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C ENEAi CINECA agreement for EUROfusion

i ENEAiI CINECA won the European call launched by EUROfusion, the
European Consortium for the Development of Fusion Energy, for the
procurement of a several PFlops HPC system;

0 On July 1st, 2016 the new machine MARCONIi Fusion, exclusively
devoted to studies of interest for nuclear Fusion topics, started its
operations;

u MARCONI-Fusion is a 1Pflops partition of MARCON
peak facility;

V Lenovo NeXtScale, Intel OmniPath Cluster, 1.512 nodes, 54.432
cores, 2 X 18-cores Intel Xeon E5-2697 v4 (Broadwell) @ 2.30
GHz;

U An upgrade of the machine is foreseen for next year, when the total
computational power will be pushed to about 5 Pflops;

ENEA offer support to users in the design and / ENEM
benchmark of applications to be ported on SUPERCOMPUTER

Marconi-Fusion MARC':- :'Nl |
o
’\ ) EURDI’UL;\



European Centre of Excellence EoCoE
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C EoCoE

0 Horizon2020 Energy oriented Centre
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Meteorology for energy

of Excellence for computing
applications, www.eocoe.eu =S | S,

EoCoE uses the impressive

potential offered by the ever-
growing HPC computing
infrastructure to foster and
accelerate the European transition
to a reliable low carbon energy
supply.

Four pillars (Meteorology, Materials,
Water and Fusion) are targeted to
enhance their numerical modelling
capabilities by a transversal
multidisciplinary effort providing both
high-end expertise in applied
mathematics and access to high-end
HPC infrastructures.

Fusion for energy
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A CRESC@rtuallab

CMAS Virtuallabis composed
by allthe CRESQ@3ersinvolved
in computationalprojectsin the
field of:

Amaterialsscience

Ananotechnology

A structuralbiology

CMASprovides
Afriendly accesso CRESCO
Anumericalcodes
Anumericallibraries
Adocuments
Apapers
Aguidesandeducation
Acollaborativeframeworks
Aexpertises

www.afs.enea.it/projecttmast

e home | ENEA-GRID access

welcome to cresco virtual lab cmast
computational materials science and technology

A Virtual Laboratory is a place
where new ideas, projects and best
practices are shared to solve
challenging real applications by
exploiting the High Performance
Computing (HPC) infrastructures.
The concerted efforts of the
partecipants to the Lab can
accelerate scientific activities with
major benefits for the virtual

;™. community. Videoconference
rooms, documents sharing tools,
* news and documents are also are
© available. The CMAST Laboratory
4% use extensively the on-line ICT
services of ENEA-GRID and

SE{}C{:}E computing applications, Horizon2020 project (2015-2018).
The ENEA EoCoE
2. ENEA is coordinator of EXTREME

e treme infrastructures founded by the |

network EXTREME is based on laboratories, advanced

age (in ltalian).

EIT_Raw Materials. The

equipment, demo and pilot plants, owned by partners with skills and expertise on
substitution/reduction of critical raw materials used under challenging conditions of
temperature, wear, friction, loading, corrosion, etc., that are easily reached in several
technological and industrial fields, like manufacturing, machining, transport, and construction
sectors.

3. ENEA is now Full Member of ETP4HPC, The European Technology Platform for High

Performance Computing

4. ENI se (in ltalian): Progettata al computer la formula per detergenti utile anche
per studiare i tumori. Published also on “Il Foglietto della K ca” and on "GARRnews" (in
Italian).

5.1 se (in Italian): AIFENEA lavanguardia della modellistica molecolare per

tagliare i costi dello sviluppo industriale.

y y
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thematic areas
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Materials for energy

Materials for new-technologies
Bio-inspired materials
Structural biology

Benchmarks

J

documents

ﬂblicaﬁons \

Presentations

Software package list
Image gallery

Documents
Qur video streams /

cresco tools

ﬁRESCO project \

CRESCO: guides and tutorials

How to use ENEA-GRID
Jobrama
ENEA GRID ticketing

AFS password changer

Qo]ect seminar room /
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Electrons Atoms Mesoparticles Elements
A
Time
Macroscale
second Mesoscale T e
microsec * R s
Molecular dynamics
nanosec. Quantum | | |
Mechanics
picosec.
femtosec. Length
- >
nanometer micron mm meters

wTo understand the molecular level origin of macroscopic properties

GOALS  wTo predict thebehaviourof materials
wTodesign new materials or devices with improved performance
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Molecular modeling of materials
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ENEA molecular modeling
activities in the field of — > Materials

Biomolecules \

Nanotechnologies
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Corrosion: liquid Pb on Fe g
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iron in liquid lead
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Annals of Nuclear Materials 62 (2013) 298.



