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Abstract. The Rapid Single-Flux-Quantum logic (RSFQ) 
presents an efficient way to achieve ultra fast digital 
operations.  This logic uses the macroscopic effects which 
can be found in nano-structured superconductor devices 
such as the Josephson AC and DC effects, and the magnetic 
flux quantization. As the typical time of the Josephson 
junction quantized phase leap 2π is in the order of 
picoseconds, the RSFQ circuits can operate with clock 
frequencies in the order of hundreds of GHz. 

This invited paper focuses on basic principles of 
superconducting RSFQ logic as well as on typical 
applications, such as the signal conversion or petaflops 
computing systems. In addition we point out the benefits of 
the semi-metallic NbN-TaxN-NbN Josephson junction 
technology, which has been developed at CEA-INAC in 
Grenoble. 
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1. Introduction: Superconducting 
Electronics 
In the last decades, superconductivity (and low 

temperature electronic) has become one of most attractive 
field in modern applied physics and electronics [1]. The 
cause of the interest can be seen in two basic points:  

• in a low-temperature environment, where the 
specific conditions (low thermal energy kbT, low 
noise etc.) emphasize physical phenomena which 
cannot be observed at room temperature,  

• in a specific electron interactions in the 
superconductor, causing the appearance of the 
characteristics such as the loss of conductivity, 
magnetic field screening, or the magnetic flux 
quantization.  

       Examples of the devices belonging to the first 
mentioned group are the Single Electron Transistor based 

on the coulomb blockage [2], spin transport electronics – 
devices that exploits the intrinsic spin of the electron [3], or 
the low-noise, low-temperature signal amplifiers [4]. The 
second mentioned group contains devices such as the 
radiation or photo-detectors (Hot Electron Bolometer or 
Superconductors Single Photon Detector SSPD [5], [6]), or 
devices that benefit from the Josephson Effect, such as the 
magnetometer (SQUID), volt etalon, or superconducting 
logic RSFQ.  

The intention of the following text is merely to 
highlight the major features of the Rapid Single Flux 
Quantum digital electronic based on the Josephson effect, 
and to present practical ways to develop RSFQ circuits 
including the benefits of our approach based on the self-
shunted nitride Josephson junction. 

1.1 Positioning of the RSFQ Circuit 
Compared to the recent growth of the integration 

density and the computation speed of the traditional room-
temperature electronic (low-scaled VLSI CMOS, GaAs 
devices etc.), the superconducting RSFQ digital electronic 
has an important advance thanks to the very short switching 
time in order of picoseconds, and very low power 
consumption (~ 10-19 J per gate) [8.]. On the contrary, the 
very fast low-voltage (~milivolts) I/O pulses demand 
complicate device and input/output signal handling, 
particularly since it is operated in a low temperature 
(cryogenic) environment.  

The typical experimental setup requires the device to 
be cooled down to ~4K (low temperature superconductors 
LTS). This low temperature can be obtained by the help of 
special cryocooler, or by installing the setup in liquid 
helium bath. Interfacing the circuit with external 
environments is an important issue, faced by the use of 
ultrafast transmission lines [9], optical triggering [10], or 
transposition of the input and “computed” output to the 
lower frequency (frequency dividers [11] or SFQ/DC 
converter [12]).  It thus follows that at present time, the use 
of superconducting logic is restricted mainly to laboratory 
applications. However, one can remark considerable 
progress in the development of tiny autonomous cryostats, 
which presents a promising way to expand the RSFQ 
application.  We can mention e.g. the intended embedded 



 

spatial applications, where the low power consumption 
(including the cryocooler), and the high intrinsic speed (e.g. 
direct A/D conversion on the tens-GHz frequencies) allow 
to enhance the cost- and power-efficiency rating of the 
Communications satellites [11]. 

2. Superconductivity, Magnetic Flux 
Quantization and Josephson Effect 
Superconductivity is one of the fundamental states in 

solid-state physics, causing the resistivity to drop at 
extremely low temperature (we refer to the critical 
temperature TC) [13]. It is considered to be a macroscopic 
quantum state, where two electrons are attracted, through 
an exchange of a virtual phonon. The attracted electrons 
form an electron couple called Cooper pair or 
“superconducting electron”, responsible for the current 
conduction. The paired electrons allows to maintain the 
phase coherence over a long distance (coherence length ξ), 
exceeding the crystal lattice distance. In the 
superconducting bulk, all Cooper-pairs condense in one 
ground state, which is described by the wave function 
Ψ = |Ψ|eiφ, therefore showing phase coherence on 
macroscopic distances. 

