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Diffraction and radiation of SHA excited by electron beam
1| 2% 4R

T KFE, AR

Abstract

The physics of diffraction and radiation of a subwavelength holes array (SHA) excited by electron beam
are explored and discussed. By a moving line charge excitation, numerous physical phenomena occur
such as the diffraction radiation on both sides of SHA, the electromagnetic penetration and transmission
below or above the cut-off through the holes. A dielectric medium loading in the lower half-space of SHA
will bring essential changes to the diffraction radiation. In the lower half-space, the surface wave becomes
radiation wave. The fundamental space harmonic is transformed into Cherenkov radiation with unique
characteristics and the first negative space harmonic is converted into a radiation wave with the angle of

Smith — Purcell radiation. And the interference of these two kinds of radiations happens in the lower space.
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Transceiver Technology Fusion of Wireless Communication and Radar Sensing
Systems: Spectrum Allocation, System Integration and Design Challenge

R AT
University of Montreal, Canada

Abstract

Wireless communication and radar sensing are two of the most prominent applications of radio technology. In the
past, these two systems operate differently and independently. However, if implemented, the system fusion of wireless
communication and radar sensing would definitely bring up many benefits such as architecture unification, simpli-
fication, and miniaturization, functional reconfiguration and fusion, and especially efficiency enhancement and cost
reduction. This presentation reviews the emerging advances in the waveform design and system development for
multifunctional wireless systems that integrate both communication (radio) and sensing (radar) functions. State-of-
the-art communication-radar (or radio-radar) modulation schemes are presented and their features are discussed with
reference to various challenging issues, namely, transceiver fusion, spectrum choice, system integration, and design
platform. Theoretical and experimental research results on integrated communication and radar platform are high-
lighted to showcase the current development. Future research topics in this direction are also pointed out with special
interest in up-band millimeter-wave exploration and system-on-substrate development.
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Abstract

A SIMO (single input and multiple output) system of a step-frequency (SF) radar is used. It is
working in downward-looking spotlight mode and moving within a 2D synthetic plane array. A
3D (three-dimensional) matrix of bistatic scattering fields is produced in both the amplitude and
phase from a 3D complex-shaped electric-large target above background surface.

In numerical simulation, the bidirectional analytic ray tracing (BART) method is applied to cal-
culate bistatic scattering in SIMO observations from a volumetric target above background rough
surface. An improved 3D RMA (range migration algorithm) is then utilized to making the imag-
ing. Its 3D imaging is applied to reconstruct the target profile. As validation and comparison, the
scattering fields of some simple targets are computed with comparisons of the BART and FEKO
software. The SIMO techniques of imaging and reconstruction for a 3D target, such as a tank-like

model over rough surface, are presented.

Biography
2K, L2 RxgEHBHKx., TEHFEKRKE L. IEEE
Fellow. EMA Fellow. CIE Fellow. IAA Member, B RX%&H <&
TR F FERBEFR, RI197T0F L TR RKFE, 454 T1982
. 1983, 19854 2A K £AKRAEHELFKR (MIT) wAITf 54
FhA5 2 (EECS) #5mE (MS) . wAIT#)F (EE) . ¥+
(Ph.D.) #4x,

W 09 B AR IR A B2 BRI ¥ LR HAT S At i 54546, 2 1) 1 B 5 a3 I 4S8
B HEHK, ALR%PHA LRSS, RRAAREEAMARLITINB 4 RHAF R,
WEBNIE KL ACIOS HFREL, 1IBATHELFZLSLE, CRERARMF
% (2011) . BRAARAFL=5% (1993) . ZABARHAHRARAFL-F %
(1992, 1996, 2009). ti#iE—¥% (1993) %,

Ll



Multiband Bandpass Filter Technologies

Chu Qing-xin  Chen Fu-chang

(School of Electronic and Information Engineering, South China University of Technology,

Guangzhou 510640, Guangdong, China)

