SIMPLANT:
Synthesis of few layered
transition metal dichalcogenides by ion implantation

Didier Pribat
LPICM, CNRS-Ecole polytechnique

P. Legagneux, O. Bezencenet
Thales Research & Technology, Palaiseau,

A. Knop, R. Blume
Fritz Haber Institute, Berlin

L. Da Costa Pereira,
Institute for Nuclear & Radiation Physics, KU Leuven

C. Van Haesendonck,
Laboratory of Solid State Physics and Magnetism, KU Leuven



Quick overview

Objective: develop a novel method for the industrial synthesis of TMDCs

Call FLAG-ERA 2017

o Duration: 24 mois;

o ~ 850 k€ total funding.

o D parters:

LPICM, CNRS-Ecole polytechnique (France), coordinator,

TRT (France),

Fritz Haber Institute (Berlin, Germany),

Institute for Nuclear and Radiation Physics, KU Leuven (Belgium),
Laboratory of Solid State Physics and Magnetism, KU Leuven (Belgium).

2D materials :
a few 1015 Atomes/cm?

Basic idea:

Ex: MoS,: 1.16 and 2.32 x 103/cm? for
Mo and S atoms respectively.

= Easily accessible by ion implatation



Major synthesis techniques for TMDCs

a Micromechanical exfoliation b Physical vapour deposition € Chemical vapour deposition
MBE, CVD,
Sputtering, ALD,
VPT.

Mannix, Nature Rev. Chemistry, 1, 0014 (2017)



MBE and CVD growth of TMDCs
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Dong & Kuljanishvili, J. Vac. Sci. Technol., B 35, 030803 (2017)



Vapour phase transport
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Also direct decomposition of (NH4),Mo0S,
Bosi, RSC Adv., 5, 75500 (2015)



Non-homogeneous deposits

Spatial and thickness non-uniformity
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Eichfeld, ACS Nano, 9, 2080 (2015)

Raman
. M \WSe,I CVD Gr

WSe,

Lpitaxiat G

] A/ A
| 2N ] : el l '
B ’ A
\ I\
‘/ \J/ \ \ ) !\
q W Al I\

- — ——

WSezf Boron Nitride

WSe,/ Sapphire

r—vv—vY/r r v—
200 300 400 500 1500 2000 2500 3000
Raman shift (cm'1)



Ton implantation
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Advantages of lon Implantation:

Precise control of dose and depth profile
Very fast (1 6" wafer can take as little as 6 seconds for a
moderate dose)
~ Wide selection of masking materials
e.g. photoresist, oxide, poly-Si, metal
Less sensitive to surface cleaning procedures
Excellent lateral uniformity (<%
variation across 12” wafer)
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Simplified processes for ion implantation
and annealing

lon implantation
Formation of an ensemble
of separated nanoclusters
surface -
’ - precipitates R,
L' ' v 585 '.." . ad s S . ol — .
o d
substrare supersaturation growth coalescence
ion stopping nucleation Ostwald ripening t}g;'eef’
time of ion implantation time of annealing

Adapted from Stepanov & Khaibullin, Rev. Adv. Mater. Sci., 7, 108 (2004)



SIMPLANT approaches

Sapphire, Mg0, Quartz,...

1a - Transition metal (M)
deposition/epitaxy
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Simplified tasks’ description

Tasks:

Metal epitaxy (Mo, W on sapphire; Au on sapphire): INRP, TRT, LPICM
Ion Implantation: INRP

Annealing: INRP, LPICM, TRT, FHI

Characterizations: FHI, TRT, LPICM, LSMP
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CVD growth
SUBSTRATE

lon implantation: Homogeneous implantation of M and X atoms

Ton implantation

Anneal: Cristallisation of MX2 film




Direct decomposition of (NH4),MoS,

dip-coating 1st anneal 2nd anneal
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Liu, Nano Lett., 12, 1538 (2012)
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Direct decomposition of (NH4),MoS,

sapphire (Ar+S) sapphire (Ar) SiO2/Si (Ar+S)
crystalline area ___low-crystallinity area
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Domain size for (Ar + S) anneal on sapphire: ~ 160 nm

Liu, Nano Lett., 12, 1538 (2012)



Atomic layer deposition
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Bulk (3D) TMDC structures

@ transition-metal atom
) chalcogen atom

17T

2¢C

b N

Figure 3. Schematic crystal structure of the 1T (left) and the 2H
(right) polytype of layered transition-metal dichalcogenides. In the
IT structure, the transition-metal atoms are octahedrally coordinated
by chalcogen atoms and the thickness of the repeat unit in the ¢
direction is one sandwich. In the 2H structure, the coordination is
trigonal prismatic and the unit cell is two sandwiches thick.
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Metallic Semiconducting
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