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ABSTRACT: A multiband monopole slot chip antenna surface-mount-
able on the system circuit board of the mobile phone is presented. The
antenna comprises two monopole slots of different lengths, which are
folded and attached onto a foam base in the study. With a compact vol-
ume of 30 X 10 X 8 mm® (2.4 cm®), the antenna can generate a lower
band at about 900 MHz to cover GSM operation and a very wide upper
band (bandwidth >1 GHz) to cover DCS/PCS/UMTS operation and 2.4
GHz WLAN operation. It is also promising to use a ceramic base of
relative permittivity 7.8 to replace the foam base of the antenna. In
this case, the antenna volume can be reduced to be 24 X 10 X 8
mm® (1.92 cm®) only, yet still capable of covering GSM/DCS/PCS/
UMTS quad-band operation. The proposed antenna is studied, and
obtained results are presented and discussed. © 2008 Wiley Periodi-
cals, Inc. Microwave Opt Technol Lett 50: 1273-1279, 2008;
Published online in Wiley InterScience (www.interscience.wiley.com).
DOI 10.1002/mop.23342

Key words: surface-mount chip antennas; internal mobile phone anten-
nas; monopole; slot antennas; quarter-wavelength slot antennas; multi-
band antennas

1. INTRODUCTION

In recent years, promising monopole chip antennas surface-mount-
able on the system circuit board for mobile phone applications
have been reported [1-7]. These monopole chip antennas mainly
comprise a dielectric base and metal strips printed on or embedded
within the base. The dielectric bases such as the ceramic, plastic,
and foam bases have been applied. For this kind of chip antennas,
the metal strips are the main resonant or radiating portion, and it is
usually not easy to achieve wide operating bandwidths at about
900 and 1800 MHz to cover multiband operation such as GSM
(890 ~ 960 MHz), DCS (1710 ~ 1880 MHz), PCS (1850 ~ 1990
MHz), and UMTS (1920 ~ 2170 MHz) for mobile communica-
tions [8]. In this article, we demonstrate a novel promising mono-
pole chip antenna using the monopole slot or quarter-wavelength
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slot as the main resonant element, which is different from the
operating principle of the conventional monopole chip antenna
[1-7], to generate two wide operating bands at about 900 and 1800
MHz for multiband operation.

The monopole slot antenna is obtained by cutting the printed
slot at the edge of the ground plane [9-16]. With comparison to the
general slot antenna that is operated as a half-wavelength resonant
structure [17-20], the monopole slot antenna has an attractive
feature of compact in size for a fixed operating frequency. The
promising designs of the monopole slot antenna printed on the
system circuit board of the mobile phone for multiband mobile
communications have also been devised recently [14, 16]; they can
be printed either at the center portion [14] or the top portion [16]
of the system circuit board. When printed at the center portion, the
monopole slot antenna is easy to provide sufficient bandwidth and
efficiency to cover the multiband operation, because in this case
maximum coupling to the low-Q chassis dipole type resonance can
be obtained [14]. However, this design will also complicate the
circuit floor planning and signal line routing on the system circuit
board. When printed at the top portion, the reported monopole slot
antenna [16] occupies an area of 15 X 40 mm? (6 cm?) on the
system circuit board and can cover the desired multiband opera-
tion.

In this study, the proposed surface-mount monopole slot chip
antenna is to be placed at the top portion of the system circuit
board. The antenna comprises two monopole slots of different
lengths, which are folded and attached onto a foam base of area
10 X 30 mm? and height 8 mm. The proposed antenna thus
occupies a much smaller valuable board space than that of the
printed monopole slot antenna in [16] (3 cm? vs. 6 cm?). More-
over, the proposed antenna also provides wide operating bands
covering GSM/DCS/PCS/UMTS and 2.4 GHz WLAN (2400 ~
2484 MHz) operation. Detailed design considerations of the an-
tenna are described in the article, and results for the constructed
prototype with a foam base are presented. Effects of various
parameters on the antenna performances are analyzed. The prom-
ising design of using a ceramic base of relative permittivity 7.8 to
replace the foam base of the antenna is also discussed. In this case,
the occupied area of the monopole slot chip antenna on the system
circuit board can be further reduced.