Abstract: This article presents an introduction of
recently developed techniques for the design and
implementation of multiband bandpass filters. To
obtain  independently  controllable = passband
frequencies and bandwidth, multi-passband resonator
are introduced to design the dual- and tri-band
bandpass filter. To minimize the size of the circuit,
stepped impedance resonators (SIR) are introduced to
design the dual- and tri-band bandpass filter. To obtain
conveniently controllable passband frequencies, stub
loaded resonators (SLR) are presented to design the
dual- and tri-band bandpass filters. To obtain
improved stopband rejection characteristic and more
passbands, assembled resonator constructed by
different resonators are employed to design the tri-
and quad-band bandpass filters. Theoretical
predictions are verified by the experimental results of
these filters

Key words: bandpass filter; multiband ;
stepped impedance resonator; stub-loaded resonator;
assembled resonators.

CLC number: TN713
Introduction

Emerging wireless standards produce
new consumer systems, such as global system
communication mobile
communication (GSM), wireless local-area
network (WLAN), and Worldwide
Interoperability for Microwave
(WiMAX). The increasing demand for these

applications in the communication market has

for mobile

Access

enabled a single wireless system to support
dual-band or tri-band operations [1]. In
developing multiband systems, the multiband

filters are essential components. However,
since conventional filter theory is based on the
single band assumption and cannot be used to
design multiband bandpass filters, novel
technologies need to be developed for
multiband bandpass filter design.

In recent years, several techniques in the
design of multiband filters have been
proposed [2-14]. These techniques can be
classified as  multi-passband  resonator
technique [2-3], SIR technique [2-7], SLR
techniques [8-11], and assembled resonator
technique [12-14]. In this article, we provide
an overview of these techniques classified by
technology.

1 Multi-passband  Resonator

Technique

The first technology is to combine two
(or more) sets of different resonators with
common input and output, as shown in Fig. 1.
Two sets of resonators were employed in
parallel configurations to design the dualband
filters, which could obtain desired center
frequency and bandwidth at each passband.

Fig. 1 Coupling structure of the proposed
dualband filter

To achieve required bandwidth at each
passband without increasing the circuit size,
compact dual- and tri-band bandpass filter
using A/4 and A/2 resonators are proposed in
[2]. Fig. 2 shows the geometry of the proposed



dual-band bandpass filter. The filter comprises
two A/4 hairpin resonators and two A/2 hairpin
resonators. The A/4 resonators are designed to
resonate at the lower passband(s), A/2
resonators are designed to resonate at the
higher passband.

Fig. 3 shows the simulated and measured
results of the dualband filter. The measured
insertion losses in the two bands are 1.1 dB at
2.45 GHz and 1.6 dB at 5.25 GHz, and the
total size is less than 24 mm x19.5 mm.

via via 4

Ll
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Fig. 2 Layout of the proposed dualband filter
using using multi-passhand resonator

Magnitude (dB)

Simulation

Measurement
-60 .

2 3 4 5 6
Frequency (GHz)

Fig. 3 Simulated and measured S-parameters of
the dualband filter using multi-passband resonator

2 SIR Technique

Fig. 4 Geometrical diagram of the two-section SIR

Recently, more and more multiband
filters have been realized with SIR because of
their multi-band behavior [4-7]. The basic
structure of a two-section half-wavelength

(M2) SIR is shown in Fig. 4. It is clear from [4]
that the spurious frequencies can be controlled
by the characteristic impedance ratio.

To demonstrate the application of the SIR,
dual-band filter operated at 2.4 and 5.7 GHz
was designed in [5]. Fig. 5 shows a
photograph of the proposed filter, and the
overall sizes for the proposed filters are about
21mmx30mm. The S-parameter simulation
and measurement results for the designed
filter are shown in Fig. 6. The filter with the
first resonant frequency of 2.4 GHz has less
than 1.2 dB insertion loss and the second
passband with center frequency of 5.7 GHz
has lesson than 1.8 dB insertion loss.

Fig. 5 Photograph of the fabricated dualband
filter using SIR

Magnitude (dB)

Simulation

-50

Measurement
s

-60 . ; .

