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1. Nanotechnologia na codzien
2. Jak dziata komputer?
a) Od bramki do bramki e
b) Jak dziata tranzystor
3. Prawo Moora i jego konsekwencje
a) Wiecej! Szybciej! Taniej!
b) Wyzwania i problemy
4. Nanotechnologie

a) CO?
a) Studnie, druty, kropki
b) JAK?
a) Top-down, czyli (nano)technologia 36 atoméw kobaltu na podiozu z miedzi
b) Bott i N N tworzy ,korale kwantowe”. Elektrony na
) ottom-up, czyli samoorganizacja powierzchni miedzi oddziatuja z atomem
C) Chem-Fiz, Bio-Fiz! kobaltu umieszczonym w ognisku elipsy

tworzac ,kwantowy miraz”.
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Nanotechnolo ia w kulturze

Nanotechnologia na codzien

Motoryzacja (Hummer H2 sport utility truck) Budownictwo Elektronika
= = Samoczyszczacy sie beton Wyswietlacze OLED
Ubrania (Nano-Tex) AGD
Samoczyszczaca sie lodowka Kosmetyki

Samsung Nano SilverSeal
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www_sts.utexas.edu/projects/nanomodules/




Dlaczego XXI w?

http://www.fuw.edu.pl/~szczytko

Jacek.Szczytko@fuw.edu.pl

Nanotechnologia

Dual-Core Intel Xeon 7100 series (2007) AMD Opteron MP HE 8000 series Dual-Core (2006)
2 x 291 000 000 tranzystoréw (1 300 000 000 z cache) 243 000 000 tranzystoréw

technologia 65 nm technologia 90 nm.

Zegar 2,66 GHz Zegar 1,8 GHz

8 warstw 9 warstw

Moc 120 W ilﬁéi:' { |l‘ITE-|‘} {intel Moc 68 W

Dlaczego XXI w?

GORDON MOORE

Parowéz dziejow

Przez ostatnie 40 lat na badania technologii mikro
krzemowej wydano bilion (ang. trillion) 1012 USD
mili

Nanotechnologia

Rozmiary
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Dlaczego XXI w?

TRENDY: Pierwsze_Prawo Moore’a

llos¢ komponentéw (tranzystory, potaczenia,
izolacje itd.) w IC podwaja sie co okoto 18
miesiecy.

g

Rozmiar liniowy komponentéw réwniez
zmniejsza sie wyktadniczo w czasie.
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Transistors [ CPU
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7 W gra im0 med som
¥ ear
|- Te trendy nie moga by¢ kontynuowane w
nieskonczonosé.

» Co zastapi technologie Si?

« Z czego bedzie wynikata ta zmiana
2 technologii?

ool EKONOMIA

Zrédio: Intel

Granice miniaturyzacji?

Myslimy, Ze tranzystor
jest zbudowany tak.

25 nm MOSFET

Produkcja od 2008
4,2 nm MOSFET
Produkcja ???
Asen Asenov, Glasgow IEEE Trans Electron Dev 50(9), 1837 (2003)

David Williams Hitachi-Cambridge
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- Studnie, druty, kropki = L

JAK?

* Top-down, czyli (nano)technélogia

* Bottom-up, czyli samoorganizacja cﬁ
Google: Jacek Szczytko
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Struktury niskowymiarowe
Low-dimensional Semiconductor Systems

Studnie Druty Kropki
kwantowe kwantowe kwantowe
@
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Dyskretna struktura elektronowa

Hubert J. Krenner

MOCVD-> Osadzanie z atomowg,
precyzjg warstw o ré6znym sktadzie
lub domieszkowaniu
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Studnia kwantowa

Studnie Kwantowe

Lasery pétprzewodnikowe

Froian Borcesad

Studnie
kwantowe

2D

Struktury niskowymiarowe
Low-dimensional Semiconductor Systems

Druty
kwantowe

1D

Kropki
kwantowe
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Dyskretna struktura elektronowa

Hubert J. Krenner
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Photo by Peidong Yang/UC Berkeley, courtesy of Science
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Struktury niskowymiarowe

Low-dimensional Semiconductor Systems
Studnie Druty Kropki
kwantowe kwantowe kwantowe

1D “oD*

Dyskretna struktura elektronowa

Hubert J. Krenner

Quantum
Dot

Hubert J. Krenner
Walter Schottky Institut and Physik Department E24, TU Miinchen




Wzrost — K. Pakuta, AFM - Rafat Bozek

Synteza kropek kwantowych
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Synteza kropek kwantowych

http://www.nanopicoftheday.org/2003Pics/QDRainbow.htm

Nanotechnologie

JAK?
* Top-down, czyli (hano)technologia
* Bottom-up, czyli samoorganizacja




W jaki sposéb produkowane sa uktady scalone?
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1. Dominuje technologia Coadueting — Insulating
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Top-down

http://www.fuw.edu.pl/~szczytko
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Vincent Laforet/The New York Times

Jacek.Szczytko@fuw.edu.pl

Nanotubes as molecular quantum wires

Nano Tech Web

[ S. Kawata et al., Nature 412, 697 (2001) ]
Tum
(3 hours to make)

A = 780nm
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resolution = 150nm
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Nanotechnologie

JAK?

