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"
Plan ogdlny
® Krysztaty, pétprzewodniki, nanotechnologie, czyli
czym bedziemy sie zajmowac.
® Budowa materii - pojecie atomu.
® Co to sq krysztaly i jak powstaja.

m Krysztaly potprzewodnikowe - wtasciwosci.

® Nanowymiarowe struktury potprzewodnikowe.

" Metody badan nanouktadow.

(ano‘rechnologne jaka przysz’ro@




Wyktad VII.

@echnologie - jaka przysz’r@




"
Nanotechnologie - jaka przysztos¢ ?

" Pierwsze tranzystory a wspétczesnosé.
® Uktady scalone - miniaturyzacja.

® Prawo Moore'a - kiedy sie zatamie ?
" Jak nie krzem to co ?

® Nanodruty, nanorurki, spintronika.
® Elektronika molekularna.

= Komputer kwantowy.

® Podsumowanie.



Pierwszy tranzystor - 1947.

roup poreplica of the £i75% LrANGISTON
; irwented at Bell Lakhs,

microeiect ronics 9
December 23, 1947

puesnt ’ 50 Years and Counting...




Tranzystory dzis.
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Uktady scalone - pierwszy uktad.

m 1958: Jack
St. Clair Kilby
and Robert
Noycefirst
integrated
circuit of
Texas
Instruments
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Uktady scalone - definicja.

® Uktad scalony (ang. integrated circuit, chip,
potocznie ko$¢) - zminiaturyzowany uktad
elektroniczny zawierajacy w swym wnetrzu
od kilku do setek milionow podstawowych
elementow elektronicznych, takich jak
tranzystory, diody, rezystory, kondensatory.



Uktady scalone - coraz mniejsze...
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Uktady scalone - dzis.
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Each individual
by a series of exacti

Chemical purity.

O.Smm thick and have a completely fiat and
fiawless mirror finish on one side.

The number of chips processed
‘&ccording to the size of both the and
Chip being made-up to 500 chips per wafer.
The wafers are processed in batches of 50 to
300 at a time-but it can take many weeks to

chip is developed layer upon layer
Ing processes.

on a wafer vanies
wafer and the

e a batch dependent upon the infricacy
design.

material to which

processes called

allow or re
any point.

The iliustrations A to G show the stages of
250,000 on a single chip.

Ssemiconductor
Mminute amounts of cther elements can be added
by ‘doping’ Boron, for example, is
@ p-type (positive) dopanl. Phosphorus is an n-type
{negative) dopant. Thus, silicon can be treated to
‘esist the passage of electrical current at

Producing a simple transistor, one component of
Possitly
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PHOTOGRAPHIC AND
ETCHING STAGES
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Radiant
heat
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ched region

Gate oxide

A layer of polycrystalline silicon is
deposited all over the wafer, This layar
s then patterned and etched 1o form, in

this example, the gale of a transistor. walers

PROCESSING STAGE
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Fumace Processing, During high temperature fumace processing
the walers are held in precision-made, high purity quartz glass
magazines

Each furnace, housed in stacks of up to four, is lined with high purity
quanz glass fubes.

Up 1o six loaded magazines carried on suspended shafts sheathed
in quartz glass are loaded into a furnace for processing. This
ensures thal there is no contact between the moving quartz
companents within the fumace. Therefore no friction occurs which
would ofherwise create minute quantities of damaging particulate
matter
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Masking and Etching. The Diffusion, Deposition and Implantation processes Accelerated fons |

are interspersed with photographic and etching stages. The images of each
s of glass photo-

circuit required within a given chip are produced on

masks. A sequence of layers can then be bulll up by selected alternate |

processes until the required desi
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The completed Micro-Chip
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ASSEMBLY STAGES

When completed & micra-chip s uly tested and is generally
mounted on 1o a lead frame or housing interconnection o substrate.
The ing material used s a die aifach iherme-setiing conductive:
epoxy {resing.

