
comparable than those shown in Figures 7–10. This is advanta-
geous for WLAN operation, especially in indoor applications
where the wave propagation is usually complex.

Figures 12 presents the measured antenna gain and simulated
radiation efficiency. Figure 12(a) shows the results over the lower
band for GSM operation. The antenna gain is varied from about
0.5–1.5 dBi, and the radiation efficiency is about 60–74%. For the
results over the upper band for DCS/PCS/UMTS/WLAN opera-
tion, the antenna gain is varied from about 0.6–2.9 dBi, whereas
the radiation efficiency is varied in the range of 62–88%.

4. CONCLUSION

A surface-mount multiband monopole slot chip antenna suitable
for mobile phone application is presented. Different from the
conventional monopole chip antenna using the metal strips as the
resonant elements, which is usually not easy to achieve wide
operating bandwidths, the proposed monopole slot chip antenna
uses two monopole slots as the resonant elements and capable of
generating a lower band at 900 MHz for GSM operation and an
upper band for DCS/PCS/UMTS/WLAN operation. In addition,
the antenna has a simple configuration and is easy to fabricate. It
occupies a small area of 30 � 10 mm2 on the system circuit board
of the mobile phone, which can be further reduced to be 24 � 10
mm2 only, when a ceramic base of relative permittivity 7.8 is used
to replace the foam base, and the obtained bandwidth can still
cover GSM/DCS/PCS/UMTS operation. Good radiation character-
istics for frequencies over the antenna’s lower and upper bands
have also been obtained.
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ABSTRACT: An internal multiband loop antenna suitable for applica-
tion in the small-size mobile device (groundplane length 50 mm only) is
presented. Along the loop strip of the antenna, it is configured to have
two symmetric meandered sections and a central widened section. With
the configured loop strip, three resonant loop modes (0.5-, 1.0-, and
1.5-wavelength loop modes) can be excited to form two wide operating
bands centered at about 900 and 1900 MHz for GSM/DCS/PCS/UMTS
operation in the small-size mobile device. In addition, the loop antenna
along with the short ground plane studied here shows near-omnidi-
rectional radiation patterns in the azimuthal plane for frequencies
over the antenna’s two wide operating bands, which is different from
conventional internal mobile phone antennas and is advantageous for
practical applications. © 2008 Wiley Periodicals, Inc. Microwave
Opt Technol Lett 50: 1279 –1285, 2008; Published online in Wiley
InterScience (www.interscience.wiley.com). DOI 10.1002/mop.23337

Key words: mobile antennas; loop antennas; internal mobile phone
antennas; GSM/DCS/PCS/UMTS operation; multiband operation

1. INTRODUCTION

Recently, with the rapid growth in mobile communications, multi-
band operation of the internal antennas for mobile devices such as
the mobile phone, smart phone, and the like has become the basic
requirement for practical applications. Many related designs of the
internal planar inverted-F antenna (PIFA) for multiband operation
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in the mobile phones have also been reported [1]. Such multiband
internal PIFAs, however, are with unbalanced structures and will
lead to large excited surface currents on the system ground plane.
It is therefore well understood that the system ground plane of the
mobile phone plays an important role in the performances of the
internal PIFA, especially the antenna’s achievable operating band-
width [2]. Hence, it is usually difficult to obtain enough operating
bandwidths for the internal PIFA to cover GSM/DCS operation,
especially GSM operation in the 900-MHz band, when the system
ground plane of the mobile phone has a length less than 80 mm.

In the recent studies, it has been demonstrated that the loop
antennas are promising candidates for internal multiband operation
in the mobile devices to excite relatively smaller surface currents
on the system ground plane [3]. This attractive feature is mainly
owing to the loop antenna operated as a balanced or quasi-bal-
anced structure. In this case, the excited surface currents on the
system ground plane can be greatly decreased, and hence the
dependence of the antenna performances on the system ground
plane can be relaxed. This suggests that the loop antennas are very
promising for multiband operation in the mobile devices with a
ground plane smaller than that of the conventional mobile devices.
However, it is noted that the available internal multiband loop
antennas that have been studied are with a system ground plane of
length about 70 mm or larger [3–7].

