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TECHINGIGHT S

-40 nm

22 nm 1% Generation
Tri-gate Transistor

nanoscale views: What do IBM's 7 nm transistors
mean??
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Photolitography : 193 nm —
10nm,14nm tehnologija
13.5 nm — extreme ultraviolet 2nm
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QPC (kvantni tockovni stik)

.par kvantnih tockovnih stikov
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Sibka lokalizacija (za G>G,)

Interferencni popravki k prevodnosti -G, ki izginejo v B
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Mocna lokalizacija (G<G,)

Andersonova lokalizacija; eksponentno padanje
prevodnosti z dolzino vodnika
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Chernovem izolator (QWZ model)




Robna stanja v Chernovem
izolatorju (QWZ model)
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Robna stanja v Chernovem
izolatorju (QWZ model)
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Symmetry class

A

Alll

Al

BDI

Dl

All

Cll

Cl

BDI Yes, T? =1 Yes, C? =1 Yes
D No Yes, C? =1 No
DIl Yes, T? = —1 Yes, C? =1 Yes
All Yes, T? = —1 No No
cll Yes, T? = —1 Yes, C? = —1 Yes
& No Yes, C* = —1 No
cl Yes, T? =1 Yes, C? = —1 Yes




Fractional Quantum Hall Effect
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Grafen

. grafen 2d snov (odkrito 2004)
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metal finger

.nanocevke



Kvantno racunanje
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Robna stanja top. izolatorjev (2005)
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Quantum dots

e “0D" systems: — Artificial atoms
— Single electron transistors

 Realizations:
— Se@iconductor heterostructures — WMetallic grains

GaAs Al Ga, As i “Aum

— Carbon buckyballs & nanotubes - Single molecules
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(Liang et al., Nature 2002)
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Trapped lon

Cooling and pumping Microwave and RF
laser beams electrodes

“Ca* ions




Josephsonovi kubiti




All so kvantni racunalniki racunalniki
prihodnosti?

.Josephsonovi kvantni racun. so sedanjost!

-Aktivho tekmovanje med velikani:

- IBM Quantum Experience (online platforma,
odprta! 5 kubit 2016, 20 kubit 2017 ), 50
kKubitov (konec 2017)

- Google Bristlecone: 72 Josephsonovih kubitov
(Marec 18)

- Microsoft : topological quantum computing,
Majoranini kubiti
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Device: ibmqx4

Quantum State: Computation Basis

0.884

Quantum Circuit
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IBM Nov 2017 50kubitov
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Google Bristlecone 72
Josephsonovih kubitov
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Microsoft : topoloski kubiti ("1 nas
kubit toliko kot 1000 njihovih™)

Microsoft Quantum labs and locations

Redmond

The Quantum
Architectures and
Computation (QuArC)
group works to make
quantum computers
accessible to
developers by
creating a software
stack.

Santa Barbara

Station Q at the
University of
California, Santa
Barbara is working to
understand how
topological phases of
matter can be used in
quantum architecture.

Delft

The team in Delft is
finding ways to
suppress quantum
decoherence through
topological
protection through a
quantum-gate
operation.

Copenhagen

The Center for
Quantum Devices
looks for ways to

control and study the
properties of
Majorana fermions.

Sydney

The team in Sydney is
exploring the
engineering
challenges for
reading out and
controlling qubits in
scaled-up
architectures.

Lafayette

Station Q at Purdue
University focuses on
the quantum-
mechanical
properties of
electrons in ultra-high
purity lll-V
semiconductor
devices.



Quantized Majorana conductance

InSb nanozicka
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Mourik, V. et al. Signatures of Majorana fermions in hybrid superconductor-
semiconductor nanowire devices. Science 336, 1003-1007 (2012).
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Quantized Majorana conductance

InSb nanozicka
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Eksitacije z energijo O: degenerirano

osnovno stanje
2N, kjer je N=N
fermionov kubit.

majorana
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