The Diftusion Process, Contrellsd quantiies
of phosphors or boron are Intmduted it the
wlicon surface causing n of p duped regions
Difusionn are perlormad wihn quartz giass
furmace (bes in sn simasphare of phosghorus
ar bioron, s renuited Typioal diffusion
twmparatises are betwasn $0G°C and 1300°C
Ths diffusions may fake from & quartsr of sn
Bt up 1o sevoral hours depanding on the
depth of panelrations resuied [t is vital that
during the diffusion process no centaminants
are pragsnt. Thig pErioular proosss, therstore
dastiands fhe use of highent purlly auartz Qs
lutrses linees and squipment

Ultraiolet radiation

11111

Low Prasaurs Chemicsl Vapour Deposition
(LPCVD). By this

subattate For examg
f axyyen and sier
sandl for sither Lop cont protection of an
wlinte oxide layer e procsss (akes

B Mmixture

it

plitcs In n fureses 8t 400 C
araund 200 milll Torr

Hardened photo- resi

Photo-resist i
10 leave dafined silicon

The Oxidation Process, This s ar
tep in practically all devios processs

i oxide, silleon
sited an # Silicon s
8 deposited from
gases and i

it &

fe. onide

(qunrtz ghasa) g
The oxide iy Impervieus ta do
such 85 phosphorus and boron &

ancl A1 & (ressurs

Insulaling pre
Srmicondolor tech
the

s than O 1 micron ik

ology F

tripped away

waters are placed in an atmasphare of
Aygen of WalE! vapour In @ quaitz glase
Ace tubs arvd & thin layar of siicon disxide

doping of the silioon iy achieved by sehing
vy artaln rogins o 1 oxkle purtace (ayet
y & aisn val for g dieleet of
perties in the MOS (Metal Oide
i hih purpss
oxicls (here cated the Gate e wit be e

| Phote

osist

ton Implantation. This process implants either p- of o
type dopants al room temparature. i can be used to
control the threshold voltage of the device of to fom the
source and drain regions of the MOS iransistor. The
dopant atoms are ionized and accelerted to a high
enivgy by passing through a polential difference of tens
of thousands of volts. At the end of their pains thay
alriko the siicon waler and are embedded al vanous
dapihs depending upon their mass and energy. The
walor s ssfoctively masked against the lons by a phote-
resist pattem

|

asma glow discharge

I ERR R

Etched aiea

g

dy-etchin
ma Etohing. This i an advanced diy-etc
o o4 :m-n ikt even finer patterms 1han we 5
whching N also offer greater safely an large quaniities of
cormoslve acids are nol redien

Within & reaction shamber the watars lle directly n the
plaama gleny discharge, wherd resciive lon are
aterated towards unmasked areas of the wafer by
radic-lrenuency

The mounted chip can be connected to & lead frame or similar
carmier which (5 subsequently puckaged.

jres, u crucia) element, are made of GOK| AumOLM 4
i oy w15 8 e MBS 1 X164 OF
‘llomatively ConDections 01 e Mode UG fase camers.

" -IQKHMI‘N‘NMMWWW'NM
('.',:L:;S\ The kg o 8 eroohe e a0k made
Totaly withas & (M glass environment and i e e
and by quarts aquimen

e packaging o the hisshed devices a0 STOKNS BaN o
purily to guivantes kg ten

Heraeus

Partner to Industry in adva

Assembiy
ultrs gh.

technological fields




Procesory CPU.

jego

kszen

® Procesor

e

powie

NG
min
¥

=T

. E B




" A
Prawo Moore'a.

® Prawo Moore'a w oryginalnym sformutowaniu méwi, ze
ekonomicznie optymalna liczba tranzystoréw w
uktadzie scalonym podwaja sie co 18-24 miesiqce.
Obserwacje te przypisuje sie Gordonowi Moore owi,
jednemu z zatozycieli firmy Intel.

