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How to scale down current silicon-based technology to
the nanodomain?

Micro Electronics =— Nano Electronics.

Silicon substrate + Metallic electrode

Gra
Met
EXxc

nhene substrate + Chains of boron clusters
nod: Density Functional Theory.

nange-correlation: Generalized Gradient

Approximation (PW91).
Basis set: Plane waves. PAW Pseudopotential.
Code: VASP




Why graphene as substrate?

A monoatamic layer is the ultimate limit for a substrate.
Why boron clusters for wiring?

In current silicon technology (45 nm feature size) the
substrate is doped with boron clusters.

Our suggestion: similar technique in graphite to obtain
boron-functionalized graphene.




Small boron clusters are quasiplanar and largely made
from pyramidal B7-units.

All bulk boron nanomaterials made from these B--units

are metallic.
Quasiplanar

Very flexible
into the grap

poron structures are also metallic.
ponding and compatible bond lengths to fit

nene matrix.

Boron clusters are a good building block for the
metalization of graphene.
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o Band structure of
graphene

» Electronic structure:
sp?= 7 states and o states.

» 7 States at Erepm
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» Density of States of
graphene.

» 7 States at Epepn;
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» Band structures of

graphene in X- and
Y-directions along the unit
cell.

» They are the same and

semiconducting in these
directions.

s 7 States shown In green.
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graphene-sheet-uc1-2a-001 - P,

s Band structures of
graphene in Z-direction.

o The bands fgr Bloch
states with £ -vectors are
flat.

1 » Due to a large lattice pa-
rameter chosen to Iso-
late them from neighbor-
Ing sheets.
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Super cell of graphene
with 72 atoms.

Density of States of
graphene.

No (very small!) band gap
at EFe'rmz'-

Same properties with con-
ventional two atoms unit

cell.
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Band structures of
graphene in X- and
Y-directions along the
super cell.

They are not the same
due to asymmetry in
super cell.

7 states shown in green.

Band gap increases when
deviate from I'-point.




graphene-sheet-sc-72a-projected - All atoms, s, PPy P ~characters
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| » Density of States (DOS)
1 of graphene with
projection of electronic
states.

| o m states at Epepm;
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graphene-sheet-sc-72a - aom 52
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Projected DOSs for
graphene.

c=5+ps+py &7 =D,
They are all same.

And exhibit general DOS
behavior.

» 7 States at Epepn;




Br-cluster Is accepted by
graphene matrix.

%&%&*\?N%N’w’ Linear chains of
S s

(states / eV atom)
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« alternating B; — Cg
clusters.
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| » Electronic structure about
| Ep =0Is altered.

:: Boron metallizes the
graphene.
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Band structures of boron
doped graphene along
the super cell.

Conduction band pulled
down towards the Fermi
Ievel for Bloch states with
k -vectors in x-direction.

Might be coupled to Bloch
states with % -vectors in
the vertical y-direction.

Metallic behavior of the
underlying graphene ma-
trix.



graphene-borondoped-73a-projected - All atoms, s, PPy P, —characters
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| » Density of States (DOS)

of graphene with
projection of electronic
states.

» 7 States at Eppm;
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Projected DOSs for boron
doped graphene.

Transverse direction.

Metallicity on the outer B
atoms and within a shell
of first and second near-
est neighbor C atoms.
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o Periodic direction.

o Central B atom does not
contribute.

s By — (s chain along the
periodic direction forms a
metallic wire.



A proposed model system for a route to nanoelectronics.

Semiconducting graphene substrate + chains of boron
clusters for wiring.

Theoretically studied within the framework of DFT.

Graphene matrix easily accepts these alternating
B7 — Cg chains.

Semiconducting properties might be supplemented by
parts of the graphene matrix itself.

Chains of boron clusters form a metallic wire inside the
semiconducting graphene matrix.




o Determination of the distance between boron clusters In
the periodic direction, where the metallic behavior might

fina
s Imp

ly disappear.
antation of even larger boron clusters.

» Moo

chal

eling of inhomogeneous or disordered cluster
ns.
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