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ABSTRACT: This paper presents an internal dual-band patch antenna
to be mounted above the system ground plane of the PDA (personal dig-
ital assistant) phone for GSM/DCS operation. The antenna is supported
by conducting pins (5 mm long in this study) and mounted above the
system ground plane of the PDA phone. In this case, the antenna does
not directly occupy the system ground plane, and a usable space be-
tween the antenna ground portion and the system ground plane is pro-
vided for accommodating associated conducting elements or electronic
components of the PDA phone. A design example is demonstrated, and
obtained results are presented and discussed. © 2007 Wiley Periodicals,
Inc. Microwave Opt Technol Lett 49: 2002–2006, 2007; Published on-
line in Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/
mop.22593

Key words: antennas; mobile antennas; internal mobile phone anten-
nas; dual-band antennas; GSM/DCS antennas

1. INTRODUCTION

The conventional planar inverted-F antenna (PIFA) has been
widely applied in mobile devices as an internal antenna for GSM
(global system for mobile communication, 890–960 MHz) and
DCS (digital communication system, 1710–1880 MHz) operation
[1]. This kind of conventional PIFA, however, mainly occupies a
certain portion of the system circuit board or ground plane of the
mobile device, and uses it as the antenna ground plane. Hence,
when such a conventional PIFA is employed in the mobile device,
valuable board space is occupied. This limits the efficient integra-
tion of the employed internal antenna and the electronic compo-
nents in the mobile device.

In this paper, we present a novel internal patch antenna suitable
to be mounted above the system ground plane of the mobile
device, without occupying the valuable space of the system ground
plane. The proposed antenna mainly comprises a bottom antenna
ground portion and a top radiating portion. When applied in the
mobile device, the antenna ground portion, which encircles the top
radiating portion in this design, is supported by conducting pins
and mounted above the system ground plane. This configuration
makes the portion of the system ground plane below the antenna
reusable for accommodating the associated conducting elements or
electronic components of the mobile device. Note that the antenna
ground portion has a three-dimensional structure consisting of a
planar ground plane and a vertical ground wall. The latter is
expected to function as an effective shielding wall to suppress the
antenna’s possible fringing electromagnetic (EM) fields from en-
tering the interiors of the mobile device [2–6]. In this case, the
possible coupling between the proposed antenna and the conduct-
ing elements or electronic components mounted on the portion of
the system ground plane below the antenna can be eliminated or
greatly suppressed, thus resulting in very slight or no variations in
the antenna performances.
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1.1. Design Considerations of Proposed Antenna
A design example of the proposed antenna for GSM/DCS opera-
tion in the personal digital assistant (PDA) phone or smart phone
is demonstrated. Figure 1(a) shows the configuration of the an-
tenna mounted above the system ground plane of the PDA phone
with a height of 5 mm, and detailed dimensions of the metal
pattern of the antenna unfolded into a planar structure is given in
Figure 1(b); the configuration indicates that the antenna can be
fabricated from a single metal plate. The antenna has two major
portions: a bottom antenna ground portion and a top radiating
portion. The antenna ground portion is supported by three con-
ducting/grounding pins of length 5 mm and mounted above the
system ground plane. This configuration allows the space in be-
tween the antenna and the system ground plane reusable for
accommodating associated components of the PDA phone. The
antenna is also protruded over the top edge of the system ground
plane with a small length of 3 mm, and the antenna ground portion
is flushed to the top edge of the system ground plane. This small
protrusion can effectively improve the operating bandwidths of the
antenna [7, 8]; in this case, although the thickness of the antenna

is 5 mm only, which is smaller than that of general PIFAs for
mobile phones [1], the obtained bandwidths of the antenna can
cover the GSM and DCS operations.

In the study, the dimensions of the system ground plane are
selected to be 70 � 100 mm2, which are reasonable dimensions of
general PDA phones. Other possible lengths and widths of the
system ground plane are also studied, and their detailed effects will
be discussed in the next section. For the top radiating portion, it
consists of a first radiating patch and a second radiating patch.
Their detailed dimensions are given in Figure 1(b). The two
radiating patches share a common shorting strip of length 4 mm
and width 2 mm, which short-circuits the two patches to the
antenna ground portion. The two patches can generate a lower
band at about 900 MHz and an upper band at about 1800 MHz for
GSM/DCS operation. The first radiating patch mainly controls the
upper band, while the second radiating patch mainly controls the
lower band. In the design, the length b of the open end of the
second radiating patch is first adjusted to let the antenna’s lower
band occurred at about 900 MHz for GSM operation. Then, the
length a of the first radiating patch is adjusted to let the antenna’s
upper band occurred at about 1800 MHz for DCS operation. This
design rule allows the antenna easy to implement. Also notice that
the outer part of the first radiating patch is bent downward to
achieve a compact structure of the antenna.