® Termin ten jest tez uzywany do okreslenia
praktycznie dowolnego postepu technologicznego.
"Prawo Moore'a", méwiace ze "moc obliczeniowa
komputerow podwaja sie co 24 miesigce" jest nawet
popularniejsze od oryginalnego prawa Moore'a.



" JEE——
Prawo Moore a.
B Jest spetnione juz
od 40 lat | SIS

MOORE'S LAW Intel " itanium® 2 Processor 1,000,000,000
Inteln Ranium@ Processor &

ntel® PentiumB 4 Processor I
Intel® Pentium® il Processor ¢ :
Intel” Pontium® il Procossor ' # 10,000,000
Intel® Pentium® Procossor s
IntaldBt™ Procossor

1 100,000
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Prawo Moore'a.
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Prawo Moore'a - miniaturyzacja.

fransistorMiniatirization




" A
Jak nie krzem to co ?

B Jeszcze kilka tadnych lat jednak krzem.
® Nanodruty - typowe nanostruktury.

® Nanorurki weglowe - obiecujacy materiat o
interesujacych wtasciwosciach.

® Elektronika molekularna - uktady biologiczne coraz
bardziej popularne, np. diody OLED.

B Spintronika - wykorzystuje nie tylko tadunek
elektronu ale réwniez jego spin.

" A moze komputer kwantowy ?



"
Tranzystor na hanodrutach.

® Nanodrut
krzemowy -
mikroskop

SEM.

® 10000 razy
dtuzsze niz ich
Srednica.

® Jako Sciezki

lub tranzysory.
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Tranzystor na hanodrutach.

B Zdjecie
tranzystora
opartego na
hanodrucie,
zrobione od
gory, za
pomocq
mikroskopu
TEM.
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Nanorurki weglowe a tranzystor.

B Podobne do
nanodrutdw.

® Schemat
tranzystora z
hanorurka

weglowa,

Gate Oxide



Nanorurki weglowe - uktad scalony z nanorurka,
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Spintronika - wykorzystajmy spin |

® Zastosowanie spinu jako

dodatkowego nosnika informacji
pozwoli ham miedzy innymi na
zmniejszenie impulséw pradowych
wykorzystywanych w elektronice,
jak i znaczne zwiekszenie ilosci
informacji przenoszonych przez
poszczegdlne impulsy elektryczne.




Spintronika - franzystor spinowy.

emitter collector

\ gate \
ferromagnets | AAX 7 ;j VWi

spin channel | 872 x 74y ayyd Wy

SPIN TRANSISTOR



"
Spintronika - tranzystor.

B Hipotetyczny
tranzystor, ktéry
przepuszcza
elektrony o spinie
skierowanym w gore
w jedng strone, a o
spinie skierowanym w
dét w druga strone.




"
Spintronika - uktad scalony.




Elektronika molekularna.

® Wykorzystanie

organicznych molekut

do produkcji uktadow

scalonych.




"
Elektronika molekularna - zalety.

" Mozliwosc¢ tatwego
Zmieniania oporu
elektrycznego.

® Dostepnosé
potencjalnych
materiatow.

B Zjawisko
samoorganizacji.




"
Komputer kwantowy.

= Komputer kwantowy -
uktad fizyczny do opisu
ktérego wymagana jest
mechanika kwantowa,
zapro jektowany tak,
aby wynik ewolucji tego
uktadu reprezentowat
rozwigzanie
okreslonego problemu
obliczeniowego.




B
Podsumowanie.

" Wyszlismy od pojecia atomu.

" Krysztaty a atomy.

® Potprzewodniki.

m Zjawiska w pétprzewodnikach.

= Nanostruktury i metody ich badan.
® Fizyka klasyczna a kwantowa.

® Tranzystory i diody LED.

® Wspétczesna elektronika.

® Codalej?




Bardzo dziekuje za uwage !
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