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Abstract — The patch antenna fed by an L-shaped
probe was proposed in 1998. This feeding method, and
its modified version, the meandering strip, has led to
the development of a new class of wideband patch
antennas which can be operated in linear, circular or
dual polarization with excellent performance
characteristics. L-probe coupled patch antennas are
simple in structure and low in material and production
costs. Moreover, it can be designed with dual wideband
performance which is very attractive for modern
mobile communications.  This paper presents a
review of the general designs for linearly and circularly
polarized L-probe patch antennas. Comparisons
between measured and simulated results are presented.
Methods for gain enhancement and cross polarization
suppression are also introduced. The designs and
performances of two dual-band wideband L-probe fed
patch antennas are also described.

I. INTRODUCTION

In the last two decades or so, many methods have
been developed to broaden the bandwidth of microstrip
patch antennas. One way is to use the L-probe
coupled feeding method. Since its introduction some
seven years ago, a number of developments have taken
place, including the designs for dual-band,
dual-polarized and circularly polarized wideband patch
antennas. The objective of this paper is to give an
account of these developments.

The paper begins with a description of the context
in which the method was developed, followed by a
summary of the characteristics of the basic L-probe fed
patch antenna and the characteristics of a twin L-probe
fed patch antenna. It proceeds to describe the more
recent developments, including a derivation of the

L-probe, called the meander or M-strip feeding method.

The design of a dual-band dual-polarized antenna array
is then presented. The paper ends with some
concluding remarks.

II. BRIEF REVIEW OF BANDWIDTH
BROADENING TECHNIQUES OF MICROSTRIP
PATCH ANTENNAS

The basic structure of a microstrip patch antenna
consists of an area of metallization supported above a

ground plane and fed against the ground at an
appropriate location (Figure 1). The region between
the metallic patch and the ground plane forms a
resonant cavity. The patch geometry can take on a
variety of shapes. Two common feeds are the coaxial
probe and the microstrip line (Figure 2). The
bandwidth of a patch antenna is governed by the
impedance bandwidth, commonly defined as the range
of frequencies for which the standing wave ratio (SWR)
is less than or equal to 2. In general, for most
frequencies of interest, the bandwidth increases with
substrate thickness and also increases as the relative
permittivity decreases. However, one cannot obtain
wide bandwidth just by increasing the substrate
thickness. For the coaxial fed case, the length of the
probe is increased when the substrate thickness
increases. The large inductance associated with a
lengthy probe makes it impossible to match the antenna
to the feedline. For the stripline fed case, the width of
the line increases with substrate thickness, which
increases the spurious radiation from the line and alters
the resonant frequency of the antenna.  Also, there is a
lower bound on the value of the relative permittivity,
namely, unity. The result is that narrow bandwidth (<
5%) is the major problem associated with the basic
form of microstrip patch antennas fed by a coaxial
probe or a microstrip line.

Thin dielectric

substrate
Ground plane

Fig. 1. Basic structure of a microstrip patch antenna.

Coaxial probe Microstrip line

Feeding methods

Fig. 2. Patch shapes and two common feeding methods.
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In the last two decades or so, a number of
bandwidth broadening techniques of microstrip
antennas have been developed. Wideband designs use
one or more of the following: (1) introduction of an
additional resonance to the main patch resonance so
that the overall response is broadband; (2) low
permittivity substrates; (3) thick substrates and a
scheme to overcome the mismatch problem.

Figure 3 shows three wideband coaxially fed
patches. In Figures 3(a) and 3(b), parasitic patches
are added either in the same layer (coplanar) or in
another layer (stacked). The parasitic patches
introduce an additional resonance. The coplanar
design seldom exceeds 15% bandwidth, and it has the
disadvantage of increasing the lateral size of the
antenna [1]. The stacked geometry can achieve about
20% bandwidth [2]. Although it does not increase the
lateral size, it introduces another layer.

Top view . I:l Parasitic
Il patch \ \

Parasitic Fed patch
Fed patch patches
Side view \ ¢ Substrate 1 /
~ [Substrate ‘ Substrate 2 ‘
Va Pt W
i Ground Ground plane
Coaxial feed plane Coaxial feed p
(a) Coplanar parasitic patches (b) Stacked patches
U Slot ——>
Top view o q

Patch

Side view Substrate

Coaxial feed Ground plane

(c) U-slot patch
Fig. 3. Three broadband coaxial fed microstrip patch
antennas.