2 3 4 5 6
Frequency (GHz)

Fig. 6 Simulated and measured S-parameters of the

dualband filter using SLR

3 SLR Technique

3.1 Single Stub loaded Resonator
Technologies
Lately, it is popular to design the

multiband filter using SLR (as shown in Fig. 7)
mainly because of their easily controlled
resonant frequencies. The dual-band (or
tri-band) filters were designed using centrally
loaded resonators proposed in [8].



(@) (b)
Fig. 7 Structure of the SLR (a) open stub (b)
short stub

Using pseudo-interdigital short stub
loaded resonator, a dual-band bandpass filter
at 1.57/2.4GHz was developed in [20]. Fig. 8
shows the simulated and measured results.
The minimum insertion losses measured for
the two passbands in the same sequence are
0.7 dB and 0.5 dB, and the return losses
within the two passbands are below -18 dB.

0

-10

-20

Magnitude (dB)

-30

-40

— Simulation

— Measurement

50 s s s
1 15 2 25 3 35

Frequency (GHz)
Fig. 8 Simulated and measured S-parameters of
the dual-band filter using SLR

3.2 Short and Open Stub loaded Resonator
Technologies

A novel open and short stub loaded
crossed resonator and its applications to
tri-band bandpass filters were presented in
[9-10]. Based on the lossless transmission line
model analysis, it was found that the first three
resonance frequencies of the crossed resonator
can be conveniently controlled.

To demonstrate the proposed concept, an
experimental tri-band bandpass filter at 1.57,
2.4 and 3.5 GHz was developed in [9]. Fig. 9
shows a photograph of the proposed filter, the
open stub is meandered to reduce the circuit
size, and the total size is less than 33 mm x 13
mm. Fig. 10 shows the simulated and
measured results. The minimum insertion
losses measured for the three passbands in the
same sequence are 0.8 dB, 0.5 dB and 1.2 dB.

Fig. 9 Photograph of the fabricated tri-band filter
using SLR
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Fig. 10 Simulated and measured S-parameters of
the tri-band filter using SLR

4 Assembled
Technique

Resonator

To obtain a tri-passband response based
on the dual-band filter layout [4], additional
half-wavelength resonators are inserted, as
illustrated in Fig. 11. The proposed filter
consists of two assembled resonators coupled
in cascaded format, and each assembled
resonator comprises a SIR (resonator A) and a
common half-wavelength resonator (resonator
B). Resonator A is designed to resonate at f;
(the first passband frequency) and f; (the third
passband frequency), and resonator B
resonates at f, (the second passbhand
frequency).Multi-path between the input and
output can be observed, which may introduce
transmission zeros in the insertion loss
response.

A tri-band bandpass filter using the above
structure was developed in [12]. Fig. 12 shows
the simulated and measured frequency
responses of the designed tri-band bandpass
filter. The minimum insertion losses measured
for these three passbands are 1.8 dB, 0.8 dB,
1.3 dB. The total size is less than 24 mm x 22
mm.



Resonator B

Resonator A

Fig. 11 Layout of the proposed tri-band filter using
assembled resonators

Magnitude (dB)

- Simulation
— Measurement

-50
-60

2 3 4 5 6
Frequency (GHz)

Fig. 12 Simulated and measured S-parameters of
the tri-band filter using assembled resonator

Conclusion

Several techniques using microstrip
technology were reported on, including the
multi-passhand resonator technique, the SIR
technique, the SLR technique, the assembled
technique. The experimental results have
shown that the proposed multiband bandpass
filters will be wuseful for multi-standard
wireless applications and attract more interest
from both academia and industry.
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Abstract—The review paper will address briefly the state-
of-the-art research and development progresses in the wireless
power transmission technology and also potential applications.
The review is categorized into two aspects, that is, (a) the long-
distance and high-power wireless energy transmission and (b)
the short-range and low-power wireless energy transmission.
For the long-distance high-power transmission, the review will
cover atmospheric effects, high-power microwave generation,
transmitting antennas, EMC/EMI effects on radio frequency
wireless system, rectennas, and biological effects on human being
and animals. For the short-range wireless power transmission, the
review will touch inductive couple effects and their applications
onto power-grid systems, wireless power charging systems, and
medical applications. The review will discuss on advantages and
short-comings.

