D1.4 – Scientific Symposium
BeforeHand – 824957

Covering the reporting period from
01/01/2019 to 27/05/2022
Reporting Date
30/05/2022
Project coordinator: Raffaella Calarco
WP leader: Raffaella Calarco
Contributors: Raffaella Calarco, Sara De Simone
Project website: www.beforehand.eu

Horizon 2020 work programme within the Objective ICT-072018: Electronic Smart Systems (ESS)

BeforeHand – 824957

Summary
1

Introduction ....................................................................................................................... 3

2

BeforeHand 2022 Symposium of Phase Change Materials .............................................. 3

3

Abstracts ............................................................................................................................ 7

4

Attendees......................................................................................................................... 13

5

Flyer ................................................................................................................................. 15

6

Certificate of attendance................................................................................................. 16

D1.2

p. 2 of 19

BeforeHand – 824957

1

Introduction

The present document is a Deliverable generated by the WP1 “Management” and it is
focused on a report on the realization of the BeforeHand Symposium 2022 on phase
change materials for automotive applications. The date of submission of such deliverable
after the last project amendment was due on 30th of September 2021, as it should occur
in person after the E/PCOS 2021. However, the E/PCOS 2021 was held in virtual format
and thus we decided to wait till the beginning of 2022 to have a large percentage of
European citizen vaccinated against Covid-19. Such delay was approved by the Project
Officer at the technical review meeting in July 2021. Surprisingly, the Omicron mutation
of the Covid-19 virus stimulated a strong wave of infections right after Christmas 2021,
therefore we decided that to fulfil such deliverable we would better organise the Meeting
in Spring time, when most European countries would lift all Covid restrictions.
Nevertheless, we decided to use a hybrid format (mixed in presence and virtual), to
reduce the risk of infections.

2

BeforeHand 2022 Symposium of Phase Change Materials

The BeforeHand 2022 Symposium of Phase Change Materials for automotive applications
took place on the 26th and 27th of May 2022 in the congress facility of the National
Research Council (CNR), square Aldo Moro 7, 00185 Rome, Italy. The exact location was
the "Marconi" meeting room. It was held in hybrid modality with attendees on-line and
speakers in presence.
The BeforeHand Symposium was dedicated to the topic of BeforeHand, i.e. the search for
new materials and heterostructures to enhance the crystallization temperature for
automotive applications.
The Symposium was organized by Dr. R. Calarco, coordinator of BeforeHand, and S. De
Simone from partner CNR-IMM and by Prof. Dr. Fabrizio Arciprete from the partner
University of Rome “Tor Vergata”.
The BeforeHand Symposium was designed to provide an open international forum,
where academics and industrial partners especially from across Europe would present
and discuss latest research findings, developments and trends in the concerned field. The
event gave all participants in presence an opportunity to meet colleagues and share ideas
that shape PCM research and engineering for the years to come. Al on-line attendees
could appreciate the achievements of BeforeHand project partners.
BeforeHand Symposium’s participants appreciated the renowned Italian hospitality,
ancient culture, traditions and historical heritage of the city of Rome.
The safety rule measures in force regarding the containment and management of the
epidemiological emergency from Covid-19 for participation in the meeting were:
•

obligation to present a valid green pass

•

wear surgical masks in the lecture rooms and in all closed areas
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Our policy was no recording and no sharing of pdf files, all online-attendees were muted
at all time and were only able to write questions in the chat. We had a limited number of
available online-attendee spots, therefore we ensured only a limited number of spots to
each institution on the basis of first come first served principle.
The Symposium Program is reported in the following table:
Thursday 26th of May 2022
14:00 –
14:15

Opening
by: Raffaella Calarco – CNR IMM (Italy)

14:15 –
14:45
14:45 –
15:00
15:00 –
15:15
15:15 –
15:45

Structure and Properties of Phase-Change Thin Films and Heterostructures
by: Bart J. Kooi – University of Groningen (The Netherlands)
Structural and Chemical Characterization of Ge-rich GeSbTe Alloys
By: Antonio M. Mio – CNR IMM (Italy)
Pulsed Laser Deposited Antimonide Thin films and Heterostructures
by: Daniel T. Ymam – University of Groningen (The Netherlands)
Chalcogenide-based heterostructures and layered phase change thin films for
non-volatile memory applications
by: Andrij Lotnyk – IOM Leipzig (Germany)

