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In this project, we have done two category subjects
in our research results. One category is to study the
vortex distributions and dynamics in large
superconductors with triangular and honeycomb arrays
are investigated by numerical simulation of the two
dimensional time-dependent Ginzburg-Landau equations.
Another category is to study frequency-sensitive
switching contril effect induced by two-photon
resonance in an electromagnetic induced transition
based layered medium. Also, the optical properties of
one dimensional photonic crystal and multilayer
annular ring structure in cylinder, spoof surface
Plasmon polaritons (SPP) propagate in corrugated
structure on metallic film for terahertz or microwave
regime.
In the first category, the simulated results for film
with regular triangular pinning hole array show up
the vortices are all captured within the holes at
wide range of magnetic fields. For film with regular
honeycomb pinning array, the interstitial vortices
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appear at relatively low magnetic fields. With
increase of magnetic field , the new vortices enter
the holes again and keep the number of vortices at
the interstitial positions unchanged. In second
category, a periodic layered medium with unit cells
consisting of a dielectric and an EIT
(electromagnetically induced transparency) atomic
vapor 1s suggested for light propagation
manipulation. Such an EIT-based periodic layered
medium exhibits a flexible frequency-sensitive
optical response, where a very small change in probe
frequency can lead to a drastic variation in
reflectance and transmittance. Another subject
related to apply the concept of designer surface
plasmon polaritons to construct the bended parallel
micro-strip lines suppress the crosstalk in between,
which is realized by introducing subwavelength
periodic corrugations onto the edges of one
conventional microstrip line. he agreement between
the numerical and experimental results is found well
in this microstrip. Other related subjects are also
briefly described in this report.

time-dependent Ginzburg-Landau equation, vortex
distribution, triangular array, honeycomb array,
interstitial vortex, periodic layered medium,
electromagnetically induced transparency, photonic
crystal, designer surface Plasmon polariton, bended
corrugated microstrip, cross-talk.



Study of Vortex motion in Superconductor and the Controllable
Optics Properties of Quantum Coherent Media

Project Number: NSC 100- 2112-M-216-002

Project Investigator: Tzong-Jer Yang
Professor,
Department of Electrical Engineering,
Chung-Hua University,
Hsinchu, Taiwan, Rep. of China

101,11, 30



Abstract

In this project, we have done two category subjects in our
research results. One category is to study the vortex distributions and
dynamics in large superconductors with triangular and honeycomb
arrays are investigated by numerical simulation of the two dimensional
time-dependent Ginzburg-Landau equations. Another category is to
study frequency-sensitive switching contril effect induced by
two-photon resonance in an electromagnetic induced transition based
layered medium. Also, the optical properties of one dimensional
photonic crystal and multilayer annular ring structure in cylinder, spoof
surface Plasmon polaritons (SPP) propagate in corrugated structure on
metallic film for terahertz or microwave regime.

In the first category, the simulated results for film with regular triangular
pinning hole array show up the vortices are all captured within the holes
at wide range of magnetic fields. For film with regular honeycomb
pinning array, the interstitial vortices appear at relatively low magnetic
fields. With increase of magnetic field , the new vortices enter the holes
again and keep the number of vortices at the interstitial positions
unchanged. These results confirm our explanations of the experimental
results we obtained earlier. In second category, a periodic layered
medium with unit cells consisting of a dielectric and an EIT
(electromagnetically induced transparency) atomic vapor is suggested
for light propagation manipulation. Such an ElT-based periodic layered
medium exhibits a flexible frequency-sensitive optical response, where
a very small change in probe frequency can lead to a drastic variation
in reflectance and transmittance. As the destructive quantum
interference relevant to two-photon resonance arises in EIT atoms
interacting with both control and probe fields, the controllable optical
processes that depend sensitively on the external control field will take
place in this EIT-based periodic layered medium. Such a frequency
sensitive and field confrolled optical behavior of reflection and
transmission in the EIT photonic crystal can be applicable to designs of
new devices such as photonic switches, photonic logic gates and
photonic transistors, where one laser field can be conftrolled by the
other one, and would have potential applications in the areas of
integrated optical circuits and other related techniques (e.g.,



all-optical instrumentations). Another subject related to apply the
concept of designer surface plasmon polaritons to construct the
bended parallel micro-strip lines suppress the crosstalk in between,
which is realized by introducing subwavelength periodic corrugations
onto the edges of one conventional microstrip line. The transmission
properties of such microstrip are numerically simulated. The suppression
of the coupling between the bended corrugated microstrip and
contentional microstrip is also measured experimentally in the time
domain. The agreement between the numerical and experimental
results is found well in this microstrip. Other related subjects are also
briefly described in this report.