Index Terms—Energy, wireless power transmission, microwave
power transmission, inductance coupling, atmospheric windows.

I. INTRODUCTION

Wireless power transmission has been a topic of continued
interests since the last several decades, with an emphasis made
initially on long-distance high-power microwave transmission
(primarily for the applications of space solar energy transmis-
sion and remote or desert area power supply), and the other
emphasis made on the short-range low-power transmission (for
wireless power charging systems and medical applications).
In this paper, the state-of-the-arts research and development
progresses are reviewed, where historical development of
wireless power transmissions will be briefed, and some key
issues will be addressed. For the long-distance high power
transmission with potential applications to the space solar
power transmission, discussions include atmospheric effects
or ionospheric windows, high-power microwave generation,
transmitting antennas, rectified antennas (rectennas), electro-
magnetic interference with existing wireless systems, and
biological tissue effects on human being and animals. For the
short-range low-power wireless transmission, discussion will
be focused on inductive coupling effects, power grids, wireless
power transmission, and medical applications.

Il. HISTORICAL DEVELOPMENT OF WIRELESS POWER
TRANSMISSIONS

Historically, research and development associated with wire-
less power transmission are listed below. It shows that the
research and development started long time ago. However, the
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Fig. 1. Nikola Tesla proposed a gigantic coil connecting to a high mast of
200-ft with a 3 ft-diameter ball at its top. He fed 300 kW power to the Tesla
coil resonated at 150 kHz and reached the RF potential of 100 MV at the top
sphere.

first wireless power transmission experiment was carried out
by Nikola Tesla in 1899 [1], [2], [3], [4], as shown in Fig. 1.

o 1864: James C. Maxwell predicted the existence of radio
waves;

o 1884: John H. Poynting realized the Poynting Vector to
quantify electromagnetic energy;

o 1888: Heinrich Hertz showed experimental evidence of
radio waves;

o 1899: Marchese G. Marconi and Reginald Fessenden
invented wireless communications via radio waves;

o 1856-1943: Nikola Tesla conducted the 1st wireless
power transmission experiment;

o 1889: Wardenclyfee Tower was proposed by Tesla;

o World War II: Microwave Energy Converter was invented,

o 1964: Willian C. Brown started the 1st MPT R& D in
1960s;

o 1940-50s: Photovoltaic Cell was built;

o 1958: US Solar Power Satellite (SPS) was proposed;

« 1970’s Oil Embargo turned out;

e 1968: Peter Glaser Proposed SPS System;

o 1978-1981: US Dept of Energy Program was supported;

o 1980’s: Japanese SPS System started;

o 1987: Canadian Project started;

o 1995: NASA’s Fresh Look was conducted;

e 1999: NASA’s SERT was supported,

e 1990s: French Grand Bassin - La Reunion was built;
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Fig. 2. Sketched illustration of the space solar power satellite.

2000: Japanese Project and 8 Joint Countries were re-
ported;

2012: Chinese Project to be launched (2 national wide
meetings were held and white papers were submitted);

o 2025: Low cost model demonstration will be expected.

Apparently, earlier research and development of the high-
power long-distance wireless transmission system were pro-
posed for the space solar power satellite system and its
application to wireless transmission of the high power energy
to the ground, as shown in Fig. 2. There were two kinds of
transmissions proposed, one by microwave propagation and
the other by optical or laser propagation. Due to the high
transmission loss of the laser waves in the foggy and also
rainy seasons, the laser propagation mechanism was given up
and the microwave wireless power transmission was adopted
since then [5].

For realizing the space solar power satellite system, we
expect the satellite to have the following special features:
low attitude location, all weather operation, foldable rectenna
on satellites, high power generation and transmission, pulsed
wave system for military use and continued wave system
for green anergy power generation, and controllable narrow
beam width and extremely low side and back lobes for high
efficiency.