15:45 –
16:15

Break

16:15 –
16:45

Molecular beam epitaxy of Ge-rich GeSbTe alloys for automotive applications
by: Stefano Cecchi – Paul-Drude-Institut (Germany) and University of Milano
Bicocca (Italy)
Electrical and crystallization properties of Ge-rich GeSbTe alloys
by: Stefania Privitera– CNR IMM (Italy)
BeforeHand Project: PCM challenges, opportunities and results from the
industrial viewpoint
by: Massimo Borghi – ST Microelectronics (Italy)

16:45 –
17:00
17:00 –
17:30
17:30 –
18:00

Break

18:00 –
18:30
18:30 –
19:00

Ab initio simulations of GeSb2Te4 and Ge-rich GeSbTe alloys
by: Riccardo Mazzarello – University of Rome La Sapienza (Italy)
Ge-rich phase change multilayers tailored for automotive applications
by: Marie-Claire Cyrille – CEA/LETI (France)

19:30

Dinner
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Friday 27th of May 2022
09:00 –
09:30
09:30 –
10:00
10:00 –
10:15
10:15 –
10:30
10:30 –
11:00

MOCVD growth of core-shell chalcogenide nanowires for PCMs
by: Raimondo Cecchini– CNR IMM (Italy)
The significance of Antimony for research on phase change materials
by: Martin Salinga – University of Münster (Germany)
Annealing of amorphous GeSbTe alloys
by: Marco Bertelli– CNR IMM (Italy)
Phase-change materials heterostructures for memory performance
improvements: from multilayers to van der Waals stacks
by: Damien Terebenec– CEA/LETI (France)
Thermal characterization of Ge-rich GeSbTe alloy and multilayer systems
by: Jean-Luc Battaglia – CNRS/I2M (France)

11:00 –
11:30

Break

11:30 –
12:00

High-throughput ab-initio calculations on the decomposition reactions of Ge-rich
GeSbTe alloys
by: Omar Abou El Kheir – University of Milano Bicocca (Italy)
Crystallization of Ge-rich GexSbyTez and Sb2Te3/Ge2Sb2Te5/Ge heterostructures
by: Adriano Diaz Fattorini– CNR IMM (Italy)
Large scale atomistic simulation of the crystallization of Sb in confined geometry
by: Marco Bernasconi– University of Milano Bicocca (Italy)
Electronic properties of Ge-rich GeSbTe alloys and heterostructures
by: Flavia Righi Riva – University of Rome Tor Vergata (Italy)
Growth and electronic properties characterization of In-based heterostructures
by: Simone Prili – University of Rome Tor Vergata (Italy)
Bayesian estimation of thin films thermal parameters using the periodically
pulsed photothermal radiometry
by: Clement Chassain – CNRS/I2M (France)

12:00 –
12:15
12:15 –
12:30
12:30 –
13:00
13:00 –
13:15
13:15 –
13:30
13:30 –
14:45

Break

14:45 –
16:00

Round table discussion- Moderation: Raffaella Calarco (CNR IMM, Italy)
Speakers:
Andrea Redaelli (ST Microelectronics, Agrate Italy)
Enzo Tortorelli (Micron, Vimercate Italy )
Martin Salinga (University of Münster, Germany)
Closing Remarks
by: Raffaella Calarco – CNR IMM (Italy)

16:00 –
16:15
16:15 –
16:30
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16:30 –
18:30

