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Materiales cuanticos: 2D & Aislantes topologicos
1 Dpto. Fisica Fundamental
Mario Amado, Jorge Quereda, Pilar Garcia, E.D.

Emision y deteccion de Terahercios
2 Dpto. Fisica Aplicada
Yahya Meziani

Materiales Coloidales
3 Dpto. Quimica Fisica
Mercedes Velazquez

Reunion de Nanolito - 13 de noviembre de 2020

Grupo de Nanotecnologia

Nang
TECH

http://nanotech.usal.es/

NanoTECH: grupo de investigacion
interdepartamental tras la unidon de tres
grupos de investigacion independientes que
ya colaboraban entre si desde 2008.

COMPOSICION 2020

11 Profesores permanentes
3 Postdoc
3 Estudiantes de doctorado
2 Técnicos
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Dilucién 3He/*He
<10 mK

12 Teslas




" Laboratorio de Bajas Temperaturas Nang

TECH

http://nanotech.usal.es/

B 5§ (Sin liquidos criogénicos)

Mario Amado

* Rotacidn de la muestra
e LCC44, LC20, DIL16

e VTI—-1,5K—12 Teslas

* 3He — 290 mK- 12 Teslas

Reunién de Nanolito - 13 de noviembre de 2020
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Laboratorio de Terahercios
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! Yahya M. Meziani

Juanan Delgado-Notario

| ‘: l:[ THz source ]
llvl'P - li'l

Chopper

I

( : ]
Signal | Lock-in

Ref

« Deteccion, imagenes y espectroscopia de Terahercios
» Terahertz time-domain spectroscopy (THz-TDS)
» Fourier-transform infrared spectroscopy (FTIR)

Reunidén de Nanolito - 13 de noviembre de 2020 6
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ESpectroscopia de Fotocorriente

Jorge Quereda

e o4 " Daniel Vaquero

Electroiman

g!;v:_'s:;es - /E -~ Muestra —

07 S

& el Optoelectrénica en Materiales 2D
E Criostato m
gU Plataforma rotac ion{

Reunidén de Nanolito - 13 de
noviembre de 2020
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CS;E DEPARTAMENTO DE FISICA FUNDAMENTAL
ANIERE g0 Avo )
e Sala blanca de Nanotecnolog/a

http://nanotech.usal.es/

« 200 metros cuadrados repartidos entre las plantas -2 y -3 del Edificio de [+D+i

» Tres salas clasificadas: Vestidor y Evaporacion (ISO 7 — Clase 10.000) y Sala Litografia
(ISO 6 — Clase 1.000).

« Sala Técnica (ICP y Microraman) y Sala de Gases sin clasificar.

» Sistemas de seguridad de ultima generacién en deteccién, corte y absorcién de gases
toxicos.

» Disefiada para trabajar con especial eficiencia en grafeno y materiales 2D.

FONDO EUROPEO DE
DESARROLLO
REGIONAL

a impulsa

GOBIERNO MINISTERIC ) .
%ﬁ% DE ESPANA DEE;E;E;?&%EEVACION m:r, i .
o : e 5 : § huestro crecimiento
Castillay Leon UNION EUROPEA

Reunion de Nanolito - 13 de noviembre de 2020
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T | - Microscopio 6ptico

Punto critico _
(Leica EM CPD 300) 5 L DM 8000M

;

Perfilometro subnanometrico
(Bruker DekTakXT |

Litografia 6ptica (D-UV)

Nanolitografia por haz de _
electrones (Raith Elphy Plus) (MBJ4 - SUSS Microtec)

FE-SEM Spinner Hot plates

(SIGMA-Zeiss) 10
Reuniénde Nanolito - 13 de noviembre

de 2020
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« Rampas 200°C/s hasta 1500 °C
« Automatico hasta 200 steps

* Obleas 4 *“

« Alta vacio < 10°% mbar

« Nitrogeno

* Helio

* Argon

« Oxigeno (RTO)

11



\ Perfilometria y Microscopia o6ptica Nano
‘QJ@L‘# CS;( http /Inanotech.usal.es/

VNiVERSIDAD :
PSALAMANCA 800 AFD - o
AMPUS DE EXCELENCIA INTERNACIONAL o i

/. Perfildbmetro;

Sub-nanométrico

« 3D

» Patrones calibrados NIST
7 nmy 1 micra.

