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Doping induced Rashba spin splitting
in graphene
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Motivation: Graphene hope for future
electronic & spintroni ices

@ The'firstmaterial to demonstrate .
room temperature spin transport

The basis principle of the spin
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Diagram of Toshiba's spintronics-based MOS field-effect transistor

® Tuning of the spin lifetime by the gate

=) Motivation: How to improve functionality
of spin FET based on graphene ?
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Possibility to modify spin-orbit
coupling in graphene layers
e Substrate can influence the spin splitting dramatically
This talk:
e On purpose modification of spin-orbit coupling
Decoration of graphene

with atoms or molecules

Here: Ge & Sn ad-atoms © o o
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Nature of the spin-orbit coupling
in graphene
e Intrinsic spin-orbit coupling of carbon atoms
(smaller in graphene than in diamond)

® Extrinsic (Rashba) spin-orbit coupling induced
by an external factor (e.g., electrical field, substrate
ad-atoms) that diminishes the symmetry I
Field perpendicular

to the graphene layer
For model treatment
A, ~E

of $-0 in graphene:

H,=4,07%s+A,(07s —0s.)

Strength of the intrinsic & extrinsic spin-orbit coupling
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Spin-orbit coupling in semiconducting
structures B B
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Method: Density Functional Theory (DFT)
with relativistic effects included

° E[p] = [div, (F)p(7)+T,[p] +Ulp] +E [p] +E,[p]

e Generalized Gradient Approximation (GGA)

to the exchange & correlation [ESCGA[P]=J“ﬁfxc(P(7)’VP(7)) J

J [-f—%’ +vm(?)+vH(F)+Ux(7)+Uc(7)]<P,-(7) =ep,(T)

A
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e Relativistic effects, spin-orbit | p(¥)= Zgo*i (Fp,(F)
coupling included, are taken i=1
into account through Codes used:
relativistic pseudopotentials )
(used also to account - VﬂST
for electron - ion interaction) m Our oOWNn

Geometry of the decorated graphene

> Hollow

Elementary (1 x 1)
" |unit cell of graphene

sEffects of dopant concentration:
One add-atom

in n X n superlattice >
concentration [%] = 100/(2n?)

==) Full optimization of geometry performed




RESULTS: equilibrium positions
of ad-atoms

Structure Position zinA

Ge(Sn)  1x1Ge TOP 3.602

2x2 Ge TOP 2.156

I z ? 4x4 Ge TOP 2.156

B c 1x1 Sn TOP 3.822
2x2 Sn TOP 2.621

Ca 4x4 Sn TOP 2.401

.c .c 1x1 Ca HOLLOW  2.083

2x2 Ca HOLLOW  2.205
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RESULTS: spin splitting
in pristine graphene
No Spin-Orbit Spin-Orbit (Intrinsic)

No Gap £ Very Tiny Gap

K l"/%« K

0.04 meV
= Double degeneracy

' /’\ ' of bands remains
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RESULTS: spin splitting
of the decorated graphene

Qualitative description of the band structure around K

Pristine Decorated Decorated
graphene graphene Graphene + SO
\/
GAP OPENS
K

' /\

Double degeneracy
Doubly degenerated bands
yaes of bands removed
e Considerable spin splitting of bands'’
e Difficult to distinguish between intrinsic and extrinsic
spin-orbit couplings

RESULTS: valence & conduction band
around K point in 2x2 GR + Ge
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RESULTS: spin splitting
in Ge decorated graphene
16e in 2x2 graphene (Ge concentration = 12.5%)

A= 0.0023 eV
GAP = 0.1264 eV (0.144eV w/o S-0)

e~ A=0031ev

e Spin splitting caused by spin-orbit coupling reaches
values characteristic for ‘normal’ semiconductors

°Eg., AC ,and Av diminish with smaller Ge concentration
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RESULTS: spin splitting
in Sn decorated graphene
15n in 2x2 graphene (Sn concentration = 12.5%)

A= 0.0061 eV
GAP = 0.1038 eV (0.124eV w/o S-0)

i~ Am00502ev

@ Spin splitting in Sn decorated graphene are generally
larger than in Ge decorated structures

@ As in the case of Ge,
Eg Ac, and Av diminish with smaller Sn concentration

Summary & Outlook

® Ab initio calculations clearly demonstrate that
the spin splitting of bands in graphene can be
modified by decorating the layers with heavier
atoms.

® Furthes studies of the electronic structure of graphene
with various decorating atoms (Pb) and molecules.

® Modeling of the growth process (chemical reactions)
that could lead to effective incorporation of adatoms.
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