* Bottom-up, czyli samoorganizacja

I Bottom-up

Wydziat gnanOZChemii Uw

http://www.chem.uw.edu.pl/labs/elektrochemia/Nanogaleria/nanogaleria.htm
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Pracoawnia Eksirochemil

Nanorurki, nanowasy i kropki

TiO2 nanotube materials
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www.ee.leeds.ac.uk/inanomsc/modulest.php
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Kropki kwantowe + bio

Moa-heavy Wetal - InF Based, Water
stablliiad Deantum Dots
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electon microscope (TEM).
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Kropki kwantowe + bio
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Science, Vol 300, Issue 5616, 80-81 , 4 April 2003

Kropki kwantowe + bio
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Science, Vol 300, Issue 5616, 80-81 , 4 April 2003
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Magnetyczne QD’s
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Ferrofluid

http://www.fuw.edu.pl/~szczytko

Jacek.Szczytko@fuw.edu.pl

Ferrofluid

Akademia Gorniczo Hutnicza

Magnetyczne QD’s
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http://www.biophan.com/index.php?option=com_content&task=view&id=262&Itemid=426

Magnetic photonic crystals

L p L DeZi: 101 1MTIaEL
@ Phaotonic Crystals o2k

Highly Tunable Superparamagnetic Colloidal Photonic Crystals®?

Jimping Ge, Yorgring fHua, ond Yodorg ¥ie*
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Magnetic photonic crystals

L ¥ i Dol 101002 fanie 3 TN A52
@ Photonic Crystals SO a2

Highly Tunable Superparamagnetic Colloidal Photonic Crystals®

Jimping Ce, Yorgring Hu, and Yadorg ¥ie*

Winda
do nieba

Nanorurki

Nanorurki mozna sobie wyobrazi¢ jako warstwy atoméw wegla (takie jak w
graficie), ktére zostaty zrolowane.

Rozrézniamy orientacje:
« Armchair

« Zig-zag

« Chiral

200

——n.--m.-.‘- e i
£

Orientacja jest zdefiniowana
przez wektor chiralny (n,m)
c,=na+mb

J.Basak, D.Mitra, S.Sinha ,Carbon the next ion sensors” pl i Pawet Tomasz Peczkowski

Winda do nieba

http://www.spaceelevator.com/
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Winda do nieba

LETTERE

Ultralomg single-wal cartonnanctubas
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Nanomaszyny

Benzen + CN

Za wolno

Gear Rotation in a Vacuum 200 rot/ns

W sam raz

Powered Sharf

http://www.ipt.arc.nasa.gov

Sideiy.] ; - \
schematic

SEM images showing the rotation of the rotor actuated
by applying appropriate voltage sequences to the
stators. The MWNT, barely visible, runs vertically
through the middle of each frame. The schematic

ic (top) and ing electron mit (SEM) diagrams located beneath each SEM image illustrate a
( Py . . I
image (bottom) of LBNL'’s synthetic nanomotor. A 300 nm Au cross—s; c/t/ona/ vl/ew of the pt,‘;S"?: of the
plate rotor (R) is attached to a multi-walled carbon nanotube g’?“omh e ;ajloggoaée ESSEIV; yt‘h e ’O"j”’ Cfﬂ” ’ ‘fﬂ’e
(MWNT) which acts as a support shaft and is the source of " Z"@ ai d egrzes_ or housands of cycles
rotational freedom. Electrical contact to the rotor plate is made without apparent degradation or wear.

via the MWNT and its anchor pads (A1, A2). Three stator
electrodes, two on the SiO, surface (S1, S2) and one buried
beneath the surface (S3), provide the control elements.

hitp://www.Ibl.gov/msd/Pls/Zettl/03/07_nanomotor/03 7_nanomotor.ntml_Ajex Zettl 03-7

Nano-motor
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Model for the Kinesin Mechanism
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Kinesin is a dimeric motor protein that travels
processively towards the microtubule plus end by taking
8 nm steps, which corresponds to the distance between
adjacent alpha/beta tubulin binding sites. We have
sought to define the structural changes in the motor that
explain the direction of movement and the basis of
head-head coordination during processive motility.

http://valelab.ucsf.edu/research/res_mec_overv.html

http://www.sns.gov/ nni_05/p i 050617_pincus_philip_nni05.pdf

Bio-nano-silnik (ATPaza)
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http://www linkclub.or.jp/~hiikoysd/ryohei/papers.html

http://www foresight.org/Conferences/MNT6/Papers/Montemagno/index.html

Nanoroboty

Nano Tech Web

Nanoroboty

makrofagi
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Nano-samochod Nano i bio (DNA)
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Y. ShiraRios Universiy Folding DNA to create nanoscale shapes
and patterns - e