In this study, we present a new design of the internal
multiband loop antenna suitable for application in the mobile
device with a small ground plane of length 50 mm only. The
loop antenna can generate three resonant modes (0.5-, 1.0-, and
1.5-wavelength modes) to form two wide operating bands cen-
tered at about 900 and 1900 MHz to cover GSM (890 –960
MHz), DCS (1710 –1880 MHz), PCS (1850 –1990 MHz), and
UMTS (1920 –2170 MHz) operation. In addition, the loop an-
tenna has a simple configuration, allowing it to be easily fab-
ricated from cutting a metal plate and then bending at its two
side portions to achieve a compact size to be easily fit in the
housing of the small-size mobile device with a thickness of 10
mm only. Geometry of the proposed multiband loop antenna is
described, and design considerations of the antenna are pre-
sented. Effects of the major parameters on the antenna perfor-
mances are also analyzed.

2. ANTENNA DESIGN

Figure 1(a) shows the geometry of the proposed internal multiband
loop antenna applied in the small-size mobile device with a system
ground plane of length 50 mm only. The system ground plane in this
study is printed on a 0.8-mm thick FR4 substrate of size 45 � 50
mm2, which is much smaller in length than that of the general mobile

Figure 1 (a) Geometry of the proposed internal multiband loop antenna
for application in the small-size mobile device. (b) Dimensions of the
antenna unbent into the planar structure. (c) Side view of the antenna
enclosed by a 1-mm thick plastic housing (�r � 3.5, � � 0.01 S/m). [Color
figure can be viewed in the online issue, which is available at www.
interscience.wiley.com]

Figure 2 Measured and simulated return loss for the proposed antenna;
the plastic housing is included. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com]

Figure 3 Simulated return loss as a function of the groundplane length
L; other parameters are the same as 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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phone. The antenna has a symmetric loop pattern, which is fabricated
from line-cutting a 0.2-mm thick copper plate in the study. The loop
pattern in its planar structure is shown in Figure 1(b). By bending the
planar loop pattern at its two side portions (size 7 � 12 mm2) by
following bending lines 1 and 2, the loop antenna has a small thick-
ness of 7 mm and hence can be easily fit in the housing of the thin
mobile device of thickness 10 mm only [see Figure 1(c), the side view
of the antenna enclosed by a 1-mm thick plastic housing of relative
permittivity (�r) 3.5 and conductivity (�) 0.01 S/m]. In Figure 1(c), the
possible arrangement of the associated components such as the bat-
tery, display, and keypad are also shown.

By bending the third bending line, the loop pattern is connected at
point A through the feeding strip of length 3.2 mm to the 50-�
microstrip feedline printed on the front side of the system circuit
board. The loop pattern is short-circuited to the ground plane on the
back side of the system circuit board at point B through the shorting

strip of length 4 mm. The distance between points A and B is 2 mm
only. With the feeding point of the loop pattern located at about the
centerline of the system circuit board, more symmetric radiation
patterns for the proposed antenna can be obtained.

The loop pattern mainly comprises two symmetric mean-
dered sections and a central widened section along the 1-mm
wide loop strip. First note that the total length of the loop
pattern is close to 0.5-wavelength at 900 MHz, which makes it
possible for the loop antenna to generate a 0.5-wavlength mode
at about 900 MHz (the antenna’s lower band) to cover GSM
operation. With the presence of the two meandered sections, the
loop antenna can achieve a compact size. Furthermore, the
meandered sections can effectively control the antenna’s second
and third resonant modes (1.0- and 1.5-wavelength modes) to
occur at close frequencies to form a wide operating band (the
antenna’s upper band) to cover DCS/PCS/UMTS operation.

