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Figure 6 Attenuation constant versus frequency for proposed structure.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

ample, by setting GaAs as a lossless substrate, total value of
conductor and radiative loss can be obtained. In this way, radiative
loss may be extracted from the simulation of perfect conductor and
lossless substrate using HFSS software. In Figure 3, dielectric loss
is almost constant against frequency and higher radiative loss is
observed in high frequencies. Conductor loss has important role in
the total loss and increases by frequency. According to the figure,
total microwave loss decreases by the microstrip width and thick-
ness of the substrate. The simulated results are in good agreement
with the measured results from [4] and [5]. In addition, bandwidth
of WGPD which can be limited by microstrip loss is the challeng-
ing problem for the high frequency applications.

In Figure 4, electrical fields inside of the structure shown in
Figure 2 are illustrated. Figure 4(a) illustrates the microstrip field
in the point (A) of Figure 2. In Figure 4(b), quasi-TEM mode is
converting to TE,, mode in point (B) of Figure 2. Thickness of
substrate in the top layer is less than the bottom layer to have a
good transition. In Figure 4(c), microwave field which is now pure
TE,, mode in the middle of structure is illustrated. As shown in
Figure 4, the complete conversion from microstrip quasi-TEM
mode to SIW TE,, mode is done.

Figure 5 shows the measured and simulated results for two
back-to-back transitions of the circuit in Figure 2. For the mea-
surement purpose, an HP8510 network analyzer and a Wiltron test
fixture were used. Insertion loss of about 1 dB and 2 dB for the
simulation and measurement are obtained, respectively. Also, less
than —15 dB of return loss for the whole frequency range is
obtained. As it is shown in the figures, good agreement between
the measured and simulated results is observed. The little differ-
ence between the results is related to the fabrication precise in SIW
width.

In Figure 6, microwave loss analysis for the new proposed
structure is shown. The effects of small microstrip parts as WGPD,
two transitions of microstrip to SIW and multilayer SIW structure
are included in this result. All of losses are almost constant
between 30 and 40 GHz. This structure is band-pass device and
cutoff frequency of designed SIW is 20 GHz. Microwave losses in
SIW structure decrease after TE,, cutoff frequency and is almost
constant before TE, cutoff frequency [1]. By comparing Figures
3 and 6, one can observe that microstrip conventional waveguide
should be replaced with SIW structure for the high frequency
applications such as radio over fiber systems.

DOI 10.1002/mop

4. CONCLUSION

The new SIWPD has been designed and introduced. Conventional
WGPD with microstrip transmission line were analyzed and com-
pared with SIWPD. Also, the microwave characteristics of the new
structure including the transition from the microstrip to SIW has
been realized and measured. In SIW part, two-layer substrate
separate DC-bias of the optoelectronic device and microwave
signal. Good agreement between the simulated and measured
results for the insertion and return loss are obtained.
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ABSTRACT: A compact triple-band planar antenna applied to UMTS,
WiFi and WiMAX applications is proposed. The proposed antenna pro-
vides three wide frequency bands, which are 1744-2759 MHz, 3271—
4126 MHz and 4718-5908 MHz, realized in a commercial FR4 printed-
circuit board (PCB) with a permittivity of 4.4 and thickness of 0.6 mm.
Both simulation and measurement are pretty matched and indicate that
the proposed antenna achieves gains to be 3.5, 3.0, and 2.5 dBi at 2.4,
3.5, and 5.2 GHz, respectively. The antenna dimension is 52.8 X 31.2
mm?, smaller than presently published antennas discussed in compari-
son table. © 2009 Wiley Periodicals, Inc. Microwave Opt Technol Lett
51: 2207-2212, 2009; Published online in Wiley InterScience (www.
interscience.wiley.com). DOI 10.1002/mop.24522

Key words: antenna; triple-band antenna; WiMAX; WiFi; UMTS; para-
sitical element

1. INTRODUCTION

Modern communication requirements trendily keep on driving for
wider bandwidth capabilities of antenna systems [1, 2]. The de-
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Figure 1 Geometry of the triple-band printed planar antenna

signed antennas have to meet the latest technical requisitions for
high speed data throughput and performance.

