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CONCLUSIONS
There are fabricated and investigated the novel hybrid heterostructures such as superconductor-

semiconductor barrier (with metal quantum dot)-superconductor ( ). In these heterostructuresS-Sm(QD)-S
the metal cluster inside the barrier behaves as quasi-one-dimensional quantum dot, as a result in these
heterostructures charge transport is quasi-one-dimensional one and can be adequately described by using
scattering matrixes in the frame of quantum model of one-dimensional charge transport.

The formation of tungsten nanoclusters inside the silicon barrier is a result of a phase separation of the
metal and semiconductor phases in the process of their joint deposition on the substrates at room
temperature.

If at the temperature increasing the coherent charge transport is changed by a non-coherent one we
observe that in this case a monotonic decreasing of conductivity of one-dimensional channels of
heterostructures is changed by their increasing at TC (critical temperature of the superconducting banks).
The minimum of conductivity is achieved at temperature when the superconducting fluctuations are
maximum, so at T=TC.

The dependencies of conductivity on applied voltage are sufficiently different for various type of transport
in the one-dimensional case. One can see in the case of coherent charge transport the resonant current
peaks appears in CVC's and almost horizontal linear region appears in CVC's at high bias voltages. In
contrast, in the case of non-coherent charge transport CVC's are described by a usual power low. It means
there is a great difference between coherent quantum one-dimensional channels and non-coherent (normal)
ones, this circumstance is usually neglected in the analysis of the junctions properties. Also it means that the
usual theory approach for estimation of ICRN product value for Josephson junctions is inapplicable at least in
the case of one-dimensional Josephson junctions.

The fabricated Josephson junctions are topologically protected (so an appearance of Josephson vortexes
is impossible in its) as a result the fabricated Josephson junctions doesn't demonstrate the Frunhofer-type
dependence of IC(H). And a splitting of Landau energy levels of quantum dot in an applied magnetic field (in
parallel to the substrate surface ) is a reason of the observed increasing of Josephson critical current and
excess current (in BTC sense) for these junctions.

Firstly, the four-terminal hybrid superconductor- semiconductor (with quantum dots)-superconductor-
semiconductor (with quantum dots)-superconductor junctions have been fabricated and their I-V curves have
been measured experimentally. It's obtained these heterostrucure demonstrate the switching effect: the
voltage value (applied in it) can be controlled by changing the control current value which change (by the
current electric field) the height of potential barriers formed by electrons trapped in the traps in silicon layers,
as a result the heterostructure I-V curve can be controlled. It's proposed the fabricated heterostructures
behave like a transistor and can have voltage and power gains in the some frequency range.
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The current-voltage characteristics of the tunnel junction MoRe-Si(W)-MoRe with low threshold voltage
with barriers that are 15 nm thick, with a tungsten concentration of 8 at. %. (a) at different temperature
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The surface of  amorphous Si(W) film (a) and MoRe film (b) deposited on polycrystalline Al O .2 3

Model tunnel barrier Si with nanocluster W. (a) geometrical scheme of MoRe-Si(W)-MoRe
heterostructure, (b, c) high transparency type of barrier with h1 and h3 < 1 nm, (d) areas of space
charge of high transparency barrier, (e, f) areas of space charge of low transparency barrier at different
applied voltage, (g) low transparency type of barrier with h1 and h3 ≈ 6-10 nm, (h) medium
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Scattering at the NS interface. (a) Scattering of an
electron to a hole. (b) Scattering of a hole to an
electron.

Andreev reflection, occurring on the NS boundaries, is described by the
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Abstract
The work is devoted to the study of charge transport in a new type of hybrid superconducting heterostructures, which is expected to be the basic elements of ultrafast superconducting digital devices and supercomputers,

promising in terms of significant enhancement of the energy efficiency and performance of existing computer systems. The change of details and topology of the transport can strongly modify properties of the fabricated
Josephson junction, from usually S-N-S trilayers to tunnel junction with quantum dots where the charge transport is similar to that for topological superconductors. In this work, we have fabricated and investigated thin-film tunnel
junctions such as superconductor - semiconductor (with quantum dots) - superconductor MоRe–Si(W)–MoRe where electrons are tunneling through one or several quantum dots within the Si(W) barrier. Current-voltage
characteristics of the tunnel junctions with various tungsten contents in the barriers have been measured in a wide voltage range from -900 mV up to 900 mV at various temperatures from 4.2 K up to 8 K.At relatively high tungsten
content in the barrier we have observed appearance of Josephson supercurrents. The characteristic voltages ICRN of our samples (RN is the normal-state resistance) are unusually high. Simultaneously, we have recorded
large excess quasiparticle currents Iexc in the dissipative part of current-voltage characteristics that is a strong evidence of intensive electron-to-hole (and inverse) Andreev reflections in the junctions studied. When the W
content in barrier was decreased the Josephson current disappeared and we have observed resonant current peaks in I-V curves at bias voltages from 40 mV up to 300 mV which were symmetrical for positive and negative
voltages. With increasing temperature the current peaks became more extended and at T>TcMoRe they disappeared. In these heterostructures the metal cluster inside the barrier behaves as quasi-one-dimensional quantum
dot, as a result in these heterostructures charge transport is quasi-one-dimensional one and can be adequately described by using scattering matrixes in the frame of quantum model of one-dimensional charge transport.

Scheme (top view – a) ; the charge distribution (electrons are marked by “–“ ) is given: if control current Icon.
is absent – b, if the control current is present –c ) and I-V curves (d,e,f) of the investigated heterostructures.


