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# < 4 & : In this project, we have done two category subjects
in our research results. One category is to study the
vortex motion in superconducting film. Another
category 1s to study the optical properties of one
dimensional photonic crystal and multilayer annular
ring structure in cylinder, spoof surface Plasmon
polaritons (SPPs) propagate in corrugated structure
on metallic film for terahertz or microwave regime.
In the first category, square arrays of circular
pinning centers of various diameters were patterned
in Nb thin films to explore their vortex pinning
behavior. Periodic critical current matching peaks
and some = missing peaks’ were observed in
magnetotransport measurements. This phenomenon is
explained by molecular dynamics simulations and is
caused by the interaction between interstitial
vortices and vortices occupying the pinning centers.
In second category, we study subwavelength guiding of
channel plasmon polaritons (CPPs) is realized by a



properly structured metallic groove at frequencies
far below the plasma frequency of metal. Compared
with CPPs at visible frequencies, more versatile
physical mechanisms can be introduced in these CPPs
by surface patterning, so that they can exhibit
superior features as visible CPPs, while eliminating
the potential drawbacks of the latter. Such designer
CPPs are explained physically with the effective-
index method and verified experimentally in the
microwave regime. An application of Spoof SPPs is
propsed. A new type of microstrip line on which the
spoof SPPs can propagate in microwave band is
developed and a scheme for reducing the wide-band
crosstalk between transmission lines is proposed. The
microstrip line structure is designed by introducing
periodic subwavelength hairpin structure on the edge
of conventional microstrip lines. Numerical methods
are used to analyze the dispersion relation and
guiding bandwidth in microwave regime. We
experimentally verify that such periodically
structured microstrip lines support spoof SPPs in the
frequency range between 200 and 8 GHz. The spoof SPPs
mode can be highly localized on the surface of the
structured microstrip lines, and so the crosstalk
between different structured microstrip lines is very
weak. Other related results and subjects are also
briefly described in this report.

vortex pinning , square arrays , Nb thin film,
molecular dynamics simulations , spoof surface plasmon
polaritons, micro-strip line, periodic sub-wavelength
hairpin structure, cross talk, annular photonic
crystal, narrowband filter, cylindrical wave, channel
plasmon polaritons, plasma frequency, effective-index
method.
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Abstract

In this project, we have done two category subjects in our research results.
One category is to study the vorte motion in superconducting film. Another category
is to study the optical properties of one dimensional photonic crystal and multilayer
annular ring structure in cylinder, spoof surface Plasmon polaritons (SPPs) propagate
in corrugated structure on metallic film for terahertz or microwave regime. In the
first category, square arrays of circular pinning centers of various diameters were
patterned in Nb thin films to explore their vortex pinning behavior. Periodic critical
current matching peaks and some “missing peaks” were observed in magnetotransport
measurements. The larger the diameter of the pinning centers, the higher the index of
the missing matching fields observed. This phenomenon is explained by molecular
dynamics simulations and is caused by the interaction between interstitial vortices and
vortices occupying the pinning centers. In second category, we study subwavelength
guiding of channel plasmon polaritons (CPPs) is realized by a properly structured
metallic groove at frequencies far below the plasma frequency of metal. Compared
with CPPs at visible frequencies, more versatile physical mechanisms can be
introduced in these CPPs by surface patterning, so that they can exhibit superior
features as visible CPPs, while eliminating the potential drawbacks of the latter. Such
designer CPPs are explained physically with the effective-index method and verified
experimentally in the microwave regime. An application of Spoof SPPs is propsed.
One example is a new type of microstrip line on which the spoof surface plasmon polaritons
(SPPs) can propagate in microwave band is developed and a scheme for reducing the
wide-band crosstalk between transmission lines is proposed. The microstrip line structure is
designed by introducing periodic subwavelength hairpin structure on the edge of conventional
microstrip lines. Numerical methods are used to analyze the dispersion relation and guiding
bandwidth in microwave regime. Besides, we experimentally verify that such periodically
structured microstrip lines support spoof SPPs in the frequency range between 200 and 8 GHz.
Compared with the quasi-transmission electron microscopy mode in conventional microstrip
line, the spoof SPPs mode can be highly localized on the surface of the structured microstrip
lines, and so the crosstalk between different structured microstrip lines is very weak, for
example, the crosstalk between one conventional microstrip line and one structured microstrip
line ranges from 219.89 to 262.39 dB (which is much lower than the crosstalk between two

