Al pensar en electronica, pensamos
en diodos...
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http:/fag.avto. light.tripod.com/
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://www.youtube.com/watch?v=AqzYsuTRVRc&feature=related


http://www.youtube.com/watch?v=AqzYsuTRVRc&feature=related

diodos emisores de Luz, LEDs...



http://www.youtube.com/watch?v=P3PDLsJQcGI&feature=channel

transistores...
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://www.youtube.com/watch?v=-td7YT-Pums&feature=channel

://www.youtube.com/watch?v=2YH9dGl4gUE&feature=channel


http://www.youtube.com/watch?v=-td7YT-Pums&feature=channel
http://www.youtube.com/watch?v=-td7YT-Pums&feature=channel
http://www.youtube.com/watch?v=-td7YT-Pums&feature=channel
http://www.youtube.com/watch?v=-td7YT-Pums&feature=channel
http://www.youtube.com/watch?v=-td7YT-Pums&feature=channel
http://www.youtube.com/watch?v=ZYH9dGl4gUE&feature=channel
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ISTOR? It Ein ronic device that can do amazing things for you by
5. It requires a fraction of the power of a vacuuum tube, It will be low
longer. Thre s of bransistors are shown above, about actual size.

Thatk the LITTLE GIANT
with the Big Future
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circuitos integrados (Cl, chips)...
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... Cada vez mas pequenos

1972. Pentium 4004, primer computador
completo en un Cl.

2000. Pentium 4. Cada cuadrito en
procesador es mas complejo que
viejo procesador 4004.




Ah, y en productos de uso masivo




Si, cada vez mas pequenos...

mas pequenos...

mas pequenos...

mas pequenos...

mas pequenos...
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LOS CIRCUITOS INTEGRADOS POSIBILITARON LA EXISTENCIA DE T
“JUGUETES” ELECTRONICOS QUE ESTAN EN ESTA SALA.

¢COMO HACER CIRCUITOS INTEGRADOS MAS RAPIDOS Y MAS BARA
TAN PEQUENOS PUEDEN LLEGAR A SER?



ELECTRONICA MOLECULAR

Walter Torres Hernandez, PhD

Profesor Asociado Departamento de Quimica Universidad del
Valle, Cali, Colombia

Adjunct Associate Professor, Department of Chemical and
Biomolecular Engineering, Clemson University, SC 29634, USA

Nanociencias, 2010-10-19
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Mucho empezO en esta tienda de
mercado en Mountain View, California

En 1956, William Shockley fundo (en el 391 de la calle San
Antonio) la compaiia de semiconductores: Fairchild).



http://en.wikipedia.org/wiki/Shockley_Semiconductor_Laboratory

Primeros circuitos integrados: Jack
Kilby y Robert Noyce

Texas Instruments, Dallas Fairchild, California



En el principio, todo era sencillo,
grande

1959 J. Kilby. Chip de germanio,
ancestro del actual chip de silicio

de silicio

www.computerhistory.org




Después, todo empezo a reducirse
de tamano

1974 Microma. “Display” de cristal liquido.



Mi nombre es Moore...Gordon
Moore

Per Integrated Function
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://download.intel.com/museum/Moores Law/Articles-Press Releases/Gordon Moore 1965 Article.pdf

Moore, G. E. Electronics 1965, 38(8)


ftp://download.intel.com/museum/Moores_Law/Articles-Press_Releases/Gordon_Moore_1965_Article.pdf
ftp://download.intel.com/museum/Moores_Law/Articles-Press_Releases/Gordon_Moore_1965_Article.pdf
ftp://download.intel.com/museum/Moores_Law/Articles-Press_Releases/Gordon_Moore_1965_Article.pdf

Todo sera mas pequeno...

CPU Transistor Counts 1971-2008 & Moore’s Law
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Disminucion de tamanos de celdas
SRAM de INTEL (1998-2009)

65 nm., 0.570 um? |
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@l Aprox. 0.5 x cada
B dos anos
0.1

1995 2000 2005 2010 32 nm, 0.171 um?




Pero cuando los elementos de
circuito estén en la escala de unos
POCOS hanometros...

Seran casi tan pequenos como moléculas individuales...

Diseno de barras cruzadas: nanoalambres
paralelos en un plano que cruzan sobre un &=
segundo grupo de alambres en angulos rectos.
Entre los dos, hay una monocapa molecular.

Cada interseccion puede actuar como switches
(memristors). Tambien sirven para almacenar »
informacion. Cada memristor puede hacer el [
trabajo de 10 transistores.

18



Puede haber problemas

Disipacion de energia...

