
 S-PULSE 215297 - 30 
  

 2

3.1 Publishable summary 
This Support Action - the FP7 project S-PULSE - has been established in order to prepare 
Superconductor Electronics (SE) technologies for the technology generation beyond the CMOS 
scaling limits. In the field of logic operations, Rapid Single Flux Quantum (RSFQ) circuits are the 
technology with the lowest risk. The advantages of these electronics are a very low on-chip power 
consumption in combination with data and signal processing rates that are one order of magnitude 
higher than those of semiconductor technology. All essential circuit elements of SE have been 
developed and demonstrated, but so far are not implemented in industrial applications. The 
unprecedented potential of SE for the requirements of the future information and communication 
society can only be exploited if the economical impact of superconducting technologies in Europe is 
strengthened. S-PULSE supports joint efforts of European academic and industrial groups in the 
superconducting technologies field. This Support Action strengthens the vital link between research 
and development on the one hand and industry on the other hand. It unites industrial expectations, 
visionary extrapolation, and the current status of technology. It improves the image of SE and aims 
to push SE technologies out of their niche as a successful but alien technique. It advances the 
exchange of knowledge and ideas, takes charge of education, and wins public interest. These goals 
will be achieved by knowledge dissemination with particular attention to inspire industrial interest, 
to assess application fields for SE, and to prepare a European Roadmap for SE. The project will 
maintain regular contacts with representative partners from industry and thereby encourage a 
possible implementation of an industrially guided European Technology Platform (ETP) at the end 
of the project.  
 
WP1: Strategic work towards the industrial visibility of SE 
The WP1 as the kernel of the Support Action includes strategic work for monitoring and assessment 
of SE and the preparation of a European Roadmap on SE, both for the aim to enable a feasibility 
study of a European Superconductive Electronics Centre (ESEC).  
A basic result of the S-PULSE project is a strategic projection of research activities in the next 
years. In the last report period the paper “European Roadmap on superconductor electronics, status 
and perspectives” was completed. As result, to strengthen the European competitiveness in 
superconductor electronics research projects have to be set-up in the following fields: 
 – Ultra-sensitive sensing and imaging. 
 – Quantum measurement instrumentation. 
 – Advanced analogue-to-digital converters. 
 – Superconductive electronics technology. 
This roadmap paper (D1.3.2) has been submitted for publication in Physica C to Elsevier and was 
accepted by early July 2010.  
The deliverable D.1.4.1 is a report reviewing the issues and challenges for superconductive 
electronics (SE) identified in WP1 and advising on an agenda based on priorities in accordance with 
the roadmap. This task was devoted to study user-oriented system design and the impact of SE on 
the whole system, either originating at the circuit level or at the system level, depending on 
applications. The industrial guidance insures a proper match between end-users requirements and 
system architecture. This report emphasizes the support from this technology to the competitiveness 
of European industry with potential applications in 
- High-speed ICT components with low energy consumption,  
- Non-destructive material evaluation for quality assurance,  
- IR and THz imaging technology for security, pharmaceutical and chemical industry,  
- Quality assurance by means of standardization / measurements,  
- Communication and cryptography. 
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WP2: Seminars, workshops, training summer schools and conferences 
The aim of WP2 is to strengthen the European SE community and disseminate the knowledge about 
the potential of SE electronics in Europe.  
The “S-Pulse workshop on (micro) cooling” (D2.2.4 and D2.2.6) at the University of Twente from 
April 22nd to 23rd, 2010 started with a current state overview on development of cryocooler for 4 K 
and the cooler efficiency has been discussed. Currently, coolers at around 80 K have efficiencies of 
around 15% of Carnot, whereas 4 K coolers hardly achieve 1% of Carnot, 0.5% being more typical 
for the lower power range (0.1 W). What can be done to increase the efficiency of cryocoolers for 4 
K? Basically, there are two approaches: we can try to reduce the intrinsic losses in the cooler and 
secondly, we can develop and apply cooling techniques other than gas expansion.  
The objectives of the “Second  Karlsruhe Detector Workshop” (D2.2.5) from March 2 to March 3, 
2010 were: A review of recent research and development results in the area of fundamental 
principles of operation and impressions of new applications of superconducting detectors for X-ray, 
visible, infrared and THz spectral range and topics like readout electronics, system integration and 
cooling issues.  
The first day’s lessons started with an overview of first applications like a THz camera, existing 
technologies, fabrication, materials and substrates usable for detectors. At the second day, lessons 
concerning different types of detectors and detector and fabrication technologies were held.  
WP 2.3 as essential part of the S-PULSE project consists of two series of seminars for design, 
fabrication and measurement of superconducting electronics. The “Savoie Workshop on 
Superconducting Electronics” (D2.3.6) from May 27th to 28th 2010 in Chambéry, France 
completed these series. The workshop was an opportunity to show attendants the laboratory 
facilities in Superconducting Electronics, microwave and optoelectronics. The workshop was 
divided in three working sessions: (i) technological characterizations for foundries, (ii) electrical 
interfaces and, (iii) optoelectronics and superconductivity. 
 
