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Outline 

January 29, 2017 (HE111).  The 3rd International Workshop on Superconducting Sensors and 

Detectors (IWSSD2016) was held jointly with 5th Symposium of Clean Room for Analog and 

Digital Superconductivity (CRAVITY) at Tsukuba, Japan on November 14-17, 2016. It 

succeeded the 1st workshop held in Daejeon, Korea, in 2012, and the 2nd in Shanghai, China, in 

2014. The CRAVITY symposium is annually organized by the National Institute of Advanced 

Industrial Science and Technology (AIST) to overview the research results related to the facility, 

of which a lab tour was scheduled during the workshop. The IWSSD/CRAVITY joint workshop 

was hosted by AIST and sponsored jointly by the Ministry of Economy, Trade and Industry 

(METI), and the Cryogenics and Superconductivity Society of Japan (CSSJ). It was also 

supported by IEEE CSC, the European Society for Applied Superconductivity (ESAS), the 

International Electrotechnical Commission (IEC), the Institute of Electronics, Information and 

Communication Engineers (IEICE), and the Japan Society of Applied Physics (JSAP). M. 

Ohkubo and M. Ukibe of AIST served as the Chair and Deputy Chair. It was the season of 

yellowish gingko leaves at the AIST campus, which can be seen in the banner and the group 

photo. 
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At the International Advisory Committee (IAC) meeting, the IAC members approved a 

proposal for the next IWSSD that will be hosted by Dr. Cathy Foley of CSIRO in 2018 at 

Sydney, Australia. They also welcomed three new IAC members: Professor Horst Rogalla of 

NIST/Colorado University, USA, Dr. Jörn Beyer of PTB-Berlin, and Dr. Ronny Stolz of 

IPHT-Jena, both in Germany. The full list of the former IAC members can be looked up on the 

web: https://unit.aist.go.jp/neri/IWSSD2016/committees.html . 

The total number of the attendees from 9 countries was 89 (101 including exhibitors 

representing Fujikura, NIKI Glass, Suzuki Shokan, Rockgate, Taiyo Nippon Sanso, and VAC 

Field). The attendance distribution per country was: Japan 49, China 15, Korea 9, USA 5, 

Germany 4, Italy 4, Australia 1, Finland 1, and Iran 1. The scientific program included 3 

keynote talks, 16 invited talks, 17 contributed oral talks, and 29 posters. Please, find the abstract 

booklet at: https://unit.aist.go.jp/neri/IWSSD2016/image/IWSSD2016_abstract_161102.pdf. 

Selected papers will be published in the special issue of the IOP Superconductor Science and 

Technology (SUST): “Focus on low and high Tc superconducting sensors and detectors”: 

http://iopscience.iop.org/0953-2048/focus/Focus-on-Low-and-High-Tc-Superconducting-Sens

ors-and-Detectors. 

The workshop covered low- Tc devices; high- Tc devices; device physics; readout and 

signal processing; cryogenics and implementation; materials and fabrication; scientific 

instrumentation; mineral exploration; quantum information and other novel applications. The 

IWSSD is unique among similar conferences in that it covers the IEC-IEEE international 

standardization in superconducting electronics as well as science and technology of low and 

high Tc devices. We believe that a collaborative discussion between science and technology and 

standardization is necessary to advance the societal acceptance of innovations involving 

superconductivity. 

 

Standardization Session 

The current topics of the international standardization will be reported separately in detail 

in the April issue.  For now, please, refer to the status report  2015 in: 

http://snf.ieeecsc.org/sites/ieeecsc.org/files/documents/snf/abstracts/ST434%20MOhkubo_IE

C-IEEE_standards_final_032515.pdf. Here, the outcomes at Tsukuba are summarized briefly. 

The IEC-IEEE joint standardization meeting took place in the afternoon of the first day of the 

Workshop. The meeting was attended by 7 IEC members, 4 IEEE members, and 5 newcomers. 