CLOSED SESSION
Meeting BeforeHand Partners

We privileged the participation of speakers form the BeforeHand consortium also to
enhance the consortium visibility and dissemination of results. However, we managed to
attract three excellent external lecturers: Prof. Riccardo Mazzarello (Sapienza University
of Rome) expert in molecular dynamics of phase change materials (PCM), Dr. Andrij
Lotnyk (IOM in Dresden) working on pulsed laser deposition of PCM and transmission
electron microscopy investigations, and Prof. Martin Salinga (University of Muenster)
working on Antimony as elemental PCM and ERC grant holder.
Furthermore, to conclude the Symposium with a deep industrial point of view, we
organized a round table for discussing the outcome of the Symposium and place it in a
broad future perspective. We invited as speakers Andrea Redaelli (ST Microelectronics
Agrate Italy), Enzo Tortorelli (Micron Vimercate Italy) and Martin Salinga (University of
Münster Germany).
The following questions were discussed during the round table:
1. What are the current trends in the memory market and how do you see its future
development?
2. How is industry addressing the actual component shortage?
3. Which is the contribution that Industry expects from the Academic and vice versa?
4. How do you deal with the issue of sustainability and the environmental impact on
memory production?
5. Do you expect a shortage in harvesting (mining) of chalcogenide elemental
materials in the future?
6. If you look at the results presented by the BeforeHand consortium in terms of
heterostructures and alloys with high Tc, which would be the issues to solve for
an efficient industrial implementation in, for instance, MCU?
7. Do you see any future industrial implementation of elemental materials, such as
pure Sb or Te?
8. Is neuromorphic computing with PCM the future to come?
The last day was concluded by a closed session for all BeforeHand meeting partners.
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3

