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Josephson-MOS Integrated Circuit Technology
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Hybridization of Josephson and semiconductor technologies is an effective approach
to high-performance digital systems. Aiming at hybrid Josephson-CMOS integrated
circuit we have developed an interface which will realize high broadband data
communication between Josephson and CMOS circuits. We have proposed a protocol
for data transferring between circuits synchronized with different clock frequencies.
Based on this protocol, we have implemented an interface circuit that consists of a
parallel-in-parallel-out (PIPO) circuit based on 4JL latching logic technology and built-
in Josephson-MOS voltage amplifiers. The PIPO circuit manages data transferring and
synchronizes Josephson and CMOS circuits. The Josephson-MOS amplifier, consisting
of monolithically integrated stacked Josephson junctions (Suzuki stack) and NMOS
inverters, makes small Josephson-output voltage high enough to drive CMOS logic gates.
We have developed Josephson-MOS-monolithic integration technology in which Nb/
AlOx/Nb Josephson junctions are built on MOS circuits. Also, we have optimized MOS
device parameters to operate at very low temperature. The circuits were fabricated and
tested. We have successfully confirmed correct operation of all elements at low clock
frequency, however, at higher frequency, the circuits have failed to operate correctly.
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Fig.100 Concept of Josephson-MOS hybrid circuit.
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Fig.2(a)d Block diagram of PIPO(parallel-in-parallel-out) circuit.
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Fig.2(b)J Data transfer protocol in PIPO circuit.
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Fig.2(c)d Results of a logic simulation for a PIPO circuit.
PiPOOCODOO0OCOOCODDOOOCODODOOOUODODDODOOOODDOO22GHZODDODODOOODDDOOOUODODDOO

gooooooboobobboboboboobobbobboDb-0000
gododdoooouoouooouooooooooooo
goddddououououououguoga2cGHzZO 20000000
ooDoOoooObooooou/mMosOOoooOoOooPiIOO
gopP2000d0dogooooooonosooMHzOOOO
000000000000 0D0DOOFRIg.2(b)yd
googobooobooob2cHzOOOOO CcMosSO OO
500MHzOOOOOOOOO0OOODODOOOOOOOOOO
godddoooougz2cHzOOOOUO40D0DOO0O0OO
opooJy/mMmosOOooDOoOoOooOOoOoooDbD20-0000
goodgcocMosogosooMHzOODOOOOOOOO
ooooooooo
gobooogpPipOO0DO0OO0DOOZ2e0000000000
godoiloeoooooooooooobobbobboood
oo oooogryymwoooooo o4
gmoboboooooooooobbboboooooooon
gooddeopsiooooooz2cHAOO0OOOO
gogbz2sopsiOOODOODOODOOOOOOODOOOO
oad
OFig.2(c)DO0OoOoOPiPOOOUOCUOOOODOODODO
gooboboob@mooooooboobbbbooooooo
ggooboooobobooooobooooooboo
00000000000 O0OODoOOs60A/cmOODO0OnO
goobooooobbooogobbboouooboboo
gddoddoooooooooooooonz2cHzOoOoOO
goooooooooooooooo

Fig.30 Micrograph of a PIPO circuit chip.
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Fig.40 Results of "parallel-in-serial-out™ operation for a PIPO circuit.
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Fig.500 Results of "serial-in-parallel-out" operation for a PIPO circuit.
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Fig.60 Output from a clock converter circuit operated at 700MHz.
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Fig.70 Monolithic integration process of a MOS-JJ circuit.
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Fig.80 Temparature variation of sheet resistances for a doped layer
(open circle) and a poly-Si layer (solid circle).
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Fig.90 Equivalent circuit for a Josephson-MOS amplifier.
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Fig.100 Micrograph of a JJ-MOS amplifier.
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Fig.110 Results of operation for a Josephson-MOS amplifier.
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Fig.1200 Results of operation for a Josephson-MOS amplifier.
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