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Monolayer graphene properties
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Graphene-like materials

e New materials

2D layer of IV group elements:
silicene, germanene

e Materials well known in their 3D form

Nitrides h-BN

Transition metal dichalcogenides (MoS,, WS,...)
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semimetallic

TiSe,

semiconducting

Mo5,, MoSe,, WS,, W5e,,
MoTe,, WTe,

1.2 eV band gap (bulk);

1.8 eV direct gap (single layer)
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Graphene: Materials in the Flatland

Graphene (G)

Graphene-based superlattices
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Epitaxial graphene on TM metals
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(Ir, Ru, Pt, Re, Rh, Ni, Fe, Cu, PtRh, NiAl, ....)

Large area graphene
Self-limiting growth
Low defect density
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Intercalation of below epitaxial graphene

Decoupling Gr by O intercalation

Ir(111)
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Larciprete et al ACS Nano 6, 9551 (2012)
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Intercalation of below epitaxial graphene

Decoupling Gr by O intercalation Material synthesis below graphene

Gr/SiO,/Ru(0001)
Lizzit, RL, et al. Nano Lett. 12, 4503 (2012)

Ir(111)
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Larciprete et al ACS Nano 6, 9551 (2012)
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Intercalation of below epitaxial graphene

Decoupling Gr by O intercalation Material synthesis below graphene
ﬁ*b—l

Gr/SiO,/Ru(0001)
Lizzit, RL, et al. Nano Lett. 12, 4503 (2012)
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Larciprete et al ACS Nano 6, 9551 (2012)
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Intercalation of below epitaxial graphene

Decoupling Gr by O intercalation Material synthesis below graphene
ﬁ*b—l
|

Gr/SiO,/Ru(0001)
Lizzit, RL, et al. Nano Lett. 12, 4503 (2012)
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Intercalation of below epitaxial graphene

Decoupling Gr by O intercalation

Gr

Ir(111)

K (A") K (A"
0.2-01 00 01 02 -0.2-01 00 0.1 0.2

Larciprete et al ACS Nano 6, 9551 (2012)

Gr/Ni,Al(111)

Material synthesis below graphene

Gr/SiO,/Ru(0001)
Lizzit, RL, et al. Nano Lett. 12, 4503 (2012)

Omiciuolo, RL, et al. Nat. Comm. 5 (5062) 2014
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Transfer of large area graphene

Growth on Cu foils
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Open issues in the rise of 2D materials

* Bottom-up growth

* Thickness control (mono-, bi-, multi-layer)
* Transfer protocols

* Defect density

* Doping state

e Stability (thermal, chemical, structural)
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Material Science Laboratory of the INFN-LNF
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Material Science Laboratory of the INFN-LNF

material growth (CVD, MS)
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Material Science Laboratory of the INFN-LNF

material growth (CVD, MS)
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Material Science Laboratory of the INFN-LNF

material growth (CVD, MS)

low Energy Electron Diffraction
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Material Science Laboratory of the INFN-LNF

material growth (CVD, MS)

low Energy Electron Diffraction
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Material Science Laboratory of the INFN-LNF

secondary electron yield

material growth (CVD, MS)
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Material Science Laboratory of the INFN-LNF

Raman microscope
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The GARFIELD Project — CSN5 [Szet o D

devices and radiation Detectlon

Graphene Active Flims for Electronic Devices and
Radiation Detection Alessandra Di Gaspare

GARFIELD Key concept: G-based devices for novel schemes of radiation detection

Obijectives of the Project:
*Implementation of a full-capability GR platform @ LNF-INFN (Material Science Lab)

*Development of GR-based detectors for application of interest to the INFN

UNIT-1 @ LNF UNIT-2 @ CNR (IFN & IMM)

Istituto Nazionale
di Fisica Nucleare

Fully equipped class-1000 clean-room facility
Electron Beam Lithography
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The Graphene CVD Facility @LNF

TUBE FURNACE WITH CONTROLLED ATMOSPHERE

Pressure 3-zone furnace T, 1200°C
Controller
Vacuum )
— k_l Quartz Tube -—

Gas inlet
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Graphene detectors

G-FET detectors: graphene as active layer; in G-FET, transient change in channel
conductivity at the Dirac Point

p (kQ)
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p (kQ)

Graphene detectors
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G-FET detectors: graphene as active layer; in G-FET, transient change in channel

conductivity at the Dirac Point
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14D

* G-FET: no charge collection; integration of graphene into robust technologies (Silicon)

* Radiation Hardness (not only for detectors): high chemical stability, demonstrated low
secondary electron yield (Accelerator Physics)
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State of the art and competitiveness
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State of the art and competitiveness
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Collaborations @ Material Science Laboratory

Ongoing collaborations

CNR-Istituto dei Sistemi Complessi, Roma

CNR-Istituto per la Microelettronica e Microsistemi, Roma
CNR-Istituto di Fotonica e Nanotecnologie, Roma
CNR-Istituto di Ricerche sulla Combustione, Napoli

erotondo Palombara
amn
Sagmna rosann2!

Monterotondo,
enuta Santa {SPo3s)
Ost olomba 2
Mentana SP23a
EZT pontecelio Marcellina
agliatella Riserva Naturale =D
ampitello ella Marcigliana [SP636]
O Fonte Nuova
Glidoni Riserva Natu
inquina SahtaLUga BICORIS Monte Catil
a Colleverde I S G -2 - B
sPisb]

Other potential collaborations

Laghetto
1 gl Villanova (ss|

MUNICIPIQ XV MUNICIPIOJI

Other INEN Sections QMV\

= Castel di MUNICIPIO
CERN Guido Xii £ - Rome
o MUNICIPIO L S UNIcIPIO v

Other CNR institutes E{(
Universities (Dip. Physics, Material Science,..)

IIT (Istituto Italiano di Tecnologia) Z= J

" Litotale Romano Riserya Naturale della
Uta dei Massimi

MUNICIPIO V,

ACILIA A lndﬁ:;‘:ale Grottaferrata B Rocoa priora
H i & Castel di Leva Appia Nuova
FBK (Fondazione Bruno Kessler) k- el
3 ;
Fusi:?igs“a Cagleld Castel BHD - parco Regional
Gandolfo dei Castelli Rom:
Riserva Naturale di | SP71b BT EGE

What Next at LNF: scienze dei materiali R. Larciprete



Critical points

Personnel
The Garfield project will expire at the end of 2015

Perspective
It is important to have a long term view to
develop internal competences in the field of

2D materials.
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Thanks for your attention!



Graphene growth
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Mechanical exfoliation

Novoselov et al
Phys. Scr. T146 014006 2012
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Production of graphene monolayers
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Raman spectroscopy
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Graphene functionalization and doping

Graphene oxide

Larciprete et al. JACS 133, 17315 2011
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Graphene functionalization and doping

Hydrogenated graphene GRAPHANE

Graphene oxide

Balog et al. Nature mat. 9 (2010) 315

Larciprete et al. JACS 133, 17315 2011
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Graphene functionalization and doping

Hydrogenated graphene GRAPHANE

Graphene oxide

b) . Ci1s b) C1s

H dose
Temperature (K)

286 285 284 283 286 285 284 283
Binding energy (eV) Binding energy (eV)

Larciprete et al. JACS 133, 17315 2011 ; T8 :
Balog, RL, et al. ACS Nano 7 (2013) 3823
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