Flux Quantization in Superconducting Micro-Disks
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Abstract

Magnetic flux images of a YBCO microdisk with 50 pm in diameter were observed using the scanning SQUID
microscope. Single quantanized vortices are observed in the disk and the number of vortices increases with increasing
applied magnetic field by step by step. These results suggest that the multi-vortex state appears in the disk and

the giant vortex state was not observed.
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1. Introduction

Recent progress in microfabrication technology has
stimulated interest in a mesoscopic superconductor as
components for quantum computing and cryoelectron-
ics. The distribution of vortices in such superconduc-
tor is interested since the character of the mesoscopic
superconductor is determined by it.

To study such superconductors, we observed mag-
netic flux images of a YBCO micro-disk with 50 pm
in diameter by a scanning SQUID microscope (SSM).
Although the spatial resolution of our SSM is not suffi-
cient to image enough small micro-disk, it has enough
flux sensitivity and resolution to image quantanized
vortices quantitatively.

2. Preparation of YBCO micro-disk

A YBazCusO7-s (YBCO) thin film on the SrTiOs
substrate was prepared by pulse laser deposition. The
thickness of the film is 480 nm and the superconduct-
ing transition temperature is 90.21 K. A micro-disk
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was patterned on the YBCO film by Ga ion sputter-
ing (forcused ion beam microscope, SM12200, Seiko In-
struments). The diameter of the disk is 50 pm.

3. Magnetic imaging of YBCO micro-disk

Magnetic flux distribution of the YBCO micro-
disk is imaged by the scanning SQUID microscope
(SQM2000, Seiko Instruments). The effective sensing
diameter of the pickup coil is 10 pum and the spatial
resolution of this sensing coil is several pum. Mag-
netic field, up to 10 pT, was applied perpendicularly
to the sample surface. The effect of the background
magnetic field, e.g. geomagnetism is minimized by pu-
metal shield and finally it was corrected by measuring
residual magnetic field at sample stage. The sample is
measured after cooling above T. to 4.2 K under the
magnetic field. Fig.1(a)-(f) shows SSM image of YBCO
micro-disk under the magnetic field of 4.2, 4.5, 5.5,
8.5, 8.7 and 9.4 uT respectively. A dark region with 50
pm in diameter corresponds to the YBCO micro-disk
of Meissner state. White spots in the disk correspond
to the vortices and they are quantanized as ¢y. The
shape and size of vortex images are determined by the
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shape of the pick-up coil. Asymmetry of vortex image
is caused by the design of the pick-up coil.

Increasing magnetic field, the number of vortices N
increases and the each vortex is quantanized as ¢y. The
relation between the magnetic field and the number of
vortices is shown in Fig. 2. The average width of each
step is AB = 1.17uT. In the case of the disk with the
radius of R the width of the step is given by

$o
AB = — (1)

where ¢o is flux quantum and B is the magnetic flux
density of the sample space. Effective disk radius de-
duced from this experiment is about 23 pm. According
to the result, it seems that the magnetic flux of disk
edge of 2 pum is expeled out from the disk.

A. K. Geim et al. studied the magentization of
mesoscopic superconducting disks by ballistic hall mi-
cromagnetometry[2]. They found first or second order
transition that depend on the radius and thickness for
the superconducting state to normal state and for the
sufficiently large radius of the disk, several transitions
in the superconducting phase are appeared that corre-
spond to the different angular momentum giant vortex
state. Furthermore they found kinks in magnetization
curves and this indicate second-order transitions, in
which several Abrikosov vortices coalesce into a single
giant vortex [3]. In this study, the multi-vortex state
appeared in the micro-disk and no giant vortex state
was observed . The arrangement of multi-vortex is ir-
regular and it seems to be caused by the flux pinning
effect.
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Fig. 1. SSM images of a YBCO micro-disk with 50 pm in
diameter under various magnetic fields.
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Fig. 2. The relation between the number of vortices in YBCO
micro-disk with 50 pm in diameter and applied magnetic field.



