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The world first electronic computer; ENIAC (1946) 

(from Wikipedia) 



The world first superconducting  
electronic device; ñCryotronò 

 

By D. A. Buck 
(1956) 

ñ1ò: Normal-conducting state 

ñ0ò: Superconducting state 

Cryotron gate resistance vs. control current 
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Research flow of superconducting digital electronics* 
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4-bit Josephson microprocessor 

S.Kotani et al., ISSCC1988 Fujitsu) 

Device 

Maximum 

clock (MHz) 

Power (W) 

Si 
1) 

GaAs 
2) 

JJ 

30 72 770 

1.4 2.2 0.005 

1) AMD, 1985 data bock 
2) Vitesse, 1987 GaAs IC Symposium 

5 mm 



MPU in closed cycle system 

S.Kotani et al., ISSCC1991 Fujitsu) 



-bit Josephson DSP and 4k-bit memory 

8-bit Josephson DSP 

6,300 gates (23,000 JJ ) 

Clock frequency 1 GHz 
Power consumption 1 mW 

S.Kotani et al., ISSCC1990 Fujitsu) 

4k-bit Josephson RAM 
21,000JJs 
Access time 380 ps 
Power consumption 9.5 mW 

S.Yorozu et al., ASC1994 NEC) 

5 mm 
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Research flow of HTS devices in Japan   

HTS materials  
(1986) 

Three terminal devices 

(1988-1997) 

SQUID 

Josephson junctions 

(from the beginning of 1990s)  

Microwave filters 

(from the beginning of 1990s)  

Thin film 
technology 

(from the end  
of 1980s) 

SFQ circuits 

   There was no remarkable progress in 1990s, but basic technology for fabricating  

HTS thin films, Josephson junctions, and SQUID steadily progressed in these period. 



Interconnection with Josephson devices 

Processor interconnection demo 

The interconnection chip has a function  

like a traffic rotary, i.e., data coming from  

one node are transferred to another node. 

S.Yorozu et al., IEEE Trans. Appl. 
Supercond. 1999 NEC) 
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Optimized HTS multilayer structure 

MgO substrate 

La-YBCO (GP) 

La-YBCO(BE) La-YbBCO(CE) 
SSO 

SrSnO3(SSO) 

LT-SSO 

Au 
V-Ti 

resistor 

IEJ 

Features 
Å3 HTS layers with SrSnO3 (SSO) insulator 

ÅRamp-edge-type IEJ (Interface Engineering Junction) 

ÅMinimum junction width of 2 mm 

MgO 

La-YBCO (GP) 

La-YBCO (BE) 

SrSnO3 

SrSnO3 

La-YbBCO  

          (CE) 
JJ 

Ground Contact 

(Oxygen Via) 

H. Wakana et al., IEEE Trans. Appl. Supercond., Vol. 17, p. 233 (2007) 



Pulse 
generator 1 

Comparator 

New sampler system prototype 

H. Suzuki et al., Ext. Abs., O-R01, ISEC2007 



HTS SQUID magnetometer  

with integrated pickup coil  

S. Adachi et al., IEEE Trans. Appl. Supercond., Vol.21, p.367 (2011) 



Performance of HTS SQUID magnetometers 

S. Adachi et al., IEEE Trans. Appl. Supercond., Vol.21, p.367 (2011) 



Pulse 
generator 1 

Comparator 

Application of HTS SQUIDs  

- Non-destructive evaluation (NDE) of CCs - 

T. Hato et al., Physica C, Vol.469, p.1630 (2009) 



Pulse 
generator 1 

Comparator 

Application of HTS SQUIDs  

- Non-destructive evaluation (NDE) of CCs - 

T. Hato et al., Physica C, Vol.469, p.1630 (2009) 

Delamination 
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Progress of fabrication process with niobium junctions 

Cross sectional view  of  

3Nb layers fabricated by  

conventional process  

Cross sectional view of 9 Nb layers  
fabricated by advanced process  
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T. Satoh et al., IEEE Trans. Appl. Supercond., Vol.19, p.167 (2009) 



Comparison of ADP  
with conventional process 
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4k-bit RAM 

Standard process  
(3 Nb layers, w/o planarization)  

Cell size: 55x55 ȉm 

No. of JJ: 21,000 
 

ADP  
(6 Nb layers, with planarization)  

Cell size: 22x22 ȉm 

No. of JJ: 80,700 
 

16k-bit RAM 

S. Nagasawa et al., IEEE Trans. Appl. Supercond., Vol.17, p.177 (2007) 



SFQ 4 x 4 switch with scheduler 

Clock 

Control 

Output 1 

Output 2 

Output 3 

Output 4 

Clock 

Control 

Input 1  

Input 2  

Input 3  

Input 4  

No. of JJ: 2137 
Throughput:  
40 Gbps x 4 ch 
 =160 Gbps 
Power: 0.66 mW 

4 x 4 switch data path  

Y. Kameda et al., IEICE Trans. Electron., Vol. E91-C, p.333 (2008) 



Cryocooled 4 x4 switch system 

32 I/O ports  
 
10 Gbps/port 

 
2-stage G-M  

  cooler 
 (1 W at 4 K)  

Cryogenic chamber with armor plating 
19ò system rack 

Y. Kameda et al., IEICE Trans. Electron., Vol. E91-C, p.333 (2008) 



A lot of FPUs 
+  

Reconfigurable network 

Configuring DP by the routing network 
to perform loop calculations in large-
scale computations 

The data are directly transferred 
between FPUs without memory 
access. 

