NANOTEHNOLOGIJA



Head of a Pin is 1 millimeter Ragweed pollen is 20 micrometers
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Metric prefixes

Prefix Symbol 1000™ 10" Decimal =nglish word
short scale long scale

yotta Y  1000° 10®* 1000 000 000 000000 00D 000000 septillion  quadriliion

zetta Z 10007 107" 1 000 000 000000 00D 000 000 sextillion thousand trillion

exa E 1000° 10'® 1 000 000000 00D 000 000 quintilion trillion

peta P  1000° 10" 1000000 00D 000 000 quadrillion  thousand billion

tera T  1000* 102 1000 000 000 000 trillion billion

giga G  1000°  10° 1000 000 000 billion thousand million
mega M  1000°  10° 1 000 000 million

kilo k 1000" 10° 1000 thousand

hecto h 10002 102 100 hundred

deca da 1000 10 10 ten

1000°  10° 1 one

deci d 1000~ 107" 0.1 tenth

centic. ¢ 1000723 1072 0.01 hundredth

mili  m 10007 10~ 0.001 thousandth

micro g 100072 10° 0.000 001 millionth

nano n 1000~ 10 0.000 000 001 billionth thousand millionth

sico p 1000~ 107'2 0.000 00D 000 001 trillionth billionth

femto f 1000~ 107'° 0.000 00D 000 000001 quadrillionth thousand billionth

ato a  1000™° 107'® 0.000 000 000 000000 0O1 quintilionth trillionth

zepto z 100077 107" 0.000 00O 000 000 00O 00D 001 sextillionth  thousand trillionth
yocto y 1000~ 1072* 0.000 000 000 000000 00D 000001 septillionth quadrilionth

1 A Tha matrit systam was infrodisad in 1795 with siv prafivas Tha nther dzias -alak tn racngnifan by a resaliion of tha CGPM
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Nanomateriali

globalni trg: 11 milijjonov ton, 20 milijard EUR

300-400 tisoC delovnih mest v Evropi

Obzorje 2020: "Nanotechnologies, Advanced
Materials, Advanced Manufacturing and
Processing”, NMP

sonéne kreme in kozmetika (ZnO, TiO2)
nanodelci srebra v oblacilin

razlicne modifikacije ogljika v gumah
Li-ion baterije

kvantne pike kot fluorescencni biomarker|i

termoelektricni materiali
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http://www.kemijskovaren.si/files/nano_knjiga.pdf
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|. Zakaj je prevodnost nanoskopskih naprav kvantizirana!?

verjetnost za prehod 1" |¢desno ($) |2
skozi napravo
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R >
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nanoskopska
naprava
leva (sipalec elektronov) desna
makroskopska [ makroskopska
elektroda leva desna elektroda
nanozicka nanozicka
|I
|
kvantno koherentno prevajanje: G = U - Gol’
elektroni ohranijo
kvantno koherenco )2 1
. . G :%2775/18 — = 12,9k}
med potjo skozi napravo 0= ' H Go



prevodnost specifiCna prevodnost

angl. conductance angl. conductivity
lastnost celotne naprave lastnost snovi
G =05/l

velja samo za difuzijsko prevajanje
v makroskopsko velikih vzorcih!



Kje je upornost?!?
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kvantizirana kontaktna upornost






3. Zakaj kvantnim pikam reCemo tudi umetni atomi?

single molecule  self-assembled

Oxide
(superconducting) :
nanoparticle vertical QD nanowire




Color of Light Depends On Size of Quantum Dot

Light % % % % %
Quantum 2nm 2.5nm 1::) 3nm Sam é6nm
Dot

fluorescence

Conventional LED TV




Metalic Split-gate
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Two-dimensional
electrongas —*
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KVANTNI TOCKOVNI STIK

NiAuGe TiAu NiAuGe
Ohmic Schottky Ohmic
Vi Vg Contact Gate Contact

lout

metoda locenih vrat
(split gate)




Conductance (e2/n h)
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conduction
band edge




Open Dot Closed Dot




ENOELEKTRONSKI TRANZISTOR

Vsd

pika J

kondenzator j




G [nS]

100 |
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Coulombska blokada

J U

J
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G [arb. u.]

gate voltage Vg (mV)




E(N,V,) = EcN? — aegV,N = Ec(N — N,)* + konst.