Typical characteristics like simplicity, lightweight, compact
size, low profile, reliable manufacturability and wideband are as
well as significant demands to take possession of more additional
economic benefits. Printed coplanar waveguide (CPW) feed line
architectures have been widely investigated in the previous liter-
atures [3, 4] and are attractive for their conformability, easy
implementation and cost effectiveness.

The dual-frequency planar antenna used in mobile handset is
found in [5], but the frequency range only covers GSM900/1800.
The bandwidth is not wide enough to cover WiMAX and 5.2 GHz
ISM bands. Lots of researches have been carried out to improve
antennas’ bandwidth, and a number of different techniques have
been discussed, including adding parasite patches, adopting multi-
layer structures, using a thick air substrate, and adding a shorting
post as reactive loading [6]. However, the bandwidth enhancement
was achieved at the expense of over all efficiency. Hence, this
article employed top loading method and two parasitical elements
to achieve the bandwidth extension. This new type of antenna with
simple structure, easy production and low cost is printed on 0.6
mm with relative permittivity 4.4 FR4 single-sided PCB bonded to
CPW to achieve triple bands of 1744-2759 MHz, 3271-4126
MHz and 4718-5908 MHz. Field distributions are analyzed and
verified by the useful IE3D simulation and measurement respec-
tively.

2. DESIGN METHOD AND REALIZATION

Based on dipole methodology, by reducing the length of the dipole
slightly shorter than half wavelength to resonate, the reactance can
be reduced to zero, then the input impedance of the infinitely thin
dipole, ignoring the skin effect, is about 70 + jO (), so the dipole
resonant length practically must be slightly less than A/2 where A
is the wavelength in the medium.

It is also well known that the wire radius increases, the dipole
must be shortened more to compensate the end effects and to
obtain the same resonant frequency. The ends of the antenna are
trimmed until a low value of standing wave ratio (VSWR) is
obtained. As the length is reduced to obtain resonance, the input

TABLE 1 Detail Dimension of Each Parameter in Figure 1

Parameter Value
FR4 thickness 0.6 mm
Permittivity (g,) 4.4

A 22 mm
B 14 mm
C 5 mm
D 3 mm
E 23 mm
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Figure 2 Photograph of realized antenna. [Color figure can be viewed in
the online issue, which is available at www.interscience.wiley.com]

resistance also decreases and the reactance becomes zero. The
thicker the dipole is, the wider bandwidth will be. Also, note that
the minimum VSWR for the thicker dipole occurs at a lower
frequency than for the thinner one.

The configuration of our first triple-band printed planar
antenna is illustrated in Figure 1, which consists of a vertical
strip and three asymmetric horizontal strips on the top that can
produce three different surface current paths and result in three
resonant modes.

This triple-band printed planar antenna was created by three
elements of resonator and simulated by IE3D simulator. Variation
value upon return loss (S11) by adding or reducing element A’s
length shows its tendency in different length and evidently indi-
cates that the element A impacts 2.4 GHz a lot. It means 2 GHz
band could be fine tuned by modifying the length of element A.
Another 5.2 GHz band could be affected a little bit by element A
as well. The other 3.5 GHz band is constantly unchanged, no
matter what the element A changes.

With the same analytic method, the variation upon return loss
(S11) by adding or reducing element B’s length indicates that 3
GHz bands could be fine tuned. Results shown at 2.4 GHz and 5.2
GHz bands are more stable compared to 3.5 GHz band. Similarly,
element C works on 5.2 GHz band which would be changed by
modifying the length of element C.