The attracting force (and thus the phase coherence φ) 
of paired electrons can be broken by applying an external 
force exceeding the band-gap energy Δ(T), of the order of 
mili-electron Volts [13]. The broken (non-paired) electrons 
in superconductors are characterized by their normal 
coulomb repulsive force and are called quasi-particles 
(QP). 

Important property of the superconductor can be 
observed during an interaction with an external magnetic 
field. Actually, the massive superconductor presents an 
“ideal diamagnetism”, which does not allow any magnetic 
field to penetrate, nor to leave the superconductor core. In 
this second case, we say that the magnetic flux was trapped 
in the superconductor, forming the permanent circulating 
current. The effect of the magnetic field screening is called 
Meissner effect [13], and is conditioned by the London 
equation [14] (penetration depth λL).  

2.1 Magnetic Flux Quantization 
The quantization of the Magnetic Flux is a phenomena 

which enables the magnetic field trapped in a 
superconductor (type II superconductor) or penetrating a 
superconducting loop to reach only the discrete values n·Ф0 
([13], [16]). The constant Ф0 is the magnetic flux quantum: 
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and is the fundamental physical quantity in the Rapid 
single-Flux-Quantum Logic (energy of the elementary 
information). The concept of magnetic flux quantization 
was developed by London [15], describing the 

superconductors containing the permanent circulating 
currents - vortex (see Fig. 1).  

The value of the magnetic flux quantum (1) can be 
obtained thanks to the Ginzburg-Landau theory [15], 
describing the current density of the Cooper pairs as the 
vector: 
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where λL is the effective London penetration depth, and A 
is the vector of magnetic potential. Due to the long-distance 
coherence in the superconductor, the phase φ is single 
valued (quantized) and must reach only discrete multiples 
2π n. We can then integrate the gradient of the phase of the 
Cooper-pairs wave function around closed line Γ: 

                             2dl nϕ π
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where Ф0 is the magnetic flux quantum (1) an n is integer.  
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Fig. 1.   Magnetic flux penetrating a superconducting ring. 
Induced current allows the penetrated flux to reach only 
the discrete values n·Ф0 [16]. B is the magnetic induction, 
nCP is the relative concentration Cooper-pairs, and Js the 
shielding supercurent density (2). 

2.2 Josephson Junction 
As the normal electrons in the tunnel junction, the 

Cooper pairs can pass through a thin (isolating or metallic) 
barrier, placed between two superconducting electrodes. 
The Cooper pair tunnelling across a transparent barrier is 
referred as the Josephson Effect [17], [18]. This effect is 
characterised by the Josephson Equations, stating that the 
wave functions Ψ1, Ψ2 of two isolated superconductors are 
correlated across the barrier. 

The voltage and current of Josephson junction is 
related to the Josephson phase (φ1 − φ2) throughout the 
following equations: 
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 If the bias current is lower than the critical current Ic 
(typically being of the order of kA/cm²), the junction 
barrier behaves as a superconductor (with exception to the 
non-constant phase drop), and no voltage would be 
developed between the junction sides (the junction is 
sometime referred as the superconducting junction). In this 
mode, the phase difference between the junction electrodes 
become locked (i.e. is time-constant, d( )φ /dt = 0), and the 
coupled electrons can pass through barrier without energy 
loss. This effect is referred to as the DC Josephson effect.  
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Fig. 2. Superconducting Josephson junction and its symbolic 
schematic view. 

When the DC current exceeds Ic, a voltage drop 
appears across the barrier, and the phase difference of the 
wave functions starts to increase (AC Josephson effect). 
The linear phase increase induces a sinus modulation of 
current Is, referred to as AC Josephson current (Eq.(5)): the 
junction becomes a voltage controlled oscillator of the 
frequency f = 2eV/h, corresponding to 483 597.9GHz/V. 
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Fig.  3.  Example of Static I-V characteristic of NbN-MgO-NbN 
Josephson junction, measured at T = 4.2K (liquid He 
temperature). 

