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Outline

Graphene in space- and time-dependent potentials as metamaterial
to comtrol electron transport.

Relativistic Brownian motion on a graphene chip.

Simulating memristors and future flash memory




Graphene as metameterials
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Graphene superlattices and Photonic crystals
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Laser controlled graphene electronics

Massless Dirac fermions in a laser field as a counterpart of graphene superlattices
S.E. Savel'ev and A.S. Alexandrov, Phys. Rev. B 84, 035428 (2011)

Current Resonances in Graphene with Time-Dependent Potential Barriers
S.E. Savel'ev, W. Hausler, P. Hanggi, Phys. Rev. Lett. 109, 226602 (2012)



http://www.lboro.ac.uk/departments/physics/news/laser-controlled-graphene-electronics.html
http://link.aps.org/doi/10.1103/PhysRevB.84.035428
http://link.aps.org/doi/10.1103/PhysRevLett.109.226602

Graphene In a strong laser field as a
counterpart of graphene superlattices
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Current resonances in graphene with time
dependent potential barriers

Hy = vp [T202p2 + 0ypy

W, (2, y,t) = W(r, t)exp(ikyy)

Ulx,t) —‘iTZ% (0 -1 0
(—i’rz% U (1) )‘D+ 'y (1 0 )‘I’ =5
LI":Z(E'Z‘Q)H (’T )1;[;“,+_|_Z(3Ay)” (i" ) lljn—

n=>0 ‘ n=0 :

. .0 0
([f (z,t) F Lo~ aa) V4 272Vp 1.7 =



Current resonances in graphene
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Outline

Graphene in spatial and temporal electrostatic potentials as metamaterial
to comtrol electron transport.

Relativistic Brownian motion on a graphene chip.

Simulating memristors and future flash memory



Transverse Ratchets in graphene
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Potential along X, drive along y: no motion for classical systems
and usually no motion for relativistic systems with no noise

: L~ dU(x
b = el ~ WL g )+ VaRTe (),
Po dx
Py = —f%p—g + By (1) + /2kT~E, (1),
- e D
P = =T, me R

Po



Geometry of the problem




Transverse Ratchets in graphene

Potential along x, drive along y: no motion for classical systems
and no motion for relativistic systems with no noise
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Controlling signal-noise ratio by
noise: no potential

o, 3
0, 150

<2
=2




Outline

Graphene in spatial and temporal electrostatic potentials as metamaterial
to comtrol electron transport.

Relativistic Brownian motion on a graphene chip.

Simulating memristors and future flash memory



Outline

Graphene in spatial and temporal electrostatic potentials as metamaterial
to comtrol electron transport.

Relativistic Brownian motion on a graphene chip.

Simulating memristors and future flash memory




SW|tch|ng of Memristors, HP-collaboration

F. Miao, J.J. Yang, J.P. Strachan, D. Stewart, R.S.
1 Williams, C.N. Lau Appl. Phys. Lett. 95, 113503 (2009)

Current (A)

)l {.r, X;)

”d.rj‘ F*(x;, 1) — Zr}f (xi) Z

dr
I JEr

+ v/ 2kgTn&i(1).

APL 2011, APL 2011, Nanotechnology 2011,
Applied Physics A 2011

Potential (eV)

) N LI ! I o ] N |
0.10 0135 0.20 0.25 0.30



Switching of Memristors: simple model
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Switching of Memristors: simple model
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Conclusions

 Temporal or spatial periodic potential allow to control band gap
structure in graphene

* Interplay between noise and relativistic dynamics results in
new class of stochastic effects

« Diffusive dynamics of oxygen vacancies allow to describe
experiments for memristors and predict new regimes of
memristor operation
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