Figure 3(c) shows a single-layer, single patch
wideband microstrip antenna. In this design, a
U-shaped slot is cut in the patch [3, 4]. The U-slot
introduces a second resonance and provides a
capacitance which tends to cancel the probe inductance,
allowing the use of thick substrate. With a foam
substrate thickness of about 0.08 free space wavelength,
this antenna easily achieves 30% bandwidth. The
main disadvantage is that the cross polarization
radiation in the H-plane is quite high.

Another wideband design is feeding the patch by a
microstrip line through an aperture (slot) [5] (Figure
4a). If the resonant frequency of the aperture (slot) is
near the resonance of the patch, the effective
bandwidth will be increased. Bandwidth of 10% can be

achieved using a single patch. If a stacked patch
geometry is used [6] (Figure 4b), 50% bandwidth has
been reported. However, there is significant backlobe
radiation due to the resonant slot.
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Fig. 4. (a) Aperture coupled patch, (b) Aperture
coupled stacked patches.

III. THE L-SHAPED PROBE FEEDING
MECHANISM

Shortly after the publication of the first paper on
the U-slot single layer single patch wideband patch
antenna, another wideband single layer single patch
antenna was introduced. This design achieves wide
band operation using an L-shaped probe feeding
method. The geometry is shown in Figure 5 and a
prototype of this antenna is shown in Figure 6. This
design uses low permittivity substrate (air or foam) of
thickness about 0.1 free space wavelength. The feed
is a modified version of the coaxial probe. Instead of
the center conductor extending vertically to the patch
and connected to it, a portion of it is bent in the
horizontal direction. The horizontal arm of the probe
is approximately a quarter of a wavelength long. It
provides a capacitance to counteract the inductance due
to the vertical part. This design has only one patch
and one layer but it achieves 30% or more bandwidth.
This feeding method for patch antennas was first
discussed in [7, 8].
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Fig. 5. Geometry of the L-probe coupled patch antenna.

Fig. 6. Prototype of the L-probe coupled patch antenna.

To illustrate the characteristics of the basic
L-probe proximity coupled patch antenna, consider a
design with the dimensions given in the caption of
Figure 7.

Figure 7 shows the simulated gain and SWR
versus frequency for this antenna. The simulated
radiation patterns are shown in Figure 8. It is seen
that this antenna has an impedance bandwidth of 36%,
an average gain of about 8.5 dB across the matching
bandwidth, with stable broadside patterns. However,
the cross polarization level at the edges of the band is
high, due to radiation from the vertical arm of the
probe. These characteristics are similar to the U-slot
patch antenna.

7 12
6 O—v 10
5[ 8
— SWR Gain ]
% 47 6 c
8
3 J 4
20 2
1 0
3 35 4 45 5 55 6
Frequency (GHz)

Fig. 7. Simulated SWR and gain versus frequency of
the L-probe coupled antenna of Figure 6 with the
following dimensions: W=30 mm,[=25 mm,H=6.6
mm, a=5.5 mm, b=10.5 mm, d=2 mm.
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Fig. 8. Simulated radiation patterns of the L-probe
coupled antenna with the dimensions shown in the
caption of Figure 7.

In what follows, we describe various recent
developments which show that the L-probe feeding
method can be used to achieve a variety of
performance characteristics.

IV. TWIN-L-PROBE FEEDING MECHANISM

By feeding the patch with twin L probes, the gain
of the antenna is enhanced, accompanied by a
reduction in the cross polarization radiation. The
geometry is shown in Figure 9 [9]. The separation of
the two L-probes is about half a wavelength and the
width W of the patch is about 0.7 wavelength. The
measured SWR and gain of this antenna are shown in
Figure 10. The case of a single L-probe is also
included. It is seen that the bandwidth for the twin
L-probe is slightly smaller than the single L-probe, but
the gain of the antenna is about 10 dBi for most of the
passband. The maximum gain of the single L-probe
is about 8 dB but it drops off rapidly in the upper half
of the pass band. Figure 11 shows the measured
radiation patterns. It is seen that the beamwidth is
narrower than the single L-probe case. The cross
polarization levels at the edges of the pass band are
significantly reduced.
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Fig. 9. Geometry of the twin-L-probe fed patch
antenna.
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Fig. 10. Measured SWR and gain of the twin-L-probe
coupled patch of Figure 9 with the following
dimensions: L=22 (0.3671.), H=6 (0.11), W=44
(0.733%), T=0.3 (0.0051), a=4.5 (0.0751), b=12 (0.21),
v=2(0.0331), d=0(0X), s=28.6(0.477X). The case of
single L-probe coupled patch is also shown for
comparison. (From Mak et. al. [9], ¢ 2005 IEEE)