Keywords: time-dependent Ginzburg-Landau equation, vortex
distribution, tfriangular array, honeycomb array, interstitial vortex,
periodic layered medium, electromagnetically induced fransparency,
photonic crystal, designer surface Plasmon polariton, bended
corrugated microstrip, cross-talk.

[. Infroduction

In this year, my project covers two different topics. One focuses
on study vortex distributions and dynamics in superconductor
with regular pinning array by fime-dependent Ginzburg-Landau
equation. Another one focuses on study on frequency-sensitive
optical response in a periodic layered medium with a unit cell
consisting of a dielectric and an EIT atomic vapor. Also, the
suppression of cross-talk between bended parallel microstrips
via designer surface Plasmon polaritons is simulated and
experimentally verified. | also cooperate with Prof. C.J. Wu to
study properties of one dimensional different photonic crystal
structures including annular ring in cylinder. Such cooperation,



we come out several excellent results and published in
well-known international journals. In the following sections, | shalll
divide into several sub-subjects | mention above to describe
briefly. A more detail

| suggest reader to come to my publication lists to search the
related paper you are interesting one.

ll. Vortex distributions and dynamics in superconductor with regular
pinning array

This part of work will be published in Journal of Superconductivity

and Novel Magnetsim.

During the past two decades, the superconductors with
different kinds of periodic pinning arrays have been explored
intensively . The experimental results reveal clearly that the matching
effect is present in all these kinds of samples. In the experiments, usually
the critical current or magneto resistance as function of magnetic field
is measured, and the microscopic pictures of vortex configurations or
vortex dynamics are inferred.

There are a few experiments that the configurations and
dynamics of vortices are directly observed by magnetic optics, MFM or
Lorentz microscopy . However, the range of temperature and magnetic
fields for these direct observation methods are quite limited. All these
methods depend on the detection of the magnetic field of the vortices.
The vortices can not be distinguished when the temperature is close to
the critical currents and when the magnetic field is high. So the
simulation study of vortex matter in these systems is sfill important. The
experimental measurements combined with simulations will be an
important way to understand the vortex matter physics in these system:s.
There are two major methods for simulation study. One is the molecular
dynamic simulation. As shown in our previous reports, the molecular
dynamic simulations method is straightforward. However, they are valid
under the London approximation and the vortices are treated as
classical point particles, so the results obtained for the high magnetic
fields are not valid where the interaction between two vortices are very
different from two isolated vortices. The other is based on the numerical
solution of the Ginzburg-Landau(G-L) equations. Usually, the time



dependent Ginzburg-Landau equations are solved using the
link-variable method. Because G-L equations are precise when the
temperature is close to the critical temperatures, they are very suitable
to study most of the experiments.

The vortex distributions in superconductors withular triangular and
honeycomb arrays are investigated by numericallsithon of the 2-D
time-dependent Ginzburg-Landau equations. Perioglimdary conditions are
implemented through specific gauge transformatiorder lattice translations. In the
parameter range we investigated, the magneticsfild almost homogenous all over
the sample, so we make one approximation to sehdgnetic field homogeneous.
The simulation results are presented for differeagnetic fields. These results
confirm our explanations of the experimental resulé obtained earlier. For film
with regular triangular pinning array, the vortice all captured within the holes at
wide range of magnetic fields. For film with reguleneycomb pinning array, the
interstitial vortices appear at relatively low mago fields. With increase of magnetic
field, the new vortices enter the holes again aegpkhe number of vortices at the
interstitial positions unchanged. This kind of pberenon can explain interesting
critical current pattern in the experimental resufurther simulations will be made to
explore the impact of the pinning size.

lll. Frequency-Sensitive switching control effect indlibg two-photon resonance
in an EIT-based layered medium

In this part, the results have been written paper and to be published in
Annalen der Physik.