The antenna ground portion has a three-dimensional structure
consisting of a major ground plane (size, 17 � 60 mm2) parallel to
the top radiating portion and two vertical ground planes (sizes, 5 �
20 and 5 � 60 mm2) parallel to the side surfaces of the antenna.
The two vertical ground planes are used to shield the antenna’s EM
fringing fields from entering the interiors of the PDA phone. In this
case, when there are conducting elements placed below the an-
tenna, small effects on the performances of the antenna can be
obtained. Related results of placing an RF shielding metal case
[shown in Fig. 1(a) with a volume of 70 � 25 � 4.5 mm3] below
the antenna will be discussed in the next section. This metal case
can provide a coupling-free space for accommodating the associ-
ated electronic components of the PDA phone.

2. RESULTS AND DISCUSSION

The antenna was fabricated and tested. In the experiment, a 50 �
mini coaxial line is used to feed the antenna across the feeding
point (Point A) and the grounding point (Point B) shown in Figure
1. Figure 2 shows the measured and simulated return loss for the
fabricated prototype without the presence of the shielding metal
case. The simulated results are obtained using Ansoft simulation

Figure 1 (a) Configuration of the proposed internal GSM/DCS patch
antenna mounted above the system ground plane of the PDA phone. (b)
Detailed dimensions of the metal pattern of the antenna unfolded into a
planar structure. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com]

Figure 2 Measured and simulated return loss; the RF shielding metal
case shown in Figure 1 is not present. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com]
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software HFSS (high frequency structure simulator) [9], and agree-
ment between the measurement and simulation is seen. Two op-
erating bands of the antenna are excited with good impedance
matching. The lower band is formed by the quarter-wavelength
resonant mode generated by the second radiating patch and has an
impedance bandwidth, defined by 3:1 VSWR or 6 dB return loss,
of 90 MHz (880–970 MHz), which allows the antenna to easily
cover the GSM operation. Note that the bandwidth definition of 3:1
VSWR is generally used for mobile phone antennas for practical
applications. The upper band shows an impedance bandwidth of
255 MHz (1660–1915 MHz), allowing it to easily cover the DCS
operation. The upper band is formed by two adjacent resonant
modes. The one at about 1700 MHz is a quarter-wavelength mode
generated by the first radiating patch and the other one at about
1900 MHz is the higher-order mode generated by the second
radiating patch.

Dependence of the excited lower and upper bands on the
antenna’s first and second radiating patches is studied in Figure 3,

in which results of the simulated return loss as a function of a and
b are presented. In Figure 3(a), the length a is varied from 38 to 44
mm, with the length b fixed to be 16 mm. Results indicate that the
lower band is almost not affected, while the upper band is strongly
controlled by the length a. That is, the upper band is controlled by
the first radiating patch; with the length a selected to be 41 mm
(the preferred dimension in this design), wider bandwidth for the
upper band centered at about 1800 MHz is achieved. Conversely,
in Figure 3(b), the length b is varied from 13 to 19 mm, with the
length a fixed to be 41 mm. The results indicate that the lower band
can be effectively controlled by the length b, although the upper
band is also affected by the variation in b. From the results, the
design rule for adjusting the antenna’s lower and upper bands for
GSM/DCS operation as given in Section 2 is verified.

Effects of a nearby conducting element on the performances of
the antenna are studied. Figure 4(a) shows the experimental photo
of the antenna with the shielding metal case (size 70 � 25 � 4.5
mm3) placed below it. The measured return loss for the antenna
with and without the shielding metal case is presented in Figure
4(b). Small effects on the measured return loss are obtained. This
behavior can be explained from the simulated surface current
distributions on the antenna and the system ground plane shown in
Figure 5 for the proposed antenna and the reference antenna (the
case without the presence of the antenna ground portion). On the
portion of the system ground plane near the antenna the surface