As shown in Fig. 2, the Josephson junction is made of two 
superconductors, separated by a very thin (order of 
nanometers) insulator or metallic barrier (S-I-S or S-N-S 
junction). The character of the barrier determines the 

junction dynamic (model RJC [11], [21]) and I-V 
characteristic: as the DC characteristic of S-I-S junction 
presents a hysteresis, the I-V characteristic of S-N-S 
junction is single-valued (required for the RSFQ).  

The example of measured I-V characteristic of S-I-S 
junction (averaged DC envelope) is shown on Fig. 3. In this 
figure, we can observe the previously mentioned zero 
voltage across the junction (junction is in superconducting 
state, I < Ic), and the hysteretic of the I-V characteristic. 
Above the critical current, the average junction resistance 
reaches a very high value, up to the superconducting gap Δ 
(~ few milivolts). In this region, the oscillating AC 
Josephson current is present. Above the “superconducting 
gap voltage”, the phase coherence of the Cooper-pairs 
passing through the barrier is broken, and normal tunnel 
effect occurs: the junction behaves as normal metallic 
resistance characterized by the tunnel resistance Rn. 

     The presence of the RF Josephson current in the high-
resistivity region (|V | < 2Δ/e) can be visualized by an 
interaction with an external RF signal. This interaction 
causes the frequency modulation of Josephson current, 
resulting in the distinct voltage step in the junction I-V 
characteristic (Shapiro’s steps, Fig. 4). These voltage steps 
are spaced by V(µV)=f(RF)/483,5 MHz. Since Eq.(6) 
contains only the fundamental physical constants, this 
effect is used in the today’s most accurate volt standard 
[20].   
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Fig. 4.    Static I-V characteristic of the Josephson junction 
interacting with external electromagnetic field 
(f = 12GHz). The voltage steps (Shapiros’s steps) are 
spaced by f / 483,5 MHz = 24.8µV. 

3. Principle of the Superconducting 
Logic RSFQ  

The superconducting Rapid Single-Flux Quantum Logic 
is based on the transfer of the very fast voltage pulses, 
related of the magnetic flux quanta [21]: 

           ( ) 0 2.07V t dt mV ps= Φ = ×∫   (7) 

This means that, contrarily to today's transistor logic, 
the exchange of information between the logic cells is 



 

mediated by the presence, or absence, of the SFQ voltage 
pulse (Single Flux Quanta).  

The generation of the SFQ pulse is conditioned by the 
Josephson junction phase slip 2π, caused by an current 
pulse which momentarily exceeds the junction critical 
current Ic. The phase slip duration is in order of 
picoseconds, allowing the RSFQ logic to turn up to 
frequencies as high as 100GHz (note, 700GHz operation 
was published [22]). 

3.1 DC SQUID, SFQ Pulse Generation 
The mechanism of the SFQ pulse generation can be 

shown by analysis of the interaction of a Superconducting 
Quantum-Interference Device (SQUID [1], [23]) with an 
external magnetic field B. The basic configuration of a 
SQUID consists of two shunted (non-hysteretic) Josephson 
junctions, connected in parallel on a superconducting loop 
(Fig. 5). The critical Ic current of the junction is much less 
important than the critical current of the main 
superconducting ring, resulting in the constant phase φ1, φ2 
of the superconducting electrode wave functions Ψ1, Ψ2.  
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Fig.  5.  Schematic model of the DC SQUID with two Josephson 

junctions and superconducting electrodes. The inductance 
value is designed so, that the SFQ pulse can be stored 
inside the loop, i.e. Ic·L > Ф0. 

In the absence of external magnetic field, the DC 
SQUID behaves as a single Josephson junction with critical 
current 2Ic. If a magnetic field Φext << Φ0 is applied 
perpendicularly to the superconducting loop plane, the 
permanent circulation current iL occurs: 

                                  ext
Li L

Φ
=    (8) 

increasing the phase difference extφ  between the junctions 
(Eq.(5)). According to the direction of the magnetic field, 
the critical current of the junctions is shifted to Ib ± iL.  

If the external magnetic field increases in a way that the 
current Ic+iL exceeds the critical current Ic, one of the JJ 
commutates to the lower-energy state (n = 1). This 

commutation (2π phase turn) is accompanied by the 
generation of the SFQ voltage pulse across the commuting 
junction, which changes the value and polarity of iL: the 
new permanent circulating current enables to penetrate (and 
then store) the magnetic flux inside the SQUID loop (not 
necessarily Ф0 as in Fig. 1). The further increase of the 
external magnetic field allows repetition of this process, 
which results in the periodic Фext versus SFQ-pulse 
generation, with period spacing Ф0.  