Microscopio optico

* 5x,10x,20x,50x y 100x
 Luzled blancay UV

* Oblicua

* Sub-micron

Reunién de Nanolito - 13 de noviembre =

de 2020
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Microscopio SEM y
L|tograf|a por haz de electrones

Nane
TECH

http://nanotech.usal.es/

¢ IHHIHIHHIIHIHHI i

e HAZ:2 nm

IN-LENS — alta resolucion

EHT = 5.00 kV
WD = 7.9 mm

Signal A = InLens
Photo No. = 4659

Date :25 May 2018
Time :14:00:34
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ICP/RIE Ataque por Plasma Espectroscopia Micro-Raman (R-G —IR)

. Cl,, BCl,, H, CH,
: SF6 02 etc

5500

2D ;
5000 P é 104 —— Graphene on $i0 2D
-  J— ¥
L 2 1500 - 09 === Graphene with
] : HMDS treatment

ki 4000 0.8 4

A w * 3500 = =

A ] 3 s ,:_': 3000 o 506 s
- ‘ ] : £ 2500 gos
: L E i ] o =
f' 3 = 2000 - 2 041
. = =
1500 + ).3 4
0.2+
- 1000 - G
: : . 7 014
; : 500 -
- .Zun' EHT= 600KV Signal A = SE2 : - 0 —A_ L . . Ve T T
- | = ignal A = Date 8 Jul 2016 T T T LLs T T % 7 26 3
., R . E F——— wo=95mm Photo No, = 2035 Time 120136 W 1500 1600 1700 :m»‘u 2700 2800 1 lOmH'lnl‘c;);;nn!wr (‘;;{;4 40
Reunidn de Nanolito - 13 de noviembre= e ——————— Wavenumber (em")

de 2020
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Grafeno y aislantes topoldgicos
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Materiales cuanticos
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Baja Dimensionalidad + Fendmenos emergentes + Topologia no trivial

Quantum Hall physics High-T_superconductivity

| '

Quantum topology Strong correlation

} ! | |

Topological current New particles Nano-

Berry phase fractionalization physics
| l I I | |

v v v v v v

AHE, SHE Multiferroics Cold atom Heiyanced
spectroscopy
Tppologlcal Sintronics Quantum Napo-
insulator simulator  devices
Topolog!cal Quanturp Above-RT _ Meattronics
electronics computation superconductivity

REVIEW ARTICLES

PUBLISHED ONLINE: 25 SEPTEMBER 2017 | DOI: 10.1038/NPHYS4274

1980s

1990s

Present

Future

nature

physics

Emergent functions of quantum materials

Yoshinori Tokura"?*, Masashi Kawasaki'? and Naoto Nagaosa'?

Materials can harbour quantum many-body systems, most typically in the form of strongly correlated electrons in solids,
that lead to novel and remarkable functions thanks to emergence—collective behaviours that arise from strong |nteract|ons

dq

among the elements. These include the Mott transition, high-temperature super: tivity,

super

ity,
colossal magnetoresistance, giant magnetoelectric effect, and topological insulators. These phenomena will probahly be

for

nature

physics

REVIEW ARTICLES

PUBLISHED ONLINE: 30 OCTOBER 2017 | DOI: 10.1038/NPHY54302

The physics of quantum materials
B. Keimer'™ and J. E. Moore?**

The physical description of all materials is rooted in quantum mechanics, which describes how atoms bond and electrons
interact at a fundamental level. Although these quantum effects can in many cases be approxi by a ¢

description at the macroscopic level, in recent years there has been growing interest in material systems where quantum
effects remain manifest over a wider range of energy and length scales. Such materials include supercond s,
g topological insulators, Weyl imetal spin liquids, and spin ices. Many of them derive their properties
from reduced dlmenswnalltv. in particular from :onhnement of electrons to two-dimensional sheets. Moreover, they tend
to be materlals |n which electrons cannot be [ idered as independent particles but interact strongly and give rise
to ive i known as iparticles. In all cases, n- ical effects fur alter
properties of the material. This Review surveys the electronic properlles of quamum materials through the prism of the
electron wavefunction, and examines how its entanglement and topology give rise to a rich variety of quantum states and
phases; these are less classically describable than conventional ordered states also driven by quantum mechanics, such

