MINERVA
MakIng New ElectRonic deVices from Amorphous materials

FLAG-ERA JTC 2021 - Graphene - Basic Research

Growth and device integration of two-dimensional amorphous materials
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MINERVA
Motivation

2D materials => promising properties for “high-tech” applications

High frequency optoelectronic devices,
compact modulators and photodetectors
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Graphene

Mechanically flexible batteries,
flexible & transparent optical sensors

e Synthesis

BUT some limitations => )
* Properties / structure / defects
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MINERVA
Motivation

BUT some limitations =>

* Synthesis : high temperature growth, high cost methods

* Properties / structure / defects : how do defects affect Compin size &GN Supera
. ops . . rale
sheet resistance, device stability & functionality? »
(grain boundaries, wrinkles, interfaces, adsorbed impurities, an&\ --------------
contact, etc...) e . =
&
o . Thickness
o ‘
Lack of direct and reproducible low-cost - o 00
is |
synthesis ! ’! s
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Advanced Materials, 26, 5079-5094 (2014)
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MINERVA
Motivation

Alternative => structurally disordered 2D materials

* Produced at much lower temperatures
* Have been shown to manifest a large degree of uniformity over large areas

* Performant properties for device applications

Functionalisation
Sheet resistance
Electrons scattering
Ultrathin seed for ALD
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MINERVA
Motivation

Amorphous BN presents overall superior performances compared to all
benchmarked materials !

—> Ultra-low dielectric-constant

UNIVERSITY OF

. . NIST  CAMBRIDGE tl ]
—> Excellent field emission performance na re

International journal of science
Article
— Mechanical stability at high T Ultralow-dielectric-constant amorphous
boronnitride

—> Strong adhesion feature

htips-jidcl.ceg 100008 £ £1685.000.2975.0  Sockma Hong!, Chang-Sook Leo?, Min-Hyun Loo?, Yoongeong Lo, Kyung ool Mat2
) Gwangwoo KIm', Secng In Feon ™, Kyusook Ihm®, K-Jeong Kim', Ta Joo Shin™,
Recafed: 18 Nowmbar 2019 Sang Wor KINT, EUn-chao Jeor, Hansol Jeon, Ju-soang KIine, Hyung-1k Lso®,

—> Large thermal conductance (?) Aoceptod 25 Warch 2020 g Lo et Ao, Baphan Rk W ™

Puiblished oamiing: 14 June 2000 Shin==4 Sk Shirt

S. Hong et al. Nature 582, 511-514 (2020)

Suitable for interconnects technologies and high performance electronics
(flexible dielectric devices or conductive bridging RAM)
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MINERVA
Motivation

How will the degree of amorphicity impact the properties?
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MINERVA
Objectives

Synthesize amorphous Boron Nitride (aBN) on various substrates with controlled degree
of amorphicity, dimensionality, sp./sp:ratio.

Study its mechanical and thermal properties as a function of its amorphicity.

Study its electronic properties to establish its potential as integrable component in
electronic devices.

Standardize aBN as reference material for the Graphene Flagship Samples and Materials
Database: providing specification of produced aBN following the characterization

A

protocols.

v

GRAPHENE
FLAGSHIP

Study and realize its integration and scalability into target devices: resistive switching
devices, magnetic tunnel junction, spin-injection tunnel barriers.
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MINERVA

Consortium

> @ Country Institution/ Department Name of 'the Principal

i e Investigator (Pl)
FRANCE LMI / Université Claude Catherine Journet
(UCBL) Bernard Lyon 1 (UCBL) Coordinator
SPAIN Catalan Institute of

Nanoscience and Marianna Sledzinska

(ICN2)

Nanotechnology (ICN2)

SWEDEN Department of Physics Venkata Kamalakar
and Astronomy / Uppsala Mutta
(VU) University (UU)
BELGIUM IMC!\I / Umversute' Jean-Christophe
. catholique de Louvain Charlier
(UCLouvaln) (UCLouvain)

Duration: 36 months (2021/12/31 - 2024/12/30)
Total cost: 847 900 €
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Organization

PhD 1: aBN controlled growth (Obj. 1 and 4)

PhD 2: Thermal and mechanical properties (Obj. 2)

PhD 3: Electronic devices fabrication - Integration (Obj. 3 and 5)

4
Feedback Obj. 2,3 WP3:

PostDoc: Modelling of structural, electronic, dielectric properties of aBN

loop Electrical and thermal
characterization and

novel devices

ICN2/UU/UCBL

Theory-
Modelling
UCLouvain/ICN2
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", I LMI / Université Claude Bernard
FLAG-ERA _— Lyon 1 (UCBL)

e MINERVA ucet
Scientific skills

on1

Expert in boron nitride synthesis with different structures by: e ALD and LOCALD
e CVD
* PDCs

BN (10)
BN (002)
T g

Si (100)

Interface/SiO,
\\
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Nanotechnology (ICN2)

i MINERVA ICN2
Scientific skills  «®% |[CN2"

. J Catalan Institute of Nanoscience and
-

Expert in mechanical and thermal characterization as well as modelling via classical molecular
dynamics
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Wt _ - Department of Physics and
:* ‘L. FLAG-ERA Astronomy / Uppsala University (UU)
MINERVA P
Scientific skills =

UPPSALA
UNIVERSITET

Expert in electrical and spin transport characterization, realization of novel 2D amorphous
memristors, magnetic tunnel junctions and spin valves

(a) 2D Amorphous Resistive (b) 2D Amorphous magnetic
I']| switches I'll tunnel junctions & spinterfaces

(c)

2D Amorphous spin injectors
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LT S IMCN / Université catholique de
FLAL-CERA Louvain (UCLouvain)

e MINERVA UCLouvain .
Scientific skills W UCLouvain

Expert in first-principles techniques and DFT-enriched TB methods

15 __Real Part of dielectric function

- hBN
- aBN
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Thank you for your attention !
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