Hydrogen desorption from MgH, :

the role catalysts rentaoor: il RN
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= MgH, Interface Mg
. 9,099 O ¢ e F e MgH_ unmilled . ]
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Temperature (°C)
Ab-initio molecular dynamics of MgH2 system
with the catalyst
© % 0co@ .0 6°°C Ga © POSI POS2 POS3
© , ~ é Catalyst | W AW AH | W AW AH | W AW AH
[+ & : e .
Fe 776 171 442 | 614 9 4.46 | 606 1 4.40
v
©ccocco Co |863 258 516|637 32 470|615 10 462
¢ © ¢ Ni 928 323 335|694 89 246|654 49 218
Q@ # Qo0 Nb 011 306 T7.10|679 74 641|647 42 6.26
Qo
© Q EEN Pd 966 361 232|685 80 102|635 30 0.70
- D /
©c W (mIm2): work of adhesion of the systems with catalyst in positiB@Sx
9 “ b ) DW (mJm2): variation of W compared to the interface without catalyst.

DH €V) : the formation energy of theubstitutionaldefect.
Deformation and destabilization of the catalyst

leading to hydrogen displacement toward the
interface.



Liquid and undercooled simple metals
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Potential Energy (eV/at)

The stability otundercooledsimple metals is still an intriguing problem for materials science and
technology. There is not consensus on the role played byctisahedral short range order during
undercooling. The scenario is even less cleardndercooled metals under external pressure.
Extensivanoleculardynamicssimulations based on an empirical tightindinginteratomic

potential, are performed to explain experimental results recently obtained on liquid and
undercoolediquid copper andichel

Contribution(in red) oficosahedratlustersto the

Solidliquid phasetransition changing stability of the liquid phase
temperature and production of the icosahedrabrder providesthe largestcontribution
undercoolediquid metal to overallstability of the liquid metal

Undercooled B AR ARI'RELE 1 ! ]

liquid Liquid | '\\ .
i I Average potential energy i

-3.21F

-3.24—

=3.27

Distributionof icosahedracluster
inside theliquid copper

Potential energy (eV)
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Amorphous silicon p——
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Hetero-junction solar cells
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Towards a Multi-scale Approach to the

Simulation of Silicon Hetero-junction
Solar Cells

Urs Aeberhard'*, Philippe Czaja', Markus Ermes’, Bart E. Pieters’,
Ganna Chistiakova', Karsten Bittkau', Alexei Richter’,
Kaining Ding', Simone Giusepponi® and Massimo Celino®

'IIEK -5 Photovoltaik, Forschungszentrum Julich, D-52425 Julich, Germany
2ENEA, C.R. Casaccia, Via Anguillarese 301, 00123 Rome, Italy
*Corresponding Author: u.aeberhard@fz-juelich.de

Received 5 November 2015: Accepted 3 June 2016;
Publication 1 August 2016

Journal of Green Engineering, Vol. 5, 11-32.
doi: 10.13052/jge1904-4720.5342
(C) 2016 River Publishers. All rights reserved.
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C Silicon hetero-junction solar cell
U crystalline Silicon wafer + semiconductor material

U opto-electronic simulations
V Optical part
V Electronic part

(p) a-Si:H
¢-Si(n) V"=
Ea.-Si.N
a-Si(i
Multi-scale scheme for the electronic g o
simulation of SH] devices to propagate :
local material properties at the
interface via meso-scale charge carrier I
dynamics in the heterojunction region el
to performance relevant features in Device
the global device characteristics. Dynamics

atom — nm scale

_ _ _ Material properties
The atomic and electronic structure at the amorphous crystalline
interface is the starting point of any investigation targeting the

impact of the interface properties on the device characteristics.




Hetero-junction solar cells
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C Computational details

0 PWscf code of Quantum Espresso Suite;

PWscf performs many different kinds of self-consistent calculations of
electronic structure properties within Density-Functional Theory (DFT),
using a Plane-Wave (PW) basis set and Pseudo-Potentials (PP).

U Pseudopotentials;
V Si.pbe-n-rrkjus_psl.0.1.UPF;
V H.pbe-rrkjus_psl.0.1.UPF;
V Ultrasoft PP type;
V Method: Rappe Rabe Kaxiras Joannopoulos;
V Perdew-Burke-Ernzerhof (PBE) exch-corr. functional type.