as ferromagnetism.
5, FECYT
v

crucial for developing the next-generation quantum !echnologles that will meet the urgent

a sustainable and safe society, Dlsswatlonless electronics using topologlcal currents and quantum spins, energy harvesting
are the three major fields of

such as photovoltaics and ther lectrics, and secure quantum p g and commi

applications working towards this goal. Here, we review the basic Drinciples and the current status of the emergent phenomena

and functions in materials from the viewpoint of strong correlation and topology.

Reunion de Nanolito - 13 de noviembre de 2020
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1. GFETs para deteccion de Terahercios

2. Nanoconstrictiones en Grafeno y aislantes topoldgicos

Graphene

3. Ruptura de la simetria en heteroestructuras de materiales 2D

4. Optoelectronica en Materiales 2D con baja simetria
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Materiales Cuanticos
Materiales 2D y aislantes topolo

1. GFETs para deteccion de Teraherc
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Transistores FET de Grafeno con dobles puertas asimétricas

10

Doped Si — Back Gate

Side
view

Reunidn de Nanolito - 13 de noviembre de 2020

Rey (k92)

p~ 30000 cm?V~—1s~! at 300K
1w~ 250000 cm?V~1s71! at 4K

— T=300K
— T=4K
20

=12 -10 —8 -G —4 2 0
Back Gate (V)

(ADGG)

Lock-in 1 Refin Sine cut

thannel Reslstance

.——5

."-L!“_' G2 G1 r’:"

T
A B Lock-in 2
T Measure V,, drop ? ©

__é @ Measure | =10nA @

10na4 g
D
Si0,

Doped Si

Refin Sine out

mm graphana
= hEN

19
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Laboratorio de Terahercios

1218~2018

! Yahya M. Meziani

Juanan Delgado-Notario

l:[ THz source ]

Chopper
[ , ]
Signal | Lock-in et

« Deteccion, imagenes y espectroscopia de Terahercios
» Terahertz time-domain spectroscopy (THz-TDS)
» Fourier-transform infrared spectroscopy (FTIR)

Reunién de Nanolito - 13 de noviembre de 2020 20
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ABEE-GEET - Medidas de THz

12 e T T
| | | ——0.3THz
S T e e | ——0.15 THz| 1

=oex20 -4\ ]
5 i | |
£ M\ N\ |
T F YA
=] ‘ i | i i
(6]
i) : : ‘
S s o\
o : : :
e T R S .
Y N R R R
12 10 -8 -6 -4 -2 0
VBACK-GATE (V)

Detecciona 0.15y 0.3 THza4 K

Reunion de Nanolito - 13 de noviembre de 2020

Lock
-In
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ADGG-GFET — Medidas de THz

1 1.5
0.8
."‘- 1
0.6 -
0.4
. % == 0.5
> 0.2 ""- !
e
I__GrE
3 B -0.5
-0.4
-0.6
-4
=0.8 ~‘
-1 - -1.5
-10 -8 -6 -4 -2 0

Back Gate (V)

Reunidén de Nanolito - 13 de noviembre de 2020
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Efectos de las puertas
superiores e inferiores
sobre la fotocorriente a 0,3
THz a bajas temperaturas
(4K)

22
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ADGG-GFET — Medidas de THz

ADGG-GFET-Monolayer, {=300GHz

—T=47K
—T=20K
— T
—T
—T

30K

50K

80K

— T=250K

vu)

THz Off

THz On

al

(=]
=
(]

L

(vu) uonmzorong

=t
o

% l
0 20 40 60 80 100 120 140 160 180

0

a.11.)

Time (

Deteccion a temperatura
ambiente de radiacion de 0.3

JUDLIND030 J

THz con un ADGG-GFET.

