
 

 

 

 

 

 

Press Release 

World’s First Superconducting Flux Qubit Operating without Magnetic field  

- A significant step towards miniaturizing quantum circuits for quantum computers - 

[Highlights] 

- Developed a new type of superconducting flux qubit that operates optimally in zero magnetic field without the 

need for auxiliary circuits such as bulky coils. 

- Achieved the best coherence time among superconducting qubits with a ferromagnetic Josephson p-junction. 

- Expected to be applied to quantum devices that enable the miniaturization of quantum computers. 

[Abstract] 

The National Institute of Information and Communications Technology (NICT, President: TOKUDA 

Hideyuki, Ph.D.), NTT Corporation (NTT, President: Mr. SHIMADA Akira), Tohoku University (President: Dr. 

TOMINAGA Teiji) and the Tokai National Higher Education and Research System Nagoya University (President: 

Dr. SUGIYAMA Naoshi) succeeded in developing a new type of superconducting flux qubit*1 that operates in 

zero magnetic field. 

Conventional superconducting flux qubits require an external magnetic field generated by bulky coils or 

an additional local flux bias line near the qubit. The newly developed superconducting flux qubit using a 

ferromagnetic Josephson 



1(b)). This p-junction, which uses a ferromagnetic Josephson junction, generates a 180-degree (p) phase 

difference without external magnetic fields, allowing the qubit to reach its optimal operating point spontaneously. 

This is expected to reduce external noise, simplify the circuit, and make qubit integration easier. 

 [Achievements] 

In this study, we combined NICT’s nitride superconducting qubit technology, based on niobium nitride 

(NbN) grown on silicon substrates (as reported by NICT press release on September 20, 2021), with the 

technology for ferromagnetic Josephson devices (as reported by NICT press release on November 15, 2017). 

This integration allowed us to develop a flux qubit with a p-junction. We successfully demonstrated that this flux 

qubit with a p-junciton can operate optimally at zero magnetic field and elucidated 



Previous studies include the work of Prof. Alexey Ustinov’s research team at the  Karlsruhe Institute of 

Technology (Germany) [4], who reported a coherence time of 4 nanoseconds in a phase qubit*6 composed of 

Nb/AlOx/Nb Josephson junctions and Nb/CuNi/Nb p-junctions. Additionally, they attempted to introduce a p-

junction into a flux qubit, but did not observe quantum coherent qubit operation [5]. 

In our research, we utilized PdNi, which maintains a more stable p-state than CuNi, to form a p-junction 

on an NbN electrode. Furthermore, we combined NICT’s NbN/AlN/NbN Josephson junction technology with 

NTT’s optimal design for flux qubits in 3D cavity resonators to develop a new type of flux qubit that operates 

optimally in zero magnetic fields (see Figure 2). Measurements using NTT’s long-coherence-time qubit 

measurement system confirmed that the optimal operating point is at zero magnetic field, with a coherence time 

of 1.45 microsecond (see Figure 3). This marks a 360-fold improvement in coherence time compared to phase 

qubits with p-junctions. 

However, conventional flux qubits fabricated without a p-junction exhibit an energy relaxation time of 16 

microseconds (as reported by 





 

<Glossary> 

*1 Superconducting flux qubit 

A type of quantum bit (basic element used in quantum computers to handle quantum information), it is 

composed of a superconducting loop including a Josephson junction*2. The superposition of the quantum 

states of |0> and |1> is realized by the persistent current in the superconducting loop induced by a magnetic 

flux (for example, clockwise current represents |0>, while counterclockwise current represents |1>). 

*2 Josephson junction 

An element (Josephson element) with a structure in which two 

superconducting electrodes (S) are separated by an extremely thin insulator 

(I) or a thin film of normal metal. A current (Josephson current IS) with zero 

electrical resistance (zero voltage) can flow in a Josephson junction because 

of the tunnel effect between the superconducting electrodes. The magnitude 

of this Josephson current is determined by the difference (φ) in the 

macroscopic phase between the two superconducting electrodes (DC 

Josephson effect), so conversely, the macroscopic phase between the 

superconducting electrodes can be controlled by how much current is passed through the Josephson 

element. Many superconducting devices, including superconducting quantum bits, use macroscopic phase 

control by this Josephson element as their basic operating principle. 

*3 p-junction 

A p-junction is a special Josephson junction*2 that has a structure in which a 

ferromagnet (F) is sandwiched between superconductors (S) and is 

characterized by the fact that when the Josephson current 


