


What Makes Superconductivity Important?

In the development of the information-oriented 

society, information has to be processed faster 

with less energy consumption. Our research aims 

to realize a computer with overwhelmingly high-

speed processing by advancing the technology of 

superconductivity, a phenomenon of zero electric 

resistance.

Electrons in superconductors have a unique 

property, which causes an impossible 

phenomenon with ordinary materials (right photo). 

Since the processing speed of computers can be 

generally defined by the speed of the electron flow 

in their circuits, we believe that the performance 

limit of current computers can be overcome by 

using the peculiarities of superconducting 

electrons.
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Photo：The item covered with yellow 

tape is a superconductor. A magnet can 

suspend the superconductor in the air.

Super-low Power and Fast Computing 
Using Flux Quanta

Imagine that magnetic force is visualized as strings of 

force. The minimum unit of the strings is called a flux 

quantum. Utilizing a peculiar property of 

superconducting electrons, a state with or without a 

flux quantum can be emerged within a 

superconductor ring. The "0" and "1" states of the 

digital circuit of computers can be represented by the 

presence and absence of a flux quantum. Exploiting 

the peculiarities of superconductivity reduces power 

consumption of a circuit, and using flux quanta 

moving at nearly the speed of light allows us to 

realize super-fast operational circuits.

The left figure shows the layout of the prototype 

division circuit that we designed and created. We 

adopted a proper circuit configuration for making use 

of superconductivity and the circuit is capable of 

operating at clock speeds of over 50 GHz. We believe 

that extremely highly-efficient numerical calculations 

can be achieved with this circuit.
Figure: Layout of a 
superconducting division circuit
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