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Our team aims at elucidating quantum phenomena,
which have begun to appear at many places in nanoscience,
by precisely detecting the phase information of electron
beams and by directly imaging quantum objects.

Such research in our team has become feasible based
on the technology we developed by ourselves for 30 years,
which utilized an electron beam of the highest bright-
ness as a tool, i.e., a coherent beam with an extremely
short wavelength, for exploring nanoscopic quantum ob-
jects. Standing on the heights of such technology, we make
it feasible to directly observe quantum phenomena, distri-
butions of electro-magnetic fields, and material structures
in nanoscopic regions which have never been observed be-
fore.

Collaborations are being made with other teams in the
single quantum dynamics research group: the direct obser-
vation of the fundamental principles underlying quantum
computers with the Macroscopic the Quantum Coherence
Lab., spintronic devices with the Quantum Nano-Scale
Magnetics Lab., and the theoretical elucidation of dynam-
ics of superconducting vortices (magnetic-flux quanta) as
complex phenomena with the Digital Materials Lab.

Furthermore, a research target on “electron holography
for nanoscopic electro-magnetic field” is jointly advanced
with the Department of Materials Science and Metallurgy,
University of Cambridge, United Kingdom with a collabo-
ration including an exchange of researchers.
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1. Development and improvement of electron in-
terference technology

We develop and improve the performance of bright elec-
tron beams, electron interferometers, “electron biprism”,
and two-dimensional detection system with high detection-
efficiency and-sensitivity, which are all indispensable for
precisely measuring the phase information of an electron
beam. Last year we succeeded to develop the novel in-
terferometer on electron optics, which allowed us to flexi-
bly control the interference parameters, interference fringe-
spacing and width of the interference region, indepen-
dently.

Up to now, we have achived the highest performance
of the interferometer with renewing two world records on
electron interferometry. The first one is that the narrow-
est interference fringes of 4.2pm have been recorded as
an electron hologram and the reconstruction form of the
hologram has also been succeeded. (The previous record
was 9.7 pm.) The narrowest fringes of one several tenth of
atom size help us in detecting the high spatial resolution in
the interferometry and avoiding the artifact occurred in re-
construction procedure by the high spatial frequency. The
second one is the fringe numbers of 21000. (The previous
record was 11000, but fringes only.) We have also con-
firmed that the interferometer is able to produce multi-
fringe holograms and reconstruct them. Achieving this
performance without change of the electron microscope it-
self means that the interference optical system has high
performance. Further improvements and developments of
the system are also carried out continuously. We are also
planning and adjusting to use the system for application
works.

We are also continuously working on the development
and improvement of specimen holders for multiple pur-
poses (under ultra-low temperatures, application of elec-
tric current etc.) and magnetic field application systems
for observing quantum phenomena occurring in the mate-
rials in particular conditions.

2. Research on superconducting vortices by
Lorentz microscopy

In order to put superconductors to practical use as
dissipation-free electrical conductors, it is necessary to pin
down vortices (magnetic-flux quanta) even when an elec-
trical current is applied to the superconductors and a driv-
ing force is applied to the vortices. The vortex pinning is
the key for the development of superconducting materials.
Furthermore, one by one control for the individual vortices
is required for eliminating signal noise for superconducting
devices, for example, to move the vortices toward aiming
locations and to put them out of the devices. This kind
of research is being aggressively pursued in the world, and
the Digital Materials Research Lab., for example, leads in
the theoretical field. As an aspect of experiment, the si-
multaneous observation of vortices and pining centers need
sophisticated techniques, and our team is the only one in
the world to succeed using Lorentz microscopy.

We are performing research on vortex dynamics in su-
perconductors using a 1-MV holography electron micro-
scope with an electron beam that has the world’s highest
brightness. We have introduced a spatially asymmetric dot
pattern in the material as a rocking ratchet for observing
the direct control of the vortex motion. Each dot in the
pattern was produced by irradiation of a focused ion beam
and then was worked as a pinning center for individual vor-
tices. After the whole dots being occupied by the vortices,
the produced asymmetric potential worked as a ratchet

513



for unpinned vortices. The partially asymmetric flow of
the vortices, which is considered as rectification of the vor-
tex motion, was observed, by changing the magnetic field
and/or specimen temperature as parameters. The individ-
ual behavior of the vortices and their relative motion were
being elucidated by video rate (1/30s), continuously.

3. Development of the electro-magnetic field ob-
servation technology utilizing electron holography

With the down sizing of modern semiconductor devices
from sub micron order into nanoscale, the device perfor-
mance relies more and more on the three dimensional dis-
tributions of the active dopant atoms in the substrate.
Therefore the designing of highly controllable and func-
tional materials becomes very important to characterize
electrostatic and magnetic fields inside the materials or
devices. However, there is no practical method to pro-
vide the field’s information quantitatively in nanoscopic
resolution, except for electron holography. We, therefore,
aim at developing a new measurement technique for three-
dimensional information of the electrostatic and magnetic
field in the materials and devices by a method combin-
ing the quantitative and nanoscopic resolution of electron
holography and the three-dimensional information of elec-
tron tomography

The research work is under going at the University of
Cambridge by our visiting researcher with close collabo-
ration with Dr. R.E. Dunin-Borkowski. Up to now, we
have developed a novel specimen holder with two fixed
electrodes and one movable electrode for electron tomog-
raphy and holography observation of the electrostatic ma-
terials. It was confirmed that the holder enabled us to ob-
serve materials under biased conditions and record them
as holograms with a high tilt angle of £70°. Numerical re-
constructions from the holograms with sufficient qualities
were also confirmed. Further developments of the holder
and numerical reconstruction of three-dimensional distri-
butions of the electro-magnetic field are carried out con-
tinuously.

In addition to the electrostatic field, the magnetic field
in extremely small quantities from iron-nickel (FeNi) fine
particles (about 10 nm in diameters) or nano-scaled ling of
cobalt (Co) fine particles (< 100 nm in diameters) are also
investigated by the combined technique.
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