Frequency (GHz)

Figure 3 Return loss between simulation and measurement. [Color fig-
ure can be viewed in the online issue, which is available at www.
interscience.wiley.com]
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Figure 4 Geometry of proposed antenna

The detail size of each parameter in Figure 1 is shown in Table
1. Figure 2 illustrates a prototype of the triple-band printed planar
antenna with a size of 62.2 X 26.1 mm?. This planar antenna is
very easy to implement in lots of portable devices.

The measured result compared with simulation data is shown in
Figure 3. Measured results are commonly matched the simulated
data. The measured bandwidth at 2.4 GHz band is wide very
enough from 2.2 GHz to 2.8 GHz, and it is smaller than simulated
data at 3.5 GHz band, but still meeting the requirement of WiMAX
bands from 3.4 GHz to 3.7 GHz.

According to the measured results at 5.2 GHz band from 4.8
GHz to 5.7 GHz, it shows that just a little frequency shift happens.
The reason for frequency shift may cause from the variation of
FR4, based on the datasheet. FR4 is generally acceptable for
signals up to around 3.5 GHz depending on applications. Loss and
crosstalk will increase as the signal frequency increases, especially
for the FR-4 board.

3. ADDING MORE ELEMENTS TO GET WIDER FREQUENCY
BANDWIDTH

Based on the analysis of previous section, adding more resonators
onto the antenna could get wider frequency bandwidth. Four
radiating resonators with top loading method and two parasitical
elements effectively extend wider bandwidth covering worldwide
WiMAX and WiFi frequency bands. The dimensions of printed
planar antenna are shown in Figure 4.

This proposed antenna is basically modified from Figure 1
antenna in which some elements are added to resonate multimodes
to get wider frequency bandwidth.

Figure 5 shows the element A to be tuned from 7 mm to 11 mm.

Figure 5 Tuning dimension of element A
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Figure 6 Tuning dimensions of element A. [Color figure can be viewed
in the online issue, which is available at www.interscience.wiley.com]

Element B

Figure 7 Tuning dimensions of element B
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Figure 8 Variation of return loss by modifying B’s dimension. [Color
figure can be viewed in the online issue, which is available at www.
interscience.wiley.com]
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Figure 10 Variation of return loss by modifying C’s dimension.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

As it can be seen, frequency bandwidth becomes wider in 2.4 GHz
when it is 11 mm, the value chosen to carry out and implement for
the paper. Figure 6 shows the curve of return loss with different
A’s dimensions tuned at 2.4 GHz band.

Similarly, Figure 7 shows the element B to be tuned from 8§ mm
to 4 mm. As it can be seen, return loss is lower in 3.5 GHz when
it is 8 mm, the value chosen to carry out and implement for the
paper. Figure 8 shows the curve of return loss with different B’s
dimensions tuned at 3.5 GHz band.

Actually the frequency bandwidth is wider than the antenna
discussed in the previous section, because of adding more resonant
elements. This method can be called top loading for enlarging the
size of resonant elements.

Figure 9 shows the length of element C to be tuned from 5 mm
to 9 mm, as it can be seen, return loss is lower at 5.5 GHz when

TABLE 2 Dimension of Parameters Shown in Figure 4

Parameter Value Parameter Value
PCB thickness 0.6 mm E 23 mm
8, 44 F 10 mm
A 22 mm G 8 mm
B 11 mm H 5 mm
C 7 mm P 9 mm
D 10 mm K 7 mm
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Figure 11 Photograph of the proposed antenna. [Color figure can be
viewed in the online issue, which is available at www.interscience.wiley.
com]

element C is 9 mm. It is the value chosen to carry out and
implement for the paper. Figure 10 shows the curve of return loss
with different C’s dimensions controlled at 5.2 GHz band.

The dimensions of printed planar antenna shown in Figure 4 are
listed in Table 2. The photograph of the actual modified triple-band
printed planar antenna is depicted in Figure 11 with 52.8 X 31.2
mm? dimension. It is very easy to be implemented in portable
devices.