conventional microstrip lines) when the distance between the two microstrip lines is the same



as the width of the microstrip line. Therefore this new kind of periodically structured
microstrip line would be of great use in high-density microwave circuits and
high-speed systems to guarantee signal integrity. We continue last year project to
study the filtering properties for a narrowband reflection-and-transmission filter in
an annular defective photonic crystal containing an ultrathin and strongly lossy
metallic film are theoretically investigated based on the transfer matrix method for
the cylindrical Bragg waves. At a certain design wavelength, simultaneous peaks in
reflectance and transmittance can be found. The peak wavelength is shown to be
dependent on the azimuthal mode number of the cylindrical waves. The peak heights
in reflectance and transmittance can be directly varied by the stack numbers. In
addition, the influence of the starting radius in reflectance and transmittance is also

illustrated. Other related subjects are also briefly described in this report.

Keywords: vortex pinning, square arrays , Nb thin film, molecular dynamics
simulations ,spoof surface plasmon polaritons, micro-strip line, periodic
sub-wavelength hairpin structure, cross talk, annular photonic crystal, narrowband
filter, cylindrical wave, channel plasmon polaritons, plasma frequency, effective-index

method.



|. Introduction

In this year , my project covers two different topics. One focuses on the
vortex dynamic in the regular defect lattice on Nb thin film. Another
one focus on .digging out new properties of Spoof Surface Plasmon
Polaritons on a special corrugated periodic structure and application of
Spoof SPP to reduction cross-talk of a new type structure of micro-strip
lines. | also cooperate with Prof. C. J. Wu to study properties of one
dimensional different photonic crystal structures. Such cooperation,
we come out several excellent results and published in well-known
international journals. | also cooperate with Prof. S. Q. Shen

to study new properties of Electromagnetic- Induced- Transparency in
Alkali gas medium to form periodic structures. This comes out several
preliminary results. A special one writes up a chapter in Photonic Crystal
book published by In-Tech Europe. In the following, | shall divide into

several sections to describe sub-subjects | mention above.

Il.  Square arrays of circular pinning centers in Nb

thin films

In this subject, we analyze missing matching peaks in Nb thin film
for square arrays of circular pinning centers and come out one paper in
Journal of Applied Physics 109, 083920 (2011). The essential results are
periodic critical current matching peaks and some “missing peaks” were
observed in magnetotransport measurements. The larger the diameter of
the pinning centers, the higher the index of the missing matching fields
observed. This phenomenon is explained by molecular dynamics
simulations and is caused by the interaction between interstitial vortices
and vortices occupying the pinning centers.

The sizes of the pinning sites in all our three samples are relatively
large and comparable with the distance between them.At certain
temperatures our experiments revealed that the magnitude of the critical
current peak suddenly drops at the nth matching field and seems to be



missing, where n could be 3, 4, or 5. At the following (n + 1) th matching
field, the critical current reaches about the same value as at the nth
matching field and the peak is obvious. The experiments also
demonstrated that pinning sites with larger diameters cause this drop at
higher matching fields. In molecular dynamic simulations we found that
this phenomenon can be explained by the interaction between the
interstitial vortices and the multi-vortices which occupy pinning centers.
From the phase diagrams obtained from our simulations the phenomenon
described above can be easily understood.