Over the past two decades, the effects of atplmse coherence have exhibited a
number of physically interesting phenomena suolegromagnetically induced
transparency (EIT) and the effects that are relet@aBIT, including light
amplification without inversion, spontaneous enuastancellation, multi-photon
population trapping, coherent phase control as asgephotonic resonant left-handed
media. EIT is such a quantum optical phenomenanftbae resonant laser beam
propagates in a medium (e.g., an atomic vaporsenaconductor-quantum-dot
material), the beam will get absorbed; but if t@eanant laser beams instead
propagate inside the same medium, neither wouktbserbed. Thus the opaque
medium becomes a transparent one. Such an inteyexgitical behavior would lead
to many applications, e.g., designs of new photantt quantum optical devices.
Since it can exhibit many intriguing optical propes and effects, EIT has attracted
extensive attention of a large number of reseascinea variety of areas of optics,



atomic physics and condensed state physics, aseflables physicists to achieve
new novel results. For example, some unusual palysftects associated with EIT
include the ultraslow light pulse propagation, sii@erluminal light propagation, and
the light storage in atomic vapors, some of whighexpected to be beneficial (and
powerful) for developing new technologies in quamtoptics and photonics.

Apart from EIT (and hence quantum coherencetfhis paper, we shall also
consider another artificial periodic dielectricesfically, the EIT medium (an atomic
vapor or a semiconductor-quantum-dot materialmbedded in the periodic host
dielectric (e.g., GaAs). As is well known, photonrgstals, which are periodic
arrangements of dielectrics, have captured widaatin in physics, materials science
and other relevant fields (e.g., information sc&mdue to its capacity of controlling
light propagations. Here, we shall propose some eféets relevant to light
propagation manipulation via EIT responses iniaidff periodic dielectric. Such
effects result from the combination of EIT and mmt crystals. This can be viewed
as a new application of EIT for manipulating ligidve propagations, which can
exhibit a tunable reflectance and transmittancgu@ed by an external control field)
and show extraordinary sensitivity to the frequeotthe probe field. For example, a
change of one part in 4id the probe frequenayswould lead to a dramatic change in
the reflectance and transmittance of the EIT-bassddic layered medium, and
therefore, it can be used for designing sensitptecal switches, photonic logic gates
as well as tunable photonic transistor. Althougéréhhave been some investigations
that are relevant to the tunable photonic crydiated on EIT media in the literature,
yet less attention has been paid to the frequeensgisve optical behavior that would
be the most remarkable property of such a kindeoiogic layered media.

In the literature, photonic logic gates desid based on new coherent
materials, such as near-field optically coupledamaetric materials and
double-control multilevel atomic media, have beeggested. It should be
emphasized that the mechanism presented in thex gap be considered an
alternative way to realize such a kind of photamd quantum optical devices. Very
recently, Abdumalikov et al. reported an experimkabservation of EIT on a single
artificial atom, and found that the propagatingclemagnetic waves are allowed to
be fully transmitted or backscattered. We will destoate in the present paper that
such a full controllability of optical property aftificial media can also be achieved
in the EIT-based layered structure, of which tifeecgance can be either zero or large
depending sensitively on the intensity of the endécontrol field, and we expect that
this would open a good perspective for its applecain some new fields such as
photonic microcircuits (or integrated optical ciitsj.

Since the microscopic electric polarizapias well as the electric



permittivity of the EIT medium are caused by thenait energy level transition
processes from the ground state to the excitedsstiat which the quantum
interference relevant to atomic phase coherencwadved, the reflectance and
transmittance of an EIT-based periodic layered omadire shown to be quite
sensitive to the probe frequency. In addition ® phobe frequency-sensitive behavior,
such an EIT-based periodic layered material caibéxmother property: specifically,
the control field can be used to manipulate thécaptesponse. We have indicated
that the reflectance and transmittance in the caege layer numbeX depend
sensitively on the Rabi frequency of the contreldi Thus, some new sensitively
switchable devices that can find new applicationghotonic quantum information
processing can be achieved.