Relaxation of memory wall problem 

N. Takagi et al., IEICE Technical Report, SCE2006-36 (2007) 

 -An architecture suitable for SFQ implementation- 

Large Scale Reconfigurable Data-Path (RDP) 



45 GHz operation of 2 x 2 RDP processor 

45GHz operation of 2 x 2 RDP (Reconfigurable data path)  SFQ processor 

Courtesy of  Prof. Fujimaki of Nagoya University 

A. Fujimaki et al., Japan. J. Appl. Phys., to be published (2011) 

Bias current Bias current 

Bias current Bias current 

Number of JJ: 11,458  
(The largest SFQ circuit  
        made with ADP) 
Power consumption: 3.4 mW 

Circuit area: 5.61x2.82 mm2 

ALU: Arithmetic Logic Unit 
ORN: Operand Routing Network 



COTS 

Digital Modem 

COTS 

Digital Modem 

X-band 

Transmitter 

X-band Digital-

RF Receiver 

XTAR Satellite 

Data: 

 PRBS test signal 

and Video were 

transmitted over 

satellite and 

received by 

HYPRES XADR 

system in real time 

Courtesy of Dr. Mukhanov of HYPRES 

X-band Single-Chip  
All-Digital-RF Receiver 

 (XADR) 
Cryocooler 

X-band  Digital RF 
Receiver System 

PRBS: Pseudo Random Bit Sequence 
COTS: Commercial Off The Shelf 



Latest Version of All-Digital Receiver (ADR-7) 

output amplifiers 

and FPGA post 

processing 

temp and vacuum 

gauges (optional) 

cryopackaged 

ADR chip 

dc current source 

Courtesy of Dr. Mukhanov of HYPRES 



Expansion of SFQ application area 

Â Various SFQ circuits have been developed. 

Â SFQ can be applied to the various fields of 
superconducting electronics. 

Â However, their applications have been limited to 
computers or communications. 

Â In particular, applications involving the signal 
processing of superconducting sensors are the 
most optimistic utilization of SFQ. 
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Superconducting sensors 

Â SQUID Magnetic sensor  MCG (magneto-cardiography) , 
MEG (magneto-encephalography), and various NDE (non-
destructive evaluation) systems 

Â EM radiation (X-rays, ɔ-rays) and particle (photon, 
proton) detection  Various systems 

¸ TES (Transition Edge Sensor) 

¸ STJ (Superconductive Tunnel Junction) 

¸ MKID (Microwave Kinetic Inductance Detector)  

¸ SSPD (Superconductive Single Photon Detector) 

    or SSLD (Superconducting Strip Line Detector) 

Â SIS mixer Electromagnetic wave detection (typically 100 
GHz ï 1 THz)  Radio telescope receiver, ALMA project 



Magneto-encephalography (MEG) 

Courtesy of Prof. Naito of Tokyo Institute of Technology  

(formerly belonged to Yokogawa Electric Corporation) 

Over 50 MEG systems have been installed in Japan. 

New 160ch-MEG system  
(Yokogawa Electric Corporation) 



Band 10 receiver for ALMA project 

Preproduction receivers (S/N01 and S/N03) 

Courtesy of Dr. Uzawa  

of National Astronomical 

Observatory of Japan 

Band 10 (787-950 GHz) 
receiver for ALMA (Atacama 
Large Millimeter / Sub-
millimeter Array) Project 

Noise temperature: 
Tn < 230 K  (5hf/ kB) 
 
IF: 4-12 GHz for DSB 

Finally S/N73 

Y. Fujii et al., IEEE Trans. Appl. Supercond., Vol. 21, p.606 (2011) 



X-ray spectrometer with TES installed in 
a transmission electron microscope 

FWHM=7eV (at Si KŬ) 

Collaborated work of NIMS, Kyushu Univ., JAXA, SII NanoTechnology, and JEOL 
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Si(Li) 
detector 

Developed  
Detector 

Si Ka 

W Ma1 

W Mb1 

Si Kb1 

TEM with TES 

Si+W in Silicon device 

T. Hara et al., J. Electron Microscopy, Vol. 59-1, p.17 (2010) 

Courtesy of Dr. Hara of National Institute for Materials Science (NIMS) 
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Single photon receiver system with NbN SSPD 

MgO  

Detector chip 

TEM photograph of SSPD 

100  nm 

NbN nanowire with 5nm thickness and 100nm width  

100  nm 100  nm 

Courtesy of Dr. Wang of National Institute of  

Information and Communication Technology 
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5
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This system was successfully applied for the 
cryptography between two points 100 km away.  

S. Miki et al., Opt. Lett., Vol. 35, p.2133 (2010) 


