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New Paradigm of Computing

2 A '——~

Quantum I\g—‘fﬂgrﬂraggr“ Ze
. LOKW
Quantum Computer: omputer ;

® Exponential speed up 2N Y ”5;\;1'\,(;‘

® | ow energy (no dissipation) ;
® Not for. all applications ‘
— e . =\ Cross: cm
G\ass\G\ g\ 30qub|ts

31
TR ERITE

NS )'- /g




What can quantum computing (QC) do?

Hypothetical Quantum Computer

Breaking SSL128 (RSA1024):
Number of qubit: 3In(1024) X 7 (QEC) = ~ 20000 qubits
Computing time: 10243 X 10* (QEC) X 10 (connection) X GHz! = ~ 30h

Cf : Supercomputer (35MW) : 3 M years
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A Macroscopic System

Macroscopic
order parameter Josephson junction

X) = w(X)euwX
W(X) = vo(X) Superconductor 1/ Superconductor 2

Another Deg. of Freedom
Charge Number N
No > 1
S/ > h do

Supercurrent o ¥ sin(é,— ¢,) V= 2e dt
-~

Macroscopic Quantum State :
pic Quant. %se difference
Hx) = Po(x)e'(x) _




Josephson junction

Secondary Macroscopic Quantum effect
Multi-energy state (cf. solitary BCS state)
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Quantum ¢
W, =\LEcE;) T In= LC
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..5 Macroscopic Tunneling
Phys. Rev. Lett. 47, 265 (1981)

Macroscopic

Quantum States Level Quantization

Phys. Rev. Lett. 55, 1543 (1985)
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Progress in Decoherence time for Josephson Qubits
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Frequency (GHz)

Long decoherence sample ( with MIT )
V Bylander et al, Nature Physics, doi:10.1038/nphys1994, 2

Aluminum 4JJ flux qubit on SiO,/Si
* A/lh=5.4 GHz * E;/h ~ 210 GHz
* I, =180 nA * Ec/h~4 GHz

« Large anharmonicity ~5 <+ o ~ 0.54
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SQUID switching probability

T, and T,echo at optimal point ( with MIT )
Bylander et al, Nature Physics, doi:10.1038/nphys1994, 2
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Nuantum Computer w/ Universal Gate Sef
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Progress in Scaling Up for Josephson Qubits

Adjustable
Coupling Energy

Coupling Switch

Qubit 1 Qubit 2
Optimal point operation

Flux qubit:
Science, 316, 723 (2007)

Fixed Coupling
+ non-adiabatic detuning

Coupling Resonator

Transmon

Phase qubit: Nature, 449, 438 (2007)
Charge qubit: Nature, 449, 443 (2007)




10-Nb-layer Josephson chip by the ISTEC

New effort to realize Al multi-layer qubits with EBL

M10
MO Active layer
M8
M7
M6
M35
M4 PTL Iayers
M3
M2 "
M1 = DC power
Supply layer
reca 2@aKu “la,8B88 38m
The number of Nb layers: 10 Minimum JJ size: 1X1 um
J.: 10 kA/cm? Minimum line width: 1 pm 13

Sheet resistance (R, ): 2.4 Q Stacked contact
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