
Electron quantum optcc with graphene-baced nanoctructurec

May 2018

Pedro Brandimarte

Donosta Internatonal Physics Center
San Sebastin, Spain



E. Cabonell-Sanromà, P. Brandimarte et al. Nano Leters 17, 50 (2017).

L. Pedroza, P. Brandimarte et al. Chemical Science 9, 62 (2018).P. Brandimarte et al. J. Chem. Phys. 146, 092318 (2017).

M. Kolmer, P. Brandimarte et al. In preparaton!



E. Cabonell-Sanromà, P. Brandimarte et al. Nano Leters 17, 50 (2017).

L. Pedroza, P. Brandimarte et al. Chemical Science 9, 62 (2018).P. Brandimarte et al. J. Chem. Phys. 146, 092318 (2017).

M. Kolmer, P. Brandimarte et al. In preparaton!



E. Cabonell-Sanromà, P. Brandimarte et al. Nano Leters 17, 50 (2017).

L. Pedroza, P. Brandimarte et al. Chemical Science 9, 62 (2018).P. Brandimarte et al. J. Chem. Phys. 146, 092318 (2017).

M. Kolmer, P. Brandimarte et al. In preparaton!

~5000 atoms

(~36000 orbitals)



E. Cabonell-Sanromà, P. Brandimarte et al. Nano Leters 17, 50 (2017).

L. Pedroza, P. Brandimarte et al. Chemical Science 9, 62 (2018).P. Brandimarte et al. J. Chem. Phys. 146, 092318 (2017).

M. Kolmer, P. Brandimarte et al. In preparaton!

~5000 atoms

(~36000 orbitals)



E. Cabonell-Sanromà, P. Brandimarte et al. Nano Leters 17, 50 (2017).

L. Pedroza, P. Brandimarte et al. Chemical Science 9, 62 (2018).P. Brandimarte et al. J. Chem. Phys. 146, 092318 (2017).

M. Kolmer, P. Brandimarte et al. In preparaton!

~5000 atoms

(~36000 orbitals)

!!! EOSBF 2018 – Foz do Iguaçu – 10/05 – 15h10 !!!!!! EOSBF 2018 – Foz do Iguaçu – 10/05 – 15h10 !!!

NANOMATERIALS: GROWTH AND CHARACTERIZATIONNANOMATERIALS: GROWTH AND CHARACTERIZATION



E. Cabonell-Sanromà, P. Brandimarte et al. Nano Leters 17, 50 (2017).

L. Pedroza, P. Brandimarte et al. Chemical Science 9, 62 (2018).P. Brandimarte et al. J. Chem. Phys. 146, 092318 (2017).

M. Kolmer, P. Brandimarte et al. In preparaton!



E. Cabonell-Sanromà, P. Brandimarte et al. Nano Leters 17, 50 (2017).

P. Brandimarte et al. J. Chem. Phys. 146, 092318 (2017).

M. Kolmer, P. Brandimarte et al. soon!

L. Pedroza, P. Brandimarte et al. Chemical Science 9, 62 (2018).



E. Cabonell-Sanromà, P. Brandimarte et al. Nano Leters 17, 50 (2017).

P. Brandimarte et al. J. Chem. Phys. 146, 092318 (2017).

M. Kolmer, P. Brandimarte et al. soon!

L. Pedroza, P. Brandimarte et al. Chemical Science 9, 62 (2018).



E. Cabonell-Sanromà, P. Brandimarte et al. Nano Leters 17, 50 (2017).

P. Brandimarte et al. J. Chem. Phys. 146, 092318 (2017).

M. Kolmer, P. Brandimarte et al. soon!

L. Pedroza, P. Brandimarte et al. Chemical Science 9, 62 (2018).

!!! EOSBF 2018 – Foz do Iguaçu – 10/05 – 15h10 !!!!!! EOSBF 2018 – Foz do Iguaçu – 10/05 – 15h10 !!!

ELECTRONIC STRUCTURE AND DYNAMICS OF MOLECULAR SYSTEMSELECTRONIC STRUCTURE AND DYNAMICS OF MOLECULAR SYSTEMS



E. Cabonell-Sanromà, P. Brandimarte et al. Nano Leters 17, 50 (2017).

L. Pedroza, P. Brandimarte et al. Chemical Science 9, 62 (2018).P. Brandimarte et al. J. Chem. Phys. 146, 092318 (2017).

M. Kolmer, P. Brandimarte et al. In preparaton!



E. Cabonell-Sanromà, P. Brandimarte et al. Nano Leters 17, 50 (2017).

L. Pedroza, P. Brandimarte et al. Chemical Science 9, 62 (2018).P. Brandimarte et al. J. Chem. Phys. 146, 092318 (2017).

M. Kolmer, P. Brandimarte et al. In preparaton!

OPEN QUANTUM SYSTEMS



Donostia - San Sebastián

Good for tourism… and for SCIENCE!!!



CFM

nanoGUNE

Centro Joxe
 Mari Korta

DIPC

Donostia - San Sebastián

Good for tourism… and for SCIENCE!!!



