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High temperature superconductor - superconducting quantum interference device (HTS-SQUID) is
an ultra-sensitive magnetic sensor with low white noise (~10 fT/Hz¥2) and operates near a liquid
nitrogen temperature of 77 K. HTS-SQUIDs have inferior noise properties compared to low-
temperature superconductor SQUIDs (~0.1 fT/Hz!2), which operates near liquid helium temperature
of 4.2 K, but they can be operated at higher temperature, which reduces the cost and the size of the
SQUID application facilities. However, bicrystal Josephson junctions, which are often used in HTS-
SQUIDs, have many problems, including the price of bicrystal substrates, reproducibility, and design
flexibility. Because of the coexistence of the superconducting state and magnetic flux in high-Tc
superconductors, the noise due to magnetic flux motion in HTS-SQUIDs increases. Therefore, this
study was focused on nano-Josephson junctions, which do not trap magnetic flux, and antidots, which
fix magnetic flux for the noise reduction in HTS-SQUIDs. Nano-junctions are fabricated by ion
irradiation to narrow the superconductor thin film, eliminating the need for a bicrystal substrate.
Nano-junctions have the potential to reduce flux noise because they are smaller than the magnetic
field penetration length of superconductors and expel the magnetic flux. On the other hand, antidots,
which are microscopic non-superconducting holes formed in a superconductor thin film, could
reduce noise by fixing the magnetic flux in the film. The fabrication of nano-junctions and antidots
requires technology to process HTS thin films with nano-level precision. Therefore, the patterning
methods by a focused ion beam (FIB) was used. When HTS thin films are irradiated with ion beams,
their crystal structure is damage and they become locally non-superconducting. HTS thin films were
partially transformed to a non-superconducting state using FIB, and nano-junctions and antidots were
successfully fabricated with nano-level precision. This paper consists of seven chapters. In Chapter
1, as background to the study, an overview of current research of flux noise reduction in SQUID
magnetic sensors and the flux noise reduction method using nano-junctions and antidots are
described. In Chapter 2, the basic principles of superconductors, Josephson junctions, and SQUIDs
are explained. In Chapter 3, the pulsed laser deposition conditions that produce high current density
and smooth HTS film surfaces were discussed. In Chapter 4, the FIB processing conditions of various
HTS thin films were investigated by simulation and experiment. In Chapter 5, two types of nano-
junctions and SQUIDs were fabricated by FIB irradiation, and the correlation between the properties
of the nano-junctions and the cross-sectional structures was discussed. In addition, an improved
method for nanojunctions using low acceleration voltage FIB was proposed and characterized. In
addition, an improved method of nanojunctions by FIB irradiation with low acceleration voltage was
proposed, fabricated and evaluated. Chapter 7 summarizes this thesis.