The experimentally observed feature that pinning sites with larger
diameter depress the critical current at higher matching fields is explained
by numerical simulations. We found that this phenomenon is caused by
the interaction between the interstitial vortices and the multi-vortices
occupying pinning centers. For example, in the case of two neighboring
matching fields where only one interstitial vortex is present in every
interstitial position, we can see that the first matching peak is missing and
the second matching peak is still obvious. The comparison with
experiments needs to be further elaborated. We used more or less
arbitrarily chosen pinning strength. We took into account that near the
edge of the pinning sites the superconducting order parameter could
be depressed, so that the effective size of the pinning sites can be
considerably larger than the diameter of the pinning sites. So we used
more or less arbitrarily chosen effective pinning site radius rp. We did not
consider the possibility that giant vortices can occur. This work is in
progress.

Ill.  Subwavelength guiding of channel plasmon

polaritons

In this subject, we construct a properly structured metallic groove at
frequencies far below the plasma frequency of metal to study
subwavelength guiding of channel Plasmon polaritons. In this study, we
do experimental work and simulation with theoretical analysis. The
results come out very good agreement. We write up these results into a
paper to send to Applied Physics Letters editor and very soon to get
response to accept with a minor revision. Here | give a brief description
our essential results as following.



Plasmonic metamaterials formed by periodical textures on metal surfaces
address the challenge of routing waves on subwavelength scale at low
frequencies (particularly in terahertz regime). Plasmonic metamaterials
support surface waves whose dispersion and spatial confinement can be
engineered by surface patterning. since these surface waves mimic the
properties of surface plasmon polaritons (SPPs) at visible frequencies,
they are termed as designer (or spoof) surface plasmon poalritons.
Recently, the physical similarity of designer SPPs with natural SPPs has
been established with an effective-medium model, and the existence of
such designer SPPs has later been verified experimentally in both
microwave and terahertz regimes. More recently, waveguide scheme
based on designer SPPs has become a focus of research for
subwavelength routing terahertz radiations. In visible regime, the most
attractive scheme of SPPs is channel plasmon polaritons (CPPs) guided at
the bottom of V-shaped grooves carved into a planar metal surface, which
have superior features of subwavelength field confinement, low
propagation loss, efficient transmission through sharp bends, and
compatibility with planar technology. For CPPs, a waveguide parameter
(Vcpp) can be introduced to characterize their modal behaviors, and they

are propagating when Vcpp>0.5+pi. Thus, at visible frequencies, the

groove depth is required to be of the order of wavelength. When
switching to lower frequencies, where Vcpp scales as the square of the
groove depth divided by wavelength, the groove depth needs to be several
dozens (terahertz) or hundreds (microwave) of wavelength, and this limits
CPPs to be extended to terahertz and microwave regimes. Since the
features of designer SPPs are mainly controlled by surface geometries, it
is more flexible in physics to strongly confine the designer SPP field in
the plane transverse to the propagation direction, compared to natural
SPPs in the visible regime. In this letter, we report the realization of
subwavelength guiding of designer CPPs at low frequencies by a metallic
groove whose walls are properly structured.Compared with visible CPPs,
we can introduce additional physical mechanisms in designer CPPs, so
that they possess superior properties as visible CPPs, while eliminating
the potential drawback of the later, i.e., the mode hybridization with
wedge plasmon polaritions (WPPs) at the groove edges.The designer CPP
guiding by such groove is also verified experimentally in microwave
regime.



The envisioned structure is a metallic groove consisting of
alternating triangular (V-shaped) grooves with length a and rectangular

