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Superconducting Quantum Circuits – A Family Tree

IBM 17 Charge Qubit, 2017

Cloud Quantum Computing

(Transmon)

16bit Array Google 22-Charge Qubits 2017

(Transmon) 

D-Wave 2000 Qubits 2017

(Flux Qubit)

Lockheed Martin

Northrop-Grumman
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NTTTi
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e

Kansas/NIST

Phase Qubit

2001/2002

Delft Flux Qubit 

2003

NEC

Charge Qubit

Dynamic: 1999  Nakamura, Pashkin, Tsai

Adiabatic: 1997  Nakamura, Chen, Tsai
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Future Transistor
(3 atoms)

Mad ?

Quantum wind tunnel:
Quantum simulation (analog)
Quantum computing (digital)

Feynman Lecture @ gakusyuin University, Tokyo (1984)

To my great surprise,
23 years later, 

we made similar device!
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Superconducting qubit
• single non-degenerate macroscopic ground state

• elimination of low-energy excitations

• degrees of freedom reduce to two: phase & number

normal metal superconductor

Fermi level Fermi level

State 
density

State 
density

Qubit via 
Josephson junction
Resonance: LJ C

(secondary quantum states)

Superconductor ~ 1 meV

Qubit ~ 10 meV
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1 mm

Quantum Superposition

0.1 nm 1 m

~ 108 electrons involved 
current

Quantum Coherence Realized 
in Macroscopic System

（1999）

Permanent current in 
superconducting loop

Clockwise Current Counter-clockwise Current

Superposition

Live Cat

Dead Cat

Micro：
Atomic Orbits

Macro：
Cat

Superconducting System

Su
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rp

o
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n
？

Superpositon
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Cooper-Pair Box

Gate

ＳＱＵＩＤ

Probe 
Junction

1mm

Experiment                                  Simulation

Charge Qubit

Nature, 398, 786, 1999

Creation of superposition state
in macroscopic system 

with phase factor

Josephson 
Junction
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Relation with other projects Family of Quantum Information Processing

Quantum 
Gate Control

Cluster State 
Control

Adiabatic Control
Quantum Annealing

Universal Quantum 
Computation

Optimization

Quantum 
Control

Quantum 
Simulation

D-Wave

T h e o r e t i c a l l y  &   
a rc h i te c t u ra l l y  
t h e  m o s t  w e l l  

e s ta b l i s h e dOPO Ising Machine
CMOS Annealing
FPGA Annealing

NTT, Hitach, Fujitsu

IBM, Google, Intel, 
Microsoft, Rigetti, Alibaba, Northrop-

Grumman, HRL, BNN, etc.

System Size
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Gate Model

2D qubit array

3D control lines
(Challenging!)

One-way Model

2D control lines
(Much easier!)

Our proposal

1D Array of linear qubits

Superconducting system:
IBM (50~100), Google (50), Intel (50~100), 

Rigetti (100), Microsoft (1000) etc
Current integration: 10 ~ 20 qubits

We are trying to find a 
new, simpler, and 
different scalable 

architecture in 
superconducting circuits
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• Exact quantum dual to Josephson tunneling

(Coulomb blockade is a “partial” dual)

15

Josephson Tunneling

Superconductor Superconductor

2e

Space

Space

Astafiev et al, Nature 2012

Coherent Quantum Phase Slip in Superconducting Wire

40 nm

5 mm

Coherent Quantum Phase Slip

Space Space

Superconductor

Superconductor

Superconducting
Wire

Insulating 
Barrier

0
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Voltage：
Josephson Effect

(Nobel 1973)

Josephson

Resistance：
Quantized Hall Effect

(Nobel 1985)

von Klitzing

Current：
 Coherent quantum phase slip
 SINIS pump
 Semiconductor pump
 SET pump, Turnstile
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Topological
Protection !

COMPETITION

Accuracy:
< 3 x 10-19
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壱： 100

十： 101

百： 102

千： 103

万： 104

憶： 108

兆： 1012

京： 1016

垓： 1020

抒： 1024

穣： 1028

溝： 1032

澗： 1036

正： 1040

載： 1044

極： 1048 ~ 2150
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