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Nanotechnologie

* Nano - predpona 0,000 000 001 (10-°)
* Technologie — tvorba a zdokonalovani vyrobnich procest

Drcetiner.com®

Zdroj: www.fei.com



Tam dole je spousta mista

e Richard Feynman (29. 12. 1959) “There’s Plenty of Room at the Bottom”

,Pro¢ bychom nemohli zapsat na Spendlikovou
hlavicku vSech 24 dild Encyklopedie Britanniky?”.
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* Nanotechnologie v praxi a jejich aplikace



Vyuziti nanotechnolo

Elektronika
Zdravotnictvi
Strojirenstvi
Stavebnictvi
Chemicky pramysl
Textilni pramysl
Opticky prumysl
Automobilovy prdmysl
Energetika
Ochrana prostredi
Astronomie

Nanostructured
heat protection
layers for

gas turbines

High temperature
superconductors for
motors and
generators in ships

Nano-optimized
fuel cells for
automobiles and
transport vehicles

Nanomembranes
for separation of
carbon dioxide in CCS
(Carbon Capture and
Storage) power plants

Nanocrystalline mag-
netic materials for
efficient components
in current transfor-
mation and supply
(e.g. transformers,
electric meters etc.)

GG

Nanoporous
hydrogen storage
materials for

fuel cell vehicles

s e
_\

Nanostructured wear
protection layers for
machine components
with a high mechani-
cal load (e.g. engines,
bearings, drilling
equipment)

Lithium-ion-batteries
for stationary
energy storage or as
power unit for
hybrid/electric cars

Carbon nanotubes as
high-tensile con-
struction materials e.g.
for rotor blades of
wind power stations
or as material for low-
loss cables/power lines

Polymer solar cells
for large-scale
applications in
buildings or for
mobile electronics

Dye solar cells
as decorative
facade elements
in buildings

Nanostructured
thermoelectric
materials for
power supply of
mobile electronics

OLED for large-
scale displays and
lighting devices



Nanotechnologie v astronomii

* lontové lesténi a pokovovani zrcadel, adaptivni optika
* Kosmonautika - materialovy vyzkum, vakuova a raketova technika
* IT technika a numerické simulace

* Mikroskopické a spektroskopické metody, CCD detektory
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Fullaren & Nanotubes




Nanodraty




Koloidni roztoky

2nm 5nm 50nm 100nm 200nm
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* Nanoskopy a mikroskopy



Mikroskopy a Nanoskopy

Optical \ﬂ SEM
 Elektronovy mikroskop (1931 — 1933) i
e Ernst Ruska, Max Knoll e
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Mikroskopy a Nanoskopy
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Mikroskopy a Nanoskopy

e Rastrovaci tunelovaci mikroskop (STM)
* Mikroskop atomarnich sil (AFM)

a) macroscopic scale: b) atomic scale:
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G. Binnig, H. Rohrer (1986). "Scanning tunneling microscopy". IBM Journal of Research and Development 30: 4.
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Mikroskopy a Nanoskopy

Cantilever

answ.,lg

( break and adhere to substrate )1
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* Vyroba nanostruktur a jejich vlastnosti



Vyroba nanostruktur

7 Qe . SCANNING ELECTRON MICROSCOPE
 Elektronova litografie

w7 Vs s s FOCUSED ION BEAM
 Samousporadavani

* lontové leptani

NANOMANIPULATOR

......

SAMPLE STAGE




Elektronova litografie

e-beam

Si S10, (58nm) ?}M l l

Step 1: Clean Water Step 2: PMMA Deposition Step 3: E-beam Exposure
Au (17nm)
MIBK:IPA 1:3 Ti (3nm) \
AN Acetone

Step 4: Development Step 5: Metallization Step 6: Lift-oft
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Hrotové metody

Xe atomy na Si substratu Fe atomy na Cu substratu




Depozice tenkych vrstev
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Mechanické a chemickeé vlastnosti

Au on Si(553)
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Krystalicky Si
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o e TP B Polykrystalicky Si [T. Vystavél, CEA Grenoble, Francie]



Elektricke vlastnosti
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Mikroelektronika




Kerr Rotation (a.u.)

Magnetické vlastnosti
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Opticke vlastnosti

B

>

0.025M Y 0.05M

——0.25M
—o—0.13 M
——0.05M
——0.025 M

A 4

To eye-piece

& !

45 deg. mirror
w. central aperture

Absorbance (arb. units)
e
=
S
~N

N, L/ o o
Lamp Collector Condenser- =] Objenctlrve- 002 Y
- il 3?: hl:ae m 300 400 500 600
fhaptwagm - Wavelength (nm)

(with central stop) C

jecti ——210°C

- (Orti)rllecfnavle lane) @ 031 X ——200°C

P T ——180°C

o ——160 °C
o

Q(%_ ?}7 Condenser £ 0,24
@
Stage with )
image of lamp g 0,1-
o
[}
o "
< 00— ; e, =5
003 0510 152040 55mL 500 " 61:0 P 7(;0 800
avelen nm

Absorbance (a.u.)

400 600 800 1000
Wavelength (nm)




Plazmonika
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Beam splitter ~ Condenser

Laser beam

Reference
beam

Holograficka mikroskopie
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Budoucnost nanotechnologii

NANOTECHNOLOGIES
«ox FUTURE MOBILE
DEVICES  mpsyies.
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