Figure 4 Simulated excited surface current distributions at 900, 1800, and 2000 MHz on the loop antenna and the system ground plane of length 50 mm
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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For the central widened section, it is chosen to have a width
t of 9 mm and a length of 15 mm. With the widened section
located at about the middle of the loop strip, fine-adjustment of
the frequency ratio of the antenna’s first three resonant modes
(0.5-, 1.0-, and 1.5-wavelength modes) can be obtained. En-
hanced impedance matching of the antenna’s lower and upper
bands can also be achieved. By incorporating the two mean-
dered sections and the central widened section, the antenna’s
lower and upper bands can be tuned to be at about 900 and 1900
MHz to cover GSM/DCS/PCS/UMTS multiband operation. Ef-
fects of varying the width t of the widened section on the
impedance matching of the antenna’s three excited resonant
modes are shown in Figure 6 for more detailed discussion in the
next section. Also note that there are two small notches of size
2 � 1 mm2 on the top two corners of the system ground plane,
which are used to avoid the two bending portions of the antenna
contacting with the system ground plane.

3. RESULTS AND DISCUSSION

On the basis of the design dimensions given in Figure 1, the
antenna was fabricated and tested. Figure 2 shows the measured
and simulated return loss of the fabricated prototype enclosed by
the plastic housing shown in Figure 1(c). The simulated results are

obtained using Ansoft HFSS [8], and good agreement between the
simulation and measurement is obtained. Three resonant modes at
about 900, 1800, and 2000 MHz are successfully excited. From the
measured results, the antenna’s lower band formed by the first
resonant mode has a bandwidth of 90 MHz (888–978 MHz),
which covers GSM operation. The antenna’s upper band formed
by the second and third resonant modes shows a large bandwidth
of 500 MHz (1670–2170 MHz), which covers DCS/PCS/UMTS
operation. Note that the bandwidth definition is 3:1 VSWR (6-dB
return loss), which is generally selected as the internal mobile
phone antenna design specification.

Effects of the groundplane length L on the antenna perfor-
mances are also analyzed. Figure 3 shows the simulated return loss
for the cases with L varied from 40 to 70 mm. It is seen that the
obtained bandwidth for the antenna’s lower band at about 900
MHz is increased when the length L increases. For the upper band
at about 1900 MHz, the obtained bandwidths for the length L �
50, 60, and 70 mm are about the same. For L � 40 mm, the
upper-band bandwidth is decreased; however, it can still cover
DCS/PCS operation. In general, the variations in the obtained
bandwidths of the lower and upper bands for the proposed loop
antenna are smaller than those observed for the conventional
internal multiband PIFAs [9, 10].

Figure 4 shows the excited surface current distributions at 900,
1800, and 2000 MHz for the 0.5-, 1.0-, and 1.5-wavelength modes
on the loop antenna and the system ground plane of length 50 mm
studied in Figure 2. For other frequencies over the three excited
resonant modes, the obtained surface current distributions are
about the same as shown here. It is seen that because of the
balanced characteristic of the 1.0-wavelength mode, there are
small excited surface currents on the system ground plane at 1800
MHz. It is interesting to find that the excited surface current
distributions on the system ground plane at 900 and 2000 MHz are
similar to that at 1800 MHz, indicating that the 0.5- and 1.5-
wavelength modes also show similar balanced characteristic. In
addition, there are no nulls in the excited surface currents, except
at the region near the lower edge of the system ground plane. This
makes it possible for the antenna to achieve omnidirectional or
near-omnidirectional radiation in the azimuthal plane. Related
radiation characteristics will be discussed later in this section.

Figure 5 shows the real and imaginary parts of the input
impedance of the antenna for the cases with L � 40, 50, 60, and

Figure 5 Simulated (a) real part and (b) imaginary part of the input
impedance as a function of the groundplane length L; other parameters are
the same as studied in Figure 2. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com]

Figure 6 Simulated return loss as a function of t, width of the central
widened section; other parameters are the same as studied in Figure 2.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

1282 MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 50, No. 5, May 2008 DOI 10.1002/mop



70 mm. Results show that, when the length L is decreased from 70
to 40 mm, the variations of the input impedance for the antenna
operating in the lower band at about 900 MHz and the upper band
centered at about 1900 MHz are generally small. This behavior
also explains the bandwidth variations shown in Figure 3 and
makes the proposed antenna suitable for application in the small-
size mobile device.