Ecut wfc = 40.0 Ry;

Ecut rho = 240.0 Ry;

Periodic Boundary Condition (PBC);
Born-Oppenheimer molecular dynamics (BOMD)
simulations;

NVT simulations.

cC:. C:. C. C:

c:



Bulk silicon

A 2x2x2 array of fcc conventional cells
A 64 atoms supercell
A 4x4x4 Monkhorst-Pack uniform K-points grid

. |Calculated| Exp.
a, (R) 5.47 5.43
B (Gpa) 89 99
C,;, (Gpa) 153 168
Ci»,  (Gpa) 57 65

Cys (Gpa) 75 80




Silicon Si(001) surfaces: c-Si

A 32 fcc cells

A 256 atoms supercell

A (001) surface in z direction

A Lx = Ly =15.46 A, Lz =2*Lx

A 2x2x1 Monkhorst-Pack
uniform K-points grid
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Hydrogenated a-Si
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mm-

A Cubic cell L= 11.06 A <111 .
A 72 atoms (64 Si + 8 H) Si2HO 0
A 2.214 g/cm3 Peaks at 2 0 SilH1 0
A BOMD at 300 K 1.51 & (Si-H) | a3 SO 4
A t=6.5ps and ' Si2H1 0
i Si4HO 57

2.37 A (Si-Si) 4 58 (90,6) Si3H1 1

Si2H2 0

Y Si5HO 1

5 2 (2,1) Si4H1 1

Si5H2 0

g(r)




Hydrogenated a-Si
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A A 8x replica of the previous system

A Cubiccell L = 22.12 A

A 576 atoms (512 Si + 64 H)

A 2,214 g/cm3

A Annealing 300 K => 600 K => 300 K
A t = 60 ps (CP2K code)

£ b £

@

Starting configuration Relaxed configuration



Hydrogenated a-Si
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C CP2K Computational details
U Quickstep code of CP2K

CP2K is a quantum chemistry and solid state physics software package
that can perform atomistic simulations with different modelling methods
such as DFT using a mixed Gaussian and plane wave approach.

0 Pseudopotentials;
V Goedecker-Tetter-Hutter type;
V Perdew-Burke-Ernzerhof (PBE) exch-corr. functional type.

U Gaussian Basis: optimized TZV2P;
U Ecut rho = 280.0 Ry;
0 Periodic Boundary Condition (PBC);

U Born-Oppenheimer molecular dynamics (BOMD) simulations
(time step= 1 fs);

U NVT simulations.



Hydrogenated a-Si
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2

oo Tno0
1 0

0

4 (0.8)

Si1HO

Si2HO
SilH1

Si3HO
Si2H1

Si4HO

507 (99.0) Si3H1

Si2H2
Si5HO

1(0.2) Si4H1

Si5H2

oo ook O~ OO O
A~ D

Peaks at 1.51 A (Si-H) and 2.37 A (Si-Si) '

Curioni et al. Large-scale simulations of a-Si:H: the origin of
midgap states revisited. Phys. Rev. Lett. 107 (2011) 255502.
Laaziri et al. High resolution radial distribution function of
pure amorphous silicon. Phys. Rev. Lett. 82 (1999) 3460.

¢ Experiment
— + Ab-initio Curioni et al.| |
*— Ab-initio this work




c-Si/a-Si:H interface

Starting configuration cSi aSi H

Tetragonal cell
Lx = Ly = 15.46 A; Lz =38.66 A
10 A void
336 atoms (320 Si + 16 H)
ot at 25 ps c-Si side 192 Si

a-Si:H side 128 Si + 16 H
BOMD at 300 K
t = 35 ps

> > T D I D

onfiguration at 35 ps




c-Si/a-Si:H interface Y
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Pair correlation function g(r) computed on
three slices of the crystalline part c-Si
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c-Si/a-Si:H interface Y
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Pair correlation function g(r) computed on
three slices of the amorphous part a-Si:H
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Red atoms are couples formed
by 1 c-Si atom and 1 a-Si atom
with distance < 2.9 A
16 couples

interface
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c-Si/a-Si:H interface

AGENZIA NADONALL
PER LE NUOVE TECNOLOGIE, LENERGIA
E LO SVILUPPO ECONOMICO SOSTENBRLE

with coordination 5




c-Si/a-Si:H interface

AGINIIA NADONALL
PER LE NUOVE TECNOLOGIHE, LENERGIA
LO SVILUPPO ECONOMICO SOSTENBRLE

Amorphous Si atoms
_ with coordination 5
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c-Si/a-Si:H interface —

£ LO SVILUPPO ECONOMICO SOSTENBRLE

Si atom with
coordination 3

Si atoms with
coordination 5

We characterized the Silicon based materials, in
particular a-Si:H and c-Si/a-Si:H, performing MD
and analysing the structural properties.

Our colleagues are using these configurations to
calculate the electronic structure (ELF, DOS, spread)
and to have a better insight on these systems.
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