3.2 Demonstration: D-type Flip-Flop 
As we already mentioned, the RSFQ logic is based on 

the transfer and conservation of SFQ pulses. The flow of 
SFQ pulses is mediated by the connection of specific 
(synchronous and asynchronous) logic cells, composed of 
the superconducting inductances, and Josephson junctions. 
The inductance is comparable to the SFQ-pulse to current 
convertor, whereas the JJ reversely converts the current to 
SFQ pulse (for I > Ic). The logical cells are biased by the 
constant current sources (external resistances), responsible 
for the overall power consumption of the circuit.  
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Fig. 6.  RSFQ D flip-flop cell. The JTL is the Josephson 
Transmission Line, J1, J2, L1 forms the DC SQUID 
(Fig. 5), and J0, J3 mediate SFQ pulses propagation. 

Fig. 6 shows one of the fundamental cells used in the 
RSFQ circuit design: D-type flip-flop [12], [21]. In this 
figure, we notice the DC SQUID (J1, J2 and L2), enabling 
the storage of the SFQ bit. Since the J1 is biased close to its 
critical current (SQUID is in “0” state), an incoming SFQ 
pulse passes through J0 and commutates J1. The SFQ pulse 
enters into the SQUID loop without commuting J2. The 
permanent current iL = Ф0/L2 then circulates, causing the 
junction critical current shift to IcJ1 = Ic − iL and IcJ2 = Ic + iL. 
Therefore, as J1 is biased far below the critical current, 
other incoming SFQ pulses applied to the input produce the 
commutation of J0 and do not perturb the induced 
permanent currents inside the SQUID loop.  

The reading-out of the stored pulse is enabled by an 
incoming pulse CLK. Depending on whether or not the 
circulating current iL exists, the CLK pulse allows either to 
generate or not the pulse at the output Q. Like the 
commutation of J0, the commutation of J3 is conditioned by 
the presence of the permanent loop current iL: this current 
increases the critical current of J2 to Ic + iL, which is below 
the critical current of J3. In the absence of iL, the incoming 



 

CLK pulse induces the phase slip 2π across the J3, and 
dissipates the CLK pulse with no other effects. The pulse 
flow of the above described circuit is shown in the 
following Fig. 7. Here, we can notice that Fig. 6 cell delays 
the signal by one clock period. 

 
Fig. 7.  Time flow of the SFQ pulses of the D flip-flop from Fig. 6. 

3.3 Family of the logic cells 
The continuous development in the field of the RSFQ 

logic resulted in a specific software product, which 
facilitates the high level implementation of large-scale 
integrated circuits. We can refer e.g. to [12], [24], where 
the basic logical functions have been implemented, and are 
available as libraries under the standard computer design 
and simulation environment ([25], [26]). To complete this 
basic overview of the RSFQ logic, we list the fundamental 
logic cells which are frequently used in the RSFQ IC 
design: 

• Josephson Transmission Line (JTL): is one of 
the most important elements, allowing the transfer 
of the SFQ pulses over long distances. In some 
circumstances, the JTL allows to shape and 
amplify the SFQ pulses. 

• Asynchronous components: e.g. merger or 
splitter, allow merging/reproducing the SFQ 
pulses.  

• Logical gates: such as the OR, AND etc. 

• Flip-flop: Logical block such as the previously 
presented D-type flip-flop, having two stable 
states (memory cells).  

• Special purpose circuit: as the mentioned 
SFQ/DC or DC/SFQ converters, allowing an easy 
to handle output for laboratory purposes. 