It was announced that two graphical symbols for the Josephson junction and the 

normal-superconductor boundary were registered in the IEC symbol data base, IEC 60417, on 

Sept. 17, 2016. This symbol registration became the first international standard in the 

https://unit.aist.go.jp/neri/IWSSD2016/committees.html
https://unit.aist.go.jp/neri/IWSSD2016/image/IWSSD2016_abstract_161102.pdf
http://iopscience.iop.org/0953-2048/focus/Focus-on-Low-and-High-Tc-Superconducting-Sensors-and-Detectors
http://iopscience.iop.org/0953-2048/focus/Focus-on-Low-and-High-Tc-Superconducting-Sensors-and-Detectors
http://snf.ieeecsc.org/sites/ieeecsc.org/files/documents/snf/abstracts/ST434%20MOhkubo_IEC-IEEE_standards_final_032515.pdf
http://snf.ieeecsc.org/sites/ieeecsc.org/files/documents/snf/abstracts/ST434%20MOhkubo_IEC-IEEE_standards_final_032515.pdf
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superconducting electronics field. Since the traditional Josephson junction symbol (cross) 

conflicted with the existing IEC symbols, a new symbol had been required. The symbolic 

standard will soon be followed by the generic specification for superconducting sensors and 

detectors, which contains a classification of many types of sensors and detectors, nomenclature, 

and terminology. Amendment or classification of the acronyms of sensors and detectors is also 

one of our tasks. 

The international standard of the generic specification will be followed by a series of 

proposals on measurement methods. Many opinions were collected to finalize the generic 

specification, and prepare new proposals for SQUIDs and Superconducting Strip Particle 

Detectors (SSPDs). 

 

Keynote Talks 

The second day started with a keynote talk by Professor J. Clarke of UC Berkeley. In his talk 

entitled “From SQUID to Qubit” he gave an overview of the progress in SQUID technology, 

from magnetic sensors to qubits. It was partly based on a paper by F. Yan, et al., Nature 

Communications 7, 12964 (2016).  The capacitively shunted flux qubit is a combination of a 

DC SQUID and an additional smaller junction. With three junctions shunted by a large 

capacitor that stores all electrical energy, these flux qubits enhance the design flexibility and 

exhibit the highest values in the characteristic times. They are now being optimized for noise 

and performance. SQUIDs are playing an increasingly important role in the field of quantum 

information as well as in ultra-sensitive sensing. 

Professor H. Rogalla of NIST/Colorado University summarized the history of applied 

superconductivity in his talk entitled “Superconductive Electronics at the extremes: very 

sensitive, very low power and nevertheless very fast.” Examples of small applications are found 

in ultra-sensitive and fast superconducting electronics for qubits, telecommunication, voltage 

standard, magnetocardiography (MCG), magnetoencephalography (MEG), mineral 

exploration, and SFQ logic circuits. The talk was closed by a word, “Please take pride in 

superconductivity research; it is essential for the technology development of our society in the 

regimes from extremely large to extremely small,” which encouraged young scientists and 

engineers. 

Dr. Cathy Foley of CSIRO introduced field applications of high Tc devices in her talk 

entitled “High Tc superconducting applications in geophysical exploration and 

telecommunications.” The population of Australia is the same as Shanghai, but the land is huge. 

In this large land, superconducting electronics already plays an important role in geophysical 

exploration and in the future also in telecommunication. CSIRO has a reputable tradition about 
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making YBCO step-edge Josephson junctions. The number of the junctions varies from one for 

RF SQUIDs and RF front-end receivers to ~100,000 for Superconducting QUantum 

Interference Filters (SQUIFs). SQUIDs offer considerably higher precision and depth range in 

localizing mineral deposits than room temperature exploration systems, while high-speed 

broadband long-range communication will benefit from the use of superconducting devices. 

 

Invited Talks and Contributed Papers 

The invited talks, contributed oral talks, and posters ranged from basic science inspired by 

novel superconducting sensors and detectors to practical field applications of more mature 

detection techniques and their scaling up.  

Among invited talks, a basic-science example can be seen in microwave photon detection. 

Dr. J. Govenius of Aalto University used electrothermal feedback in a microwave bolometer 

based on a gold nanowire with proximity-induced superconductivity. They successfully 

detected as few as 200 photons at 8.4 GHz. Alternatively, microwave single photons were 

detected with a combination of a flux qubit and a superconducting microwave resonator by Dr. 