V. WIDEBAND DUAL FREQUENCY L-PROBE
FED PATCH ANTENNA

There are many applications in wireless
communications that involve two or more distinct
frequencies. It is sometimes possible that a
broadband microstrip antenna can cover the
frequencies of interest. However, the disadvantage of
using a broadband antenna is that it also receives
nondesired frequencies unless some kind of filtering
network is introduced to reject such frequencies. On
the other hand, the advantage of a dual-frequency
design is that it focuses only on the frequencies of
interest and is thus more desirable. Dual-frequency
microstrip antennas can be designed by using a
single-element, stacked patches, patch with reactive
loading, or patches with slots. When these are fed by
the conventional coaxial probe, the resulting
bandwidths are narrow. The bandwidths in the two
bands can be considerably enhanced by means of
L-probes. Two designs are described below.

A. Dual-Band Patch Antenna Fed by Two Separate
L-Probes

One such design is shown in Figure 12 [10]. It
consists of two stacked patches, with the smaller one
on the top layer. Each patch is fed by a L-probe.
Figure 13 shows the simulation and measurement
results of the return loss and antenna gain at the lower
and upper bands. It appeared that the simulation
results missed two high Q resonances in the lower band
and one high Q resonance in the upper hand. The
impedance bandwidth is 26.6% and 42.2%,
respectively, at the lower and upper bands, while the
peak gains are 8.4 dBi and 8 dBi within these two
bands. The simulated and measured radiation patterns
at 0.89 GHz and 2.4 GHz, respectively, are shown in
Figures 14 and 15, respectively. All simulations in this
paper are performed with the Zeland IE3D software.

Single L probe Twin L probe

50

a3y T (b3) T
18 18

H-plane (x-z plane) co-pol. E-plane (y-z planc)

Fig. 11. Measured radiation patterns of the single
L-probe and twin-L-probe coupled patch antennas.
(From Mak et. al. [9], ¢ 2005 IEEE)
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Fig. 12. Geometry of the two-layer dual-band L-probe
coupled patch antenna. W=243.6 mm(0.724,), H=47
mm (0.139%,), W1=125.6 mm (0.37A;), HI=33 mm
(0.098%), 11=20.5 mm (0.061%;), h1=24.8 mm
(0.074%,), b=33.5 mm (0.1%;), W2=44 mm (0.361,),
H2=13 mm (0.106},), 12=19 mm (0.155),;), h2=9.5
(0.077y), t1=2 mm, t2=1 mm, D=4.6 mm, d=2 mm,
S1=62.8 mm, S2=22 mm. (From Li et. al. [10], ¢ 2005
IEEE)
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Fig. 13. Simulated and measured return loss and gain
of the antenna in Figure 12 at the lower and upper
frequency bands. (From Li et. al. [10], ¢ 2005 IEEE)
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Fig. 14. Simulated and measured radiation patterns at
0.89 GHz of the antenna in Figure 12. (From Li et. al.
[10], c 2005 IEEE)
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Fig. 15. Simulated and measured radiation patterns at
2.45 GHz of the antenna in Figure 13. (From Li et. al.
[10], ¢ 2005 IEEE)
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B. Dual-Band Patch Antenna Fed by Two
Combined L-Probes

Another design of dual-band patch antenna [11]
fed by L-probes is shown in Figure 16. Instead of using
two distinctly different feeds, as in the case shown in
Figure 12, the two probes are combined together to
form a single feed structure. Two slots are etched from
the radiation edge of the lower-band patch to suppress
the excitation of the TM,, mode that would influence
the upper-band radiation pattern. The performance of
the antenna is simulated by IE3D ver. 10. Figure 17
shows the simulated return loss for the antenna of
Figure 16, with dimensions shown in the captions.
The antenna operates at 900 MHz (A;, lower-band
operation) and 1.8 GHz (),, upper-band operation).
The impedance bandwidth of 21% and 11% was found
for the lower and upper bands, respectively. It is wide
enough to cover GSM 900 and 1800 cellular phone
systems. The maximum gain of 8.7 dBi was found in
the upper band. The simulated radiation patterns are
shown in Figures 18 and 19. The 3 dB beamwidths of
lower and upper bands are 71° and 83 ° in the H-plane
and are 51° and 57.5° in the E-plane. The cross
polarizations is -10 dB and -13 dB in the lower and
upper bands, respectively. The measured results agree
with the simulation. Results can be found in [11].

