IN

Engineering of Charge Current Flow

Nanoporous Graphenes

EXCELENCIA
SEVERO
OCHOA

Institut Catala

ICN29

de Nanociéncia
i Nanotecnologia

i
2 764 \““s 20
S Wil
o \\\“\xs
S .
o 7 \“\
2 L 2%
@D (] 0
_ 290108068y Y
0 T LT A Y
= IRl aae
e %“\\\ss 9
=
-
@)
=
[
o
<C
_
n
O
O
<C
O
(qv]
(qv)
L2




Nanoporous graphenes (NPG)
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Nanoporous graphene (NPG)

DFT parametrized TB
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Brandbyge
DTU Physics

Nano Lett., 2019, 19, 576-581
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LSQT on NPGs: Types of scattering

Thermal fluctuations (finite temperature) Electrostatic puddles (e.g. substrate effect)

Carbon nanotubes Sci. Rep., 2016, 6, 1-8

Phys. Rev. Lett., 2010, 104, 116801
Nano Lett., 2017, 17, 5078-5083

— Phys. Rev. Lett., 2017, 119, 206601
2D ICN299me  eReste

= de Nanoawncia AIP Adv., 2021, 11, 115007
i i Nanotecnologia
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Quantum transport in disordered systems

Contents lists available at ScienceDirect

PHYSIUCS REPORTS

Physics Reports

journal homepage: www.elsevier.com/locate/physrep

Linear scaling quantum transport methodologies
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Nanoporous graphenes (NPGs)

fNPG | para-NPG meta-NPG
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Nanoporous graphenes (NPGs)

graphene

5 48
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Nanoporous graphenes (NPGs)

fNPG para-NPG meta-NPG
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Disordered systems — Electrostatic puddles

—

W [—2.8,+2.8] eV
gnew — 0 4w .o,"252 — D > distance to the puddle center

o = 4.35A (= 3-a,.) = puddle width

~——

Cpuadies = 0.1% cutoff =60 ~261A - Ae>4-10"8eV
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Disordered systems — Electrostatic puddles
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LSQT Setup

LSQT parameters Statistics
DOS: eta = 0.02 eV (20 meV) 4 materials
Time-step =10 fs 5 puddle distributions per mat.
Varying # time-steps (4 ps — 32 ps) 10 random phases per distr.
EF =0.4elV
Propagation length X||Y Propagation length
Ly = AX?(E,t) L, = /AY2(E,t)
Diffusion coefficient Diffusion coefficient
Dx(E, t) = %dAX;t(E,t) Dy (E,t) = %dAngE,t)
Conductivity Conductivity
o.(E,t) = D,(E,t) - p(E) - e oy(E,t) = Dy(E,t) - p(E) - €*
3
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Nanoporous graphenes (NPGs)

fNPG | para-NPG meta-NPG
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LSQT Setup

LSQT parameters

DOS: eta = 0.02 eV (20 meV)
Time-step =10 fs
Varying # time-steps (4 ps — 32 ps)
Er=04¢el

Propagation length
L, = AX2(E,t)

Diffusion coefficient

2
Dx (E, t) — %dAthgE,t)

Conductivity
o.(E,t) = D,(E,t) - p(E) - e

Statistics

4 materials
5 puddle distributions per mat.
10 random phases per distr.

Propagation length
L, = AY2(E,t)

Diffusion coefficient

_ 1dAYZ?(Et)
Dy(E' t) 2 dt

Conductivity
o, (E,t) = D,(E,t) - p(E) - e*

A(E) = ojnex [ gpnex
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LSQT Setup

LSQT parameters

DOS: eta = 0.02 eV (20 meV)
Time-step =10 fs
Varying # time-steps (4 ps — 32 ps)
Er=04¢el

Propagation length
L, = AX2(E,t)

Diffusion coefficient

2
Dx (E, t) — %dAthgE,t)

Conductivity
o.(E,t) = D,(E,t) - p(E) - e

Statistics

4 materials
5 puddle distributions per mat.
10 random phases per distr.

Propagation length
L, = AY2(E,t)

Diffusion coefficient

_ 1dAYZ?(Et)
Dy(E' t) 2 dt

Conductivity
o, (E,t) = D,(E,t) - p(E) - e*

A(E) = ojnex [ gpnex
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Graphene XY Er=04eV

250 + 250

200 A 200 -

150 4 150 4
L, Ly
[nm] [nm] ..
50 50 1
01— : : : : : : : : - 01 : : : : : : : : :
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
time [ps] time [ps]
—
[ ]

isaac.alcon@icn2.cat IWCN June 2023



Graphene
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fabNPG
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paraNPG XY Er=04eV
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paraNPG
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metaNPG x vy
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metaNPG

2nm

EF - 04 eV

. ¢ ¢
o «
< <
¢« ¢ «

A 4

2.0 1

1.5 1

[nm] *°

0.5 1

0.0 1

isaac.alcon@icn2.cat

175 4

150 4

125 4

100 ~

—— Ly mean

A(E) = o

IWCN June 2023

10 15 20 25 30
time [ps]

o% [CN2Y



2nm

-m.qm u..muun i i th—“uu—m

i

¢

o
il
o
2

e
x5

metaNPG

o [CN2°

8

o

IWCN June 2023

icn2.cat

Icon@

isaac.a



St
Frer

&,
i

metaNPG

o [CN2°

8

o

IWCN June 2023

icn2.cat

Icon@

isaac.a



metaNPG
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e Concluding...

Disordered
2D materials
A atomic/molecular sensing
| Graphene m) fabNPG m)  paraNPG m) | metaNPG |
AE) ~ 1 AE)~25 A(E)~80 . A(E)~oo -
2D charge transport i 5 5 | 1D charge transport
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Pristine systems — Ballistic regime (LSQT)
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Pristine systems — Ballistic regime (LSQT)

E—ErFr=0.4eV E—Ef = 0.40000000000000013 eV
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LSQT results: Graphene
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Graphene

E-EF=0.4eV
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LSQT results: fab-NPG
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LSQT results: para-NPG
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paraNPG
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LSQT results: meta-NPG
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metaNPG

E—EF=0.4eV

o(E) [ms]

o(E) [mS]

0.00015 +

0.00010

0.00005

0.00000 -

—0.00005 ~

0.6

0.8 1.0 1.2 1.4 1.6
length (nm}

E—EF=07eV

1.8

2.0

0.00015 4

0.00010 4

0.00005 4

0.00000 -

RN

VA
d\ ]Il'
“‘h%m . b

||r ‘u-‘l
||

—0.00005 -

—0.00010 -

—_— CX mean

1.0 1.5 2.0
length (nm)

2.5

3.0

o(E) [mS]

o(E) [mS]

0.6

E—Er=04eV

0.5+

0.4 4

0.3 ~

0.2 1

0.1+

0.0

T T
75 100 125
length (nm)

E—ErF=07eV

T
150

T
175

0.8 1

0.6 1

0.4 1

0.2

0.0 4

100 150
length (nm)

T
200




	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22: Graphene
	Diapositiva 23: Graphene
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26: paraNPG
	Diapositiva 27: paraNPG
	Diapositiva 28
	Diapositiva 29: metaNPG
	Diapositiva 30: metaNPG
	Diapositiva 31: metaNPG
	Diapositiva 32: metaNPG
	Diapositiva 33
	Diapositiva 34
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37
	Diapositiva 38
	Diapositiva 39: Graphene
	Diapositiva 40
	Diapositiva 41
	Diapositiva 42
	Diapositiva 43: paraNPG
	Diapositiva 44
	Diapositiva 45: metaNPG