(U-shaped) grooves with length (d__a). The V- and U-shaped grooves

have the same width w and depth H, and the angle of the V-shape
grooves is u% atan (w/2H). We utilize the full-vector finite element
method (FEM) to solve numerically the CPP modes. In the perfect
conductor approximation, which is valid for metals in microwave or
terahertz regimes, all magnitudes of the modes are scalable and we can
take the period d as the unit length. Two CPP modes can be sustained by
this groove, and the dispersion curves lie outside the shaded area bounded
by the dispersion relation of vacuum, which means them nonradiative.
The field of the fundamental mode is highly confined at the bottom of
the subwavelength groove, while the second mode has a field loosely
extended in the groove. Evidently, the fundamental mode is laterally
confined on a scale smaller than the wavelength (k) in vacuum. Hereafter,
we will consider only the fundamental CPP mode because it exhibits a
better confinement. To get a deep sight into the designer CPPs, we apply
the effective index method (EIM) for waveguide analysis to our
structured groove as in the case for the VV-groove in visible regime. It is
known that the effective index of designer SPPs on a single corrugated
metal surface increases with indentation depth. In our structured groove,
the periodic indentation on each wall gradually deepens along the groove
depth. Compared to the visible VV-groove, in the present groove structure,
besides decreasing separation distance between two groove walls (along
the groove depth), there exists an additional mechanism to enhance the
gradient of the effective index (neff) of coupled SPPs in the groove depth
direction, making the fields more effectively confined at the groove
bottom. More importantly, we keep the indentation depth to be zero at the
groove edges, which leads to neff=1, hence the possibility of WPP
hybridization vanishes fundamentally.

We have shown that a structured groove consisting of alternating
V- and U-shaped grooves can sustain designer CPPs strongly confined at
the groove bottom. Like visible CPPs, this designer CPPs can achieve
100% transmission through a sharp bend. The proposed designer CPPs
have been verified experimentally in the microwave regime. Due to the
superior features of designer CPPs, we expect that they have a wide
variety of potential applications in terahertz or microwave regimes.



V. corrugated metal strip lines with subwavelength

periodic hairpin slits

Here we study the cross-talk problem in the corrugated metal strip lines
with subwavelength periodic hairpin slits. The structure of device is
simulated first by numerical simulation, then constructed accordingly. The
measurement of this device is made and analyzed. We found the
experimental results are agreed with our simulated results very well. The
explaination also is made finally. The paper is written up and submitted to
IET Microwave, Antenna & Propagation, the peered review process
spent about one year. Now this paper is published in 2012 issue. The
following, | summarized our important results of this paper.

A new type of microstrip line on which the spoof surface plasmon polaritons
(SPPs) can propagate in microwave band is developed and a scheme for reducing the
wide-band crosstalk between transmission lines is proposed. The microstrip line
structure is designed by introducing periodic subwavelength hairpin structure on the
edge of conventional microstrip lines. Numerical methods are used to analyse the
dispersion relation and guiding bandwidth in microwave regime. Besides, the
authors experimentally verify that such periodically structured microstrip lines
support spoof SPPs in the frequency range between 200 and 8 GHz. Compared with
the quasi-transmission electron microscopy mode in conventional microstrip line,
the spoof SPPs mode can be highly localised on the surface of the structured
microstrip lines, and so the crosstalk between different structured microstrip lines is
very weak, for example, the crosstalk between one conventional microstrip line and
one structured microstrip line ranges from 219.89 to 262.39 dB (which is much lower
than the crosstalk between two conventional microstrip lines) when the distance
between the two microstrip lines is the same as the width of the microstrip line.
Therefore this new kind of periodically structured microstrip line would be of great
use in high-density microwave circuits and high-speed systems to guarantee signal
integrity.

Surface plasmon polaritons (SPPs) on metal surface are the electromagnetic (EM)
excitations that propagate along the metal - dielectric interface, and their fields are
evanescent in both the metal and the dielectric. SPPs provide a new solution in order