Feed ____/"
(a) side view

(a) perspective view

Fig. 16. Geometry of the dual-band patch antenna with
combined dual L-probe feed.
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Fig. 17. Simulated return loss of the antenna shown in
Figure 16 with the following dimensions: L= W, =
102 mm (0.324)), H;=45.5 mm (0.1452,), b;=51 mm
(0.162%), a;=31 mm (0.098%;), S;=4 mm (0.01271,),
g1 = 2 mm (0.00644,), g,=90 mm(0.2861,), c, = 25.5

mm (0.081%;) L,=37 mm (0.22%;), H,=24 mm
(0.128%,), b,=31 mm (0.184%;), a,=13 mm (0.0771,),
S, =4 mm (0.02384,).

Fig. 18. Simulated radiation pattern of lower band at
953 of the antenna shown in Figure 16, with the
dimensions given in the caption of Figure 17.

Fig. 19. Simulated radiation pattern of the higher band
at 1.786 GHz of the antenna shown in Figure 16, with

the dimensions given in the caption of Figure 17.

VI. MEANDERING STRIP FED PATCH
ANTENNA

The L-probe patch antenna has a cross-polarization
level of about -15 dBi which may be too high in some
applications. Phase cancellation technique can be
employed to suppress the cross-polarization as
described in [12]. This method can suppress the
cross-polarization effectively but it requires a wideband
matching network to feed the two oppositely oriented
probes which are 180 degrees out of phase with each
other, thereby increasing the complexity of the antenna
structure. In addition, the E-plane pattern of the
L-probe patch antenna is not symmetrical with respect
to the broadside direction. This may affect the
performance in antenna array design.

As a modification of the L-probe patch antenna
technique, a patch antenna fed by a meandering strip
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has been invented recently [13]. As shown in Figure 20,
the L-shaped probe is replaced by a strip feed which
has a meandering form. The strip looks like a
combination of one L-shaped probe and one inverted
L-shaped probe. It is formed by bending a metal strip
so that it has 3 portions normal to the ground plane and
patch, and 2 portions parallel to the ground plane and
patch. For an appropriate length of the strip, the phases
of the current in the vertical portions of the strip are
such that their radiations in the far-zone cancel,
resulting in the suppression of cross polarization.

(a) Perspective
view

H
by
X

(b) Side view

Fig. 20. Geometry of the printed meandering strip fed
patch antenna.

For ease of fabrication, the meandering strip can
be printed on a printed circuit board. For a typical
design, the impedance bandwidth is similar to the
L-probe patch antenna, while the cross-polarization is
lower than -20 dBi over the operating band. Very
symmetrical radiation patterns in the E-plane and
H-plane are observed. Due to the suppression of
cross-polarization, a higher gain of about 8.5 dBi can
be achieved, which is about 1 dBi higher than the
L-probe patch antenna.

It was discovered that the impedance bandwidth of
the meandering strip patch antenna can be increased to
over 60% with acceptable performance in other
electrical parameters. This is achieved by increasing
the width of the meandering strip to about 0.25\. This
antenna represents the state-of-the-art wideband patch
antenna technology.

VII. CIRCULARLY POLARIZED STACKED
PATCH ANTENNA FED BY A MEANDERING
PROBE

Both the L-probe and the meandering strip feeding
method can be used for circularly polarized patch
antenna. Figure 21 shows one such design using two
truncated stacked patches fed by a meandering strip.
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This arrangement generates two pairs of orthogonal
modes, resulting in wide impedance bandwidth (34%,
SWR<2) as well as wide 3 dB axial ratio bandwidth
(14%). The simulated results are shown in Figure 22.

