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in optoelektroniko
, There's plenty of room at the bottom*
Richard Feynman, 1959

= Vplivno vizionarsko predavanje v Pasadeni
leta 1959 se Steje kot konceptualni uvod v
obdobje nanotehnologij.

= |zziv: ,Kako zapisati celotnih 24 knjig
Enciklopedije Brittanice na glavico bucike?*

= Feynman predstavi potrebo po razvoju
nanotehnoloskih orodij ter odpre vprasanje
0 moznosti manipulacije snovi na
atomarnem nivoju: ,Kako bi bilo, ce bi
lahko premikali posamezne atome ter jih
razporejali, kot bi zeleli?*
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100 m = 102 m /%

T S R, R
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Prostor ,na dnu”

carbon 60 (0.7 nm)

Football (approximately 22 cm) R.Drautz
m 10"'m 10?m (=1cm) 10°m (=1mm) 10*m 10°m 10°m (=1um) 107m (=100nm) 10°m 10°m (=1nm) 10""m
g i % Q " y
Pet flea (1mm) Human hair (80 pm) Red blood cells (7pm) Icosahedral virus
Credit: D Marshail 8D particles (150nm)
Gregory/Welicome Photo Library Biomedical Electron Microscopy
Unit, Newcastle University. ,’lg;y R s
| | | | | | | Bundle of single-walled
7 carbon nanotubes
I I I I I l I I (approximately 1.4nm
100nm 90nm 80nm 70nm 60nm 50nm 40nm 30nm Tnm  wide, several mm long)

Da bi zapisali celotno Enciklopedijo Brittanico
na glavico bucike, bi morali velikost besedila
pomanjsati za 25.000x. Torej bi bila ena Crka
velika nekaj 10 nm. — Dovolj je prostora!

B. Lipovsek

¢ >
Platinum/Titanium
dioxide particles
(Platinum particles less
than 3nm in diameter
are indicated by arrows
on titanium dioxide)

R Strobel et al, J Catal 222, 296,
2003

A Thess et al, Science 273, 483,
1996

- "";&@'@@%\

Strand of DNA
(approximately 2 nm wide)

Each letter in the logo
is about 5nm from top
to bottom.

Image reproduced by
permission of IBM Research,
Almaden Research Center.
Unauthonized use not permitted.

vir: The Royal Society and Royal
Academy of Engineering
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Fizikalni pojavi ,na dnu”

<100 nm
= Elektronika = Optika
» Balistini transport » Uklon svetlobnega valovanja
» Kvantno tuneliranje » Ne-popolni notranji odboj

classical physics:
climbing the hill

quantum physics:
“tunnelling”

DEBE:

vir: Max Planck Institute for Quantum Physics
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Postopki izdelave nanostruktur

= Danasnji standard:

1mm d Zvrha » 30 nm dimenzije
I - » 10° elementov / Cip
ir: Bell Lab
100 um - e » 1012 € vredna industrija
(. Top-Down") Preciznain
10 pm - ultra-precizna
obdelava
1um o Litografija
1I0NM === e e e e e - = =
Nanotehnologije Sinteza
10 nm - tehnologi
1nm o Kemija
(,,Bottom-Up*“)
0.1 nm | | | | | | | |

1940 1950 1960 1970 1980 1990 2000 2010
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Razvoj tranzistorskih vezij skozi Cas
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Taksonomija elektronike danes in jutri

Klasiéna Architecture BT
miniaturizacija
CMOS

Analog | Data Representatio

/ Digital Patterns Quantum state
= - - =
SETs Device Spintronics Quantum
Scaled CMOS Molecular Ferromagnetic
e - = =
Carbon Material Strongly correlated mat'ls

P .

Ge & llI-V mat’ls

Silicon

Nanostructured mat'ls

Molecular state [ = e=he=A"/= d=1s)[=1| Spin orientation Potencialne
Electric charge Phase state Strongly correlated nove
electron state T
vir: International Technology Roadmap for Semiconductors te h no I 0 g IJ €
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Grafen in ogljikove nanocevke (CNT)

= KljuCne lastnosti:
» lzjemna trdnost, majhna teza
» Visoka mobilnost za elektrone in vrzeli

= Aplikacije v nanoelektroniki: ereter Oelikova nanocevta
» Elektricne povezave med elementi
» FET tranzistorji (CNT-FET)
» PomnilniSke celice (Nano-RAM)

‘0")

