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Why graphene?
@

 Suspended graphene:  Graphene on a substrate

— Typical substrates: SiO,, h-BN, SiC,

— Excellent electronic transport HfO,, etc.
properties — Transport properties affected by

— Extremely high mobility at room scattering with substrate phonons
temperature (SPPs), impurities, lattice defects...

{
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Ensemble Material Monte Carlo model
9

1. Monte Carlo material simulator: Infinite
graphene sheet
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1. Monte Carlo material simulator: Infinite
graphene sheet
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1. Monte Carlo material simulator: Infinite
graphene sheet
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2. An ensemble of “"superparticles” (tipically
100000) is simulated in a gridded A-space for a
given time step.
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Ensemble Material Monte Carlo model
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1. Monte Carlo material simulator: Infinite
graphene sheet
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Transient regimes for velocity fluctuations:

High and low electrostatic field
9
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Transient regimes for velocity fluctuations:

High and low electrostatic field
9
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Transient regimes for velocity fluctuations:

High and low electrostatic field
9
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Transient regimes for velocity fluctuations:

High and low electrostatic field
9
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Calculation of the

Transient Autocorrelation Function
o

« Velocity fluctuations in a transient
N

bu(t) = v(t) —vg(t) = v(t) — (W(t)) (&) =)

1=1

» Transient Autocorrelation Function
Cs,(t,7) = (ov(t)ov(t — 7))

- Two-time correlation: t, t¢:
extends towards the past: t, <<t

[1] R. Brunetti, C. Jacoboni. Phys. Rev. B29, 5739 (1984)
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Calculation of the

Transient Autocorrelation Function
o

« The values of 6v(t) are stored at fixed times (At)
for every superparticle in the ensemble:

t=0=t t= At t = 2At .- t=(n-1)At  t=nAt
o 50,(0) 5v4(A1) vy (27 co Suy((n-1)AD | Suy(nAd)
e Sup(0) Svp(A1) Sus208) | -+ Sup(n-1)Af) || Sum(nAd)
O o0e0) | Oumlnt | som20t | Bugl(n1Ag | Gumglndd

[1] R. Brunetti, C. Jacoboni. Phys. Rev. B29, 5739 (1984)
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Calculation of the

Transient Autocorrelation Function
o

« The values of 6v(t) are stored at fixed times (At)
for every superparticle in the ensemble:

t=0=t, t=At t = 2At oo t=(n-1)At t = nAt
o 6v4( 0) ovy(At) v1(2A1) e bvy((n-1)At) 6vy(nAt)
e Svn( 0) Ovy(At) Ovy(2At) e Svy((n-1)At) Ovy(nAl)
@ ‘ Sunp( O ‘ ‘ Ouyp(Al) Ouyp(2At) ‘ 0 | Ougp((n-1)At)| | Svgp(nAt)

Cs, (tiT) = Qu(t)dv(t — 7)) LTt

[1] R. Brunetti, C. Jacoboni. Phys. Rev. B29, 5739 (1984)

& 4 Monte Carlo study of velocity fluctuations 8
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Contributions to the

Autocorrelation Function
o

The contributions to oy( t)

dv(t) = dve(t) + duy(t)

Convective: 0v:(t) = vz(t) — v (t)

Thermal: ovy(t) = v(t) — ve(1)
 Covee Covek | _ | (0e(t)0e(t — 7)) (0=(t)ok(t — 7))
Csoke Csokk | | (0k(t)0e(t — 7)) (0x(t)ox(t — 7))

[2] R. Brunetti, C. Jacoboni. Phys. Rev. Lett. 50, 1164 (1983)
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Calculation of the Transient Power Spectral

Density

« Ss,(f; O provides the power dissipated between ¢,
and t during the transient for a frequency between

fand f+df

t
Scsv(f:r?-) :%< /};
0

ov(t) exp(jwt)dt

[3] T. Gonzalez, J. E. Velazquez et al. Appl. Phys. Lett. 60 613 (1992)
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Results
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Graphene on S102:

Evolution of the average velocity, kinetic
energy and parallel momentum
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Graphene on S102:

Evolution of the average velocity, kinetic
energy and parallel momentum
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Graphene on S102:

Evolution of the average velocity, kinetic
energy and parallel momentum
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Graphene on S102:

Evolution of the average velocity, kinetic
energy and parallel momentum
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Graphene on S102:

Evolution of the average velocity, kinetic
energy and parallel momentum
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Graphene on S102:

Evolution of the average velocity, kinetic
energy and parillel momentum
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Graphene on S102:

Evolution of the average velocity, kinetic
energy and parillel momentum
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Graphene on S102:

Evolution of the average velocity, kinetic

energy and parillel momentum
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Graphene on S102:

Evolution of the average velocity, kinetic

energy and parillel momentum

Low-to-high High-to-low
D.35 1 I I 1 || 1] ] 1 “
0.60
— : : ? t-t;=599 fs
I 0.30
§ =
&
" 0.00
L
: e
0.14 - D_BU
3 012+ E
A
Y oo10k b -0.60
o | | | | -0.60 -030 000 030  0.60
"0 100 200 300 400 500 6000 500 1000 1500 hve'ky (eV)

t=1lg (fs)

=

BARCELONA 2015

i“-r

& (fs)

Monte Carlo study of velocity fluctuations
during transient regimes in graphene

[12]



Graphene on S102; field:
Transient Autocorrelation Function
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Graphene on SiO2; field:
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Graphene on SiO2; field:

Transient Autocorrelation Function
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Graphene on SiO2; field:

Transient Autocorrelation Function
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Cau(T, 1) (10'2 m?/s?)
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Cau(T, 1) (10'2 m?/s?)
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Graphene on SiO2; field:

Transient Autocorrelation Function
o
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Graphene on SiO2; field:

Transient Power Spectral Density
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Graphene on SiO2; field:

Transient Power Spectral Density
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Graphene on SiO2; field:

Transient Power Spectral Density
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Graphene on SiO2; field:

Transient Power Spectral Density
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Graphene on SiO2; field:

Transient Power Spectral Density
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Graphene on SiO2; field:

Transient Power Spectral Density
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Graphene on SiO2; field:

Transient Power Spectral Density
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Graphene on SiO2; field:

Transient Autocorrelation Function
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Graphene on SiO2; field:

Transient Autocorrelation Function
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Graphene on Si102; field:

Transient Power Spectral Density
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Other cases: Graphene on h-BN and

Suspended graphene
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Other cases: Graphene on h-BN and
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Conclusions

Transient velocity fluctuations were studied with a
Monte Carlo model for electronic transport in
monolayer graphene.

The velocity-momentum relation in graphene has
important implications

Thermal contribution to the velocity fluctuations is
dominant.

In low-to-high field transitions, the convective
term becomes non negligible as a consequence of
velocity overshoot

The substrate presence and type is very relevant

:. ‘:_" f.,‘ " 7o ?ﬂ.f Monte Carlo study of velocity fluctuations [ 21 ]

“wim BARCELONA 2015 during transient regimes in graphene



Acknowledgement

This work was supported by research project
TEC2013-42622-R from the
Ministerio de Economia y Competitividad

i GOBIERNO MINISTERIO
DE ESPANA DE ECONOMIA
Y COMPETITIVIDAD

Thanks for your attention

§ s G v & . .

w i ,.g._* f Monte Carlo study of velocity fluctuations 22

\ :-_‘il i - n N 1 N

E }. _ %:“JM “WwBARCELONA 2015 durlﬂg transient regimes 11 graphene [ ]