Nick Papior

Jose Ignacio Pascual

Eduard Carbonel-Sanromà

Martina Corso

Daniel Sánchez-Portal

Thomas Frederiksen

Aran Garcia-Lekue

Mads Engelund

Sofia Sanz

Geza Giedke

CIC nanoGune/CFM

DTU (Denmark)CFM/DIPC

Acknowledgments

Pedro Brandimarte (brandimarte@pm.me)Electron quantum optcc with graphene-baced nanoctructurec



Outline

• Motvaton

• 1-Dimension quantum well states on doped GNRs

• Tunable electronic beam spliter with crossed GNRs

• Summary

Pedro Brandimarte (brandimarte@pm.me)Electron quantum optcc with graphene-baced nanoctructurec



What is GNR?

Pedro Brandimarte (brandimarte@pm.me)Electron quantum optcc with graphene-baced nanoctructurec

Motvaton



What is GNR?

Pedro Brandimarte (brandimarte@pm.me)Electron quantum optcc with graphene-baced nanoctructurec

Motvaton



What is GNR?

Graphene
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Armchair Graphene NanoRibbon

AGNR

Y.-W. Son et al. Phys. Rev. Let. 97, 216803 (2006).



GNR on-surface synthesis

P. Rufeux. Swiss Phys. Soc. - Progress in Physics (2013).
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J. Cai et al. Nature 466, 470 (2010).
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Chemical functionalization of GNR
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Dencity-Functonal Theory (DFT)

+

Non-Equilibrium Green’c Functon (NEGF)

TranSIESTA

J. M. Soler et al. J. Phys. Condens. Mater. 14, 2745 (2002).

M. Brandbyge et al. Phys. Rev. B 65, 165401 (2002).

N. Papior et al. Comp. Phys. Commun. 212, 8 (2017).
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1-Dimencion quantum well ctatec on doped GNRc

Dencity-Functonal Theory (DFT)

+

Non-Equilibrium Green’c Functon (NEGF)

TranSIESTA

Simulaton characterictcc:

 756 atoms;

 double-ζ (5040 orbitals);

 vdW (optB88);

 real space grid cutof: 250 Ry;

 forces < 10 meV/Å.

J. M. Soler et al. J. Phys. Condens. Mater. 14, 2745 (2002).

M. Brandbyge et al. Phys. Rev. B 65, 165401 (2002).

N. Papior et al. Comp. Phys. Commun. 212, 8 (2017).

65 Åelectrode electrode

E. Carbonell-Sanromà, P. Brandimarte et al. Nano Leters 17, 50 (2017).



electrode electrode

Mulliken population

E. Carbonell-Sanromà, P. Brandimarte et al. Nano Leters 17, 50 (2017).

Pedro Brandimarte (brandimarte@pm.me)Electron quantum optcc with graphene-baced nanoctructurec

1-Dimencion quantum well ctatec on doped GNRc



electrode electrode

Mulliken population

E. Carbonell-Sanromà, P. Brandimarte et al. Nano Leters 17, 50 (2017).

Pedro Brandimarte (brandimarte@pm.me)Electron quantum optcc with graphene-baced nanoctructurec

1-Dimencion quantum well ctatec on doped GNRc



Pedro Brandimarte (brandimarte@pm.me)Electron quantum optcc with graphene-baced nanoctructurec

1-Dimencion quantum well ctatec on doped GNRc

Periodic calculation
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Electrostatic potential

E. Carbonell-Sanromà, P. Brandimarte et al. Nano Leters 17, 50 (2017).

electrode electrode
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Pristne 7-AGNR
Hybrid 7-AGNR
Single 2B pair

Fabry-Pérot

VB

VB-1
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• Transport simulatons can reproduce observed quantum well states

• The theoretcal analysis revealc a band celectvity mechanism

• Fabry-Pérot analogue for electronc

Conclusions
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M. Masum Habib and R. Lake. Phys. Rev. B 86, 045418 (2012).
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!!! multi-terminal !!!

Simulaton characterictcc:

 1280 atoms;
 double-ζ (9280 orbitals);
 vdW (optB88);
 real space grid cutof: 350 Ry;
 forces < 5 meV/Å.

Transport simulation setup

1 2

3
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A tunable electron beam splitter at θ=60°
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dGNR separation: GNR stacking:

A tunable electron beam splitter at θ=60°
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Role of GNR width
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In agreement with results based on a

π tght-binding model by L. Lima et al.

J. Phys.: Cond. Mater 28, 505303 (2016).

Does this applies to Zigzag GNRs?
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Now a homework!

?
In agreement with results from

A. Botello-Méndez et al.

Nano Let. 11, 3058 (2011).

!! 30° and 90° !!
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Tight-binding model

Can we capture the beam splitng efect with two parameters?

Nick Papior, htps://github.com/zerothi/sisl .
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• Crossing GNRs can act as electron beam cpliter

✗ 50-50 cplitng of incident waves to outgoing terminals

✗ negligible back-refecton

✗ tunable devices (pressure/translaton)

✗ similar effects with other GNRs



What’s next?
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J. Yang et al. Nature 422, 415 (2003).  

M. Henny et al. Science 284, 296 (1999).  



Thank you!


