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EI2ATQI'KA

 H EzEAIZH TH2 HAEKTPONIKH2Z OAHIEl 2THN
ANAMNTY=H AIATAZEQN 2E OAOENA KAl MIKPOTEPH
KAIMAKA ME ANOTEAEZMA NA MHN 12XYOYN
[MTAEON Ol NOMOI THZ KAAZ2IKHZ OYZIKH2

* M.X. MOPIAKA TPANZIZTOP (MOLECULAR
TRANSISTORS), 2Y2KEYE2 ME XPH2H
NANOZQAHNQN ANOPAKA (CARBON NANOTUBES),
KA.
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AOMH TOY MAOHMATO2

BAZIKEZ APXEZ THZ QYZIKHZ 3TH NANOMETPIKH KAIMAKA

EIZATQIH 2TH NANOHAEKTPONIKH

ZOMATIAIA KAl KYMATA 2THN KAAZZIKH @Y2IKH KAl TH KBANTOMHXANIKH
KBANTOMHXANIKH TQN HAEKTPONIQN

EAEYOEPA KAI MEPIOPIZMENA HAEKTPONIA

HAEKTPONIA YNO THN EMIAPAZH MEPIOAIKOY AYNAMIKOY — OEQPIA
ENEPTEIAKQN ZQONQN

DAINOMENA KAI AIATAZEIZ ME 23YMMETOXH ENO2 H MIKPOY NAHOOYz2

HAEKTPONION

EMA®EZ KAl EODAPMOTEZ TOY GAINOMENOY ZHPAITAZ
OPATH COULOMB KAI TPANZIZTOP ENOZ HAEKTPONIOY
DAINOMENA KAI AAITAZEIZ ME 2YMMETOXH MEFAAQY NAHOOYZ2

HAEKTPONION

2TATIZTIKH TQN 2QMATIAIQN KAI TYKNOTHTA KATAZTAZEQN

MONTEAA KBANTIKQN MHIFAAIQN, KBANTIKQN 2YPMATQN KAl KBANTIKQN
TEAEIQN

NANOKAAQAIA, BAAIZTIKH METADOPA KAl METADOPA ZTPODOPMHZ
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KAIMAKA METE©QN

TABLE1.1 TYPICAL LENGTH UNITS OF INTEREST IN TABLE 1.2 COMMON SMALL OBJECTS AND THEIR TYPICAL
NANOTECHNQOLOGY. DIMENSIONS.
Name Symbol Size Object Typical dimension
Meter m 1 Atom I A=0.1 nm
Millimeter mim [0 3 m DNA (diameter) | nm
Micrometer pm 10°%m Protein 10 nm
Nanometer nm 10 ()’m Transistor oxide thickness 1.2 nm
Picometer pm 107" m  Transistor gate length 35 nm
Femtometer fm 10-1 m Virus 100 nm

o : I8
Attometer dam 10" m Red blood cell 10 pm = 10,000 nm
' Human hair dia. 150 pum = 150,000 nm

Grain of sand I mm = 1,000,000 nm




HAEKTPOMATNHTIKO OA2ZMA

TABLE 1.3 ELECTROMAGNETIC SPECTRUM.

Common name? » (m) » (nm) [ (GHz)

AM radio [13 103 0.00003

FM radio 1 10 0.3

Microwaves 1072 107 30

Infrared 10~4 10° 3,000
Visible—red 7% 1077 700 428,571
Visible—violet 4 x 1077 400 750,000
Ultraviolet 107" 10) 30,000,000
X-rays 10719 (1 A) 0. 3,000,000,000
y-rays 10" 0.001 300.000,000,000

The common name denotes a range of frequencics: in the table a typical value is
provided.

f =— C=3><1Oi3£
A Sec



NANOTEXNOAOIIA

NANO2QMATIAIA
NANO-YAIKA
NANO-HAEKTPONIKH
NANO-ONTIKH
NANO-PEY2TOMHXANIKH
NANO-BIO-TEXNOAOTIA




MPO2EITIZH AINMO EMNANQ MPO2 TA
KATQ (TOP-DOWN APPROACH)

* H 2ZMIKPYNZH TQN HAEKTPONIKQN 2TOIXEIQN OAHIEl 2THN
EMOANIZH NEQN QOAINOMENQN, H EPMHNEIA KAl
KATANOHZH TQN  OlNOIQN  AMNAITEI  XPH2H  THz2
KBANTOMHXANIKHZ
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[MPO2EITIZH AINMO KATQ MPO2 TA
EMANQ (BOTTOM-UP APPROACH)

H ANAMNTY=H THX NANOTEXNOAOIIAZ MAPEXElI TH
AYNATOTHTA MEAETHZ KAI XEIPIZMOQOY TH2 YAHX 2E ATOMIKH
KAIMAKA ANOITONTAZ NEOYZ OPIZONTEZ 2THN ANATTY=H
2Y2ZKEQN KAI AIATAZEQN

MN.X. MIKPOZKOMIA HAEKTPONIKHZ >APQZHZ (SCANNING
ELECTRON MICROSCOPY, SEM)

MIKPOZKOTMIA EKMOMMHZ HAEKTPONIQN (TRANSMISSION
ELECTRON MICROSCOPY, TEM)

MIKPO2KOINIA 2HPAITA2 (SCANNING TUNNELING
MICROSCOPY, STM)

MIKPOZKOIIA ATOMIKQN AYNAMEQN (ATOMIC FORCE
MICROSCOPY, AFM)




ANAINTY=H NANOHAEKTPONIKQN
AIATAZEQN - AIOOTPADIA

* YMNAPXOYN APKETOI TPOINOI YAONOIHzZHZ THXZ MEOOAOY,
M.X. OMTIKH AIOOTPADIA

Optical lithography
D Prepare wafer « UV light breaks up

polymer (resist)
where not masked
_ Coat with photoresist )
« Dissolve exposed
areas