G [nS]
3

=IO

gate voltage Vg (mV)

o
|




\55\ aivon
store S IORE -

Aivon Store Store / Coulomb Blockade Thermometer
Isolation amplifier
Metrology
Amplifiers

Logic

Sample holders

LR LA LN NN NN

Thermalization

Aivon Dipstick and Cap

Battery 0.95}F T(mK) -
230
Breakout Box oog| Three CBT 100
Coulomb Blockade Custom sensor New CBT10 - 226! sensen
. ® :0. ’.‘. -
Thermometer Custom CBT sensor with New CBT sensor reaching 10 g 2241 [¢35°, ¥rs
Do-It-Yourself kits user-defined dimensions. mK. Four-wire measurement of © 2221 1%

Example: cylindrical differential 090 220 g

— T =53.5mK
—T =228 mK
0.85 | ——T=423mK

25201510 -5 0 5 10 15 20 25
(mV)

VBIA.S

http://www.aivon.fi/store/coulomb-blockade-thermometer/
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CRPALKA ZA POSAMEZNE NABOJE

) c—o
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7%

kvantizirano Crpanje naboja: 1 = (—eg)f
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4. Kaj je grafen? Drugi alotropi? Posebne lastnost
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m New forms of carbon

> Fullerenes 1985

H. W. Kroto, J. R. Heath, S. C. |
O'Brien, R. F. Curl and R. E. Smalley,
Nature 318 (1985) 162

> Nanotubes 1991
S. lijima, Nature 354 (1991) 56




Grafen

The Nobel Prize in Physics
2010

Andre Geim Konstantin
Novoselov

Prize share: 1/2
Prize share: 1/2

The Nobel Prize in Physics 2010 was awarded jointly to Andre Geim \‘

and Konstantin Novoselov “for groundbreaking experiments
regarding the two-dimensional material graphene"

2D material
*mocnejsi od jekla
*upogljiv

*prozoren za svetlobo
*clektricho prevoden
*toplotno prevoden
*Jahek: 1m2 = 0.77mg




Sinteza: tehnika selotejpa

Scotch tape piece of graphite Nobel prize
2010

WWW .StHppedscience.com
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Elektroni v grafenu se obnasajo kot brezmasni delci.
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5. Kaj so nanocevke!?




2-25 nm
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| dni
polprevodni

armchair

!

kovinska

(m=n)

(n,n) armchair

» (n,n) gives an
“armchair’ tube,
e.g. (5,9)

» (n,0) gives an
“Zig-zag” tube,
eg. (6,0)

» Other tubes are
“chiral’, e.g. (6,2)
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ELEKTRONIKA Z NANOCEVKAMI

Yao et al (TUDelft)1999




NANOCEVKA PRIKLJUCENA NA SUPERPREVODNE NANOZICE

(a)

QD, QD

SR K

!
Tunneling spectroscopy of a single quantum <
dot coupled to a superconductor: From Kondo
ridge to Andreev bound states
J.-D. Pillet, P. Joyez, Rok Zitko, and M. F.
Goffman
Phys. Rev. B 88, 045101 (2013)
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Polprevodniske nanozice










NANOZICKE

(@) InAs/InP plunger gate
(Pg)

back gate (bg)
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Scaling of subgap excitations in a superconductor-semiconductor nanowire quantum dot
Eduardo J. H. Lee, Xiaocheng Jiang, Rok Zitko, Ramén Aguado, Charles M. Lieber, and Silvano De Franceschi

Phys. Rev. B 95, 180502(R) (2017) T(PDF)




MAJORANOVI FERMIONI V NANOZICKAH: ANOMALIJA PRI V=0

s-wave
superconductor
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V Mourik, K Zuo, SR Plissard, EPAM Bakkers,
LP Kouwenhoven, Science 336, 1003 (2012)
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MOLEKULARNA ELEKTRONIKA
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Pushing screw
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MOLECULAR RECTIFIERS

Arich AVIRAM
IBM Thomas J. Warson Rescarclt Center,
Yorkrown Heights, New York 10598, U'S.1

and

Mark A. RATNER*

Department of Chemistry. New York University,
New York, New York 10003. U'SA

Received 10 June 1974

The construction of a very simple electronic device, a rectifier, based on the use of a single organic molecule is

discussed. The molecular rectifier consists of a donor pi system and an acceptor pi system, separated by a sigma-
bonded (methylene) tunnelling bridge. The response of such a molecule to an applied field is calculated, and rectifier

properties indeed appear.
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Conductance of a Molecular Junction

M. A. Reed,” C. Zhou, C. J. Muller, T. P. Burgin,
J. M. Tour*

SCIENCE e« VOL. 278 » 10 OCTOBER 1997
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molekule so majhne

elektroni so ujeti v
molekulah ® problem kontaktov

prevodne ® skaliranje proizvodnje

mehke: spremembe
konformacije

enake!

moznost samourejanja
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Schon scandal

From Wikipedia, the free eneyc opedia

The Schén scandal concerns German phyesicist Jan Hendrik Schén (born August 1870 in Verdenr an dar Aller, Lower Saxony,
Germany) who brielly rose to prominence after a series of apparent breakthrouchs with semiconductors that wers |ater
discoverec to be fraudulent.l'- Befors he was exposed, Schon had raceived the Otto-Klung-Weberbank Prize for Physics and
the Braunschweig Prize in 2001, as well s the Qutstanding Young Investigator Award of the Materia's Research Society in
2002, both of which were later rescinded. €] dudious — discues]

The scandal provoked discussion in the scientific community about the degree of responsibility of coauthors and reviewers of
scientfic articles. The debzate centered on wnether peer review, traditionally designed to find errors and determine relevance
and originality of articles, should also be required to delect deliberate fraud.
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