III. LONG-DISTANCE HIGH-POWER WIRELESS
TRANSMISSION

A. Atmospheric Effects or lonospheric Windows

To build up the system, we need to determine the oper-
ating frequencies of the microwaves that propagate through
atmosphere. In the existing research, two frequencies were
used, that is, 2.45 GHz and 5.8 GHz. However, more detailed
research is indeed needed to find out the frequency spectrum
or ionospheric window by which the microwave can propagate
through the atmosphere and the ionosphere is not ionized
to form the blocking layer. In addition, effects due to the
rainfall layer and troposphere are also important and should be
taken into the system consideration. In 1978, the Perkins and
Roble model of Ohmic heating concerned the effect on the
ionosphere [6]. Although research was conducted and some
useful results were collected, more research on this aspect is
still necessary as the atmosphere varies with the time.
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First MPT experiment in 1975 by JPL

Fig. 3. First ground-to-ground MPT experiment in 1975 at the Venus Site
of JPL Goldstone facility.

B. High-power Microwave Generation

High-power generation is one of the first a few impor-
tant starting point for the research and development to be
conducted. Two types of high power microwave genera-
tors/amplifiers are usually utilized, one is a microwave tube
and the other is a semiconductor amplifier. The microwave
generators/amplifiers have electric characteristics in contrary
to each other. The microwave tube, for instance, a cooker-
type magnetron (which is very economical), can generate and
amplify high power microwave (over kW) with a high voltage
(over kV) imposed [3]. The semiconductor amplifier can
provide low power microwave (below 100W) with a low volt-
age (below fifteen volt) imposed, but is expensive. Although
there are some discussion concerning generation/amplifier
efficiency, in general the microwave tube has higher efficiency
(over 70%) and the semiconductor has lower efficiency (below
50%). We have to choose tube/semiconductor in accordance
with the requirement and budgets for the wireless power
transmission system.

C. Transmitting Antennas

Transmitting antenna and arrays required for the long-
distance high-power transmission must be of high gain, narrow
beam width, and extremely low side and back lobes [5]. Also,
it is desirable to have the beam scannable. Many different
antennas can be applied for both the wireless power transmis-
sion system, for example, Yagi-Uda antenna, horn antenna,
parabolic antenna, microstrip antenna, phased array antenna
or several other types of antennas. To have narrow beam and
high gain for the wireless power transmission system, we
usually select a large parabolic antenna (as shown in Fig. 3),
or a big array of slot antennas. For light-weight, foldable and
conformal antenna arrays, the microstrip antenna arrays can
be a good option as well although its gain is not so high.

The standard parameters of transmitting antennas are listed
[3] below in Table 1.



TABLE 1
TYPICAL PARAMETERS OF THE TRANSMITTING ANTENNA OF THE SOLAR
POWER SATELLITE.
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Proposed rectenna of 5 km in diameter

Fig. 4. An example of proposed rectenna covering 5 km in diameter.

D. Rectifying Antennas (Rectennas)

Rectennas are referred to as antennas with rectifying compo-
nents for receiving and rectifying microwaves in the receiving
part of the entire wireless power transmission system. So, the
rectenna or the rectifying antenna is an important component
of the system, and the performance of the rectennas affects
significantly RF-DC conversion efficiency and thus the over-
all efficiency of the wireless transmission system. Nonlinear
receiving antenna arrays are preferable and the design must be
optimized to achieve the optimum reception of the microwave
energy.

Proposed and shown in Fig. 4 is an example of rectennas
with an efficiency of about 85% for microwaves received. The
coverage of the rectenna is around 5 km (or 3.1 miles) in
diameter and 95% of its beam falls on the rectenna.

E. Electromagnetic Interference with Existing Wireless Sys-
tems

According to literature, the existing long-distance wireless
power transmission systems are operating at two microwave
frequencies, at around 2.45 GHz or 5.82 GHz. These two
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operating frequencies have been already allocated in the ITU-
R radio regulation to a number of radio services. At the
same time, they are also designated for industrial and medical
applications, for instance, the 2.45 GHz is used for radio
LAN and microwave ovens while the 5.8 GHz is often used
in various applications such as Radiolocation service and
dedicated short-range communications. Therefore, effects of
electromagnetic compatibility and interference at these two
frequencies turn to be a topic of common concerns, and more
investigation is thus required to gain more physical insight of
the EMC and EMI issues and to minimize the coupling and
interference [5].