Abstracts

In the following we present the abstracts of the seminars given during the Symposium to
specify the topics presented by each participant.
Structure and Properties of Phase-Change Thin Films and Heterostructures
by: Bart J. Kooi – University of Groningen (The Netherlands)
After setting the stage with atomic structure analyses of GeTe-Sb2Te3 superlattices
grown by MBE on Sb passivated Si(111) substrates, the presentation will continue with a
focus on highly textured pulsed-laser deposited films and heterostructures on
amorphous substrates. This is an excellent method to grow heterostructures with tunable
crystallization temperatures. Finally, detailed analyses of the strain state in telluride
heterostructures are presented. It is shown that a special plastic strain relaxation
mechanism is active, which originates from the alternating strong and weaker bonding
that occurs between layers (e.g. quintuples) in the heterostructure films.
STRUCTURAL AND CHEMICAL CHARACTERIZATION OF GE-RICH GESBTE ALLOYS
by: Antonio M. Mio – CNR IMM (Italy)
Ge-rich GeSbTe alloys are suitable for high-temperature applications of non-volatile
phase change memories, since their high crystallization temperature. These offstoichiometry materials, however, are often prone to decomposition and segregation in
different phases and compositions.
In this work, we have investigated these processes by scanning transmission electron
microscopy (STEM), together with Electron Energy Loss Spectroscopy (EELS) and Energy
Dispersive X-ray Spectroscopy (EDS).
Among the studied compositions, Ge-rich Ge2Sb2Te5 is found to be less prone to
decompose with Ge segregation.
Pulsed Laser Deposited Antimonide Thin films and Heterostructures
by: Daniel T. Ymam – University of Groningen (The Netherlands)
A search for active materials with attractive phase transformation properties is at the
centre of Phase Change Memory (PCM) research. In recent years, Pulsed Laser Deposition
(PLD) has become one of the most popular deposition techniques. Antimonide thin films
are considered promising candidates for future PCM devices with high crystallization
temperature, little to no phase separations, and fast phase transformations. This talk will
discuss dynamic spectroscopic ellipsometry measurements and scanning/transmission
electron microscope (S/TEM) imaging of pulsed laser deposited single and alternating
layers of Sb and GaSb thin films on amorphous substrates. Moreover, the thickness
dependent crystallization of as-deposited Sb thin films will be discussed.
CHALCOGENIDE-BASED HETEROSTRUCTURES AND LAYERED PHASE CHANGE THIN
FILMS FOR NON-VOLATILE MEMORY APPLICATIONS
by: Andrij Lotnyk – IOM Leipzig (Germany)
This talk presents the results on the preparation, microstructure and switching
properties of GeSb2Te4-GeTe heterostructures and epitaxial layered Sb2Te3 thin films.
D1.2
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In the first part, we show that the use of GeSb2Te4-Sb2Te3 heterostructures can improve
writing times of phase change memory devices. Microstructural study of memory cells in
combination with ab initio molecular dynamical simulations reveal that the improvement
in device performance is due to the enhancement in crystallization rate of amorphous
GeSb2Te4 from crystalline Sb2Te3 surface. In the second part, we introduce epitaxial 2Dlike Sb2Te3 thin films as a novel active layer for memristive devices with analog
programmability. Depending on electrode materials, we show that the response of such
memory cells can be used to mimic synaptic behaviours of biological systems.
MOLECULAR BEAM EPITAXY OF GE-RICH GESBTE ALLOYS FOR AUTOMOTIVE
APPLICATIONS
by: Stefano Cecchi – Paul-Drude-Institut (Germany) and University of Milano
Bicocca (Italy)
GeSbTe (GST) alloys with Ge-rich composition are explored for embedded devices
requiring a higher crystallization temperature, e.g. for automotive applications.
Molecular beam epitaxy (MBE) allows the design of GST alloys with high structural
quality, tuning phase, composition and vacancy ordering. Moreover, it enables the
fabrication of superstructures such as multilayers and superlattices with unique control
of structural and electrical properties.
The presentation will focus on the investigation of epitaxial GST with GeTe-rich
composition fabricated by MBE. Two complementary approaches developed within the
BeforeHand project will be described, aimed at controlling the alloy composition between
Ge2Sb2Te5 and GeTe. Results on the crystallization of amorphous Ge-rich GST films
deposited by MBE will also be shown.
Electrical and crystallization properties of Ge-rich GeSbTe alloys
by: Stefania Privitera– CNR IMM (Italy)
One of the objectives of the BeforeHand project is to address high temperature
applications of non-volatile phase change memories, such as embedded or automotive
applications. To this aim, enrichment of GeSbTe alloys with germanium has been
proposed as a valid approach to increase the crystallization temperature. However, the
tendency of Ge-rich GeSbTe alloys to decompose with the segregation of pure Ge, still
calls for investigation on the basic mechanisms leading to element diffusion and
compositional variations. With the purpose to identify some possible routes to limit the
Ge segregation, in this study we investigate Ge-rich Sb2Te3 and Ge-rich Ge2Sb2Te5 with
low or high amounts of Ge. The temperature dependence of the electrical properties of
the amorphous alloys has been evaluated by in-situ resistance measurements; the
formation of the crystalline phases has been followed for annealing temperatures up to
300°C by ex-situ X-ray diffraction and in-situ electrical measurements, obtaining a clear
picture of the formed phases. The segregation and decomposition processes have been
studied by Scanning Transmission Electron Microscopy (STEM) and discussed on the
basis of density functional theory calculations. Among the studied compositions, Ge-rich
Ge2Sb2Te5 is found to be less prone to decompose with Ge segregation.
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BeforeHand Project: PCM challenges, opportunities and results from the industrial
viewpoint
by: Massimo Borghi – ST Microelectronics (Italy)