to highly localise the EM fields on the metal surface, and therefore are widely



explored in recent years. For this reason, we expect that SPPs will be of great
interest for designing circuits with low crosstalk (and hence the length scale of
circuits is minified) if they were introduced into the microwave regime. However,
metals resemble perfect electric conductor (PEC) in microwave regime, so that EM
fields cannot be tightly confined on smooth metal surfaces, since the plasma
frequency of metal is generally in the infrared band. Accordingly, it is impossible to
directly apply SPPs to microwave transmission lines. Recently, a conception of
low-frequency SPPs, where the penetration of EM fields into the metal increases
when the subwavelength holes are cut in the metal surface, has been proposed. The
working frequencies of the EM modes that can be referred to as spoof SPPs on such
periodically structured metal surface are determined by the geometric parameters
of the structure. The mechanism of spoof SPPs was well explained physically in Garc
1" ade Abajo, F.J.:Phys. Rev. Lett., 2005,: 95, (23),233901; Rev.Mod. Phys., 2007, 79,
pp. 1267 - 1290.Such design in microwave regime has been theoretically analysed in
(Wu, J.J., Yang, T.J., Shen, L.F. : ). Electromagn. Waves Appl., 2009, 23, pp. 11 - 19)
and experimentally verified in (Hibbins, P.B., Evans, R., Sambles, J.R. : Science, 2005,
308, (5722),

pp. 670 - 672) . In this paper, a novel microstrip line structure whose edge is
periodically corrugated with subwavelength hairpin slits is suggested. Such a
hairpin-structured microstrip line supports the spoof SPPs in microwave regime,
which improves the confinement of the EM fields on the microstrip line. Thus, such
structured microstrip line can be used to design microwave circuits with low
crosstalk and hence to provide a new way to reduce the scale of circuits, and a
directional coupler composed of a conventional and a hairpin-shaped microstrip line
is designed to verify this intriguing feature of the structured microstrip line. We find
that such a coupler

has much lower crosstalk in comparison with the coupler consisting of two
conventional microstrip lines. Another benefit is that it is much more simple to
machining, without any complex process such as via holes or air notch. Therefore the
hairpin-structured microstrip line will have potential application in high-density

microwave circuits.

V. Anannular defective photonic crystal

containing an ultrathin metallic film



This subject is a part of my Post-doctor Dr. Mei-Soon Chen research work.
We finish it and found very interesting results and wrote up a paper
submitted to Optical Communications journal for peered review. It
comes out published in 2012. Here | summarized our results in the
following.

The filtering properties for a narrowband
reflection-and-transmission filter in an annular defective photonic crystal
containing an ultrathin and strongly lossy metallic film are theoretically
investigated based on the transfer matrix method for the cylindrical
Bragg waves. At a certain design wavelength, simultaneous peaks in
reflectance and transmittance can be found. The peak wavelength is
shown to be dependent on the azimuthal mode number of the
cylindrical waves. The peak heights in reflectance and transmittance can
be directly varied by the stack numbers. In addition, the influence of the
starting radius in reflectance and transmittance is also illustrated.

Using the one-dimensional defective photonic crystals (PCs) to design and
fabricate a narrowband transmission filter (NTF) has attracted much attention over
the past two decades. Such an NTF also called the multilayer Fabry-Perot resonator
has a structure of (HL)ND(HL)N or (HL)ND(LH)N, where H and L respectively denote
the high- and low-index dielectric layers, N is the stack number, and D is referred to
as the defect layer. Layers H and L are commonly taken to be quarter-wavelength, i.e.,
nHdH=nLdL=A 0/4, where nH, nL are their refractive indices, dH, dL are their
thicknesses, and A 0 called the design wavelength is usually chosen to be located in
the vicinity of center of the photonic band gap of the host PC, (HL)N. An NTF is a filter
that has a sharp transmission peak in the transmission spectrum, which can always
be achieved by increasing the value of N. Recently, a new narrowband filter, which
can exhibit simultaneous peaks in reflection and transmission, has been investigated.
It is thus called a narrowband reflection-and-transmission filter (NRTF), in contrast to
the usual NTFwhich has a resonant peak only in the transmission spectrum. To
achieve the simultaneous peaks in reflection and transmission, it is necessary to
introduce certain absorption in the structure. In a lossless system, the power balance
equation is R+T=1, where R is the reflectance and T is the transmittance. It is thus
impossible to have simultaneous peaks inR and T in a lossless system because Rand T
are complementary each other. However, simultaneous peaks in R and T can be
obtained if the system is lossy. In this case, the power balance equation is
R+T+A=1,where A is the absorptance coming from the lossy medium. With this idea,
a planar NRTF is designed as Air/M/ (LH)N1/2L/(HL)N2/H/Sub, where M is the