Pid W, K. Ratbemand

They found the nanocar was quite stable on the surface
remaining parked until the surface was heated above 170
°C - presumably because of strong adhesion between the
fullerene wheels and the underlying gold. Flat gold surface
was used to prevent the nanocar actually roll around on its
fullerene wheels, rather than slip like a car on ice.
Between 170 °C and 225 °C, the researchers observed
that the nanocar moved around by translational motion
and pivoting. The translational motion was always in a
direction perpendicular to the handcar’s axle, indicating
that it moves by rolling rather than sliding.

http://www.nanonewsnet.com/i php?module=| i i pid=2

Nano i bio (DNA)




Nano i bIO

§ Ordering of Quantum Dots

7 Using Genetically Engineered

s Viruses

“;wl.u, Cumniin Fae, Christine L Flynn, Snpels M. Balckar®+
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M13 bacteriophage

Nano I bio
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Virus-Based Toolkit for the
Directed Synthesis of Magnetic
and Semiconducting Manowires

nm.wun.-._ nmuj.un, Frian [ Rais
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Nano i bio (gekon)
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400x o 800X

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnify1/index.html

Nano i bio (gekon)

3000x

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnify1/index.html
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Nano i bio (gekon)

Nano i bio (gekon)

! GECKOS
Pawel Tomasz Peczkowski

anTalici i
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http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnify1/index.html Nature 448, 338-341 (19 July 2007) S -

Nano i bio (gekon Co dalej?

GORDON MOORE

Parowdz dziejow

Przez ostatnie 40 lat na badania technologii

mikro
krzemowej wydano bilion (ang. trillion) 1012 USD

mili




Granice miniaturyzacji?
Myslimy, ze tranzystor
jest zbudowany tak.

25 nm MOSFET

Produkcja od 2008
4,2 nm MOSFET
Produkcja ??7?
\'-.._ IEEE Trans Electron Dev 50(9), 1837 (2003)

lle bitow na atom?

lllustration showing how to transform an electron
from its usual state in an atom (a), in which it exists
in a cloud of possible positions surrounding the
positively charged nucleus (indicated by a plus sign),
to a "Trojan state" (f), in which the electron orbits the
nucleus like a planet around the sun. The name
comes from Trojan asteroids, the asteroids which
orbit the sun in the same orbit as Jupiter but in a
place either ahead or behind the planet. To create a
Trojan electron, researchers would first use laser
light to put the electron into a "circular Rydberg state"
in which the electron exists in a thin donut of possible
positions (b). Then, a microwave beam would
subsequently change the shape of the donut (c-e),
shrinking the range of possible positions for the
electron and ultimately causing the electron to shrink
into a small droplet (or alternatively, a shortened
sausage) of possible positions. This droplet then
orbits the nucleus like a planet around the sun.
Although not yet achieved experimentally,
researchers believe that current technology could be
applied to create Trojan electrons. The figure is not
to scale--the circular Rydberg and Trojan states are
actually hundreds of thousands of times farther away
from the nucleus. In addition, the figure essentially
shows just the top half of the probability cloud for the
Trojan electron.

0 TICE

In recent computer simulations, researchers formed the word "optics" by calculating the electron cloud for a

specially prepared n=50 state. In the image above, the intensity of the letters represents the relative probability for

finding the electron at that place, and the color denotes the phase (relative point in the cycle) of the electron wave

associated with that point in the cloud. (Image courtesy Carlos Stroud, University of Rochester, and Michael Noel.)

This research is described by Carlos Stroud and Michael Noel in the April 1999 issue of Optics and
Photonics News.

Nanotechnologie
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Podziekowania

Zaktad Fizyki Ciata Statego http://www.fuw.edu.pl/~zfcs/
prof. dr hab. M. Baj

!
Struktury Kwantowe GaAs/AlAs |
mgr B. Chwalisz Prof. M. Baj |

dr A. Wysmotek dr hab. D. Wasik
dr M. Potemski (GHMFL) drJ. Siwiec
prof. R. Stepniewski

Spektroskopia ultraszybka

Promieniowanie THz

prof. J. Gaj,

prof. M. Nawrocki, Kropki Kwantowe: GaN/AL Ga; N dr Jerzy tusakowski,

dr hab. A. Golnik, prof. R. Stepniewski dr Krzysztof Karpierz,
M. Goryca, mgr K. Pakuta mgr Maciej Sakowicz,

mgr R. Bozek
mgr K. Surowiecka
dr A. Wysmotek

T. Kazimierczuk,
dr P. Kossacki,

'< Kowalik, mgr B. Chwalisz
W. Maslana, prof. J. Baranowski
W. Pacuski, dr K. Kossacki

B. Piechal, dr K. Korona

J. Suffczynski, dr hab. A. Golnik

A. Trajnerowicz

prof. dr hab Marian Grynberg

Spintronika
prof. dr hab Maria Kaminiska
prof. dr hab Andrzej Twardowski
dr Jacek Gosk
dr Jacek Szczytko,
mgr Konrad Dziatkowski,
mgr Marcin Zajac

't'rrr er |
I"*" % '1:1"?"

S

Jacek Szczytko na podstawie http://www sts.utexas.edu/projects/nanomodules/
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