Temperature(K)

Reunidén de Nanolito - 13 de noviembre de 2020



N

ADGG-GFET — THz a temperatura ambiente
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THz Inspeccién e Imagen

‘Asymmetric dual-grating gates graphene
ﬁFET for detection of terahertz radiations

.-
-]

Cite as: APL Photonics 5, 066102 (2020); https://doi.org/10.1063/5.0007249
- Submitted: 10 March 2020 . Accepted: 26 May 2020 . Published Online: 09 June 2020

1]. A. Delgado-Notario '/, V. Clerico ', E. Diez "/, J. E. Veldzquez-Pérez ', T. Taniguchi, K. Watanabe
), T. Otsuji "*/, and Y. M. Meziani "

0.3 THz and visible image

Reunién de Nanolito - 13 de noviembre de 2020 25
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GRAPHENE NANOCONSTRICTIONS

. LETTERS
physics

Quantized conductance of a suspended graphene
nanoconstriction

Nikolaos Tombros"2?*, Alina Veligura?, Juliane Junesch?, Marcos H. D. Guimariaes?,
Ivan J. Vera-Marun?, Harry T. Jonkman' and Bart J. van Wees?

wn

F?

&

. @
i > 500.000 cm? Vsl =3

=

y ] H 11 H H ] Sﬁ

SN « Current annealing “fabrication ;

o « No constriction control 5

electrons

-
[ ]

No linear dependence

electrode(TVAU)  graphene §3
— \l‘—| B ]
LOR

14
Si0. 0
0 5 10 15 20 25 30
k,(10%m)

28
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natuare
COMMUNICATIONS

ARTICLE
Received 28

OFPEN

=
Size gsraphene
cons nl I I
B. Terrés’

<. Watanabe?, T. Taniguchi?,
S.V. Rotkii

3

y . 1> 100.000 cm?
. V—l S-l

G= 4—62Wkpt ) t =056

R,

0 nm of Cri'tching m

h
d = ge
et
/159 g
f . =
E o " ] 7 * Large edge roughness =
S .u y ool (¢)
s dqoo £ - Far from perfect ballistic?”
> 5 =
w0 & 4 transport (t = 1)
250 = 8 o Electrons
r B ©Holes
0 % 200 400 600 800

Width, W (nm)

29
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GRAPHENE NANOCONSTRICTIONS

CRYO-ETCHING TO AVOID METAL ETCHING MAS

:l; ut 40 il-; s Loae J
B R e | | PMMA mask ICPIRIE SFy/Ar

etching

T=-110 °C Ar/SF6 (10/40 sccm) P=6 mtorr

for 18s. b

Vito Clerico 30




oty 55;) GRAPHENE NANOCONSTRICTIONS

R (Q)

CRYO-ETCHING: Transport (1/3)

700

600 h
R "\T‘i(l

500 - epn/ng + n?

11 = puh/ey/nm

400- o & (" _ "w)
n — p g g

300

200 H

100 =

o+—T——T———T—T7T——T7T T T T

High Mobility @ RT  u > 150.00

Mean free path @ RT 1> 1,5 um

Residual doping @ RT n, ~ 3,3 107° cm-2

31
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GRAPHENE NANOCONSTRICTIONS

CRYO-ETCHING: Transport & Theory(2/3)

30 » Tight-binding Approach (1 orbital
* Quantum Transmitting Boundary Me
25 - C. S. Lent and D. J. Kirkner, J. Appl. Phys. 67 (1
204 « Edge profile obtained from AFM measurem
S5 » Threshold value W K°: due to residual
" doping
O Ny~ 3.3 100 cm2 > Wkb = \/TngW ~ 6.7.
10 )
N Experiment | * Linear dependence of Wk,
—— Simulation
« Almost perfect ballistic transport - t=0.9
0 | 1 | 1 1 ]