The return loss of simulation and measurement is shown in Figure
12. There are some differences between simulation and measurement.
Both results prove that the antenna meets triple bands requirement
operating at 2.4, 3.5, and 5.2 GHz, respectively. The first, second and
third bands possess bandwidth nearly 1015(1744-2759) MHz,

Return loss (dB)

—— Measurement
.30 4 —=— Simulation
35 T T T T T T b T T 1
1 2 3 4 5 i 7
Frequency (GHz)

Figure 12 Return loss of simulation and measurement. [Color figure can
be viewed in the online issue, which is available at www.interscience.
wiley.com]
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Figure 13 Radiation pattern at XY plane. [Color figure can be viewed in
the online issue, which is available at www.interscience.wiley.com]
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Figure 14 Radiation pattern at YZ plane. [Color figure can be viewed in
the online issue, which is available at www.interscience.wiley.com]
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Figure 15 Radiation pattern at XZ plane. [Color figure can be viewed in
the online issue, which is available at www.interscience.wiley.com]
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TABLE 3 Summary of Comparison Table

Antenna parameters Ref [9] Ref [10] This work
2500 MH f;(MHz) 1660 2128 1744
z band fu(MHz) 2590 2769 2759
BW(MHz) 930 641 1029
3500 MH f;(MHz) NA 2941 3271
z band fu(MHz) NA 3809 4126
BW(MHz) NA 868 855
5500 MH f;(MHz) 4480 4590 4718
z band fu(MHz) 5890 6601 5908
BW(MHz) 1410 2011 1190

Size (mm X mm) 54 X 50 61 X 50 31.2 X 52.8

855(3271-4126) MHz and 1190(4718-5908) MHz, respectively.
The bandwidth has remarkably improved by adding some parasitic
components to get better matching.

Measured radiation patterns in XY, YZ and XZ planes are
shown in Figures 13, 14, and 15 respectively. Radiation patterns
are in pretty good performance and cover the triple band frequency
ranges. Figures 13 to 15 indicate the proposed antenna achieves
gains to be 3.5, 3.0, and 2.5 dBi at 2.4, 3.4, and 5.4 GHz respec-
tively. Both of them present good performance in both low band
and high band and approach approximately omnidirectional radi-
ation characteristics, which can be implemented to portable de-
vices.

Table 3 gives a comparison table upon related papers for
comparing performances of WiMAX antenna, in which the pro-
posed antenna has larger bandwidth than other types of antenna.

In [7, 8], the T-shaped monopole is with a notch fed by
microstrip line, but our antenna is fed by CPW. Actually, four
radiating resonators with top loading method and two parasitical
elements effectively extend wider bandwidth covering worldwide
UMTS, WiFi and WiMAX frequency bands.

In addition, the proposed antenna has the smallest size com-
pared to the reference antennas, and it is very suitable for imple-
menting in portable devices.

4. CONCLUSIONS

Our antenna has been verified in good agreement by measurement
and simulation. Measurement shows that the antenna gain is 3.5
dB for 2.4 GHz band, 3.0 dB for 3.5 GHz band and 2.5 dB for 5.2
GHz band, respectively. Also, the 3 dB passband widths are about
1015(1744-2759) MHz, 855(3271-4126) MHz and 1190(4718—
5908) MHz, respectively. The antenna dimension is 52.8 X 31.2 X
0.6 mm?>, smaller than presently published antennas discussed in
this article. Both characteristics of the broad band and compact
dimension make the proposed antenna very suitable for the UMTS,
WLAN and WiMAX applications.
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ABSTRACT: In this study, a simple structure designed antenna for 2G
and 3G mobile communication applied to notebook computer (NB) is
proposed and analyzed by finite difference time domain (FDTD). The
proposed antenna has great characteristics of simple structure, easy
production, low cost, good impedance matching, and wideband fre-
quency. The antenna main structure is printed on 0.8 mm with permittiv-
ity 4.4 FR4 single-sided PCB, which is bonded to metal bracket. This
proposed antenna covers GSM 850/900/1800/1900 and WCDMA multi-
bands and satisfies NB wireless wide area network system. Both FDTD
simulation and measurement show that the antenna gain is 2.2 dB for
800 MHz band and 4.6 dB for 1800 MHz band. The 3-dB passbands are
about 136 (824-960 MHz) and 460 MHz (1710-2170 MHz), respec-
tively. The bandwidth of each passband is matched with the desirable
values for the NB multiband requirement. © 2009 Wiley Periodicals,
Inc. Microwave Opt Technol Lett 51: 2212-2216, 2009; Published on-
line in Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/
mop.24521