L1 Caches L1 Caches

Bus Inerface
and
L2 Caches

Wige - -

g *

‘ Soluciones creativas.
Superlattice de teluro de Procesadores multi-core en
bismuto en el paralelo. Pueden procesar mas
empaquetamiento de un chip. datos/tiempo Yy consumir
El material termoeléctrico menos electricidad produciendo
convierte los gradientes de menos “calor”.
temperatura en electricidad Necesitan programacion en
mientras refrigera el chip. paralelo.




45 nm Microprocessor Products

Dual Core Quad ,. :

Single Core e SRREEECETY TR

>200 million 45 nm CPUs shipped to date

IDF2009

INTEL DEVELOPER FORUM




Y mas problemas

Proceso de dopado: Irreproducible?
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EPR Intensity (arb. units)

1210 1230 1250 1270 1290
Magnetic Field (mT)

Nanocristales de ZNSe (5 nm) dopados con Mn. (A) Micrografia
de transmision electronica. (B) Espectro de resonancia
paramagnética. Mn dentro (azul) y en la superficie (rojo) de los
nanocristales. (C) Fluorescencia de nanocristales dopados con Cu
(arriba) y Mn (abajo) . La posicion de las impurezas cambia el color
de la fluorescencia.

Norris, D. J.; Efros, A. L.; Erwin, S. C. Science 2008, 319, 1776.



Y mas

Fugas de corriente...
Efectos cuanticos

EN TEORIA, UNO
PODRIA HACER
DISPOSITIVOS
ELECTRONICOS CON
MOLECULAS
INDIVIDUALES




Pero...

La electrdnica es asunto de los fisicos y los
ingenieros, las moléculas son asunto de los
quimicos.

¢COomo organizar y ensamblar
moléculas para hacer electronica?



Nunca digas nunca jamas

il Abril 1965. La densidad de transistores en
un circuito integrado dobla aprox. cada afo

Abril 2005. “No puede continuar para siempre.
, La naturaleza de los exponenciales es que ...
. eventualmente ocurre un desastre”

s

“.del tamano [de los transistores] ... estamos aproximando el
tamano de los atomos, la barrera fundamental. Tenemos 10 o 20
anos para llegar al limite fundamental.”

“Los ClIs ... reemplazarlos completamente es poco probable”

“Estamos operando muy debajo de los 100 nm lo que es visto como el
comienzo de la nanotecnologia, asi que ya estamos alla”

“La construccion de abajo hacia arriba, atomo por dtomo ... no esta
reemplazando los CIs”



¢ Reinara el silicio por siempre?

Moléculas/macromoléculas para hacer electrénica a
escala nano y sub-nano (molecular)

Nanotubos de carbono
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Moléculas/macromoléculas para

hacer electronica a escala nano vy
molecular



Grafeno, el sélido mas delgado

Enorme capacidad de almacenar carga.

s 4 -
Futuras aplicaciones
- Futuras aplicaciones Samsung

‘.'.\.,.;_.;;. --------
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Dato, A.; Lee, Z.; Jeon, K. J.; Erni, R.; Radmilovic, V.; Richardson, T. J.; Frenklach M. Chem/cal
Communications 2009, 6095-6097.



http://www.youtube.com/watch?v=-YbS-YyvCl4
http://www.youtube.com/watch?v=-YbS-YyvCl4
http://www.youtube.com/watch?v=-YbS-YyvCl4
http://www.youtube.com/watch?v=RTp8kEuZ1eY&feature=related
http://www.youtube.com/watch?v=RTp8kEuZ1eY&feature=related
http://www.youtube.com/watch?v=RTp8kEuZ1eY&feature=related
http://www.youtube.com/watch?v=RTp8kEuZ1eY&feature=related
http://www.youtube.com/watch?v=RTp8kEuZ1eY&feature=related
http://www.youtube.com/watch?v=rphiCdR68TE&feature=related
http://www.youtube.com/watch?v=rphiCdR68TE&feature=related
http://www.youtube.com/watch?v=rphiCdR68TE&feature=related

Nanotubos de carbono

{oig-rog)

7,10) nonotube : (10,10} nanotube
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Moléculas para hacer nano-electronica

ADN P

DNA Computing
DNA TRANSISTOR

Polimeros conductores


http://www.youtube.com/watch?v=NyH3OCWjuhc&p=DA458600D73E869D&playnext=1&index=1
http://www.youtube.com/watch?v=wvclP3GySUY&feature=related
http://www.youtube.com/watch?v=wvclP3GySUY&feature=related

Moléculas para hacer nano-electronica
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Cristales Organicos
Complejos Donor Aceptor
TTF TCNQ

w ; -
. .
- 3
y

oS

g



http://www.youtube.com/watch?v=msN1JfW4z7c

Diodos moleculares

Stokbro, K.; Taylor, J.; Brandbyge, M. Journal of The American Chemical Society
2003, 125, 3674



Diodos moleculares
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Nijhuis, C. A.; Reus, W. F.; Whitesides, G. M. Journal of The American Chemical
Society 2009, 131, 17814



Diodos moleculares

ALD deposited
copper

il —

-COOH
terminated SA

Si (111)

Seitz, O.; Dai, M.; Aguirre-Tostado, F. S.; Wallace, R. M.; Chabal, Y. J. Journal of
The American Chemical Society 2009, 191, 18159



lmaginemos un nanotransistor

10 nm
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...hecho con hojas de grafeno y quantum dots (puntos cuanticos)

Scientific American 2010 (January), 83.