0 S o 1520 25 30 . Good agreement between the experimental
r and simulated conductance.
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GRAPHENE NANOCONSTRICTIONS

a b CRYO-ETCHING: Tran

—1 (33)
7 « Six plateaus of quan

16

 — - ~/ conductance separated

=i5]| t=0.9 I 5
% - R ) ~a / § D2 Ih
10 SCIENTIFICREPORTS|  (2019) 9:13572 | https://doi.org/10.1038/s41598-019-50098-z
51 SCIENTIFIC
. __,:V_,]J REPORTS |6 18 20
0 5 naturerescarch J I
C
20{ 31 OFEN  Quantum nanoconstrictions
o fabricated by cryo-etching in
16— 25K encapsulated graphene . .
-_.? Received: 21 March 2019 V. Clerico?, J. A. Delgado-Notariol, M. Saiz-Bretin?, A. V. Malyshev?3, Y. M. Meziani?, d m I n I m a I n
»:;’ 144 !:.-.;:p:c:lj 6 !Ii.cpicr::h-“r‘lﬂ‘l ‘?h s P. Hidalgo?, B. Méndez?, M. Amado?, F. Dominguez-Adame(H? & E. Diez(?
/ the transconductance.
10 //
/)
e B E B « Temperature dependence

Wk

confirm size quantization !!

33



T
VNIVERSIDAD
BSALAMANCA

CAMIVS 08 DRTLINGA WTTIRADCHAL

:;\ &,

R
1Tt eV
120D~
#

Prd? e Yo Yo

i

B G

goo AFoy
1218~2018

5
2

B B
e
bl B 8 Tl

-

[»

iy
ey
i
i,
'

o
{

.
#
i
i

-

5

St

e

&,

f—
e
s

.
o

=

&

P

1L-Mo!

Materiales Cuanticos

=% J

k>

e

S Sl
o : @
3 A
g o e F
¢ el S
. : e g e
L . e o
3 e
. e
1 S5 id
B
I
. .
L
.
g g

i;:vumcvmn!«h.‘

34



VNIVERSIDAD
BSALAMANCA -
e ——— Boo Aoy

= Materiales Cuanticos

s
L
. e e

3
g
|
|
|
|

-
-
P
.
.
-

-
-
-

-

| «
i Hﬁ? xﬁaaaﬁa
i R i
s ¥

gy sy ey gk g Bl g g o gy, o o o g gy g

Fhed el gy C ‘ el tal=taoilols

§a§='a ﬁ‘ea [ B ¥ L owd W wd WLV | Ve 4 Gl B B Yhow B Vet Y nol p e

] b i

i

=
=

xxkxxxxxax %u

gunua

= S
“mmﬂ‘ﬂ"mmmﬂ

e
i

i

HEEI
R
HE
anxnxnxnyﬁynx

3. Ruptura de la simet

.
& b

~ %

A

&

: | S,

-~ “,

)

ey

8 ® @ s m @ & ¢
3 g = Y R s
g g g iR g B B8 g R e o
| 1ol o g RS E Bad S DBl 0 e S
| F S B R g EEEE Pa8 08 8 6% hi 6N B
i P




Nang
TECH

http://nanotech.usal.es/

““ HIBRIDACION DE ESTADOS LATERALES

RESEARCH
TOPOLOGICAL MATTER E nanomaterials r"\ﬂ\Fy
Absence of evidence for chiral Majorana modes in
" Article

quantum anomalous Hall-superconductor devices Induced Topological Superconductivity in a O N
Morteza Kayyalha', Di Xiao™, Rucxi Zhang™, Jaeho Shir’, Jue Jiang’, Fel Wang’, Yifan, Zhao, BiSbTeSe;-Based Josephson Junction . . -
B ot o de R, Chan 17, g o e i b

Top surface M Tos

L-L]
B0 05 10 15 20 25
Ty

10nm Te capping

\A{
WARWICK

THE UNIVERSITY OF WARWICK

¥ GES

XIAMUN UNIVERSITY G

Reunidén de Nanolito - 13 de 36
noviembre de 2020



Uy
(

VNIVERSIDAD

B SALAMANCA -
et ] Boo Aoy
1218~2018

ARTICLE

Unconventional superconductivity in
magic-angle graphene superlattices

Yuan Cao', Valla Fatemi', Shiang Fang®, Kenji Watanabe, Takashi Taniguchi', Efthimios Kaxiras™ & Paldo larillo- Herrern!

ol 10,1008/ nature 26160

?E 10 o

b
100

4 2 [
A,
— :

100 A, kil
£ £
o @
§ 50 § 50
) )
¥ ¥
= =

=18 =16
Carrier donsity,

=16 =14 =12 =10

X 08
Carrier darssity, n (102 om9)

