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Kvantni celicni avtomat - QCA

Obljublja resitev problemov trenutne tehnologije integriranih
vezij
Planarna struktura sestavljena iz celic

= Podatek je predstavljen z razporeditvijo naboja v
posamezni celici e o
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QCA celica

Imenovana tudi celica s kvantnimi pikami (quantum-dot cell)
= m kvantnih pik (4)

n mobilnih elektronov (2) ujetih v kvantnih pikah med

katerimi lahko tunelirajo

Elektroni ne morejo zapustiti celice

Elektrostaticno nevtralna

Dimenzije
= a=20nm
= D=10nm
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QCA celica

Coulombova interakcija med elektroni:
= V celici
= Elektrona se lokalizirata v pikah, ki sta medsebojno

najbolj oddaljeni
= Polarizacija
T Po-1 (0
= P=+1(1)

= P=0 (?)

= Med celicami m
= r=60nm |
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QCADesigner

Odprtokodno simulacijsko orodje
= http://www.gcadesigner.ca/
= http://tech.groups.yahoo.com/group/qca_design/
= OraC T., Realizacija aritmeti¢no-logicnih primitivov s
strukturami kvantnih celicnin avtomatov, dipl. naloga,
FRI, Ljubljana, 2007
Lastnosti
= skrije fizikalne podrobnosti kvantnih celicnih avtomatov

= graficni vmesnik za postavljanje struktur in analizo
rezultatov

= omogoca shranjevanje postavljenih struktur in rezultatov
simulacije
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QCADesigner — Glavno okno

Edi View Tools Simulation Help

= |l-1ainCeIILayer | (5 Clock 0| 5 | =%

375, 475

Selection extent: 71,00,412,03) 43 nm"2 = 0,00 um"2 Objects selected: 1 d
Selection extents: 1 nm*2 = 0,00 um"2 Objects selected: 1
Selection extents: *37,99] = 1489,53 nm"2 = 0,00 um"2 Objects selected: 1 :‘
-
[*]
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Menuji — File, Edit

File
= Upravljanje z datotekami
= Print
= Close
= Recent files
= Exit
Edit
= Undo
= Redo
= Delete
= Layer Properties
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Menuji - View

View (upravljanje s pogledom)
= Zoom +,-
= Zoom Extents
= Reset Zoom
= Zoom Layer Extents (Fit to Window)
= Snap to Grid

© 2008, LRSS




Menuji - Tools

Tools (delo s strukturami in nivoji)

Create Block (problem , — .)
Import Block (problem , — .)
Bus Layout

Scale All Cells in Design

Rotate Selection

Increment Cell Clocks

Hide All But The Selected Layer
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Menujl — Simulation, Help

Simulation (delo s simulacijskim jedrom)
= Start Simulation
= Stop Simulation
= Simulation Results
= Load Output From File
= Save Output To File
= Simulation Type Setup
= Simulation Engine Setup

Help
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Simulacijsko jedro

Simulation Type Setup ' =
= Exhaustive (privzetO) fier . j ‘Exhgth.re \.-fect?Taule
= Vector table '

B O

Open Save Exhaustive |Vector Table

Active | 0
. in
B

Simulation Engine Setup
= Coherence Vector
= Bistable Approximation

o S;t Simt-li;tl-ClEﬂ gine

{1 Coherence Vector

(% Bistable Approximation

1 Options X prekici
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Pregledovanje rezultatov -“-

S|mu|aC|Je n““

% Simulation Results |E|EI-'E—S_J
| * | B & @ X |l @ @
Cloze Open Save Print Preview  Print Reset Zoom Thresholds... Decimal Binary Hex
Trace \visime losy 11 11pgo | [2pgo | [2pgor | [40Goy | [=pao) | [EPGO | [7pGe | [&PG0; | [op6e | [1pgop, [1490m [1pqop| =
| B max: 1,00e+000
A
.B min; -1,00e+000
fHave
T Clock 0 o, 11 11p90, | |2pGoy | |3pg0y | |4pgoy | |5pgoy | |spgo | [7p90; | |50G0 | [Speay | [1pgop, 1500 w]1pgep |
B
Xcock2 [ | min: -1,00e-000
Xoeckz O
losy 1) [1p90) ) [2pG0 | 1300 | [4pG0; | 5pgo | |5 | |7pGe) | apGo  |9pga | [1pqoe) [17gop w]1pgop |
l| max: 8,51e-001
AN B
min: -9,54e-001
max: 9,80e-022
Clock 0
min: 3,80e-023
1] [»] [4]
Sample 11879
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Vodoravna orodna vrstica

Delo s plastmi  #=aF

S | Cocko| 7| em

DOd aJ anJe pIaStl Layer Type: |Cell5

Layer Status: |Vi5ible

Brisanje plasti o
Layer Description: |New Layer

Layer Pro pertles Object Properties

QCADCel Cell Width: | 18,0 =
LayerS Cell Height: 18,0 =

Reorder Laye rS Dot Diameter: m
Default Clock: Clock 0| &
Clock [

B u S L ay O Ut | xp[g k ||§|

£7 Layer Order

Drag and drop layers to their new location:

u Drawing Layer

lﬁ Substrate

Wain Cell Layer
(B8 ia2

(B8 via 1

B8 11

M Prekigi
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Navpicna orodna vrstica
Gradnja strukture

Izbira celice

= SHIFT

= |zbirni okvir

= Cell Function
Dodajanje celice
Dodajanje polja celic S
Rotiranje celice(90, 45) g
Stil celice

= Crossover

= Normal cock._ciocko] £ |

") Input/Cutput

= Vertical B
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Navpicna orodna vrstica
Delo s celicami in pogledom

Kopiranje izbranih celic
Natancno pozicioniranje izbranih celic
Zrcaljenje
= Vertikalno
= Horizontalno
Premikanje
Merjenje razdalj
Zoom +, -
Zoom Extents
Zoom Layer Extents (Fit to Window)

© 2008, LRSS

XX Tranzlate

16




Osnovne QCA strukture

X

3 YT

Linija
= 90 stopinjska (a) X ¥
y = f(X)=x Coem vowe e
= 45 stopinjska (b)
J= ()= {7, soda celica R
x,liha celica . N
it
Negator .
y=f(x)=%x 5
Majoritetna vrata = B =
y = f2,3(x1’ X Xs) X
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Naloge

Realizirajte
= Linijo celic (90, 45)
= Negator
= AND
= OR
= Krizanje dveh linij s pomocjo vec nivojev
= Fan-out (90, 45)
= Povezovanje 90 in 45 stopinjske linije
= |mplikacijo
= Ekvivalenco
= XOR
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