Nanotransistor

SWITCH OFF

|

SWITCH ON
4 ADDED

Q ELECTRON




O una union hibrida

Metal-Molécula-Metal
Metal-Molécula-Semiconductor

RETOS

; ¢Como pegar moleculas en la
: superficie de un metal o un
semiconductor?

: ¢Cudles son los mecanismos de
“ transporte de un electrén a través
de una interfase monomolecular?

36




Transporte de electrones a través de
nano y subnano-barreras

Fisica Clasica

MODELOS
Electron as No chance of
low-energy [ penetrating
particle barrier
O Fisica clasica
I;Iszlagtv::_]nas zﬁall:i?:nnf MeCénlca CUéntICa
wave Porrer “ordinaria”

=

Electron as 100%
high-speed chance of
wave penetrating

barrier |
[

Geim, A. K.; Kim, P. Scientific American 2008 (April), 92

Electrodinamica cuantica

NIELA MADMI MOLNAR



El reto

Poner todos estos componentes juntos



Lo que llevamos a la casa
Es necesario entender:

(i) La relacién entre la conductancia y la temperatura.

(ii) ¢Es el ruido un punto critico?

(iii) El efecto del calor en las propiedades de las interfases

(iv) Los cambios quimicos provocados por la corriente.

(v) éComo el transporte electronico modifica la geometria
molecular?

Del Nero, J.; de Souza, F.; Capaz, R. B. Journal of Computational and Theoretical
Nanoscience 2010, 11, 1-14. 39






http://www.quantrans.org/introduction/

Molecular Electronics :Key candidate to succeed the silicon based technology.

organic molecules in nanoscale nonlinear circuits offers many opportunities for new types
of devices, which will differ in fabrication, functionality, and architecture.

But even the fundamental question how electrical current flows across a single molecule is
not satisfactorily understood.

What is the full physical picture of molecular-scale charge transport?

Molecular junction experiments: Different techniques to contact molecules have to be
further developed, improved and calibrated. In addition to present charge transport
measurements, new probes and additional control parameters are requested such as
inelastic tunneling spectroscopy, the controlled treatment of environmental coupling,
noise, and light-induced phenomena in transport.

Scanning-probe experiments with molecules on surfaces: Experiments are requested,
which correlate detailed spatial information (including engineering of the molecule-
substrate coupling) with electronic transport properties. In addition, tip manipulations to
achieve molecular junctions are supported. Purely structural information without the link
to charge transport properties is disregarded.


http://www.quantrans.org/introduction/

¢Haciendo grafeno

éPueden moléculas/macromoléculas organicas
reemplazar al silicio como materiales en electronica a
escala nano y molecular?

GRAPHENE IN THE MAKING]

ARK OF THE NANOPENCIL

aking graphitic samples that approach the thickness of single-layer scratch the tip of the microcrystal across a silicon wafer (/eft). This
raphene has taken considerable effort. One way is to attach a graphite “nanopencil” deposits thin graphene “pancakes” onto the wafer (right).
icrocrystal to the cantilever arm of an atomic-force microscope and The samples in the electron micrograph are magnified 6,000%.

Atomic-force microscope cantilever

Silicon wafer




Indium phosphate

Electrode

-Glass bonding
layer




Cadmium Nanowire
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Transporte de corriente a
escala...molecular

http://www.quantrans.org/introduction/

Molecular Electronics is recognized as a key candidate to succeed the silicon based
technology once we have arrived at the end of the semiconductor roadmap. The
use of organic molecules in nanoscale nonlinear circuits offers many opportunities
for new types of devices, which will differ in fabrication, functionality, and
architecture. But even the fundamental question how electrical current flows across
a single molecule is not satisfactorily understood. The common goal of this SPP is to
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http://www.quantrans.org/introduction/

Molecular Electronics

UNIONES MOLECULARES : Como mover cargas entre moleculas a
voluntad?Molecular In addition to present charge transport measurements, new
probes and additional control parameters are requested such as inelastic
tunneling spectroscopy, the controlled treatment of environmental coupling,
noise, and light-induced phenomena in transport.

