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ABSTRACT:

Since the beginning of the High-Tc fever, one of the major goals was to develop Josephson junction based
digital circuits that would allow operation at higher temperatures, e.g. at 77 K. Apart from a speed
advantage, there would be a huge advantage in the required cooling power: whereas one needs about
3,500 W of electrical power for 1 W of cooling at 4.2 K, it would only be 20 W at 77 K — thus allowing for
compact and low-power systems. Till recently, the development of HTS digital circuits more or less failed
because of the difficulty to fabricate sufficiently large numbers of Joseph o junctions with small parameter
spread — for a reasonable application one needs about 1,000 to 100,000 junctions, but the fabrication
technology allowed only for less than 100.

The situation nowadays looks brighter: recent promising results in the fabrication of High-Tc Josephson
junctions with very narrow ion-damaged barriers [1] could create new opportunities for the application of
these junctions in semi-complex superconducting electronic circuits at temperatures up to 77 K. In
addition, large numbers of step-edge junctions have been reported [2] with quite a low parameter spread.
It still needs to be investigated, how these linear junctions perform in superconducting analog and digital
circuits when operated at elevated temperatures and new design rules for HTS digital circuits have to be
developed. In this talk | will introduce the necessary basics for High-Tc Josephson junctions and
superconducting digital circuits as well as report on difficulties that still need to be resolved, e.g. the
influence of thermal activation at higher temperatures and how it's influence can be limited in practical
applications. Some key applications will be discussed, where superconducting digital circuits, even with a
limited amount of Josephson junctions, can make a significant difference, such as for the interfacing
classical superconducting digital circuits operated at 4.2 K to room-temperature electronic devices (e.g. for
the Superconducting Supercomputer Project), and for microwave applications like fast ADCs, signal
generators and correlators for real-time signal processing.
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