-1.4
7 (101 emd)

e e
10
.
E - a8,
= o %y
2 - "
B & '
X £ 05 v
= ¥
B E. v
Y
# 8, v
T
05

Temperature, T ()

13 de

Reunidén de Nanolito -
noviembre de 2020

Nang
TECH

http://nanotech.usal.es/

VALLEYTRONICS EN MATERIALES 2D

Article

Superconductors, orbital magnets and
correlated states in magic-angle bilayer
graphene

RESEARCH
GRAPHENE

+ Emergent ferromagnetism near
three-quarters filling in twisted

hinpa.fidol sra 1003841588 01006550
Rceived: 15 March 2019
Accepied: 12 Augun 2010

Mol L’ Pt Stpiancy’, Wed Yang', Ming Xie', Mohammed All Asmis', Ipsita Dus',

Alkan . MacOonale & Bt K. Efatov™
Arthur W. Barnard”, Joe Finney”, Kenji Watanabe*,
bihaber-Gordon™'

23

bilayer graphene

Matthew Yankowitz'*, Shaowen Chen'**, Hryhoriy Polshyn™*, Yoxuan Zhang ",
K. Watanabe®, T. Taniguchi®, David Graf®, Andrea F. Young®{, Cory K. Dean'f

SCIENCE ADVANCES | RESEARCH ARTICLE

n{10"? cm) MATERIALS SCIENCE

Correlated insulating and superconducting states in
twisted bilayer graphene below the magic angle

Emilio Codecido’, Qiyue Wang®, Ryan Koester', Shi Che', Haidong Tian', Rui Lv', Son Tran',
Kenji Watanabe®, Takashi Taniguchi®, Fan Zhang®*, Marc Bockrath'*, Chun Ning Lau'*

namre

ARTICLES

httpr ol org. 101008/ 0836

L

Electrically tunable correlated and topological
states in twisted monolayer-bilayer graphene
Shaowen Chen 024, Minhao He ©, Ya-Hui Zhang®, Valerie Hsieh', Zaiyao Fei 07,

K. Watanabe %, T. Taniguchi ©%, David H. Cobden 7, Xiaodong Xu©*"*, Cory R. Dean™"* and
Matthew Yankowitz 217+

37



- e Nane
, .f TECH
s s

... X http://nanotech.usal.es/

¥
BSALAMANCA -
et ] Boo Aoy
PHYSICAL REVIEW 1 76, 073103 (2007)
Suh induced band gap in graph on hexagonal horon nitride: 'l';'.:."l?;.l.-l.lk |
Ab initio density functional caleulations - sl
Gianluca Giovannetti,' Petr A, Khomyakov,! Geert Brocks.? Paul 1. Kelly,? and Jerocn van den Brink' Scanning tunnelling microscopy and spectroscopy Yop hiH Graphina
@) of ultra-flat graphene on hexagonal boron nitride Bottom hBN J Cridu
] Jiamin Xue', Lavier Sancher Yamagihi’, Dansy Bulmash’, Phifipge lacqued'’, Apama Deshpande”, a = \
;Aﬁ‘ K. Witanabe®, T. Taniguchi®, Pabio Jaeilio-Herrers? and Srian 1. Loy
T, 2 R i

o
o< .

‘4,412’.‘:7’" .
(e} £ s
. k) 2 05
: £
-
00—
@ nitrogen @ horon » carbon
10 100
T=9K ——— p of Device |
B=0T l—— R, of Device | iy
o R, of Device Il .
~ 1} g
g =
= 13
\-;é & 50
< £
x
a1l 251
T=9K 1
B-0T *5
20 02 01 00 01 02

Vg - Vo (V)

