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Fig. 1. Schematic representation of a Josephson junction.
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Fig. 2. Schematic diagram of the motion of phase particle in the Josephson potential well: (a) As I increases, the Josephson poten-

tial well gradually tilts, and the phase particle slides to the next minimum; (b) as I decreases, the Josephson potential well returns,

and the phase particle oscillates at a new local minima.
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Fig. 3. Photo of the cryocooler-based table top Josephson
voltage standard N4-21. 1. cryocooler unit, 2. measuring

unit, 3. control and power supply unit and 4. laptop[*2.
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Fig. 4. Schematic representation of the topology of a chain
of bi-crystal Josephson junctions. The array is connected by
a meandering line passing vertically through the grain
boundary. Label 1 indicates the double comb tooth struc-
ture, which constitutes a half wavelength resonator. The po-

sition of grain boundaries is indicated by the dashed linel*!.
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Fig. 5. (a) Current-voltage characteristic of the HTS array
containing 161 junctions under irradiation at frequency
75.2 GHz; (b) current-voltage trace of step at approxim-
ately 12.5 mV of the sub arrayl*.
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Fig. 6. Schematic representation of a focused helium ion

beam creating a Josephson junction™.
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Fig. 7. (a) Optical image of the array pattern. Large bond-
ing pads attached to a centered meandering microstrip/®!.
(b) Three branches of the meander are enlarged. Dark col-
or lines are Au covered superconducting film®!. (c¢) Zoomed
view of single tracks of He™ irradiation at 100 nm inter-spa-

cing imaged in HIMBY,
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Fig. 8. Current-voltage characteristics at T = 24 K for
(a) single junction without and with microwave radiation of
f= 11.79 GHz at different input power levelsB4. (b) 50-JJ
series array without and with microwave radiation of f =
11.76 GHz at different input power levels. The space
between adjacent steps in voltage is 50 times of that for an
individual junction®. (c) 60-JJ series array without and
with microwave radiation of f = 12.35 GHz at different in-
put power levels. The space between adjacent steps in
voltage is 60 times of that for an individual junction®¥.
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Abstract

This paper reviews the physical principles, development history of related application research, current
research status and prospects of the Josephson voltage standard (JVS) working at liquid helium temperatures.
The JVS working at liquid helium temperature has advantages of high mobility and low-energy consumption,
and has a broad application prospect. This paper describes the research status of Josephson voltage standards,
focusing on the possibility of developing a JVS based on high-temperature superconductors, and the challenges
in chip preparation. In addition, a newly developed preparation technology for Josephson junction, namely the
focused helium ion beam, is introduced. It has advantages in the preparation of high consistent Josephson
junction arrays in high consistency. Therefore, it is a possible technical route for exploring the realization of

JVS working at liquid helium temperature in the future.
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