Ge-rich GST alloys (Zuliani, et al.
2013): a) resistivity-versus-temperature curves for different GST alloys; Ge
content increases as indicated by the arrows; b) GST crystallization temperature
dependence on Ge relative concentration; c) Arrhenius plot and extrapolation at
10 years reset state data retention for standard GST, best alloy (T) and an
intermediate one (D), in terms of Ge content.
It is also worth mentioning that the industrialization of PCM-based 3DXpointTM
technology for stand-alone applications renewed the interest of many stakeholders of the
semiconductor market in the phase change memory technology. Customer interest was
also renewed, and the research activity boosted in the last few years to fulfill customer
requirements.
In the specific, STMicroelectronics is pursuing the development of planar ePCM at
different technology nodes down to 28nm and below. ST is developing solutions for
automotive, industrial and consumer markets mainly providing small density memory
arrays, integrated in smart power platforms, and proposing high-density memory
solutions in advanced logic chips. Furthermore, ST is also exploring the possibility to use
ePCM for artificial intelligence (AI) applications in Non-Von Neuman architecture like in
memory computing (IMC) and neural network.
ST is working on it with its key customers and it is engaged in different projects.
In order to strengthen the Phase Change Memory adoption, STMicroelectronics has
entered, together with other European industrial partners like Continental and Gemalto
a new European Project named WakeMeUp (H2020-Ecsel) with the goal of setting up a
consistent manufacturing platform for non-volatile embedded Phase Change Memory on
the 28nm FDSOI logic for the prototyping of innovative microcontrollers and strengthen
and extend the MCUs portfolio in Europe with Low power and High Performance,
integrated RF and strong security versions able to answer next step of disruptive digital
innovation and to sustain the corresponding fast-growing markets, like “smartX” and IoT.
With the aim to improve the synergy between the research stakeholders playing around
ePCM and chalcogenide materials, ST will also organize a workshop in 2021 to share
results and align on industrial goals and expectations, BeforeHand will for sure be
engaged to present relevant results.
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5 Communication Activities
5.1 Industrial Communication
On the 26 September 2019, STMicroelectronics and IMM-CNR organized and hosted the
event “Notte della ricerca” (https://www.mdm.imm.cnr.it/events/notte-della-ricerca;
Agrate Brianza, Italy), with the goal of promoting interest and careers in the
microelectronics industry and research. The event gathered a few hundred
undergraduate students from different Italian universities. During the laboratory tour
and the so-called “speed date” (one-to-one fast talk between researcher and students)
basic concepts of phase change memory and goals of active research projects in this area,
including BeforeHand, were given by R. Cecchini.

5.2 Link to BeforeHand webpage
CNR
IMM
dedicated
to
the
Project
a
web
page
https://www.imm.cnr.it/projects/beforehand-boosting-performance-phase-changedevices-hetero-and-nano-structure-material within the official institute web page.
PDI on its institutional webpage http://www.pdi-berlin.de/research/core-researchareas/nanofabrication/ge-sb-te-phase-change-materials/ created a link to the
Beforehand webpage.

5.3 Press release
The University of Tor Vergata URTOV released two press information on the BeforeHand
project that can be found in Figs. 16 and 17.
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Progetto Europeo H2020: BeforeHand
Il Dipartimento di Fisica dell’Università di Roma
“Tor Vergata”, sotto la responsabilità del Prof.
Fabrizio Arciprete, è uno dei partner del progetto
Europeo “Boosting Performance of Phase Change
Devices by Hetero- and Nano-Structure Material
Design”. Il progetto è risultato tra i vincitori per la
call “Electronic Smart Systems ICT-2018-2020”
(Information and Communication Technologies) di
Horizon 2020 ed avrà la durata di 3 anni a partire
dal 1 Gennaio 2019. Il network Europeo è
composto da otto diverse unità e sarà coordinato
dalla Dr.ssa Raffaella Calarco (ex- alumni
dell’Università di Roma “Tor Vergata”) del PaulDrude Institut di Berlino. L’attività di ricerca del
progetto mira a stabilire le basi di una nuova
tecnologia, adatta per l'implementazione in reti di
sistemi elettronici intelligenti che sfruttano le
proprietà dei materiali a cambiamento di fase per
l’elaborazione e l’archiviazione dei dati nello
stesso luogo fisico, con particolare attenzione alle
applicazioni nel campo automobilistico.

Figure 16: First press release of URTOV on the Beforehand Project
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Primo reporting period del progetto europeo
H2020 BeforeHand
Il progetto europeo BeforeHand, per il quale il
Dipartimento di Fisica dell'Università degli Studi di
Roma "Tor Vergata", sotto la responsabilità del
Prof. Fabrizio Arciprete, è uno delle otto unità
partecipanti al consorzio, ha raggiunto il periodo di
rendicontazione di metà progetto. L’attività di
ricerca di BeforeHand mira a stabilire le basi di una
nuova tecnologia adatta per l'implementazione in
reti di sistemi elettronici intelligenti, con particolare
attenzione
alle
applicazioni
in
campo
automobilistico. L’attività dei primi diciotto mesi ha
riguardato lo studio della crescita e delle proprietà
fisiche di nuove leghe di calcogenuri e lo sviluppo
e la fabbricazione di un dispositivo di memoria in
grado di elaborare e archiviare i dati nello stesso
luogo fisico. I risultati ottenuti dal consorzio hanno
permesso di individuare le leghe più promettenti
da implementare nel dispositivo e nelle ultime
settimane è stata raggiunta una delle milestones
più importanti del progetto, ossia la realizzazione
di un chip di memoria funzionante con le nuove
leghe sviluppate nel consorzio. Le attività di
ricerca di BeforeHand sono state argomento per
una tesi triennale ed una magistrale in Scienza dei
Materiali e a settembre 2020 un nuovo post-doc si
unirà alle attività del gruppo. Per saperne di più

Figure 17: Second press release of URTOV on the Beforehand Project

5.4 Social media activities
Example of activities on the social media are reported in Figures 18-20.
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Figure 18: Instagram page (https://www.instagram.com/beforehandh2020/ )
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Figure 19: LinkedIn article (https://www.linkedin.com/pulse/boostingperformance-phase-change-devices-hetero-materialcalarco?articleId=6503276353352142848#comments6503276353352142848&trk=public_profile_article_view )
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Figure
20:
Facebook
2476273805781159/ ).
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