(a) perspective view (b) side view

Fig. 21. Geometry of the meandering strip fed stacked
patches with truncated corners for circular polarization.
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Fig. 22. (a) Simulated SWR (b) simulated AR and gain
of the antenna shown in Figure 21 with the following
dimensions: W;=56 mm (0.378%,), W,=66 mm
(0.445%), Ai=17 mm (0.1152,), A,=23.5 mm (0.1592,),
H;=18.5 mm (0.125X), H,=11.5 mm (0.078%), t = 16
mm  (0.108%), g=145 mm(0.01%), h=9.3
mm(0.0632).
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Fig. 23. Simulated radiation pattern of the higher band
at 2.036 GHz of the antenna shown in Figure 21, with
the dimensions given in the caption of Figure 22.

VIII. CONCLUDING REMARKS

In conclusion, a class of wideband patch antennas,
in the form of L-probe and the M-strip proximity
coupled patch antennas, have been described. These
antennas can be designed to yield wide bandwidth,
high gain, and low back radiation. They can also be
designed for dual-band and/or dual-polarized
applications. It is relatively simple in structure and
low in production cost.

ACKNOWLEDGMENT

The authors acknowledge the contributions of the
following Ph.D. students: K F Tong, C L Mak, Y X
Guo, R Chair, K L Lau, H Wong, P Li, T P Wong, S L
Yang.

REFERENCES

[1] W. Chen, K. F. Lee, and R. Q. Lee,
“Spectral-domain moment method analysis of
coplanar microstrip parasitic subarrays,” Microw.
Opt. Technol. Lett., Vol. 6, No. 3, pp. 157-163,
1993.

[2] R. Q. Lee, K. F. Lee, and J. Bobinchak,
“Characteristics of a two-layer electromagnetically
coupled rectangular patch antenna,” Electron. Lett.
Vol. 23, No. 20, pp. 1070-1072, 1987.

[3] T.Huynh and K. F. Lee, “Single-layer single-patch
wideband microstrip antenna,” Electron. Lett., Vol.
31, No. 16, pp. 1310-1312, 1995.

[4] K. F. Lee, K. M. Luk, K. F. Tong, S. M. Shum, T.
Huynh and R. Q. Lee, “Experimental and
simulation studies of the coaxially fed U-slot
rectangular patch antenna,” IEE

Proc.-Microw.,Antennas, Propagat., Vol. 144, pp.
354-358, 1997.

[5] D. M. Pozar, “A reciprocity method of analysis for
printed slot and slot-coupled microstrip antennas,”
IEEE Trans. Antemnas Propagat., AP-34, pp.
1439-1446, 1986.

[6] S. D. Targonski, R. B. Waterhouse and D. M.
Pozar, “Design of wide-band aperture-stacked
patch microstrip antennas,” IEEE Trans on
Antennas Propagat., Vol. 46, pp. 1245-1251, 1998.

[7] K. M. Luk, C. L. Mak, Y. L. Chow and K. F. Lee,
“Broadband microstrip patch antenna,” Electron.
Lett., Vol. 34, pp. 1442-1443, 1998.

[8] C.L.Mak, K. M. Luk, K. F. Lee, and Y. L. Chow,
“Experimental study of a microstrip patch antenna
with an L-shaped probe,” IEEE Trans. Antennas
Propagat., AP-48, No. 5, pp. 777-783, 2000.

[9] C. L. Mak, H. Wong, and K. M. Luk, “High-gain
and wide-band single-layer patch antenna for
wireless communications,” IEEE Trans. Vehicular
Technology, Vol. 54, No. 1, pp. 33-40, 2005.

[10]P. Li, K. M. Luk, and K. L. Lau, “A Dual-Feed
Dual-Band L-Probe Patch Antenna,” IEEE Trans
on Antennas Propagat., Vol. 53, pp. 2321-2323,
2005.

[11]K. M. Luk, C. H. Lai, and K. F. Lee, “Wideband
L-probe-feed patch antenna with dual-band
operation for GSM/PCS base stations,” Electron.
Lett.,Vol. 35, pp. 1123-1124, 1999.

[12]S. H. Chiou, and J. H. Lu, “Cross-polarization
level reduction of broadband triangular patch
antenna with dual L-strip Lines,” Microw. Opt.
Technol. Lett., Vol. 33, No. 4, pp. 300-303, 2002.

[13]H. W. Lai, and K. M. Luk, “Wideband patch
antenna with low cross-polarisation,” Electronics
Lett., Vol. 41, No. 6, pp. 297-298, March 2005.

