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Ultrafast Digital Circuit Utilizing Flux Quantum as Information Carrier
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The unique properties of superconductors enable novel digital circuits to be created utilizing flux quantum as the information carrier.
Such a circuit is composed of Josephson junctions and superconducting wiring, and is expected to work in the sub-THz range with

extremely low power consumption.

We have developed a novel junction structure and its integration technology based on high-temperature superconductors and

confirmed the correct operation of a ring oscillator.
this new digital circuit technology.
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The signal delay per gate was as low as 1.8 ps, indicating the ultrafast performance of
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Principle of flux quantum circuit
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Schematic cross section showing multilayer structure of
high-T¢ flux quantum circuit

00000000 0000000ooo”™ooooooon
00000000000 000000000000000
00000000000000000@MOO00nonoon
0000000000000 00000000000000
O000O0nNnmOO0O00000D00O00OOOOO00®@O
0000007000 00000000000000000O0
0000000000000000000000000® 0
000000000000000D000000000000
0000000000000 D0000000000000
0000000000000 00000000000000
0000000000000D0D0O0O0O0O00000000
OD00O0DoO0oOooo
0000000000000000000000000
0000000000D00000000000000000
0000000000000 D000000D000 @000
0000000000000 ECRIOOODOODOOODO
0000000000000 0D0000000000000
0000000000000 000”x
00000000000 00000000000000
000000000000 00000000000000
000200000000000000000000000
0O00000D00D00D0D0D00DOO0000000000
000000000000 000000000000000
000000000000000000000O0YBCOO
0000000000 0000D0O0 NdBa,CusOx ”?H1 0
ONBCOM OOOOOYBCOONBCOOOOODODOOO
0000000000 0000O00000000000
YBCOO OO 30 OOOOOODOOOOOOOOOODOO
0000000000 MMO000 R=5nmIOO000OO00
000000 NBCOONdOOOOBaDOOODOOODODO

coosgooobobooboooobocobooobooobOoooo
0oooo NdOOOOOo

a1




Dab0DOO00o0O0O0O

NdO Ball
AR 0Oooooooo

o---o—---oa--,;’,--b

d Lgl-i-gla G

‘ 0.0 9& %
BRI R o
008 oo

a R SN RS

00000
O""'O""'O'"'G"'O y

suee

QZ.»-Q..s.Q.... MY
o 90

Q0.0 .0
Y Vag e Vo % GRS
YBCO NBCO

ObOBaD OO ODOO

T1opm “iopm
YBCO NBCO
OclDOOOOOOOO

go0o0oo0oO0oO0o0o0oOo0o0ooOo0ooooO0oooon
OO0o0yBCOOODDODOODOODOONBCOODONdOBaO OO OOO
ooooooooooo

Schematic views of solid-solution system and surface rough-
ness of high-T. superconductive films
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SEM image and equivalent circuit of ring oscillator circuit
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Results of experimental ring oscillator operation at 30 K
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