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Figure 8 PSD of the measured pulse from the pulse generator (solid line)
and the PSD of the pulse after numerically differentiated by a UWB
antenna (circle type line)

ically differentiated by a UWB antenna (circle type line). We can
find that the PSD of the measured pulse after differentiated by the
antenna is under the FCC spectral mask.

4. CONCLUSION

We have designed, fabricated and tested the proposed pulse gen-
erator. The complete circuit is designed and fabricated in a stan-
dard TSMC 0.18-um CMOS technology. Our proposed pulse
generator has many advantages including a good symmetry, low-
ringing, and a wide bandwidth characteristics. The output pulse
approximates a higher-order derivative Gaussian pulse with a
pulse duration of 500 ps and a 40 mV amplitude. The power
consumption of the pulse generator is about 18 mW.
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ABSTRACT: In this paper, we present a compact dual-band dual-po-
larized aperture-coupled patch antenna for 1800/5800 MHz DCS/WLAN
applications. With properly designed feeding network and patch dimen-
sions, the antenna can provide a pair of orthogonal linear polarization
states for dual bands operations. © 2006 Wiley Periodicals, Inc.
Microwave Opt Technol Lett 49: 345-349, 2007; Published online in
Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/mop.
22129
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1. INTRODUCTION

Dual-band and dual-polarized antenna is attractive in wireless
communication systems due to its several advantages. First, the
dual frequency functionality allows us to integrate different sys-
tems into one single device. Second, polarization diversity can be
utilized to realize frequency reuse due to its useful polarization
modulation scheme. This property has been applied in active
read/write microwave tagging systems [1]. Third, polarization
diversity is effective in avoiding the fading loss caused by mul-
tipath effects [2]. There are many ways to implement polarization
diversity antennas. Aperture-coupled patch antenna with dual slots
which are fed by a dual port-feeding network is introduced re-
cently [3, 4]. In Ref. 3, a patch antenna uses dual orthogonal
H-slots to excite a pair of orthogonal modes in the patch. In Ref.
4, a ring patch antenna with apertures which are fed by dual ports
feeding operate at 1.8 GHz is presented. In Ref. 5, there are three
methods to make dual frequency resonance possible: orthogonal-
mode method, multi-patch method, and reactively loaded method.
In this work, we focus on integrating two different resonance
frequencies patches into an antenna system for 1800/5800 MHz
wireless applications. For multipatches designing, printing more
resonant patches on the same substrate is low cost and lightweight
than multilayer stacked patches [5]. In Ref. 6, the compact mi-
crostrip patch antenna for GPS and DCS application is proposed.
The antenna system consists of a truncated square patch antenna
and an annular ring patch. The former offers a right hand circular
polarization at 1575 MHz, which is suitable for GPS application.
The later operates at the TM,, mode at 1800 MHz, which is
appropriate for DCS application. In Ref. 7, the authors present a
compact dual-band dual-polarized patch antenna for 900/1800
MHz cellular systems. An elaborate diplexer for 900/1800 MHz is
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designed with inserting several open stubs for impedance match-
ing. By using the theory that the half-wavelength of 1800 MHz has
the same electric length to quarter-wavelength stub of the 900
MHz, the impedance transformer can be artfully used. Therefore,
it makes possible to design a diplexer with good bandwidth and
isolation between output ports. But it is only suitable for 2:1
frequency ratio design and the open stubs in the feeding network
must be placed properly to avoid noise coupling. These open stubs
also increase the patch dimensions. In this paper, we propose a
simple way to implement a compact dual-band dual-polarization
diversity patch antenna with a frequency ratio of the two bands
higher than three. In Section II, we describe the geometry and
principle of the proposed antenna. In Section III, the details of
simulation and experimental design are presented. In conclusion,
the proposed antenna would be a potential candidate for future
polarization diversity applications in wireless communication sys-
tems.

