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Growing power consumption in supercomputers is becoming an increasing 
problem. For an exaflop computer it is predicted to be on a 100 MW level [1]. 
Management of such a power would be very difficult for the present semiconductor-
based technology. The corresponding maintenance costs exceed the cost of 
refrigeration to cryogenic temperatures. Therefore, efforts are taken for development of 
superconducting computers, which would not only drastically decrease the consumed 
power, but could also greatly increase the operation speed [2]. Lack of suitable 
cryogenic random access memory (RAM) is the ``main obstacle to the realization of 
high performance computer systems and signal processors based on superconducting 
electronics" [3]. 

Superconducting electronics usually operates with the phases of wave functions 
of the superconducting condensate. Abrikosov vortex is a robust topological object in a 
superconductor with a 2� phase rotation. This phase rotation can induce a Josephson 
phase shift in a nearby Josephson junction. We demonstrate that the phase shift is 
close to the polar angle of the vortex within the junction length [4]. When the vortex is 
close to the junction it induces a �-step in the Josephson phase difference, leading to 
a controllable and reversible switching of the junction into the 0-� state. The vortex 
may hence act as a tunable‘‘phase battery’’ for quantum electronics as well as a 
memory bit. 

Non-volatile quantized states are ideal for realization of classical Boolean 
logics. A quantized Abrikosov vortex (AV) represents the most compact magnetic 
object in superconductors, which can be utilized for creation of high density digital cryo-
electronics. In this talk I will describe our recent efforts towards creation of a novel 
AVRAM memory cell, in which a single Abrikosov vortex is used as an information bit 
[5]. We demonstrate high endurance write operation and two different ways of readout 
using a spin valve or a Josephson junction. AVRAM cells are characterized by an 
infinite magnetoresistance between 0 and 1 states, a short access time, a scalability to 
nm sizes and an extremely low write energy 10-18 J/bit. Non-volatility and perfect 
reproducibility are inherent for such a device due to the quantized nature of the vortex.  
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