Key words: multiband antenna; WCDMA; WLAN; WWAN; wireless
wide area network

1. INTRODUCTION

For fast flourishing development on mobile communication, dual-
band and triband antenna designs could no longer satisfy market
demands. Design approach does not only focus on minimizing
physical size but also cover more and more wide band frequencies
in very limited space available. The size must be thin, short, and
small. The weight also must be light.

After Centrino populates the wireless location area network
(WLAN) market, Intel is doing well to promote and combine the
future NB concepts with wireless wide area network (WWAN) for
mobile communication in NB as well. Actually, a NB today will
have both WLAN and WWAN functions built embedded.

2212 MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 51, No. 9, September 2009

It is well known that WWAN includes four bands (GSMS850/
900/1800/1900), which are allocated in the mobile communication
system. To combine four GSM bands and WCDMA in antenna
design for mobile, cellular phone requires large space for antenna
to cover the all required frequencies. But in practical situation, it is
necessary to keep the mobile phone in portable and minimizing
size. Recently, there are many literatures of UWB antennas used in
mobile communications [1-3], but the problem is that their sizes
are not small enough to satisfy the limited mechanism of NB. Also,
their calculation did not concern too much about the surrounded
space of the antenna. The dual-frequency planar antenna used in a
mobile handset is found in [4], but the frequency range only covers
GSM900/1800. The bandwidth is not wide enough to cover WC-
DMA band. Therefore, in this study, we propose a new type of
loop antenna with simple structure, easy production, and low cost.
The antenna main structure is printed on 0.8 mm with relative
permittivity 4.4 FR4 single-sided PCB bonded to metal bracket to
achieve dual modes containing all bands of GSM 850/900/1800/
1900 and WCDMA. Its size is minimized and suitable for this
WWAN antenna to build embedded. Field distributions are ana-
lyzed and verified by the useful simulator finite difference time
domain (FDTD) and measurement, respectively.

2. FDTD PRINCIPLE

2.1. Finite Difference Approximation of Maxwell’s Equations
The discussed numerical method, FDTD, a time-domain approach
was first treated by Yee [5] to deal with electromagnetic field
distributions. Through the work of Yee, FDTD has become a
powerful tool in predicting scattering problems. Two workers
found the applications of FDTD in transient electromagnetics [6],
[7]. One calculated the distant scattered field in back direction, and
the other was interested in the distant refracted field in an unlim-
ited space. All of them did not account for the field propagation
much about surrounded obstacle shape. Therefore, we apply this
method to analyze the designed antenna in a limited and irregular
space, especially in a NB.
A transceiver antenna must satisfy Maxwell’s curl equations.

VXH= IE 1
=€ (D
VXE-= —aﬁ 2

where ¢ and u are the medium permittivity and permeability,
respectively.

Follow Yee’s suggestion and denote the function of space and
time as:

F'(i,j,k) = F(iAx,jAy,kAz,nAr), 3)

where At is the time increment and n denotes the nth-time step.
The FDTD approach proceeds to solve for the electric and
magnetic fields resulting from a radiating wave interacting with the
radiator by dividing both time and space into a numerical grids.
Figure 1 illustrates the grid points of the electric and magnetic field
components about a unit cell of the FDTD lattice in Cartesian
coordinates. It should be noted that each electric field component
is surrounded by four circulating magnetic components and vice
versa. With each cell, six components of the electric and magnetic
fields are computed successively and alternatively at different
points in time steps. It is also noted that electric and magnetic
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