2. ANTENNA DESIGN

The geometry of the proposed antenna is shown in Figure 1. The
antenna consists of four rectangular apertures on the ground plane
fed by dual microstrip feeding diplexer networks, and a square ring
patch (for 1.8 GHz operation) and a square patch (for 5.8 GHz
operation). The antenna is designed to operate at 1.8 GHz for the
DCS applications and 5.8 GHz for the WLAN application. The
feeding network was made by using a FR-4 substrate (e, = 4.4) of
thickness 1 mm while the patch antenna uses the same substrate of
thickness 0.8 mm. Figure 1(a) shows that the four apertures on the
ground plane and feeding network under the ground plane were
printed on the different side of the same dielectric substrate. The
substrate of the radiating patch and the substrate of the ground
plane are also separated by an air layer of thickness # = 3 mm [the
supporting posts not shown in the figure]. The antenna structure
parameters are listed in Table 1. The details of our design will be
discussed in the following subsections.

2.1. Feeding Network Design

The feeding network is designed with a dual-band diplexer. The
diplexer consists of a dual bandpass filter with only one section for
the purpose of reducing the dimension. There have been many
efforts to develop various kinds of passive microstrip diplexers [8,
9]. In Ref. 8, a 2:1 frequency ratio diplexing feeding network is
proposed. A quarter-wavelength open stub of the lower frequency
(900 MHz) and a half-wavelength short stub of the upper fre-
quency (1800 MHz) are inserted in the three-ports network. But
this design is only suitable for 2:1 frequency ratio and the via holes
increase the manufacturing complexity. In Ref. 9, microstrip low-
pass bandpass diplexer topology is presented. The authors present
a simple way to design a diplexer by combining a lowpass filter
with a bandpass filter effectively. In our design, we combine two
bandpass filters into a T-junction, while a bandpass filter using one
section of coupled line is adopted for the purpose of minimizing
the dimension of feeding networks. The geometry of the diplexer
for 1.8 and 5.8 GHz is shown in Figure 2(a), where the gap and the
width of the couple line are both 0.3 mm, L,, = 8.24 mm and L4,
= 30.5 mm. The upper half of the diplexer is a bandpass filter for
5.8 GHz, while the lower half of the diplexer is for 1.8 GHz. The
simulation S-parameters are shown in Figure 2(b). When operating
at 1.8 GHz, the insertion loss between port 1 and port 3 is —1.01
dB, the return loss of port 1 is —16.89 dB, and the insertion loss
between port 1 and port 2 is —16.14 dB. When operating at 5.8
GHz, the insertion loss between port 1 and port 2 is —1.98 dB, the
return loss of port 1 is —15.76 dB, and the insertion loss between
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Figure 1 Geometry of the dual-band dual-polarization antenna. Dimen-
sions given in the figure are in millimeters. (a) Feeding networks in the
bottom layer; (b) Patches in the top layer; (c) Ground plane and coupling
slots in the layer II; (d) Side view of the proposed antenna
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TABLE 1 The Length of Variables in Figure 1 for Several Different Operating Frequencies

Frequency (GHz) Patch Parameters (mm)

Slot Parameters (mm)

Diplexer Parameters (mm)

F, F, R, R,

R, w

0

Sy S O, Oy Ly, Ly

1.8 5.8 17 25 60 0.5

11.5 34 11.7 5 30.5 8.24

(The unit of the length is mm.).

portl and port 3 is —23.71 dB. Therefore, the diplexer can transmit
signal form port 1 to port 3 at 1.8 GHz and from port 1 to port 2
at 5.8 GHz. The simulation results show that the diplexer is a good
candidate to achieve dual-band feeding with good isolation.

2.2. Aperture-Coupled Antenna and Ring Patch Design
Microstrip patch antenna has a lot of advantages, such as low
profile, light weight, low cost, compatibility with monolithic mi-
crowave integrated circuits [5]. So they are widely used in mobile,
satellite, and wireless communications. But one of the serious
disadvantages, narrow bandwidth, limits its further use value.
Aperture coupled microstrip patch antenna is an effective way to
improve its bandwidth and radiation efficiency [10].