The present scheme can be generalized tarddeel EIT system, where two
control fields and one probe field drive the atofeiel transitions. Obviously, the
optical response in such a four-level EIT-basedqtio crystal would be more
sensitive to the probe frequency than in a threetlEIT photonic crystal presented
in this paper. Apart from this intriguing propertiere are more interesting
applications that we can suggest based on thelévet-EIT photonic crystal, e.g.,
some examples of photonic devices (e.g., multidimpgic gates), in which the
control fields and the transmitted probe field@the input and output signals,
respectively, can be designed. We expect thahedle new optical properties
relevant to quantum coherence, including theirigppbns to photonic devices,
could be realized experimentally in the near future

IV. Channel spoof surface Plasmon polaritons

This part has been written in a paper and publishéey Engineering
Materials Vol. 538 (2013) pp 305-307.

Surface plasmon polaritons (SPPs) are electromagnetic (EM)

excitations propagating along the metal-dielectric interface, whose

electromagnetic fields can be strongly confined to the near vicinity

of the interface. This confinement leads to an enhancement of the

electromagnetic field at the interface, resulting in an extraordinary sensitivity of

SPPs to surface conditions. Thus, SPPs provide the possibility of



concentrating and channeling light with subwavelength structures, which

opens up a previously inaccessible length scale for optical research.

It is desired naturally to extend highly localized waveguiding and

surface-enhanced effects to terahertz (THz) or microwave regimes. At these

low frequencies, however, metals behave no longer like a plasma but

resemble a perfect electric conductor (PEC), as their plasma frequencies are

often in the ultraviolet part of the EM spectrum, and as a result, SPPs are

highly delocalized on metal surfaces. To engineer surface plasmon at lower

frequency, it was proposed that by cutting holes or grooves on a scale much

smaller than the wavelength of probing radiation in metal surfaces to increase

the penetration of the fields into the metal, the frequency of existing surface

plasmons can be tailored at will. The existence of such geometry-controlled

SPPs, named spoof SPPs, has recently been verified experimentally in the

microwave regime.

A subwavelength guiding of channel plasmon polaritons (CPPs) is

realized by a structured metallic groove at frequencies far below the plasma

frequency of metal. The transmission coefficient of the spoof CPPs is

experimentally verified at microwave frequencies.



V. Terahertz Plasmonic Microcavity with High Quality Factor and Ultrasmall
Mode Volume
This part is to be published in Plasmonics.

Surface plasmon polaritons (SPPs) are electroritgemaves excited at the interfaces
between metal and dielectric. Owning to their hygbkalized electromagnetic(EM) fields, they
may be used for the transport and manipulatiorhotgns on the subwavelength scales. Thus,
plasmonic components seem to be a prime candidatehophotonic integrated circuits,
combining the bandwidth of photonics along with esgale dimensions.While most studies of
SPPs focus on the visible and infrared frequennges, there have been increasing interests in
the study of SPPs in the terahertz regime. Corisigléhat terahertz (THz) radiation bridges the
gap between the optical (photonics) and microwalex{ronics) regimes, it will offer significant
potentials in many scientific and technologicaleareuch as medical diagnostics, sensing,
security imaging and communications.