4. Foundries, Application Examples  
The standard RSFQ-logic fabrication process (thin 

film deposition, patterning etc.) requires relatively simple  
laboratory instrumentation. This is mainly thanks to the 
large dimension of the JJ, being typically in order of few 

µm². The fabrication process offered by the most important 
foundries (Hypres [27], IPHT Jena [28], NEC [29]) is 
based on the Niobium LTS technologies, using externally 
shunted Nb-AlOx-Nb Josephson junctions. As example, the 
available critical-current current density is 0.03 to 
4.5kA/cm² for Hypres, or 1kA/cm² for IPHT Jena. 
However, the experimental process developed in the 
research laboratories disposes of very attractive features, 
such as the using of medium- or High-Tc superconducting 
layers (niobium nitride (NbN), Tc ≈ 17K, YBCO-type 
superconductors with TC ≈ 80K), or the self-shunted 
metallic barrier, allowing to avoid the external shunt 
resistance (NbN-TaxN-NbN process developed in CEA-
INAC [11], [30], see chapter 5). We can also note an 
innovative concept in the Josephson junction fabrications, 
such as the π-junction [31]. 

4.1 Application Examples 
As previously mentioned, the practical employment of 

the RSFQ circuits requires to develop an appropriate 
laboratory background, constrained mainly by the 
cryogenic environment, and very fast - low voltage pulses 
(interface problem). The applications can be thus found in 
domains where the issued capital for the construction of 
such facilities is equilibrated by the gain of performances. 
The typical example of circuits realized by the RSFQ logic 
is the ultrafast data conversion, digital signal processing, 
computation (petaflops processors), or signal generation 
(PLL, frequency divider). 

We here briefly show two examples demonstrating the 
abilities and performances of the circuits, based on the 
Josephson junction RSFQ logic (developed at SUNY Stony 
Brook, TRW, JPL, and the MIT, both circuit presented here 
are based on the niobium technology Hypres): 

1) Experimental RSFQ 8-bit microprocessor FLUX-1: 

  Is the first 8-bit RSFQ processor with 20GHz clock 
frequency, containing 63,107 Josephson junction, and 
reaching ~10mW power dissipation. The mentioned 
reference [32] presents in detail the issues in the processor 
design process. It is shown that the handling of SFQ pulses 
requires to develop a new architecture which is better 
suited for the RSFQ logic than those used in the design of 
standard CMOS microprocessor.  

As described, the main issue in the processor design is 
the inherent delay introduced by the RSFQ logic cells (one 
clock cycle per operation), which can significantly decrease 
the overall computing time. The design strategy presented 
in [32] is based on the very fine-grain pipelines, containing 
minimum (~2) gate delays per pipeline stage. Another 
important issue mentioned is the propagation delay. It is 
noted, that a clock pulse can take up to several cycles to be 
propagated across the chip, which have a negative impact 
on processor synchronisation. The proposed architecture 
used in the design divide the processor onto the smaller 
areas, where the local synchronisation can be achieved. 



 

 
Fig. 8.   Microphotography of Flux1 RSFQ processor. Processor is 

designed for 20GHz clock frequency, and contains 63kJJ 
(6.9A bias current, 10mW power consumption). 

 

2) Superconducting band pass ΔΣ ADC converter [33]:  

The implementation of the band pass ΔΣ ADC 
converters is one of the most attractive applications of the 
RSFQ logic. It allows direct sampling of the carrier signal 
at GHz frequency, making the converter attractive for the 
software-defined radio applications. The sampling is 
provided by the JJ comparator (JJ1 and JJ2 in Fig. 9). The 
quantization is enabled thanks to the periodic current/SFQ-
pulse generation response of the Josephson junction: each 
generated SFQ pulse injects a current to the microwave 
resonator, thus providing a feedback important for the ΔΣ 
architecture.  
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Fig. 9.  Simplified Input stage of the receiver based on the RSFQ 
ΔΣ bandpass modulator. 

The band-pass ADC modulator [34] architecture is 
derived from the traditional low-pass variant of ΔΣ ADC 
by replacing the integrator by 2nd order BP filter. Therefore 
(similarly as the chopper amplifiers), the integrated noise is 
considerably lowered compared to the LP variant. In the 
context of RSFQ circuit integration, the resonator can be 
advantageously realized by using the superconducting 

transmission lines, which allow increasing the quality 
factor and thus increase the SNR of the ADC.  

 The example presented in [34] is the ADC with 
centre frequency 2.23GHz and 45GHz sampling rate. The 
interesting SNR of 49dB is obtained thanks to use of 
narrow-band input resonator. The convertor is made of 
4065 Josephson junctions with total power consumption of 
1.9mW (0.82A of DC bias current).  

