Recent digital-application-related activities of members of the Digital Application April 21, 2006
Subcommittee of the JSPS 146th Committee

Superconducting Quantum Devices
from Mesoscopic Physics to Metrology Applications
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Superconductivity and the Josephson effects are attractive to realize ultra-accurate and ultra-sensitive

electron devices because of their macroscopic quantum properties. We have been developing novel
superconducting devices, including the following topics:

m Novel devices based on charging effects and spin accumulation in mesoscopic systems.

m Investigation of asymmetric wave-function in high-Tc superconductors and its application.

m RF responses of superconducting quantum interference devices (SQUIDs).

m Design of advanced devices for a SFQ voltage multiplier.
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Current Mirror Composed of Mesoscopic Tunnel Junctions
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We have been developing quantum current mirrors = 10 B ?Lé";mn'a;«nﬂ-?f E
based the Coulomb blockade phenomena in mesoscopic £ F ]
tunnel junctions. Arrays of tiny junctions are the cores of ©osf B
the quantum current mirrors, where a single-carrier oo L cometin the nmetio () 14
(single electron or single Cooper-pair) is transferred one (c) o 100 200 300 400

Bias voltage for the tumnstile V; (V)
Quantum current mirror based on a turnstile device. (a) SEM
image. (b) Magnified image for a single junction. (c) Monte
Carlo simulation result for the normal-conducting state.

by one. Current mirrors having the accuracy of single-
carrier charge would be applicable to future current-
standard systems.
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Variable Thickness Bridges to Investigate Asymmetric HTS Wave-Function
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We have been investigating asymmetric HTS wave- [
function by using variable thickness bridge (VTB)
structures. A-axis oriented YBCO thin films on a (@)

LSGO substrate are employed for a HTS material. We Variable thickness bridge (VTB). (a) Schematic

have succeeded so far to fabricate a VTB with the drawing of a VTB. (b) SEM image of an a-axis

bridge length as short as 20 nm. oriented YBCO VTB on a LSGO substrate. Bridge
length is approximately 20 nm.
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Precise Voltage Doubler Based on SFQ Devices
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An SFQ-to-SFQ converter precisely copying an input — .12 8.6 0.2 8.4 8.28

voltage is a basic component of an SFQ voltage (@) (b) I bias [mA]

multiplier. We have proposed a SFQ-to-DFQ converter

(voltage doubler), which doubles the input voltage. Our

first design of the SFQ voltage doubler will be tested ~ SFQ voltage doubler. (a) Schematic configuration. The input
soon. (Collaboration with AIST.) voltage appearing across the JTL (J1, J2, J3) is doubled at the

output voltage across the SQUID (J4, J5). (b) Numerical result
of an SFQ voltage doubler utilizing the 2nd step.
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