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Goals
opto-electronic properties  of 2D layered materials 
(2DLMs) to create novel Van der Waals Heterostructures
(vdWHs), which will lead to a new generation of building 
blocks for device design

(IR photo-detectors, LED, photovoltaics)

Inorganic
vdWHs

Hybrid vdWHs
Switchable photocromic molecules

/Straintronics

2DLMs: Graphene, MoS2, MoSe2, MoTe2, WS2, WSe2 and WTe2



Atomic thickness offers
Highly mechanical flexibility
& Large Breaking strengths

Extremely sensitive to external stimuli:
chemical modification, electric fields
strain deformation,  doping

Large variety of 
chemical/physical
properties

High degree of freedom from 
Van der Waals Heterostructuring
to build new functional materials

Perfect platform for fundamental physics study and as Building 
blocks nanoscale devices

Why 2D layered materials?



Modeling & 
Simulations

Characterization
Functional
Properties

Growth
2DLMs &
vdWH

organic/inorganic

New 
Optoelectronic

devices

Methodology



Growth of 2DMLs & vdWH

TOP-DOWN

BOTTOM-UP



Characterization

PL, RAMAN

STM,STS

EELS

SEM

Opto-electronic
performances



n(r) G(r, r’,E)

Density Functional Theory
Many-body Perturbation Theory

Excitons

“W.Kohn
Nobel 1998

OutlineModeling & simulations

BSEGW

Need to describe
ground and excited-state 
quantum-mechanical
properties



GROUPS

Roma Tor Vergata
(RM2)

FTE
Maurizia Palummo,    0.3
Olivia Pulci                   0.1
Gianluca Stefanucci,    0.3
Enrico Perfetto,          0.3
Luca Camilli 0.1
Sara Postorino 0.5
+Post-doc (progetto).   1

Tot 2.6

Laboratori Nazionali 
di Frascati (LNF)
Stefano Bellucci

+10 people
FTE 7.4

Cosenza (LNF-CS)
Antonello Sindona
Cupolillo Anna
Ricciardi Pierfrancesco
FTE 3.3



TIMELINE/BUDGET

Budget 
Totale 
667 keuro

RM2 108 
keuro

Rational	material	design,	device	modelling	and	simulation

Growth

Project	management,	dissemination	and	exploitation

Manufacturing	of	 2DLM/vdWH devices

characterization

straintronics

Missioni +	publicazioni +	risorse computazionali +	AdR INFN	junior
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GW  method Bethe-Salpeter Equation
(BSE)

Modeling & simulations

Optical
Gaps,
spectra

Quasi-particle
Bandstructures

Ground-state properties
KS gaps underestimate
the real QP ones

Kohn-Sham Equations

Al = excitonic eigenfunctions
El = excitonic Eigenvalues

S =
W

G

Electronic
(transport)
gaps
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PES,IPES, ARPES, STS

ABSORPTION, 
REFLECTIVITY, EELS,..