metal layer playing the role in absorptance, N1 and N2 represent the stack numbers



of the periodic bilayers, 2 L acts as a defect layer, and Sub is the substrate. In this
design, there are two limits in M. One is that metal layer must be an ultrathin film,
i.e., its thickness dM must be much less than the design wavelength. The other is that,
in the vicinity of design wavelength, its imaginary part and real part of the complex
refractive index (nM=n - jk) must be comparable, i.e., n=k. In this NRTF the stack
numbers N1 and N2 are not necessary to be large, which probably is a superior
feature compared to the usual NTF where a large stack number is often required. An
NRTF can be applied in the color decoration since it has both maximum reflection
and transmission at the design wavelength. In this paper, we consider NRTF in a
geometry of annular multilayer structure, where the above-mentioned planar one
dimensional NRTF Air/M/(LH)N1/2L/(HL)N2/H/Sub is assumed to be bent into the
annular shape. Here, Air is now in the core region with a starting radius of p 0, and
the first circular ring is taken to be M, the ultrathin metal layer, and layers L and H are
arranged in sequence. This type of NRTF is called the annular NRTF (ANRTF). To
explore the reflection and transmission in this annular filter, we shall adopt the
transfer matrix method for the cylindrical Bragg waves developed by Kaliteevski et al.
It will be found that, the same as the planar NRTF, the simultaneous peaks in
reflectance and transmittance can also be obtained in the ANRTF. Some related
issues will be examined. First, the ratio of peak heights between reflectance and
transmittance, i.e., Rmax/Tmax, can be modified by different stack numbers, N1 and
N2. Second, the positions of peak reflection and transmission can be shifted as a
function of the azimuthal number of the cylindrical wave. Finally, the role played by
the starting radius p 0 in R- and T-spectrum will be illustrated. It is know that an
annular photonic crystal (or annular Bragg reflector) plays an important and useful
role in modern laser system with a portion of vertical emission . By creating a ring
defect into the annular periodic multilayer structure, an annular resonator is also
available. It is thus of potential interest to explore a resonator or filter with

simultaneous resonant peaks in R and T in the annular geometry.

V1. Circuit Analog of Three- and Four-Level

Electromagnetically Induced Transparency

Over the past two decades, quantum coherent control via atomic phase
coherence has led to a number of physically interesting phenomena such as
electromagnetically induced transparency (EIT) and the effects that are relevant to
EIT, including inversionless light amplification, cancellation of spontaneous emission,

multi-photon population trapping], phase coherence control as well as EIT-induced



negatively refracting materials. EIT is such a quantum optical phenomenon that if
one resonant laser beam propagates in a medium (e.g., an atomic vapor or a
semiconductor-quantum-dot material), the beam will get absorbed; but if two
resonant laser beams instead propagate inside the same medium, neither would be
absorbed. Thus the opaque medium becomes a transparent one. Such an interesting
optical behavior would lead to many applications, e.g., designs of new photonic and
guantum optical devices. Since it can exhibit many intriguing optical properties, EIT
has attracted extensive attentions of researchers in a variety of areas of atomic
physics, optics, and condensed state physics. For example, some unusual