In the first part of the presentation a review of market trends for memory-enabled
solutions with focus on PCM based ones will be given.
In the second part, a technical assessment on the methodology and on the electrical
results collected on different alloys produced within the consortium will be presented.
AB INITIO SIMULATIONS OF GESB2TE4 AND GE-RICH GESBTE ALLOYS
by: Riccardo Mazzarello – Sapienza University of Rome (Italy)
Ge–Sb–Te alloys are leading phase-change materials for storage-class memories,
embedded memories and neuro-inspired computing. In this talk, I will first present our
recent ab initio molecular dynamics study of realistic models of the established GeSb2Te4
alloy, which has enabled a comprehensive description of crystallization, structural
disorder, and electronic properties. In the second part of the talk, I will present our work
on Ge-rich Ge-Sb-Te materials located on the compositional tie-line between Ge2SbTe2
and elemental Ge, allowing for a direct comparison with the Ge2Sb2Te5 and GeSb2Te4
phase-change materials. We have identified a compositional threshold for the viability of
a homogeneous amorphous phase, which is required for memory applications. Based on
this finding, we have suggested a materials design strategy for embedded phase-change
memories with balanced speed and stability, as well as potentially good cycling capability.
Ge-rich phase change multilayers tailored for automotive applications
by: Marie-Claire Cyrille – CEA/LETI (France)
Because of their ability to sustain high crystallization temperatures, Ge-rich GST Phase
Change materials (PCM) have proven to be compatible with automotive applications
constraints. Within BeforeHand we have investigated amorphous multilayered PCM
materials based on Ge-rich GST materials. Physical, chemical as well as electrical
characterization will be presented and their integration will be proposed in a test vehicle
enabling statistical electrical evaluation of PCM devices.
MOCVD GROWTH OF CORE-SHELL CHALCOGENIDE NANOWIRES FOR PCMS.
by: Raimondo Cecchini – CNR-IMM (Italy)
Core-shell nanowires of chalcogenide alloys represent an ultra-scaled heterostructured
system for the investigation of basic aspects of different phenomena, including phase
change memory, as well as a possible route for the improvement of the efficiency of
related devices. We have used metal-organic chemical vapour deposition for the
synthesis of Ge-(Sb)-Te core / Sb-Te shell nanowire with lengths of several microns and
overall diameters below 150 nm. Different advanced techniques were used for their
characterization.
The significance of Antimony for research on phase change materials
by: Martin Salinga – University of Münster (Germany)
For many years, phase change materials have been improved by mixing additional
chemical species into alloys consisting of Ge, Sb and Te leading to rather complex
D1.2
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compositions. A few years ago, in stark contrast to this common strategy, it was
demonstrated that also pure Antimony can render phase change behaviour when
spatially confined. Here, we discuss the role this product of maximal compositional
simplification could play for research and applications.
Annealing of amorphous GeSbTe alloys
by: Marco Bertelli– CNR IMM (Italy)
Phase change chalcogenide materials are suitable to realize memory devices, thanks to
the high electrical resistance contrast between their amorphous and crystalline states.
The standard Ge2Sb2Te5 (GST225) alloy is already employed in such devices but its low
crystallization temperature Tc (~150°C) results in low thermal stability and limited data
retention, especially for high-temperature applications. An alternative choice to GST225
is to combine different chalcogenide layers to match opposite goals, i.e. to increase the Tc
and keep a fast crystallization dynamics.
In this work, we present an experimental study on Sb2Te3/GexSb2Te5/Ge (x>=2)
amorphous heterostructures that were deposited by RF-sputtering. The structural,
vibrational and electrical properties of the layers were studied by means of temperaturedependent X-ray grazing incident diffraction measurements, Raman spectroscopy and
current-voltage experiments, respectively. The experimental data showed that, by
combining thin (~10 nm) Ge-rich GexSb2Te5, Sb2Te3 and Ge layers, it is possible to
increase the Tc in comparison with GST225 single layers and avoid Ge-segregation during
the heterostructure transition from the amorphous to the crystalline state.
Phase-change
materials
heterostructures
for
memory
performance
improvements: from multilayers to van der Waals stacks
by: Damien Terebenec– CEA/LETI (France)
Phase-change material (PCM) heterostructures pave the way for better control of thermal
conductivity by introducing a high density of interfaces in the crystalline phase of the
material. This constitutes a tool of choice to achieve the development of the next
generation of PCM with improved performances. Two types of heterostructures have
been studied in this work: the first one is based on the elaboration and characterization
of GeTe/C multilayers allowing in fine the reduction of memory programming current by
55% compared to a reference phase change memory; the second one consists in van der
Waals [(GeTe)2/(Sb2Te3)m]n superlattices (SLs) presenting, once integrated in memory
devices, a current reduction reaching 60% compared to reference PCM devices.
THERMAL CHARACTERIZATION OF Ge-rich GeSbTe ALLOY AND {GGST/GST;
GGST/TiN} MULTILAYER SYSTEMS
by: Jean-Luc Battaglia – Université de Bordeaux/CNRS (France)
The talk will summarized the results we obtained regarding the thermal properties of
new alloys and multilayer structures developed within the framework of BeforeHand
projet. An overview will be done on the experimental techniques and signal processing
methods used in this context. The temperature dependent thermal conductivity of the Gerich GeSbTe alloy will presented first. The thermal properties of the GeGSt/GST
multilayer system will be then presented, with a specific focus on the thermal resistance
D1.2
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at the interface between two layers constitutive of the stack. The thermal resistance at