K. Inomata of AIST/RIKEN. He reported that the detector had a quantum efficiency of 0.66 and 

a dark count probability of 0.014 for photons at 10 GHz. These two detector types may be used 

in circuits for quantum electrodynamics and quantum information processing. Recently, 

superconducting nanostrips are investigated to realize superconducting computing, replacing 

Josephson junctions. Dr. K. Makise of NICT analyzed transport properties of NbTiN nanostrips 

with a thickness of 5 nm and a width of 20 nm, and different lengths of 250-1000 nm. The 

temperature dependence of resistance below Tc can be explained by quantum phase slip (QPS) 

rather than thermal activation phase slip (TAPS), which results in superconductor-insulator 

transition. The nano-strips are nonlinear elements which have the potential to replace 

Josephson junctions. 

Practical field applications were pursued in the fields of low field MRI by Dr. Hui Dong of 

SIMIT and Dr. Kiwoong Kim of KRISS, food contaminant detection by Professor S. Tanaka of 

Toyohashi University of Tech., TES X-ray instruments in space by Dr. Hsiao-Mei Cho of 

SLAC and Professor F. Gatti of University of Genoa, dark matter search and radionuclide 

analysis by Dr. Yong-Hamb Kim of KRISS, superconducting tunnel junction (STJ) X-ray 

spectrometers for synchrotron radiation by Dr. R. Cantor of StarCryo and Dr. S. Shiki of AIST, 

low Tc SQUID mineral exploration by Dr. R. Stolz of IPHT, deep space optical communications 

with a high Tc MgB2 SSPD by Dr. A. Velasco of JPL, satellite laser ranging and quantum 

information by Dr. Lixing You of SIMIT, digital readout with superconducting integrated 

circuits by Dr. D. Gupta of HYPRES; quantum flux parametron readout by Dr. Y. Yamanashi of 
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Yokohama National Univ., cosmic background neutrino decay search, analytical instruments 

for materials science, neutron detection, quantum communication and quantum cryptography, 

and superconducting readout circuits. 

Other Highlights of invited and contributed oral papers submitted to the IWSSD2016 web 

site are summarized as follows: 

Dr. J. Lisenfeld of KIT talked about spectroscopy using qubits to sense two level systems in 

films and junctions with defects. In amorphous materials like used in tunneling barriers of 

Josephson junctions, two coordinates of atoms may be occupied by atomic tunneling, which 

forms two level systems. Two level systems can be sensed by qubits, in other word 

spectroscopy using qubits is an ideal tool to characterize materials and defects used to fabricate 

superconducting devices. 

Dr. Yong-Hamb Kim of KRISS/IBS summarized two Korean projects called Korea 

Invisible Mass Search (KIMS) and Advanced Mo-based Rare process Experiment (AMoRE), 

which are located in an underground laboratory in Korea. The KIMS for Weakly Interacting 

Massive Particle (WIPM) search uses scintillators with photomultipliers, while the AMoRE for 

the ‘neutrinoless double beta decay search’ uses metallic magnetic calorimeters (MMCs) and 

SQUID readout to answer such long-standing questions as neutrino mass, majorana or dirac 

particles, and lepton number violation. The MMCs operate as photon and heat sensors to 

distinguish electron and alpha events in 40Ca100MoO4 crystals. The 100Mo is a candidate of the 

beta decay. The underground experiment with 5 crystals of 1.5 kg is under way. They plan to 

install 500 crystals of ~200 kg with 1000 MMCs and SQUIDs in 2020. 

Professor F. Gatti of University of Genova reported the current status of the cosmic ray 

anti-coincidence group contributing to the Advanced Telescope for High ENergy Astrophysics 

(ATHENA) that is a future X-ray satellite telescope of the European Space Agency (ESA) 

around 2028 in a range of 0.5-12keV. They plan to address many unsolved questions like large 

scale structure of the universe, missing baryons, warm-hot intergalactic medium etc. The 

anti-coincidence group is developing TES detectors to eliminate energetic charged-particle 

events of cosmic rays. The TES anti-coincidence system consists of silicon absorber covered by 

65 Ir-Au TESs in parallel to detect ballistic phonons produced by charged particles. They 

confirmed that the parallel readout was feasible. The TES anti-coincidence system contributes 

to build the X-ray Integral Field Unit (X-IFU) with a TES X-ray calorimeter array of NASA 

Goddard Space Flight Center (GSFC). 