physical effects associated with EIT include ultraslow light, superluminal propagation,
and optical storage with atomic vapors, some of which are expected to be beneficial
(and powerful) for developing new technologies in quantum optics and photonics.
Although EIT is a quantum optical effect arising in atomic systems, yet it has various
analogs in classical physics regime. Such analogs can be referred to as  “classical
EIT” effectsor “EIT-like” phenomena, which can also exhibit “destructive
interference” between two (or among three) resonant systems. In the literature,
new schemes based on optical and photonic scenarios,such as planar metamaterial
analogue of EIT for plasmonic sensing, plasmonic analog of EIT, circuit analog of
ElTas well as EIT-like effect in micromechanical resonators, have been suggested or
experimentally demonstrated. It should be noted that almost all these classical
analogs of EIT are those of three-level systems. As a four-level EIT system can exhibit
a more significant dispersion sensitive to probe frequency than thatin a
conventional three-level system , the quantum optical properties of four-level EIT
(such as double-control quantum interference, transient turn-on and -off dynamics)
as well as its application to photonic device design (e.g., photonic switches and logic
gates), have captured intensive attentions of many researchers . Obviously, the
impact would be enormous if we can experimentally verify the circuit analog of both
three- and four-level EIT. In this paper, we shall report our work on such a classical
EIT-like effect, including their classical analog of relevant quantum coherence
involved, e.g., destructive quantum interference among transitions pathways driven
by both probe and control fields. Since a two-level resonant atomic
system can be simulated by a simple LC circuit, three- and four-level
electromagnetically induced transparency (EIT) that occur due to light-atom
interaction can find its classical counterpart in circuit analog. As the optical response
of an EIT atomic medium (including atomic vapors and semiconductor-quantum-dot
dielectrics) can be controlled via tunable quantum interference induced by applied
external control fields, in the scheme of circuit analog, such a controllable

manipulation is achieved via capacitor coupling, where two LC loops are coupled by



a capacitor that can represent the applied control fields in atomic EIT. Both
numerical simulation and experimental demonstration of three- and four-level EIT
were performed based on such a scenario of circuit analog. The classical
“coherence” relevant to quantum interference among transitions pathways

driven by both probe and control fields in EIT atomic systems has been manifested in
the present circuit analog of EIT.

This work had been published in Advanced Materials Research Vols.415-417,
1340, 2012.

VI. Peculiar properties of One dimensional

Photonic Crystal

This topic | cooperate with Prof. C. J. Wu to study. The results are
written into a series of papers listed in my publication list. The
described results are not written here. You may directly see all these

published papers.

VIII. Future work

In the coming year, | plan to do electromagnetic induced transparency
medium in multilayer medium to study Goos-Hachen shift effect,
especially on EIA (electromagnetic induced amplification) situation.
The application of Spoof SPP will continue on our previous work
and also dig out a new properties of new structures. For one
dimensional photonic crystal , | will continue to cooperate with Prof. C.
J. Wu to dig out peculiar properties of new system. For instance, to
calculate the effective Plasmon frequency in binary or ternary system.
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Novel Characteristics of Reducing Wide-band Crosstalk for
Guiding Microwave in Corrugated Metal Strip Lines with
Subwavelength Periodic Hairpin Slits

Jin Jei Wu!, Tzong-Jer Yang!, Her-Lih Chiueh?, Linfang Shen?,
Weilien Ou Yang!, and Chih-Hsiang Wen'!

!Department of Electrical Engineering, Chung Hua University, Hsinchu 30012, Taiwan
2Department of Electronic Engineering, Lunghwa University of Science and Technology
Kueishan, Tayouan 333, Taiwan
3Department of Information Science and Electronic Engineering
Electromagnetic Academy, Zhejiang University, Hangzhou 310058, China

Abstract— A new type of microstrip line on which the spoof surface plasmon polaritons (SPPs)
can propagate in microwave band is developed and a scheme for reducing the wide-band crosstalk
between transmission lines is proposed. The microstrip line structure is designed by introducing
periodic subwavelength hairpin structure on the edge of conventional microstrip lines. Numerical
methods are used to analyze the dispersion relation and guiding bandwidth in microwave regime.
Besides, we experimentally verify that such periodically structured microstrip lines support spoof
SPPs in the frequency range between 200 MHz and 8 GHz. Compared with the quasi-TEM mode
in conventional microstrip line, the spoof SPPs mode can be highly localized on the surface of
the structured microstrip lines, and so the crosstalk between different structured microstrip lines
is very weak.
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Polaritons had been proved to applied in microwave regime, another for vortex
dynamics in Nb thin film had found new experimental results and explained by

molecular dynamics. Totally we published 16 papers in International well-known
journals.