the interface between GeGST and TiN will be presented based on measurements done on
a multilayer system. Finally measurements on an amorphous Si3N4 layer, that acts as the
dielectric in the PCM device are presented. Additional theoretical calculations are
proposed, facing the experimental results of interface thermal resistance and thermal
conductivity.
HIGH-THROUGHPUT AB-INITIO CALCULATIONS ON THE DECOMPOSITION
REACTIONS OF GE-RICH GESBTE ALLOYS
by: O. Abou El Kheir – University of Milano-Bicocca Milano (Italy)
Ge-rich GeSbTe alloys are promising candidates for embedded phase change memories
that require a high crystallization temperature of the amorphous phase. The enhanced
stability of the amorphous phase of Ge-rich GST alloys is a consequence of a reversible
phase separation into crystalline Ge and less Ge-rich alloys upon crystallization. Although
the segregation of Ge raises the stability of the amorphous phase, it also gives rise to some
drawbacks such as a cell-to-cell variability and a drift of the electrical resistance with time
in the set state. In this seminar, we report on a theoretical study based on density
functional theory on the decomposition pathways of Ge-rich alloys that provides a
possible strategy to minimize Ge segregation by still keeping a high crystallization
temperature.
Crystallization of Ge-rich GexSbyTez and Sb2Te3/Ge2Sb2Te5/Ge heterostructures
by: Adriano Diaz Fattorini– CNR IMM (Italy)
Ge-rich GexSbyTez alloys are suitable to be embedded in smart automotive applications,
where devices must operate at high temperatures (> 160 °C). Actually, Ge-rich
chalcogenide compounds show a higher crystallization temperature (Tc) than the
standard Ge2Sb2Te5 alloy (~150°C). Nevertheless, the Ge-segregation, which can occur
during the transition of the alloys from the amorphous to the crystalline state, has a
negative impact on the electrical performance of such compounds.
In this work, we present an experimental study on Ge-rich GexSb2Te5 (x=2÷8) and
GexSb2Te3 (x=2÷7) layers that were deposited by RF-sputtering in their amorphous state.
The morphological, structural and vibrational properties of the layers were studied by
means of atomic force microscopy, temperature-dependent X-ray grazing incident
diffraction measurements and Raman spectroscopy, respectively. The experimental
results on the grown GexSb2Tey layers showed that the Tc increases linearly with the Gecontent, while a threshold of 40% Ge-content for the onset of Ge-segregation, during
layers’ crystallization, was observed.
LARGE SCALE ATOMISTIC SIMULATION OF THE CRYSTALLIZATION OF SB IN
CONFINED GEOMETRY
by: Marco Bernasconi – University of Milano-Bicocca Milano (Italy)
Phase change materials in confined geometries feature a crystallization kinetics very
different from the bulk counterpart. A striking example is elemental Sb whose
crystallization temperature can be raised by a few hundred Kelvin in ultrathin films 3-5
nm thick.
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In this talk, we will report on a theoretical study of ultrathin films of antimony by means
of large scale molecular dynamics. The simulations exploit an interatomic potential
generated with a machine learning technique and shed light on the microscopic origin of
the dramatic stabilization of the amorphous phase due to nanoconfinement.
ELECTRONIC PROPERTIES OF GE-RICH GST ALLOYS AND HETEROSTRUCTURES
by: Flavia Righi Riva - University of Rome Tor Vergata (Italy)
Among the chalcogenide alloys suitable for automotive applications, thermally stable
phase change materials (PCM) such as Ge-rich Ge-Sb-Te (GGST) were found to be
promising candidates for the realization of non-volatile memories working at high
temperatures. Furthermore, combining PCM with different physical properties is a valid
strategy for the realization of embedded storage devices with a good compromise
between reducing latency and increasing data retention and endurance. In this context,
we present here a study of the electronic properties of GGST-based single films and
double layer heterostructures. Experimental investigations are carried out by a
combination of X-ray (XPS) and Ultraviolet photoemission spectroscopy (UPS) obtaining
quantitative information on the electronic structure and composition of the deposited
films and across the heterostructures interface.
Growth and electronic properties characterization of In-based heterostructures
by: Simone Prili - University of Rome Tor Vergata (Italy)
Low crystallization temperature of standard phase change materials (PCM) is one of the
major issues that prevents the introduction of PCM-based memory devices in automotive
applications. In light of this, a sound alternative may be represented by a specific group
of In-based chalcogenides which, thanks to their inherently high crytallization
temperature, could be ideal candidates for this kind of application. In this presentation
will be shown our latest results about two In-based phase change alloys, In3SbTe2 (IST)
and InGeTe2 (IGT), grown by PVD and characterized in situ by means of X-ray and UV
photoemission spectroscopy. Employing these techniques we managed to study IST and
IGT electronic properties, but also to track interdiffusion phenomena occurring at the
interface of a bilayer heterostructure based on these two materials.
BAYESIAN ESTIMATION OF THIN FILMS THERMAL PARAMETERS USING THE
PERIODICALLY PULSED PHOTOTHERMAL RADIOMETRY
by: Clément Chassain – Université de Bordeaux/CNRS (France)
The periodically pulsed photothermal radiometry in the front-face configuration (PPTR
FF) is a fast technique for characterizing materials deposited as thin layers on a substrate.
The experimental procedure is based on the front-face measurement of the infrared
emission for a sample excited by periodic laser pulses. The thermal response to a Dirac
comb heat flux waveform is averaged over a period thousands of times, which enables to
greatly improved signal-to-noise ratio. The thermal conductivity of the film layer as well
as the thermal resistance at the interface between the layer and other neighbouring layer
are identified using the Metropolis-Hastings algorithm. An application is given
considering Si3N4 amorphous layers.
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4