In this paper, we design the compact dual-band dual-polarized
patch antenna for a frequency ratio (F,/F; > 3). The patch antenna
system consists of two patches, which are printed on the same
layer. The outside ring patch is apart from the inside square-patch
with a distance G. We design the ring patch antenna to operate at
TM,; mode not TM,, mode. The reason is that we want a suitable
antenna dimension at the operating frequency, while the size of
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Figure 2 (a) Geometry of the microstrip diplexer; (b) S-parameters of
the microstrip diplexer
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patch in the TM,, mode is extremely lager at that high-order mode
frequency [11]. Although we adopt the square ring patch not the
annular ring geometry, the design rule is allowed to use the same
formula [12]:

Ag
I =27 X Fypean = N5, forn=123,.. (H

5
Where [ is the mean circumference of the microstrip ring patch
(I = 4 X (R, + R,)/2), ris the mean radius of the microstrip
ring patch (73 mean = (Ry, + Ry)/2), and A, is the guided wave-
length. Because we use air as the dielectric substrate (g, = 1), then
A, = Ay = clf, where c is speed of light and f is the resonant
frequency of the ring patch antenna.
The values of the antenna parameters are listed in Table 1.
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Figure 3 Simulated and measured return loss and isolation between two
input ports for the proposed antenna. (a) At the lower resonant frequency
(f = 1.8 GHz); (b) At the higher resonant frequency (f = 5.8 GHz)
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Figure 4 Measured linear polarization radiation patterns of the proposed antenna. (a) Measured XZ-plane at 1.8 GHz; (b) Measured YZ-Plane at 1.8 GHz;

(c) Measured XZ-plane at 5.8 GHz; (d) Measured YZ-Plane at 5.8 GHz

2.3. The Theoretical Principle

The diplexer operates at dual frequency band, F, and F,. The
length of the slots in Figure 1(c) and open stubs in Figure 1(a) must
be designed carefully such that the maximum aperture coupling
will pass through the slots to the radiating patches [10]. At the
lower resonant frequency F,, the signal will pass from input port
to open stubs, aperture couples to slot 1A (from port 1) or slot 2A
(from port 2) and radiate to the outer ring patch. Because the feed
positions of the two input ports are orthogonal, then the passing
signals of the two ports are orthogonal. Therefore, the polarization
states of dual ports are orthogonal. While at the higher resonant
frequency F,, the signal will pass from input port to open stubs,
aperture couples to slot 1B (from port 1) or slot 2B (from port 2),
and radiate to the inner square patch. In order to overcome the
coupling of the two patches, the gap of the two patches needs
proper selection. If G is too small, the coupling will be so strong
that the dual resonance states are reducing. If G is too large, the
ring patch will have a small R,,/R,; value and the performance of
the higher resonant frequency F, is attenuated [13]. In our exper-
iment, we select G = 4 mm and the antenna system has a good
response at dual operating frequencies. In the next paragraph, we’ll
present our simulation and measurement data.

3. SIMULATION AND MEASUREMENT RESULTS

The return loss and isolation for the proposed antenna are simu-
lated and measured. The microstrip patch antenna is simulated
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using IE3D™. The simulated results and the measured results are
shown in Figure 3. Satisfactory agreement between simulation and
measurement is observed.

Figure 3(a) is the simulation and measurement results for the
linear polarization at 1.8 GHz. The obtained simulated 10-dB
impedance bandwidth for measurement is 2.33 and 2%. The
isolation between the port 1 and the port 2 at 1.8 GHz is —30
dB at simulation. From the measured results, the isolation (S,,)
across the 1.8 GHz band is less than —22 dB. The measured
result agrees similar with the simulated one. A good isolation
(<—20 dB) is obtained for the aperture-coupled patch antenna
excited between the two different ports. Figure 3(b) is the
simulation and measurement results for the linear polarization
mode at 5.8 GHz. The obtained 10-dB impedance bandwidths
from the measurement are about 8.69 and 6.05% for port 1 and
port 2. The measurement results match with the simulated
results well. The isolation between two ports is less than —18
dB at 5.8 GHz.

