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Google
70 bits

IBM
  “Condor” 1121 bits
  “Osprey” 433 bits

10 mm
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RIKEN, Intel, LETI, IBM, 
TuDelft, UNSW,…

Atomic computing 
/Harvard  1180 bits

Intel  12 qubits

China USTC 176 bits

IonQ 32 bits
Quantinuum 56 bits

RIKEN/FUJITSU
64 bits

Rigetti  80 bits
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Quantum 
processor

> 1K

< 0.1 K S.J.Pauka et al.
Nat. Electron. 4, 64 (2021)
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Multi-qubit gates consisting of
single qubit gates and two-qubit gates

| > U| >
X

Z
|0> U

Scale-up of qubit devices required for large scale calculation but all 
operations must complete within dephasing. 

time
Quantum operations 
suffer from errors.
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A. G. Fowler et al., Phys. Rev. A (2009)

Fidelity (1 qubit) > 99.9%
Fidelity (2 qubit) > 99%
Initialization F > 99%
Readout F > 99%

High fidelity in qubit gates
Error correction (QEC)
Scale-up

Fidelity thresholds

Challenges in Si:
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ESR using Microwave
induced ac E-field

Microwave

B0 BAC

z

x

spin-electric

a.c. electric field of -wave is converted
to a.c. magnetic field through spin-
electric coupling mechanism of spin-orbit 
coupling, on-chip coil, -magnet,….

Qubit device

10 mK

1.5m
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J. Yoneda et al., Nat. Nanotechnol. 2018

28Si/SiGe    Rabi oscillation
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Superconducting
qubits

Si qubits

> 106

> 105

RIKEN 3 qubits

INTEL 12 qubits

Si qubit development following that of super-conducting qubit development 
approx. 6 to 8 years behind.  Both seem to follow the Moore’s law.
It may take about 20 years to the goal.

2021

2023

2022

T. Kenta et al.
Nat. Nanotechnol. 
2021

S.G.J. Philips et 
al. Nature 2022

1180QAtom

S. Neyens et al.
Nature 2024
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