Dr. K. Tanabe of SUSTERA announced that the International Superconductivity 

Technology Center (ISTEC), founded in 1988 just after the discovery of the high-Tc 

superconductors, was closed in June, 2016. The electronics device division established a 
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nonprofit organization called SUperconducting Sensing TEchnology Research Association 

(SUSTERA). They have a reputable tradition of producing high-Tc SmBaCuO-LaErBaCuO 

ramp-edge Josephson junctions. They claimed that the performance of the high Tc SQUIDs is 

getting close to that of low Tc SQUIDs. Their high Tc SQUIDs are employed for metal resource 

exploration, magnetic non-destructive testing for infrastructures like bridges, electromagnetic 

logging system for monitoring underground oil layer, and food contaminant test. The 

SUSTERA can supply SQUID gradiometer chips and portable cryostat to users. 

Dr. J. Beyer of PTB reported dc-SQUID current amplifiers for Metallic Magnetic 

Calorimeters (MMCs). He mentioned an MMC application of radioactivity measurement of 

-emitters. The MMCs have a high energy resolution similar to or better than that of TESs with 

a very good linearity, while the requirement for SQUID readout is more severe. They have to 

take care of such parameters as efficient magnetic flux transfer, readout noise, and parasitic 

thermal loading. The PTB SQUIDs for MMCs, which operate at less than 0.3 K, have a design 

of two stage SQUID cascade with a power dissipation of only ~2 nW. 

Dr. G. Fujii of AIST are developing Nb/Al-based STJ array detectors for a soft X-ray range 

less than 2 keV to cover the K-lines of trace light elements. They already installed 100-pixel 

systems into a synchrotron radiation facility for X-ray absorption fine structure (XAFS) and a 

scanning electron microscope for nano-scale elemental mapping to analyze advanced 

functional and structural materials. A model with 512-pixels is under development for Particle 

Induced X-ray Emission (PIXE) using an ion accelerator. The best energy resolution is 4 eV in 

FWHM including readout noise at 400 eV. The current 100-pixel spectrometers with FPGA 

parallel readout circuits have a mean energy resolution of 6.7 eV at 400 eV and a photon 

counting rate of 100 kcps. They introduced a 3D chip structure fabricated with a Chemical 

Mechanical Polishing (CMP) process for scaling up to 512-1000 pixels. A prototype chip with 

close-packed 1024 pixels with an embedded lead wiring layer has a spatial filling factor of 70% 

and a mean energy resolution of 13 eV. In Ta-based STJs, which can cover a higher X-ray 

energy range, similar or better high energy resolution was obtained by Dr. R. Cantor of 

StarCryo. An advantage of STJ detectors over calorimeters is a high photon counting rate for 

practical material analysis. 

Highlights of posters submitted to the IWSSD2016 web site are summarized as follows: 

Dr. Y. Ezoe of Tokyo Metropolitan University reported multilayer readout wiring for TES 

arrays using CPM. They fabricated 400 TES pixels with embedded wiring layer to achieve a 

close-packed array arrangement with a low pixel-to-pixel cross talk. Next step is to attach 

X-ray absorbers and to make membrane structure, 

Dr. Inwook Kim of IBS explained photon-phonon simultaneous measurement for 
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neutrinoless double beta decay. That is an effective way to distinguish between electron events 

and alpha events in the AMoRE project. 

Dr. K. Kiuchi of RIKEN reported a ground-based project for the polarization measurement 

of Cosmic Microwave Background (CMB) at a large angular scale. They are developing a 

horn-coupled superconducting kinetic inductance detector (KID) array for focal plane position, 

in order to cover half of the sky by using rotating cooled optics.  

The slide presentations and posters submitted by the authors are available at   

https://unit.aist.go.jp/neri/IWSSD2016/slides_posters.html.  

 

Masataka Ohkubo, AIST, Chair of IWSSD2016 

January 19, 2017 

https://unit.aist.go.jp/neri/IWSSD2016/slides_posters.html