However, SPPs show weakly confinemenlatonfietal surface in the THz regime due to the
huge permittivity of metals. An effective approdotresolve this problem is to pattern metal
surface, which may significantly improve the coefiment of SPPs even in the perfect-conductor
limit. These geometry controlled SPPs, nanspdof SPPs, have recently been verified in both
the microwave and the THz regimes. The loss of §88®s on textured real metal surface has
also been investigated at THz frequencies. Aftat, ttne building of compact THz circuits has
stood out as an important accomplishment and masigds of THz waveguides carrying tightly
confined EM modes with subwavelength transversescsection have been reported. In contrast,
plasmonic resonant cavities working at THz freqiembave received less attention, for which
the quality factorQ (related to the dissipation rate of photons confittethe cavity), and the
microcavity mode volumey (the electric field strength per photon), are fundatal parameters.
Though ring resonators can be constructed usingf§P®Ps waveguides, the size of the device
is generally several times of the resonance wagétetherwise, the radiation loss related to the
bending geometry becomes considerable large. Italgasreported that plasmonic cavity can be
formed by introducing a defect into a textured rstaface, but the mode volume of the
microcavity still seems somewhat large. In thisgrapre present a terahertz plasmonic
microcavity consisting of a circular hole and airgtical (metallic) core machined into a planar
surface of a metal and demonstrate that it cangssagdtrasmall mode volume.Q©0248§4/2n 3]
and high quality factor (up to 800). Compared teeoflT Hz microcavities, the present one is
particularly compatible with the planar and morutittechnology and thus does not pose
significant manufacturing problem.

In summary, a THz plasmonic microtathat has a simple geometry and is
particularly compatible with planar technology he®n proposed and studied theoretically. Such
type of microcavity sustains plasmonic modes argb@sses attractive characteristics such as

high quality factor, ultrasmall mode volume, antwavelength physical size. Owning to these



excellent features, the presented subwavelengtioogeity has promising applications in the
miniaturization and integration of THz optical coomgnts.
. Peculiar properties of one dimensional photonistaty

This topic | cooperate with Prof. C.Ju¥é study. The results are written into several
papers listed in my publication. The describedltesure not written here. You may directly see

all these published papers.

VII. Future work

In the coming year, | will study Goosdhan shift effect in electromagnetically
induced transparency medium, especially for mixea gases. This work should be finished in
this year. But NSC did not support my Ph.D. manpoBet anyway, | shall continue my
interesting topics the application of Spoof surfRte&smon polariton concept to dig out peculiar
properties of other new system—nanosystem. Forilaygr system or one dimensional
photonic crystal, | shall continue to cooperatenvidrof. C.J. Wu to dig out peculiar properties of

new system or try to give analytic expression.
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5. Tarek Guerfi - Evidence for an Anti-polar phase in High Temperature
superconductors (HTS) Materias. Polarization for YBCOggis0.19599
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m m

m2
T=300K - YBCO g5 iszero - Oxygen content below 6.5 » the polarization is
less than zero - That is metal to insulator transition takes place - All HTS
exhibit an Anti-polar phase in both normal and superconducting states -
Insulator to metal and metal to superconducting phases, the polarization will
change sign - A unified description of low and high Tc Superconductorsis
possible » if one considers electronic polarization in conventional
materials - instead of ionic polarization in HTS -
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[ am session organizer for PIERS 2012 Moscow. But NSC can not supprot
me to travel there to attend that conference. NSC has expressed to me
not to support above 70 age scientist

to do research anymore, even he atill holds full time Professor position.
This is what newspaper posted. NSC still cheats ROC society.
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1About EIT-based layered medium, this 1s to be published in Annalen der Physik .
2.7 7 Ginzburg-Landau study of superconductor with regular array’ * , to be published
in J. Sup Nov Magn..3.” ’ Channel spoof surface plasmon polaritons and its
experimental verification’” * , KEM, 538, 305,2012. 4." ° Terahertz Plasmonic

Microcavity with High Quality Factor and Ultrasmall Mode Volume
Plasmonics, published.
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In this project, we have done channel surface plasmon polaritons in transmission
line, terahertz plasmonic microcavity, Ginzburg-Landau approach to study vortex
pinning in regular array, frequency-sensitive switching control effect induce by
two-photon resonace in EIT-based layered medium. These results are valuable in
academic and application. For example, the reduced cross-talk in transmission line
achived for channel spp:; microcavity si found to be high quality factor and
ultrasmall mode volume for terahertz region; there are many applications for
EIT-based layered meidium; Ginzburg-Landua equation may be applied to study vortex
pinning in regular pinng array

and found new explanation about the properties we had done previous structures.

About EIT work, we are applying patent in ROC and USA.