N’gra dlelectr/o

back gate
gate G/GCtro de

FET tranzistor s CNT kanalom Nano-RAM, vir: Nantero CNT-FET inverter, vir: IBM
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Eno-elektronski tranzistor (SET)

= KljuCne lastnosti:

» ODbCutljivost na nivoju enega elektrona

. . v [ Gate QD] Tunnel junctions
» Izjemno nizka poraba moci

/

Gate capacitor

= Aplikacije v nanoelektroniki:
» LogiCna vezja s SET tranzistorji
» Detektorji (elektricni naboj, IR svetloba)
> Pomnilniske celice

200000 #0.0kY x35.%@K °

SET iz grafena, vir: Splashlight SET inverter, vir: Advanced Device Laboratory
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Magnetno-rezistivni pomnilnik (MRAM)

= KljuCne lastnosti:
» Trajnost, stabilnost shranjene informacije
» Hitro branje/pisanje, neomejeno Stevilo ciklov
» Visoka stopnja integracije (en tranzistor na celico)

= STT-MRAM (,Spin-Transfer Torque MRAM").

» Moznost paralelnega zapisovanja
» Brez napak v zapisu

» Minimalna poraba moci Bitline ,
MTJ ™
Source line '

STT-MRAM Branje / pisanje

(_I
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in optoelektroniko
Trendi miniaturizacije in integracije

Integracija (,More than Moore“)l

, HV Sensors  p: g
Analog/RF Passives power  Actuators Biochips

Miniaturizacija
(,More Moore®)

Interacting with people and environment

Non-digital content
800 system-in-package

130 nm

Baseline 20 M

CMOS: 65 nm _ S)p.
7o)
CPU Information .
Memory’ 45 nm | processing
i 32 nm Digital content .
Logic 99 nm system-on-chip = Medicina
- 'l (SoC) = Transport

= Energetika
= Varnost
= Komunikacije
= Informatika

Beyond CMOS

vir: International Technology Roadmap for Semiconductors
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Razvoj soncnih celic

Ucinkovitost pretvorbe (%)
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Razvoj soncnih celic

Ucinkovitost pretvorbe (%)
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Razvoj soncnih celic
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Nanoteksture v tankoplastnih celicah

= Cil|: UCinkovito ujetje svetlobe v tankih aktivnih plasteh

TA absorber T2 T]SC

Jsc - Voc - FF

PAMI.S

Erp =

(1) ()

d lopt = d

absorber

@ BR

lpum -
[Cho et al., SOLMAT, Vol. 95, 2011]
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Nanoteksture v tankoplastnih celicah

= NakljuCne = PeriodiCne
» Naravna rast, jedkanje » Primerne za ,roll-to-roll* proizvodnjo
» Dobre lastnosti sipanja » Moznost napredne optimizacije

["zno:Al B
' (jedkan) NES§

2. 61403 master (SEM: UP

A epBI 3} fORY (X155 8K 'd. B4

1D tekstura 2D tekstura

mold
1. Press m/
Mod YV resist

substrate

[Fay, TSF 515, 2007
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Kovinski nanodelci (plazmoni)

= KljuCne lastnosti:
» Ag in Au nanodelci
» UCinkovito sipanje svetlobe
» Plazmonska resonanca
» Parazitna absorpcija

Incident light
Glass
100 . S . .
. — without particles
SnO:F - - - with particles

80 -
s - S

€ ttop © 60
b ) 8]
= Y %
§ -

g L 2 40
50 2
| I 2

-50 0 50
x position (nm) 204
: 0 T T T T T T T T
[Santbergen, MRS, 2010] 400 600 800 1000 1200
Wavelength (nm)
[ ] [ ] [ ] [ ] [ ] [ ) [ ] [ ] [ [ ) [ ] [ ) [ ] [ ] [ [ )
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Elektrokemijske soncne celice (DSSC) m

= Zahteve za TiO, plast v DSSC: cekccnikontak

PLTCO / \
barvilo
elektrolit
 —
-

» Dobra povezava med TiO, delci / )

» Velika notranja povrsina TiO, plasti ~ *™ /
. . 2

» Nizkotemperaturna izdelava \

<
B TiOz-plast z
barvilom

TiOz-delec

~
N
>
Q
S
Q
2
Q
S
o
3
Q.
Q
NS
N
S
~
~
—

i —
200 nm

TiO, nanodelci TiO, nanoZice
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Hvala za pozornost!
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