Prebake « Etch unprotected
areas of wafer, or
N R A A deposit metal etc

Align and expose « Resolution >50 nm
+ |Inflexible—mask

expensive, cannot be
T vevelop changed
_ « Parallel process—fast

Strip resist



ONMTIKH AIOOTPADIA (2)

* YMNAPXOYN MEPIOPIZMOI STHN ANAAYZH AOTQ MEPIOAAIHS
(DIFFRACTION)
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Incoming  Mask
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ONTIKH AIOOTPADIA (3)

AIAKPITIKH IKANOTHTA NMAPAAEITMA
. y) k=0.5
=K -
Acotric (0.5°50.8) n=133
k ouvteAgotnc (0. : NA = 0.9
A UNKOC KUUATOC
n 6eiktnc dtadAaonc R=80 nm

NA aptduntiko avolyuo
(NA=sin®) (0.5->0.9)



AIOOTPADIA HAEKTPONIKHZ AE2ZMH2

Electron-beam lithography

(1) Spinning on resist

Eleciron beam

I

(2) Patterning

Overhung feature

A

(3) Development

(4) Metal evaporation

Exposed region

(S) Lift-off

» Focussed beam,

steered across chip

« Very high resolution

(10 nm)

- Each pattern can

be different, and
changed at last
minute

« Serial process—

slow!

+ Useful for research



NIOOTPADIA ZAPQ2H2

Scanning-probe lithography

« Scanning-probe
microscope (STM)
and atomic-force
microscope (AFM)
revolutionised study
of surfaces at the

Turmell _ atomic scale

unneling Distance control

current amplifier  and scanning unit o Caﬂ move atoms
(or resist) around

—‘ « Can oxidise surface
» Pretty pictures

=== ||* Demonstrations of
QM effects

Data processing ® Very limited uses!
and display

Control voltages for piezotube

Tl

Piezoelectric tube
with electrodes

Tunneling

voltage




AIOOTPADIA SAPQIHS (2)

STM lithographykéak

* Attract atoms on surface to tip
* Move tip, release atom
* Confine electrons in “quantum corral”
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METADOOPA MPOTYMNQN

Pattern transfer

* Methods of pattern transfer:
— Deposit metal (“lift-off”)
— Etch unprotected parts of substrate
— Plating—more useful in industry

* Alignment between layers is vital



ENAMNMOOE2H METAAAOY

Metal Evaporation

AAARAARAARAALAL

Lift-off H W -

* Deposit metal on to patterned resist:
— Evaporate metal in a vacuum chamber
— Atoms travel in straight lines, solidify on landing
— Monitor thickness accurately during deposition
— Layer is amorphous

* Remove metal:
— Dissolve resist, metal on top of it “lifts off”
— Metal on surface remains



YIPH AINO=E2H

Wet etching

* Acid/alkali +
ey mm ‘_:\.\__-:Eiifﬂhm oxidant

* Etch rate can &

depend on —
crystal facet aon
s ¥ ..  directions L
e A * Undercut 1
g ( and/or overcut —aw

i Bu5 | profiles




—HPH AMNOzE2H
Reactive-ion (dry) etching (RIE)
Reactive gas accelerated pgi - - 7

PSS X

towards wafer
Etches vertical sidewalls '
(very deep!)

Walls suffer damage
(impurities)

Trench capacitors

Microelectromechanical
systems (MEMS)

Motors, field-emitters




AYTO-OPTANQ2H

Self-assembly

« “Top-down” fabrication: big expensive equipment to make
very small features

« “Bottom-up” approach: mimic nature and chemistry

— molecules form from atoms etc, spontaneously or with catalyst,
enzyme or chemist

— made in vast quantities, all identical

* Need to find molecules with interesting electrical properties
: 4 R :
o

] Wil ¥ _ﬁ'
- Nanocrystals of semiconductor or metal ovextea photouminescance'son s size
— uniform size (4-10 nm) controls band gap
— unique spectrum, useful for l[abelling (DNA etc)

Increasing diameter 16



[NAEONEKTHMATA NANO-
HAEKTPONIKQN AIATAZEQN

Why make devices small?
— short transit time
— more devices per chip
— lower power consumption
» each switching event requires less charge and hence dissipates less energy
— guantum effects: energy levels far apart
» quantised conductance in 1D channels
» controllable optical transitions between states
— Single-electron effects
» tunnel barriers confine electrons (“quantum dot”)
» number of electrons can only change by an integer

» Coulomb blockade of tunnelling

— current cannot flow unless there is enough energy to charge up dot by
one electron, or, the two configurations, with and without an extra
electron, become degenerate



[TPOBAHMATA IMOY MNMPEMNEI NA
EMIAYOOYN

KATAZKEYAZTIKA MPOBAHMATA

Kuplwc 6oov adopad tnv avénon tng SLaKPLTLKAC LKAVOTNTOC
TwV HEBOdWV avamtuénc Twv dlataéewyv

AEITOYPIIKA MPOBAHMATA

H peiwon twv dtaotaocewv odnyel otnv epdavion KBavilkwy
dowopevwy (T.y. davopeva onpayyac), ta omoia Ba mpeMEeL
VOl AVTLHETWTILOB0UV KaTtaAANAa

OEPMIKA NMPOBAHMATA

H avénon otng¢ mukvotntag twv Olotaéewv odnyel o€
avtiotolyn avénon Twv BEPUKWY OMWAELWY, LELWVOVTOC TNV
aéloTiLoTial Kol ToV XpOoVvo (WNAC TWV CUCKEU WV
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