Correlacion entre la estructura molecular y el transporte de carga electrica
entre las moleculas

Scanning-probe experiments with molecules on surfaces: Experiments are
requested, which correlate detailed spatial information (including engineering of
the molecule-substrate coupling) with electronic transport properties. In
addition, tip manipulations to achieve molecular junctions are supported.
Estructuras hibridas y biomoleculas: Biorutas para autoensamblaje moleculary
lograr funcionalidad electronica en DNA e hibridos de DNA This may include new
concepts to control charge transport in DNA and in DNA hybrids. Carbon
nanotubes might be employed as electrodes for molecular contacts.

Meta teorica is to devise new concepts and to design a computational
machinery that allows for a quantitative prediction of electronic transport

ey s m Ade e Al Al il mavallacnnllae marectay =t a3l ey amllaemttrm ey ae Jen i Bettreihae AEE S ern s e



GATE (METAL)

QUIMICA
INGENIERI

SUESTRATE HCHAHNNEL CURRENT FLOWY

’ /A
Q}DLT.&GE ‘ : ‘ \

CURREHNT
v FLOWY

Soume: Scenlifc Axercan

CONVENTIONAL MICROTRANSISTOR (z2) has three terminals,
known as the source, gate and drain. A positive voltage applied to
the gate draws electrons to the insulator (b), enabling current to

flow from the source to the drain. A molecule based on three
benzene rings () was also used to awitch an electric current.

The center ring had asymmetric fragments, enabling it to be twisted
by an electrical field (). With a specific voltage applied, the electrical
fiek twisted the melecule and permitted current to flow.



Nanoelectronic Devices:
Challenges

Surface to Bulk Atoms Ratio
Where the device ends and the system begins: the

contacts intimately influence the properties of the
system

Integration of hard and soft materials
Fabrication and synthesis


http://www.youtube.com/watch?v=iNt8IdSi0q0&feature=PlayList&p=73D4BD6658E4E050&index=0&playnext=1
http://www.youtube.com/watch?v=iNt8IdSi0q0&feature=PlayList&p=73D4BD6658E4E050&index=0&playnext=1

Fundamental challenges

http://www.youtube.com/watch?v=iNt81dSi0g0&feature=PlayList&p=73D4BD6658E4EQ5

O&index:O&Rla%nextzl

Device with advanced functionality by integrating semiconductors and organics

Organicos

Monocapas moleculares

Tintas Moleculas que emiten luz (fluorescencia)
Biomoleculas

Propiedades electronicas moleculares

Semiconductores
Microfabricacion
Transporte de electrones

Como depositar un metal en un sist

Modified Schotky diode
Highly doped semiconductor/monc


http://www.youtube.com/watch?v=iNt8IdSi0q0&feature=PlayList&p=73D4BD6658E4E050&index=0&playnext=1
http://www.youtube.com/watch?v=iNt8IdSi0q0&feature=PlayList&p=73D4BD6658E4E050&index=0&playnext=1

El pasado de La Electronica Molecular

Hacer mover electrones a traves de una o un paquete de moleculas unidas a un
alambre metalico

http://video.google.com/videoplay?docid=-2130436868883098726#

http://www.youtube.com/watch?v=YcqvJI8J6Lc&feature=related



http://video.google.com/videoplay?docid=-2130436868883098726
http://video.google.com/videoplay?docid=-2130436868883098726
http://video.google.com/videoplay?docid=-2130436868883098726
http://www.youtube.com/watch?v=YcqvJI8J6Lc&feature=related

Energia delFuture de Ahora

52
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http://www.mrsec.wisc.edu/MR--Nugget.php?ID=16
http://www.mrsec.wisc.edu/MR--Nugget.php?ID=16
http://www.mrsec.wisc.edu/MR--Nugget.php?ID=16

Electricidad de Fuentes Renovables

Situacion hipotética: Suministro de electricidad en California a
partir de fuentes renovables durante un dia tipico de verano.

Jacobson, M. Scientific American Noviembre 2009, 58-65.



Notas Finales

Overall, several properties on molecular devices must

be investigated before a summary conclusion but it is

J. Comput. Theor. Nanosci. 7, 1-14, 2010 11

REVIEW

Molecular Electronics Devices: Short Review Nero et al.
possible stress out a few guidelines that deserve further
analyses: (i) How is the behavior of conductance

with temperature?; (ii) Is noise a critical point for molecular
electronics?; (iii) How the heating process affects
molecule/junction properties?; (iv) Are chemical changes

in the molecule provoked by current? (v) How the molecular
geometry is modified by the electronic transport?



Gracias por su tiempo

walter.torres@correounivalle.edu.co