Figure 6 shows the effects of the central widened section on
adjusting the three excited resonant modes to form the antenna’s
lower and upper bands for multiband operation. It is seen that, with
an increase in the width t of the central widened section, the first
resonant mode is shifted to lower frequencies, and the second and
third resonant modes are shifted to be closer to each other. For the
case with t � 9 mm (the preferred dimensions shown in Fig. 1), the

Figure 7 Measured radiation patterns at (a) 925 MHz and (b) 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]
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first resonant mode is adjusted to be at about 900 MHz to cover
GSM operation, and the upper band formed by the second and
third resonant modes is centered at about 1900 MHz to cover
DCS/PCS/UMTS operation.

Figures 7 and 8 plot the measured radiation patterns at 925,
1795, 1920, and 2045 MHz (center frequencies of the GSM, DCS,

PCS, and UMTS bands) for the antenna studied in Figure 2. For
operating at 925 MHz, monopole-like radiation patterns are seen
with near-omnidirectional radiation in the azimuthal plane (x–y
plane) [see Fig. 7(a)], which is similar to those of the conventional
internal mobile phone antennas [1]. For operating in the upper
band [see 1795 MHz in Fig. 7(b), 1920 MHz in Fig. 8(a), and 2045

Figure 8 Measured radiation patterns at (a) 1920 MHz and (b) 2045 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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MHz in Fig. 8(b)], near-omnidirectional radiation in the azimuthal
plane is also seen, which is advantageous for practical applications
and, however, is quite different from that observed for the con-
ventional internal mobile phone antenna with the system ground
plane of length larger than 80 mm [1]. One possible reason is that
the second and third resonant modes of the proposed loop antenna
generally show similar balanced characteristic, which results in
smaller excited surface currents on the system ground plane.
Another reason is that, for the ground plane with a smaller length,
the nulls in the excited surface currents for frequencies over the
upper band centered at about 1900 MHz will be located closer to
or at the lower edge of the ground plane. These reasons make the
radiation patterns for frequencies over the upper band show near-
omnidirectional characteristic.

Measured antenna gain and simulated radiation efficiency are
presented in Figure 9. For frequencies over the GSM band shown
in Figure 9(a), the antenna gain is varied from about 0.1 to 0.9 dBi
and the radiation efficiency is all larger than 55%. For frequencies
over the DCS/PCS/UMTS bands, the antenna gain is varied from
about 1.3 to 3.0 dBi and the radiation efficiency is all larger than
about 80%. The obtained results indicate that good radiation char-
acteristics are obtained for the proposed loop antenna.

4. CONCLUSION

An internal multiband loop antenna capable of GSM/DCS/PCS/
UMTS operation for applying in the small-size mobile device has

been proposed and studied. Three resonant modes (0.5-, 1.0-, and
1.5-wavelength modes) with similar balanced characteristic have
been obtained, which are formed into two wide operating bands for
the proposed antenna to cover multiband operation. In addition,
good radiation characteristics with near-omnidirectional radiation
patterns in the azimuthal plane of the mobile device for frequen-
cies over the antenna’s lower and upper bands have been obtained,
which are advantageous and attractive for practical applications.
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ABSTRACT: This study theoretically analyses the transmission perfor-
mance of UWB antennas and presents a design methodology for improv-
ing the transmission performance of printed monopoles. Using this
methodology, a modified circular monopole are proposed and analyzed
as the design example. Both measured and simulated results are pro-
vided and discussed for verifying the validity of proposed design meth-
odology. In a typical lab environment, the deleterious multi-path trans-
mission effects on the transfer function of the example antenna pair
were observed and discussed. This optimization methodology would not
bring any size or cost increase to the printed monopoles, and the
improvement of transmission performance is quite discernible, which
appears to be a significant improvement over printed UWB mono-

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