WP3: International visibility and dissemination of European SE 
In 2010, the S-PULSE website (http://www.s-pulse.eu) has been upgraded on a regular base to 
disseminate the dates of seminars and conferences. 

                 
Left: Cover page of newsletter n°4 of January 2010 – Right: Cover page of newsletter n°5 of June-July 2010 
 
Two newsletters (D3.1.4 and D3.1.5) have been created and sent by regular mail. All five 
newsletters generated during the S-PULSE project are posted in pdf format on the S-PULSE 
website and can be freely downloaded. 
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WP4: Fundamental aspects of Josephson-junction technologies with nanometer dimensions 

The name of the Working Package WP 4 of the European S-PULSE project is “Study the ultimate 
technology dimensions”. The Report D4.3.2 discusses the results of measured cryocooled circuit 
performance within specific limits of helium test results. One investigation was to operate 
superconducting electronics in cryocooler. Superconducting digital technology based on Rapid 
Single Flux Quantum (RSFQ) logic offers a 50 times faster clock rate and 100 times less on chip 
power consumption than today's mainstream semiconductor electronics. This technology is 
attractive for many applications and in particular for Digital Signal Processing (DSP). The 
applications of the RSFQ DSPs are numerous and include multi-user detection in spread spectrum 
system, channel equalization for Multi-in, Multi-out (MIMO) systems, and blind detection and 
signal tracking for signal intelligence. At Chalmers we are developing a hybrid DSP with target 
performance of 30 giga operations per second. It consists of an RSFQ Multiply Accumulate unit 
(MAC), RSFQ fast cache memory, and an external semiconductor memory. The development of the 
complex high speed cryogenic digital system requires interface, packaging and testing solutions. 
The main difficulties are due to the 4 K operational temperature, the high magnetic field sensitivity 
of the RSFQ circuits, the multi-channel high bandwidth interface required in the hybrid 
architecture, and the high speed RSFQ digital core. A unique high bandwidth 4 K cryocooler based 
experimental setup has been developed in close cooperation with Hypres Inc. USA.  The Chalmers 
group is ready to offer developed cryocooler test bench for project participants. 

  
WP5: Project Management 
The project web page (www.s-pulse.eu) was used as communication platform to distribute 
documents between the project partners. Especially for the preparation of the European Roadmap 
on Superconductor Electronics (D1.3.1 and D1.3.2) this was a very helpful tool.  
Following the suggestion of the EC project officer, the coordinator sent a proposal to apply for 
participation on the exhibition at the ICT conference 2010 in Brussels. The number of applicants 
was very large and our proposal was not chosen.  
Due to the short interval between end of the second period (December 2009) and the project end 
(June 2010) the project officer suggested to perform only the final review meeting. Nevertheless the 
periodic reports for the second period (2009) and third period (first half of 2010) have to be 
prepared. The report for the second period was send to the EC in time.  
Further, WP5 includes the preparation of the third review report on the status of the project and the 
final report (D5.4). The project management has been resulted in a successful second project period. 
The final review meeting and project finalization have been organized for September 7th 2010 in 
Frankfurt Airport Conference Centre. 
 
Conclusion 
The Support Action S-PULSE was active in all 30 months in the areas of the assessment of 
international RSFQ activities and the cooperation with other European and international bodies 
concerned with superconductors. The national activities in the field of Superconducting Electronics 
have been integrated on a European level by means of seminars, workshops, and conferences. To 
increase the visibility of the Support Action and Superconducting Electronics, a website and 5 
newsletters have been established. The envisaged European Roadmap on Superconductor 
Electronics is in press now. Technical supports concerning the fabrication of circuits with reduced 
line width and the operation of RSFQ logic in cryocoolers were successful. The project 
management concludes that the project has been successfully accomplished. 


