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We report the first fabrication of active semiconductor and high-temperature superconducting
devices on the same substrate. Test structures of complementary metal-oxide-semiconductor
transistors were fabricated on the same sapphire substrate as test structures of Y1Ba&!u307-.a
flux-flow transistors, and separately, Y IBa2Cu307--6 superconducting quantum interference
devices utilizing both biepitaxial and step-edge Josephson junctions. Both semiconductor and
superconductor devices were operated at 77 K. The cofabrication of devices using these
disparate yet complementary electronic technologies on the same substrate opens the door for
the fabrication of true semiconductive/superconductive
hybrid integrated circuits capable of
exploiting the best features of each of these technologies.
Operation of semiconductor devices at liquid nitrogen
temperatures continues to be investigated as computer
manufacturers try to inc.rease the speed of their devices.’ A
factor of 2 or more increase in speed for complementary
metal-oxide-semiconductor
(CMOS) devices can be obtained, a significant advantage for high performance computer systems.
While superconducting devices have much higher theoretical limits for speed than semiconductor devices, there
are certain functions which they cannot perform well, particularly in the case of high temperature superconductor
(HTS) devices. Superconductor device signal levels are
typically millivolts, making such circuits difficult to interface to conventional electronics. Latches for readouts are
difficult to design and implement in HTS bec.ause HTS
junctions are not hysteretic. Semiconductor devices can
easily be used to form latches and the level-shifting interface circuits digital superconducting circuits require.
The combination of both superconductor and semiconductor devices on the same chip operated at cryogenic temperatures could exploit the unique advantages of each technology; the symbiosis could lead to performance
unattainable
by
either
alone.
Superconductorsemiconductor hybrid systems have been of great interest
in recent years. Much of the work has centered on superconducting multichip modules in which bare semiconductor die are wired together using passive superconducting
traces.’ While the possible increases in electronic system
performance and func.tional density using superconducting
multichip modules is impressive, the full power of such
hybrid systems may require the true integration of the full
features of the two technologies on the same substrate.
In this letter we report for the first time the fabrication
of Y1Ba2Cu307,-6 (YBCO) test devices and Si CMOS test
devices on the same chip. The YBCO devices and interconnects and CMOS devices can be connected with thin
layers of Ag or Au, but this study was concerned with
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cofabrication and so the YBCO and CMOS test devices
were not interconnected.
The cofabrication of YBCO and CMOS devices requires a substrate which allows the epitaxial growth of
YBCO and Si is chemically stable at elevated temperatures
in high O2 environments, and does not allow the diffusion
of Cu, Y, or Ba. It also requires the development of a
method to protect each technology from the processing
steps of the other. YBCO growth on buffered silicon (Si)
and gallium arsenide (GaAs) has been demonstrated.“”
However, Si and GaAs wafers are not likely to be suitable
candidates due to the high mobility of Cu and its behavior
as a deep trap. In addition, the large mismatch in thermal
coefficients of expansion between the semiconductors and
YBCO precludes growth of thick YBCO films.3 Copper is
an interstitial-substitutional
diffuser” in Si and GaAs,
which at typical YBCO growth temperatures ( -750 “C)
can diffuse millimeters in an hour.” Thus, a substrate which
does not allow diffusion of Cu, Ba, or Y but allows the
epitaxial growth of YBCO and Si would be most desirable.
Two such substrates have been identified-sapphire
(A&O,) and yttria stabilized zirconia (YSZ). Due to the
existence of a highly developed silicon-on-sapphire (SOS )
CMOS technology,’ sapphire was the substrate choice for
t.his study. Also SOS has been demonstrated to operate
satisfactorily at low temperatures.’ Use of SOS wafers limits the required diffusion barriers to top coverage of the
silicon islands, so the total area of the diffusion barrier
which must be defect-free is quite small. A pinhole in the
diffusion barrier will result in copper contamination of
only that island, and hence render a single subcomponent
on one die unusable rather than the whole wafer.
The fabrication process is performed in four stages:
(1) fabrication and patterning of the CMOS devices on
SOS wafers, (2) encapsulation of the CMOS devices under
a copper diffusion barrier, (3) growth and patterning of
the YBCO structures, and (4) opening of contacts through
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