Figure 4 shows the measured radiation pattern at port 1. The
peak gain measured around the main beam at 1.8 GHz is 5.81
dBi, while the peak gain is 6.38 dBi at 5.8 GHz. The measured
data match well with the simulated data using IE3D™'. The
crosspolarization is less than copolarization more than 20 and
18 dBi for 1.8 and 5.8 GHz. Therefore, the radiation patterns
show that the proposed antenna has good linear polarization at
each band.
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4. CONCLUSIONS

By using dual-bandpass diplexers and aperture coupling technol-
ogy, our proposed dual-polarized dual-bands antenna can provide
a pair of orthogonal polarization states at dual operating frequen-
cies. Numerical and experimental results validate our design.
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ABSTRACT: A novel design of the internal patch antenna mounted
above and integrated with the shielding metal case for mobile phone
application is presented. The antenna mainly comprises a simple rectan-
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gular patch as the antenna’s top radiating patch and a shielding metal
case as part of the antenna’s ground plane. The antenna is integrated to
the shielding metal case through short-circuiting and occupies almost no
board space on the system circuit board. In addition, possible electronic
components or conducting elements in the mobile phone can be assem-
bled in close proximity to the integration design at no expense of the
antenna performance. Detailed results of the design example for univer-
sal mobile telecommunication system (1920-2170 MHz) operation in a
mobile phone are presented and discussed. © 2006 Wiley Periodicals,
Inc. Microwave Opt Technol Lett 49: 349-351, 2007; Published online
in Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/mop.
22128

Key words: antennas; mobile phone antennas; internal mobile anten-
nas; shorted patch antennas; integrated antennas;, UMTS antennas

1. INTRODUCTION

Conventional internal patch antennas for mobile phone application
usually use the system ground plane as the antenna’s main ground
plane [1]. The side surfaces of this kind of antenna are mainly open
to exterior, thus allowing the antenna’s fringing electromagnetic
fields to be penetrated into the interior of the system circuit board.
This phenomenon leads to an isolation distance required between
the internal antenna and nearby conducting elements to lessen the
antenna performance degradation or further fine tuning in the
antenna structure because of some coupling effect. Very recently,
the concept of integrating the internal antenna and the RF shielding
metal case/wall has been considered to be a promising antenna
solution [2-5]. For these designs, the shielding metal case/wall not
only performs as part of the antenna’s ground plane but also
provides a coupling-free region for assembling the RF modules
and other components. As a result, the isolation distance is no
more needed, and more compact arrangement of the internal an-
tenna and associated components can be also achieved. It is also
noted that, among these integration designs, the internal antenna is
usually integrated to the side surface of the shielding metal case/
wall and occupies a certain board space on the system circuit board
of the mobile phone.

In this article, we present a new integration design of the
internal patch antenna and the shielding metal case for mobile
phone application. The antenna is suitable to be stacked over and
short-circuited to the shielding metal case without increasing the
antenna’s height above the system ground plane as compared with
that of the conventional patch antenna [1]. With the proposed
design, the internal patch antenna occupies almost no board space
on the system circuit board. In addition, the coupling between the
antenna and associated nearby components inside the mobile
phone can be also mitigated, thereby leaving the antenna perfor-
mance not affected. A design example applied to a mobile phone
for UMTS (universal mobile telecommunication system, 1920—
2170 MHz) operation is demonstrated, and experimental results of
the constructed prototype are presented and discussed. A study for
analyzing the air-layer thickness of the antenna (i.e., the distance
between the antenna’s radiating patch and the shielding metal
case) on the achievable impedance bandwidth is also conducted.
Moreover, effects of the presence of a nearby conducting element
on the antenna performance are studied.

2. ANTENNA DESIGN

Figure 1(a) shows the configuration of the proposed internal patch
antenna mounted above the RF shielding metal case for a UMTS
mobile phone. The antenna is a flat rectangular metal plate and
shows a low profile of 7 = 3 mm to the shielding metal case. In
this case, the patch antenna and the shielding metal case together
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