Mario Amado

Reunidén de Nanolito - 13 de
noviembre de 2020

38



i
Q; J"
~

Reunidén de Nanolito - 13 de
noviembre de 2020

Nang
TECH

e .
VNIVERSIDAD http://nanotech.usal.es/
et o0 Af0j
~ VALLEYTRONICS EN MATERIALES 2D
2 4 8 8 10 12 14 18 2 4 & 8 10 12 14 18
I
1 12 |1% 12
[ ] [ ]
1.3 5 7 9 1 13 15 1 3 5 7 9 1 13 15
20509k =0k oz’
B=0T XY 65
T z, 05 & 3
& o & S &
%% s a4 a3 az a4 : 20 18 18 A7 16 15 20 a8 48 47 A8 a5
Vrg (V) Vra (V) Vig (V) Vrg (V)
XX 3-5 XX 11-13 XX 2-6 XX 2-8
XY 5-6 XY 11-12 XY 6-5 XY 8-7
2 4 6 8 10 12 14 16
T=9K N
T=9K 06rg=0T 1 Banb (=) 1M1 13 15
B=0T 5379
41 9-1114-18
04
=3 g
g =
Z2 < 02
14
4 0.0
o Current | Voltage | Length (um) | R, (Q)
02 - . - .
11-9 14-16 3 45408 3.0 25 2.0 1.5 1.0 0.5
-3.0 25 -2.0 -1.5 1.0 -0.5 VTG %) C V | L h R Q
Vig (V) urrent | Voltage | Length (um) n (Q)
5-3 7-9 5 604.7

39



VNIVERSIDAD
BSALAMANCA -
e ——— Boo Aoy

= Materiales Cuanticos

»
e
. ]
[
. e
I
. ]
L
[ o i . e
g -
L’,,a # i
gy Fgﬂﬂ
e ‘9‘::« p' o e Ill 7 T B z <y A
il o !5 4] E!' =1 H “’ ‘l?' !f '\|| II" 'IM " i
(= B “ﬁﬁg | v § an,.-ahs-ahaes (Bl e g | «gs . Awsvﬁxgkm e -
| .
| .
L -
-
-
S
-
-
o
i
P =
i
» g s

Pl
el
=
i
it
-

e
s

e
i

: d e E
e ey
S e e
e s e

e

. Ruptura de la simetria en heteroestructuras de mat

| e,

ﬂ\

T
;

..“““,uuuuuum““u

| A Y1® BB S B | e 5“"9 e B8 E&,“ 2 %., - 8 BFfladl A PS8 B 0% Gl ¥ E‘Ey:'i?, e T—
| ,



VNIVERSIDAD @‘k

BSALAMANCA i 00 A N °j

.~ Materiales Cuanticos
Materiales 2D y aislantes topolo

s
-
.

B g 8
Fa

5
.
-
-
-
-
-
-
-
-
:
:
.

] B S -
-
Lo P58 8
5 o "ﬁﬁﬁﬁﬁfﬁaﬁxmxmesﬁﬁﬁ o
sV avalatate e gE E an §= £ Mﬂs Factnl n® o e mme@% B oo B P B B 25 8 o e e s e m :;Ma E‘Ef‘“’-% n;?weu B o o B g g o
# . =
it § e | Bof b iR d Bl = 5
] % p Y %
] & i J?z i o ] & sy [y,
" g g ey gy o ol o o mon Lo ol o wer g g gl o g ol g gm gn e g o off pmy o W , ; .
i 0t § el [ | et T DR e L L L L e Sy DR god f el L e Dl W :

45nm Au
5'11“ Ti

4. Optoelectronica en Materiales 2D con baja simetria



Nang

TECH

i
4 : \ -
S ] % 7
Hap ({S\ GV e http://nanotech.usal.es/
. [ 'y
VNIV . i

AD
B SALAMANCA
AN O DICTLINGA ITTPRACHAL

goo AFoy
“™  QOptoelectronics in 2D materials
Electroiman
ED] - Control parameters
ivisor Chopper . .
i h?fs\$/ PP Muestra | « lllumination wavelength
d o ol Tk * Polarization / helicity
5 AN 9 9 % )§4 i « Light incidence angle
Lentsa / » Temperature
5 S [ - Electric fields Jorge Quereda
E Plataforma rotacional o Magnetic fleld

hy=102eV V- V=2V
F=3181Hz pg=10V

A typical measurement:
Photocurrent
spectroscopy

1. Light is absorbed through
electronic interband
transitions.

2. Carrier density increases.

3. Device conductivity
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» Ultrasharp spectral features
(5 meV FWHM)

« Simple alignment: The whole
sample is exposed to light.
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