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Abstract

In order to apply the terahertz (THz) imaging technique to high-T¢ superconductor thick film, the THz imaging
system was improved to observe the back-scattered THz radiation pulse. Using the improved system we succeeded
in the observation of supercurrent distribution in BizSroCaCu2Os4s thick film in Meisner state.
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1. Introduction

Progress in femtosecond laser technology has
brought various remarkable developments in research
fields. One of potential applications is an optical source
for terahertz (THz) wave radiation. It is known that
a current biased high-T& superconductor (HTS) thin
ﬁlms, YBaQCu307_5, BierzCaCUQ08+5 (BSCCO)
and TlaBaxCaCuz0Os45, radiate THz pulse into free
space by femtosecond laser pulse (FLP) illumina-
tion. [1-3] The phenomenon is well explained by ul-
trafast supercurrent modulation induced by FLP. The
optical pulse produces a large number of excitation
carriers by avalanche effect, and THz pulse is emitted
according to the classical formula of electrodynamics
E~dJ/dt, where E is a radiated electric field in the
far-field approximation and J is current density.The
intensity in the amplitude of the radiated THz pulse
almost linearly increases with the magnitude of the
local supercurrent density. Using this phenomenon
supercurrent imaging system was developed, which
enabled us to observe the supercurrent distribution
in optically transparent HTS thin films (with thick-
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ness less than about 100 nm) without any contacts
and damages, by detecting the THz wave transmitted
through the thin film.

In the present study, we developed the THz
imaging system to be applicable to bulk- or thick-
superconductors. The experimental technique and
the results obtained on a liquid phase epitaxy grown
(LPE-)BSCCO thick film are presented.

2. Experiments and results

For the measurement, c-axis oriented single-
crystalline BSCCO film (LPE-BSCCO) was prepared
in between two pieces of MgO (100) substrates by lig-
uid phase epitaxy method. After the growth, surfaces
were exposed by cleavage. X-ray diffraction pattern
and atomic force microscopy observation showed well-
defined crystal properties for these films. The resistive
measurement showed the critical temperature of about
75 K. The details of sample preparation have been
reported elsewhere. [4]

Fig. 1 shows the optical system of improved THz
imaging. The optical pulses were generated by a mode-
locked Ti:sapphire laser with a central wavelength of
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Fig. 1. Schematic illustration of improved optical system for
THz imaging.

790 nm and arepetition rate of 82 MHz. The excitation-
laser beam was chopped at 2 kHz, and focused onto the
sample surface through a hole of one of the paraboloidal
mirrors at a focal spot size of about 30 ym in diam-
eter. Using a pair of off-axis paraboloidal mirrors the
back-scattered THz pulses radiated into free space were
collimated on a low temperature grown GaAs bow-tie
antenna detector through a Si hemispherical lens, and
the photocurrent induced in the detector was lock-in
detected. After adjusting the time delay between the
excitation- and probe-pulse to the peak position of the
THz waveform, supercurrent distribution image was
observed by scanning the focused FLP beam over the
sample surface with use of the movable x — y stage.
For the imaging, the power of laser was set at about 20
mW.

Figures 2(a) shows an optical microscope image of
the LPE-BSCCO thick film. Since the film surface was
exposed by the cleavage between two pieces of MgO
substrates, distribution in the thickness from 0 to sev-
eral pm with several defects and cracks (corresponding
to the lower region of the image) was observed for the
present film.

On the other hand, Fig. 2(b) shows typical super-
current distribution image observed in Meisner state
under a magnetic field of about 100 Oe parallel to the
crystal c-axis. The magnetic field was applied to the
film from the opposite side of the cooler using a per-
manent magnet after cooling the sample at about 10
K. Here, white region corresponds to the positive cur-
rent in the z-direction, and black region to the negative
current. It can be seen that the Meisner current con-
centrates on the edge regions as observed in optically
transparent HTS films before. We observed clear cur-
rent signal at the upper edge region and weak one at
the bottom edge region probably due to the inhomo-
geneous film configuration. The weak positive current
seen near the bottom edge region shows the possibil-
ity for existence of trapped fluxes in the narrow de-
fect region which is seen in the right bottom region in
Fig. 2(a). It is considered that the magnetic fluxes pen-
etrated into the defect regions through the weak links
corresponding to the cracks. These defects and cracks
existing in the half bottom regions may make the su-
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Fig. 2. (a) optical microscope image of LPE-BSCCO sample,
and (b) supercurrent distribution image of sample in Meisner
state under a magnetic field of about 100 Oe parallel to the
crystal c-axis. Here, the white and black regions correspond to
positive and negative current in z-direction.

percurrent spread and weaken the intensity of the THz
radiation signal.

3. Summary

We developed the new type of imaging system to be
applicable to bulk- and thick HT'S materials. Using this
system, the supercurrent distribution in Meisner state
of LPE-BSCCO thick film was successfully obtained.
These obtained results show a possible application of
this system to check superconducting electronics de-
vices.
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