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In this program we seek to examine the supercon-
ducting Josephson behavior in short-channel elec-
tronic structures where interference effects can
take place. Additionally, our hybrid superconduc-
ting-semiconducting structure represents the first
attempt at Josephson coupling via resonant
tunneling. A significant consequence of this
approach is that the energy scale for modulating
the Josephson coupling is set by the quantum
confinement levels and not the intrinsic semicon-
ducting gap voltage.

Our device uses a thin vertical Si membrane
( < 1000A) as a degenerate semi-conducting weak
link between the superconducting source and
drain electrodes which lie on either side. This
structure is in many ways an electrical analogue of
a Fabry-Perot interferometer. The membrane
defines a vertical quantum well in which the
charge carriers can interfere with each other (either
constructively or destructively), thus creating a
resonant tunneling structure between the source

and drain for both the Cooper pairs (i.e., the
Josephson channel) and the normal quasiparticle
(i.e., electron) channel. A separately applied gate
voltage biases the levels within the semicon-
ducting well, and ideally will modulate the
Josephson current by varying the wavelength of
the tunneling particles. Previous efforts on such
hybrid Josephson devices have not utilized either
resonant tunneling or quantum confinement, and
their lack of gain arises from the significant mis-
match between the semiconducting and supercon-
ducting gap energy scales.2 A key motivation for
our devices is that the energy scale is set by
guantum confinement, and can be tuned sepa-
rately from either of the gap energies. For Si well
widths in the range of 500-1000A, the energy
levels separation in the well can be more compa-
rable to the superconducting gap energy, i.e.,
many times smaller than the semiconducting gap.

Recent progress has now validated our basic
device geometry in uniformly doped low-mobility
Si:P. We are now progressing to fabricate the
devices on doped high-mobility epitaxial layers
grown on Si wafers at IBM. Higher mobilities will
increase the characteristic lengths for the carriers
in the semiconducting well, thereby better ena-
bling internal interferences.

A schematic of the device geometry is shown in
figure 1. More details of the fabrication process
and progress will be published elsewhere.3 The
primary aspects of the fabrication are described
here. The originating wafer is <110 > Sij,
phosphorous-doped via ion implantation to yield
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