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In the scven years since the discovery of high-temperature superconductors (HTS), the ficld of
supercanductive clectronics has undergone explosive development. Due (o difficulties in grawing films direcdy on
silicon, copper and oxygen contamination of the silicon layers during growth, and the high temperature .
environments scen in HTS growth, it has not been fully integrated with semiconductor based wchnology. Research: *
has been focused on the use of superconducting interconnects between integrated circuits, which could lower chip
power dissipation, reduce necessary interconnect width and pitch, and reduce dispersive loss. Scveral auempts have
been made 1o fabricate HTS circuits or devices directly on Si or other scmiconductor surfaces!2; these layers were of
low quality and were stress limited, and no devices were [abricated in the layers.

The 1102 sapphire plane usually used for SOS fabrication is, however, one of the preferred substales for
growth of the YBCO layers necessary for HTS devices. In addition, the sapphire acts as a good diffusion barricr, and
for low emperature operation, the increased CMOS SOS p-channel mobility gives the combination an additional
advaniage over other silicon technologies®.

Figure 1 shows a schematic cross sectional view of monolithically co-fabricated HTS and CMOS devices
on thc samc sapphire substrate. Fabrication of the thin-{ilm SOS CMOS was performed first as described
elsewhered. Arcas that were o lawer have HTS devices were initially proteeted (rom various silicon processing sieps
such as high encrgy ion implants by not removing the silicon layer (rom the arca. As the aluminum intcrconnect '
layer could not withstand the processing lemperatures incumbeat in superconducting device fubrication, over short
disances it was replaced by a sccond polycide (TiSip) layer. After CMQS processing was complete, the silicon
protective coating was removed in the HTS area and a 200 nm layer of SizN4 was deposited and pauerned over the
CMOS devices as a final passivating layer against the oxygen plasma and copper cnvironments scen during the
. 'YBCO growth.

YBCO bi-cpitaxial and sicp cdge superconducting quantum interference devices (SQUIDs) and [tux-flow
transistors (FFTs) were then fabricated on the barc sapphirc adjacent to the test CMOS devices, aligned
lithographically, Pulscd lascr deposition (PLD) techniques were used? in conjunction with a scrics of buffer layersS.
For the production of grain-boundary SQUIDs, these buffer layers include final MgO and CcO layers used 1o produce
a 45° in-planc rotation where desircd. An amorphous AloO3 layer was uscd as a passivation of the YBCO devices.
Openings for clecrical contact w0 both the YBCO devices and the CMOS can be made using photolithography and
RIE or ion milling and a final layer of metal can casily be pattemned for a (inal inwcrconnecuon layer.

All devices functioned as expected at 77 K without degradation, demonstrating that a compatible process has
been found to monolithically integrate adjucent CMOS and HTS devices. Figurc 2 shows the [-V curves {rom a
represcatative n-MOS device at 77 K- after HTS device co-fabrication, Figurc 3 shows a swep-cdge SQUID with a
modulation voltage at 77 K of 40uV/®dg, also monolithically co-(abricatcd with SOS CMOS.

Numcrous other possibilitics 10 explore the combination of these two well developed echnologics cxistL.
Circuits and devices that exploit the advantages of both HTS materials and SOS CMOS in order to mitigate the
deficiencics of the other can be integrated wgether. For example, ultra-sensitive SQUIDs, bolometers, and ultra-high
speed FFTs and Josephson Junction based circuits (functioning at speeds of 100 GHz or morc) can be combined with
CMOS memorics, laches, low noise amplificrs, silicon based sensors, and driving clectronics.
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Figure 1. Craoss-sectional Shematic View of Monolithically Co-fabricated CMOS and
HTS Devices
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Figure 2. 6um x 20um NMOS Measured at 77K After Co-fabrication of HTS Devices.
Vg steps are 0.5 Volts from 1.5 to 3.0 Volts
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Figure 3. Functional Step-cdge SQUID Monolithically Co-fabricated on CMOQS/SOS