Kwai-Man Luk was born and
educated in Hong Kong. He
received the B.Sc.(Eng.) and Ph.D.
degrees in electrical engineering
from The University of Hong Kong
in 1981 and 1985, respectively. He
joined the Department of Electronic
Engineering at City University of
Hong Kong in 1985 as a Lecturer. Two years later, he
moved to the Department of Electronic Engineering at
The Chinese University of Hong Kong where he spent
four years. Professor Luk returned to the City
University of Hong Kong in 1992, and he is currently a
Head and Chair Professor of Electronic Engineering
Department. His recent research interests include
design of patch, planar and dielectric resonator
antennas, microwave and antenna measurements, and

95



96

computational electromagnetics. He is the author of 1
edited book, 7 research book chapters, over 235 journal
papers and 180 conference papers. He was awarded
two US patent and 9 PRC patents on the design of a
wideband patch antenna with an L-shaped probe
recently.

Professor Luk is the General Chairman of the 2006
IEEE Region 10 Conference (TENCON) to be held in
Hong Kong in October 2006. He was the Technical
Program  Chairperson of the Progress in
Electromagnetics Research Symposium (PIERS 1997)
held in Hong Kong in January 1997, and the General
Vice-Chairperson of the 1997 Asia-Pacific Microwave
Conference held in Hong Kong in December 1997. He
has successfully supervised over 10 Ph.D. students.
Most of them have achieved their distinguished careers
in Hong Kong, Singapore, Japan, UK and the USA.
Professor Luk received an international best paper
award, the Japan Microwave Prize, at the 1994 Asia
Pacific Microwave Conference held in Chiba, Japan in
December 1994. He awarded the very competitive
Croucher Foundation Senior Research Fellow in Hong
Kong in 2000. He received the Applied Research
Excellence Award in City University of Hong Kong in
2001. Professor Luk is a Fellow of the Institute of
Electrical and Electronics Engineers, Inc., a Fellow of
the Chinese Institute of Electronics, PRC, a Fellow of
the Institution of Electrical Engineers, UK, and a
Member of the Electromagnetics Academy, USA.

Kai-Fong Lee received his B.Sc.
and M.Sc. degrees from Queen’s
University, Canada and his Ph.D.
degree from Cornell University, all
in electrical engineering. In his
career, Dr. Lee has held research,
teaching and administrative
positions at a number of institutions
in the U.S. and abroad, including University of
California, San Diego, National Center for
Atmospheric  Research, National Oceanic and
Atmospheric Administration, UCLA, NASA, the
Catholic University of America, The Chinese
University of Hong Kong, The University of Akron,
the University of Toledo, and the University of
Missouri-Columbia.  He was the founding Head of
the Department of Electronic Engineering at the City
University of Hong Kong.  He served as Chairman
of the Department of Electrical Engineering at The
University of Toledo and Chairman and of the
Department of Electrical Engineering at the University
of Missouri-Columbia. Since January 2001, he has
been Dean of Engineering and Professor of Electrical
Engineering at the University of Mississippi.

ACES JOURNAL, VOL. 22, NO. 1, MARCH 2007

Professor Lee worked on plasma waves and
instabilities from 1965-1980 and on antennas since
1981. His publications include a textbook
(PRINCIPLES OF ANTENNA THEORY, WILEY
1984), an edited book (ADVANCES IN MICROSTRIP
AND PRINTED ANTENNAS,
WILEY-INTERSCIENCE 1997), ten invited book
chapters on microstrip antennas, 180 Journal Articles
and 137 conference papers. He is a Fellow of IEEE and
a Fellow of IEE.

‘ Hau-Wah Lai was born and
educated in Hong Kong. He
received the B.Eng. and Ph.D.
degrees in electronic engineering
from the City University of Hong
Kong in 2001 and 2005, respectively.
He was a Research Assistant with
the Department of Electronic
Engineering, City University of Hong Kong in 2004.
Since 2005, he has been a Senior Research Assistant
with the Wireless Communications Research Centre in
the same University, and has been responsible for
antenna designs, consultations and research. He has
authored over 20 technical papers in international
journals and conferences. He was awarded one US
patent on the design of a wideband patch antenna with
a meandering strip feed recently. He is also the team
leader of a project.

Doctor Lai has been listed in Marquis Who’s Who in
the Science and Engineering 2006/2007 and Marquis
Who’s Who in Asia 2006/2007 (first edition). He
received the outstanding presentation award in 2002
Postgraduate Research Expo presented by the City
University of Hong Kong. His research interests
include the design of microstrip patch antennas, RFID
communication system and applied electromagnetics.