Figure 3 (a) Simulated return loss for the antenna studied in Figure 2(a)
as a function of a, the length of the first radiating patch, and (b) as a
function of b, the length of the end portion of the second radiating patch.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

Figure 4 (a) Experimental photo of the antenna with the RF shielding
metal case located below the antenna ground portion. (b) Measured return
loss for the antenna with and without the RF shielding metal case. [Color
figure can be viewed in the online issue, which is available at www.inter-
science.wiley.com]
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current distribution is seen to be much smaller for the proposed
antenna than for the reference antenna. Thus, with the metal case
placed below the proposed antenna, small effects on the antenna
performances can be expected [10]. That is, the space below the
antenna is usable for accommodating the related conducting ele-
ments or electronic components in the PDA phone.

Effects of the length and width of the system ground plane are
studied in Figure 6. In Figure 6(a), results of the measured return loss
for the ground-plane length L varied from 90 to 110 mm are pre-
sented. Very slight variations in the measured return loss are seen.
This behavior is different from those observed for the conventional
mobile phone antennas, whose impedance bandwidths are usually

strongly dependent on the length of the system ground plane [11, 12].
Results of the measured return loss for the ground-plane width W
varied from 60 to 80 mm are shown in Figure 6(b). For the lower
band, very small variations in the measured return loss are seen. For
the upper band, although some variations are observed, the obtained
bandwidth is about the same. The obtained results indicate that the
proposed antenna is generally not sensitive to the possible variations
in the size of the system ground plane, which is an advantage over the
conventional mobile phone antennas.

Figure 5 Simulated surface current distributions on the antenna and the
system ground plane at 925 MHz for the case studied in Figure 2. (a) The
antenna with h � 5 mm studied in Figure 2. (b) The top radiating portion
directly mounted above the system ground plane with a height of 8 mm (the
antenna ground portion not present). [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com]

Figure 6 Measured return loss for the antenna studied in Figure 2 (a) as
a function of L, the length of the system ground plane, and (b) as a function
of W, the width of the system ground plane. [Color figure can be viewed in
the online issue, which is available at www.interscience.wiley.com]

Figure 7 Measured radiation patterns at 925 MHz for the antenna
studied in Figure 2. [Color figure can be viewed in the online issue, which
is available at www.interscience.wiley.com]
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Radiation characteristics of the antenna are also studied.
Measured radiation patterns in three principal planes at 925 and
1795 MHz (center frequencies of the GSM and DCS bands) are
plotted in Figures 7 and 8, respectively. Results for other

frequencies over the GSM and DCS bands are also studied,
which are found to be similar to the patterns plotted here and are
thus not shown for brevity. At 925 MHz, monopole-like radi-
ation pattern is generally obtained, and near-omnidirectional
radiation pattern in the x–y plane (azimuthal plane) is seen. At
1795 MHz, more variations in the radiation patterns compared
to those at 925 MHz are seen. These radiation patterns show no
special distinctions compared with those of the conventional
mobile phone antennas [1]. Figure 9 shows the measured an-
tenna gain and simulated (HFSS) radiation efficiency for the
antenna studied in Figure 2. Over the GSM band shown in
Figure 9(a), the antenna gain is varied from about 1.0 to 2.1
dBi, and the radiation efficiency is all larger than 70%. Over the
DCS band shown in Figure 9(b), the antenna gain is about
3.0 –3.4 dBi and the radiation efficiency is all larger than 80%.

3. CONCLUSION

An internal dual-band patch antenna mounted above the system
ground plane of the PDA phone for GSM/DCS operation has been
proposed. The antenna does not directly occupy the valuable space on
the system ground plane, and a usable space below the antenna for
accommodating the conducting elements or electronic components is
provided. In addition, owing to the use of the proposed ground portion
that encircles the antenna’s top radiating portion, the performances of
the antenna are found to be very slightly affected by the conducting
element placed below the antenna. This behaviour can lead to a
compact integration of the antenna employed in the mobile device. A
design rule based on adjusting the antenna’s top radiating portion to
effectively control the lower and upper bands of the antenna for
GSM/DCS operation has also been given and verified in this study.
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Figure 8 Measured radiation patterns at 1795 MHz for the antenna
studied in Figure 2. [Color figure can be viewed in the online issue, which
is available at www.interscience.wiley.com]

Figure 9 Measured antenna gain and simulated radiation efficiency for
the antenna studied in Figure 2. (a) The GSM band. (b) The DCS band.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]
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