Attendees

We achieved an overall number of 96 attendees with the following scientific background
characteristics:
PhD
Researcher
Professor
MSC student
Post Doc

23
35
16
16
6

Attendees in presence were 33, from all Project units and the 3 invited speakers as well
as the speaker for the round table from Micron.
The same data considered in terms of percentage is reported in the pie diagram shown
below:

Participant scientific experience
Post Doc
6%

PhD
24%

MSC student
17%

Professor
17%
Researcher
36%

PhD

Researcher

Professor

MSC student

Post Doc

Out of 96 participants 13 have industrial affiliation (13%), from STMicroelectronics, Intel,
Samsung, Micron, IBM.
As shown clearly, we meet the scope of the event to mainly reach a broad audience
academic and non-academic.
The attendees had 37 different affiliations. The participant geographical distribution was
rather broad and spread worldwide tanks to the on-line and free of charge participation
and its hybrid character.
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The geographical distribution pie is shown below:

Participant geographical distribution
1%
2% 1%
1% 2% 2%
39%

24%

7%
4%

4%

13%

IT

FR

DE

UK

USA

CN

Singapore

Korea

JP

Switzerland

Not answer

NL

In respect to gender distribution, Dr. R. Calarco and S. De Simone as organizers together
with Prof. F. Arciprete represent a 66% female representation. The female participation
in the attendance is of the 19% with the distribution per country shown below:

Female participation per country

30%

37%

3%

30%
IT
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5

Flyer

The Symposium was advertised at the different institutions of the consortium partners
and to institutions of collaborators and colleagues of the phase change material field by
dedicated e-mails and through the BeforeHand webpage. As the attendance was very
high, such measure resulted particularly efficient. It is important to note, that the E/PCOS,
a well-known and dedicated conference of the PCM field is usually attended by a number
of colleagues of the order of 100.

BeforeHand Symposium 2022
26-27/05/2022 Rome Italy

PHASE CHANGE MATERIALS FOR AUTOMOTIVE APPLICATION
AUDIENCE Online
Participants:
virtual modality
A. Lotnyk ( IOM Leipzig DE )
R. Mazzarello (Univ. Sapienza Roma IT)
Info coming soon www.beforehand.eu
M. Salinga (Univ. Münster DE)
E. Tortorelli (Micron IT)
All BeforeHand partners:
CNR-IMM (IT), PDI (DE), ST (IT), LETI (FR), Uni TOV (IT), Uni GRO (NL), Uni MIB (IT), CNRS-I2M (FR)
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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6

Certificate of attendance

Below it is shown an example of the certificate of attendance that we provided to those
who connected for the Symposium seminars and the attendants in presence.

7

D1.2

Photos of the Symposium

p. 16 of 19

BeforeHand – 824957

D1.2

p. 17 of 19

BeforeHand – 824957

D1.2

p. 18 of 19

BeforeHand – 824957

D1.2

p. 19 of 19

