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We report the first use of high temperature superconductors for multilayer interconnection of 
bare semiconductor die to form multichip modules. Ten die with a total of 160 pads were 
interconnected on a 3.4 cm2 substrate. The interconnections were a combination of 
YBa2Cu307-s lines and vias on two wiring levels separated by an epitaxial insulating layer. 
Connection between the two YBa,Cu,07-s wiring layers was accomplished by the use of 
superconducting vias through the insulator. Two similar multilayer multichip module designs, 
with 30- and lo-pm-wide YBa.$usOs-, lines, were constructed. 

The need for high-performance alternatives to printed 
circuit (PC) boards has lead to the development of multi- 
chip modules (MCMs). MCMs use more compact un- 
packaged chips (die) spaced closely together, thus allow- 
ing a much higher area1 density of function than PC boards 
can allow. A potential limitation on increases in functional 
density is that imposed by the resistivity of the intercon- 
nects. Conventional copper MCM interconnects are typi- 
cally 100~,um wide and have been demonstrated down to 
the 20 pm range. ’ As linewidths decrease, higher function- 
ality can be achieved, but at the expense of increasing line 
resistance. In high-speed circuits where the interconnects 
are impedance matched for 5Oa, signal lines typically must 
carry currents of 50-100 mA. Increased line resistance not 
only causes unwanted power dissipation, but also causes 
signal dispersion and increased cross talk. 

For applications using complementary-metal-oxide- 
semiconductor (CMOS) or GaAs circuits whose perfor- 
mance can be enhanced by cooling to liquid nitrogen tem- 
peratures, another option is the use of high-T, 
superconducting (HTS ) materials for the interconnects. 
As high T, materials such as YBa,Cu30,-6 (YBCO) re- 
main superconducting at 77 K carrying currents up to typ- 
ically 1-5X lo6 A/cm’ ( 10-50 mA/pm2) at 77 K, present 
HTS materials have the potential to allow the operation of 
MCM linewidths down to l-2 pm and 3-6 pm pitches. 
Such small linewidths would enable a reduction of the 
number of interconnect layers needed in the MCM,” which 
should increase the ease of manufacturing a MCM for a 
given level of functionality. In order to provide a useful 
interconnect architecture, a HTS MCM must be of multi- 
layer construction with a power plane, ground plane, and 
at least two wiring layers. To date, the most ambitious 
HTS multilayer device is a 3 HTS layer integrated super- 
conducting quantum interference device (SQUID) magne- 
tometer fabricated on a 1 cm2 substrate.3 

In this letter we describe a 10 CMOS chip, 3.4 cm 
square MCM constructed using a YBCO-insulator-YBCO 
multilayer configuration complete with vias for YBCO- 
YBCO connections through the insulator. 

In Fig. 1 we show a photograph of a multilayer MCM 
with its wire-bonded bare CMOS die. The 9 inverter die4 
clustered in the 1 cm2 area in the upper right of the module 
form a 5 MHz ring oscillator. The chip in the lower left of 
the module is a 12-bit binary counter die5 which is config- 

ured to count the oscillations of the ring. The 12 pads 
along the bottom edge of the module are for the 12-bit 
output of the binary counter. The pads along the left edge 
of the module are for power connections and to allow cas- 
cading of multiple demonstration modules. YBCO lines 
were also routed throughout the module to allow all un- 
used I/O pads on the die to be tied to the ground or supply 
potential, as appropriate. It should be noted that this spe- 
cific MCM was designed to explore the limits of present- 
day large area HTS multilayer technology as applied to 
MCMs, rather than to perform a particularly useful func- 
tion. 

HTS multilayer deposition technology is presently 
most advanced for pulsed laser deposition; we have expe- 
rience with over 20 HTS-compatible materials in our lab- 
oratory. However, uniform large-area coverage requires a 
specially designed laser deposition system.6 On the other 
hand, multilayer capability for off-axis sputtering is cur- 
rently limited to a few materials. However, it can more 
easily provide uniform coverage over 5 cm wafers.’ For 
these reasons, WC explored the fabrication of the HTS- 
insulator multilayer portions of these MCMs using a com- 
bination of both pulsed laser deposition and off-axis sput- 
tering. 

We used wafers of l-mm-thick, 2-in.-diam LaAlOs as 
substrates. The architecture of the MCM was such that 
there was a main wiring layer composed of YBCO. In 
places requiring the crossing of wires, we made connec- 
tions using vias through an insulating layer to YBCO lines 
on a first layer which crossed under the main (second) 
wiring layer. We laser deposited this 250-JOO-nm-thick 
YBCO film for the crossunders onto the substrate using 
standard deposition techniques.3 The 40-pm-wide cross 
unders were patterned using conventional photolitho- 
graphic techniques with AZ 4620 photoresist, Ar ion mill- 
ing, and acetone resist stripping. 

We then laser deposited the insulating layer, consisting 
of 500-nm-thick SrTiO,, over the patterned crossunders. 
After masking with photoresist to define 40 pm square 
vias, the wafers were ion milled at an incident angle of 60” 
in a manner similar to that used for our SQUID process- 
ing.3 The ion milling process continues until the vias break 
through all the way to the substrate. In Fig. 2 we show a 
schematic cross section of a completed via and in Fig. 3 we 
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