5. Self-shunted NbN-TaxN-NbN 
Josephson Junctions 
The intrinsic resistance in the junction model (RCJ 

model [11]) is highly depended on the barrier type. In the 
case of isolation barrier (typically aluminium oxides), an 
external shunt resistance must be provided, in order to 
provide single valued (non-hysteretic) DC characteristic of 
JJ. However, the external shunt resistance considerably 
increases the surface of the logic cells. 

The self shunted junction NbN-TaxN-NbN developed 
at CEA-INAC [11] offers simultaneously an advantage of 
high critical temperature (up to 16K), high Ic density, and 
of the low resistivity of the barrier. However, the 
elaboration of the junctions and wiring layers requires to 
establish a new technological process, as briefly described 
in following. 

5.1 Elaboration of Non-hysteretic Nitride 
Junction  
Internally-shunted Josephson junctions have been 

prepared, from close cubic B1 crystalline lattice materials, 
NbN-TaXN-NbN (described here) or NbN-(MgO-AlN-
MgO)-NbN [30]. Junction layers were then reactively 
sputtered on substrates heated at about 350°C, and present 
a very good stability against oxidation. Junction patterning 
have been achieved using the Selective Niobium Overlap 
Process (SNOP) using 1μm minimum line-width contact 
lithography [36]. 

 
Fig. 10. Current-Voltage characteristics of a NbN-TaXN-NbN 

junction from 4.2K to 15.3 K. RNIC values are 2.0 mV at 
4.2K; 1.5 mV at 10.1K. 



 

Fig. 10 presents an example of I-V characteristics of a 
TaXN barrier junction optimized to operate near 10K. 
Junctions’ parameters are well-uniformed across the 3-inch 
wafer. Josephson current density Jc(ξn,T) varies with 
induced normal coherence length (ξn ~3nm at 10K) 
following the Likharev model [11] (see Fig. 10).  

The obtained product RNIC was constantly observed 
above 1.5mV at 10K, for different values of Josephson 
current densities. The typical critical-current density was in 
the range 5 to 25 kA/cm2

 (barriers thickness 7-10nm). 
 

 
Fig. 11. Multilayer stack of planarized layers applied to the 

realization of nitride RSFQ circuits operating at 9K.  

5.2 NbN RSFQ Circuit Fabrication   

The multilayer stack of the NbN RSFQ circuits 
developed in a batch of 25, thermally oxidized, 8-inch Si 
wafers for HyperSCAN project [French ANR-TCOM 06-
23] is shown in Fig. 11. The layer stack has been fabricated 
in a batch of 25, thermally oxidized, 8-inch Si wafers. The 
fabrication process and the circuits blocks designs were 
conceived at CEA-Grenoble (INAC, LETI) [30]. The 
circuit cut shows the NbN/NbTiN ground plane, the 
NbN/TaN/NbN junction layers, and the wiring layers 
sputtered by applying INAC recipes [36]. Circuits are 
patterned and structured uniformly for the first time on 8-
inch, thanks to the standard lithographic tools of the LETI 
CMOS platform.  

 
Fig. 12. Left: view of a Toggle Flip-Flop (TFF) circuit with 

0.7μm minimum junction diameter (i.e. 9 small points 
located on a central Josephson Transmission Line); right: 
view of an interconnected array of 25 junctions (0.5μm 
diameter) above a ground-plane.   

A deep ultraviolet stepper allowed to define junctions’ 
diameters down to 0.5μm with a good accuracy across 8-

inch. SF6 gas mixtures reactive ion etching (RIE) has been 
used to obtain suitable junction edge profiles. Chemical 
mechanical polishing (CMP) is applied onto thick SiO2 

layers deposited using tetra-ethoxy-silane (TEOS), which 
permit to planarize each of the nitride layer levels. The 
control of layers etching, CMP, junction and RSFQ circuit 
lithography, is done in-line during process (see Fig. 12 as 
the example of the process outcome, fabricated in Leti-
Grenoble). 

6. Summary  
This paper is intended to present a basic overview of 

the superconducting RSFQ logic and of its capability to 
properly address the future developments of ultrafast digital 
computing. It summarises a general background and 
principle of the operations, which may be required for 
reading more specialised papers on the topic. In the above 
text, we refer to the demonstrative example of RSFQ logic, 
and to the benefits and to the fabrication procedure of the 
internally shunted (non-hysteretic) Josephson junction 
NbN-TaxN-NbN, developed in CEA-INAC. 
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