F. Biological Tissue Effects on Human Being and Animals

A general public concern on high-power microwaves prop-
agating from space onto ground is its hazard on human being
and animal tissues. Since 1950, thousands of papers have
been published on microwave biological effects. The scientific
research focused on two aspects, one on the heating of human
bodies exposed to the microwave radiation, while the other is
on the biological effects on the damage of DNAs. The related
exposure limits listed in IEEE standards at 2.45 or 5.82 GHz
are 81.6 W/m? and 100 W/m? averaged over 6 minutes, and
16.3 or 38.7 W/m? averaged over 30 minutes [7]. This level
is very much lower, as compared to average solar radiation
of 1000 W/m2. It was calculated and thus concluded that the
microwave illumination to human being and animals seems
to be the moon light exposed in the evening. There were
many claims of low-level non-thermal effects. It seems to be
cool and safe, in accordance with the calculated results and
simulation data. There still exists some concern that the long-
term exposure to low levels of microwaves might be unsafe
and even could cause problems such as cancers. However, due
to a number of uncertainties, research of this kind is still
on going and it lacks of comprehensive investigations and
experiments on biological effects [S], [7].

Experimental tests were carried out where effects of mi-
crowave radiation on birds were explored to check the so-
called “fried bird effect” at a frequency of 2.45 GHz. The
slight thermal effects were observed and recorded, and it is
concluded that the heating effects are probably useful for birds
in winters and should be avoided in summers [5]. Larger birds
usually experience more thermal stress than smaller birds [7],
as expected. As indicated in [3], “the overall conclusion of
bioeffects is that microwave exposures are generally harmless
except for the case of penetrating exposure to intense fields
far above existing exposure limits” [5].

IV. SHORT-RANGE LOW-POWER WIRELESS
TRANSMISSION

After Tesla coil was invented many years ago, the idea of
inductive coupling was again brought back to scientific and
engineering fields [8], as shown in Fig. 5. Self-resonant coils
in a strongly coupled regime were considered to demonstrate
efficient nonradiative power transfer over distances up to 8
times the radius of the coils.
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Fig. 5. Inductive coupling of energy and wireless power transmission.
Inductor-coupling experiment
Fig. 6. Inductive coupling experiments.

A. Inductive Magnetic Resonant Coupling Effects

It is found that 60 watts power (as depicted in Fig. 6)
can transmit at 40% efficiency over distances in excess of 2
meters. A quantitative model describing the power transfer was
shown in [8] but will not be given herewith, and it matched the
experimental results to within 5%. The practical applicability
of this system and suggested directions for further study were
provided. It is seen that the inductive magnetic coupling effects
are very strong via the magnetic coils.

B. Wireless Power Transmission

Wireless power transmission can be also realized through
the microsystems, where the flexibly folded sheet can transmit
power to electric devices using wireless techniques, as shown
in Fig. 7. It is developed based on plastic MEMs switches
and organic field-effect transistors (FETs). It is seen that the
wireless power transmission components can be very small
and foldable, which makes sub-system much smaller in size.
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Flexible sheet transmits power to electric devices

Fig. 7. Flexibly folded sheet transmits power to electric devices.

This special feature could lead to a large range of applications.

C. Medical Applications

Near field applications of the magnetic resonant coupling
can be easily applied to the medical imaging, medical health
monitoring, and medical body sensor networks. The multiple
element inductively coupled components can be designed to
transmit wireless power from one component to the other.

V. CONCLUSIONS

In this paper, some critical issues in the long-distance
high-power wireless transmissions and also the short-range
low-power wireless transmissions are briefly reviewed and
their applications are addressed. While the applications of the
long-distance high-power wireless transmissions are primarily
applied to the space solar power satellites and the far-distance
remote site power supplies, the short-range low-power wireless
transmissions are applied to the power grid system to form a
wireless power supply, the wireless charging system and also
the medical sensor network and imaging systems. The topic,
although classic in contents, is of many practical applications
and expected to grow fast in the recent years.
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