2. DESIGN CONSIDERATIONS OF PROPOSED ANTENNA

Figure 1(a) shows the geometry of the proposed surface-mount
monopole slot chip antenna for the mobile phone. The antenna is
to be surface-mounted at the top no-ground region (size 10 X 40
mm?) of the system circuit board, which can reduce the packaging
cost of the mobile phone. In the study, a 0.8-mm thick FR4
substrate of size 90 X 40 mm? is used to be considered as the
system circuit board. On the front side of the circuit board, there is
a printed ground plane of length 80 mm and width 40 mm. These
dimensions are reasonable for practical mobile phones. Notice that
when the antenna is mounted at the no-ground region, the antenna
is grounded to the top edge of the ground plane at point A (the
grounding point). The antenna does not occupy the whole no-
ground region. It is to be flushed to the left edge of the circuit
board, thus leaving an unoccupied area of 10 X 10 mm?, which
can be used to accommodate the associated electronic components
such as the speaker, the lens of the embedded digital camera [21,
22], etc.

The antenna with its metal pattern folded and attached on the
surfaces of a foam base (size 30 X 10 X 8 mm?), whose relative
permittivity is about that of air, is first studied. From the unfolded
metal pattern shown in Figure 1(b), the antenna can be considered

MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 50, No. 5, May 2008 1273



foam base
(30x10x8

A: grounding point
B, C: connecting point

FR4 substrate
(40 x 90 mm?2)

@

top matching portion
30 mm C  bending line — — -

8 4—8->|<C— 17 —
oY ? i;"B'T
a=12>b=5 10

unfolded metal
pattern of
the antenna

._.
Hi— |
>
W
W
>
>

135 4 A AN fl v
c=28 —l‘l—’|A end portion of long monopole slot

long monopole slot
(length 50 mm)

system ground plane

short monopole |
slot I

50 Q microstrip feedline

®

Figure 1 (a) Geometry of the proposed internal multiband surface-
mount monopole slot chip antenna for the mobile phone. (b) 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]

to comprise two monopole slots of different lengths. The long mono-
pole slot controls the excitation of the antenna’s lower band at about
900 MHz and has a length of 50 mm, with its end portion widened
(width b = 5 mm and length ¢ = 12 mm) to achieve smoother excited
equivalent surface magnetic current distributions at the end portion of
the monopole slot. This can result in the lowering of the antenna’s
lower band for a fixed slot length. Effects of the parameters a and b
on the antenna’s lower band are analyzed in detail in Figure 2 in the
next section. Also note that the long monopole slot is bent to be
mounted on three adjacent surfaces of the foam base, hence reducing
the occupied area of the antenna on the circuit board. For the short
monopole slot, it has a length ¢ of 28 mm and a uniform width of 3.5
mm, which controls the excitation of a wide operating band at about
1900 MHz to form as the antenna’s upper band. Detailed effects of the
length ¢ on controlling the antenna’s upper band are given in Figure
4 in the next section. The obtained lower and upper bands of the
antenna in this study can cover GSM operation and DCS/PCS/UMTS/
WLAN operation, respectively.

The two monopole slots are spaced with a narrow spacing of 1
mm to achieve a compact configuration of the antenna and are
series-fed using a 50-{) microstrip line printed on the back side of
the circuit board. The microstrip feedline is located with a distance
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of 23 mm to the open end of the two monopole slots, and there is
a small tuning stub of length 5.5 mm parallel along the outer
boundary of the long monopole slot. The location and tuning-stub
length of the microstrip feedline are important factors for achiev-
ing good impedance matching of the antenna. They can be easily
determined from the simulation study [16]; in this study, the
simulation software Ansoft HFSS (High Frequency Structure Sim-
ulator) [23] is used. The large top matching portion (size 8 X 30
mm?) is also needed for achieving good impedance matching of
the antenna. The suitable size of the top matching portion can also
be easily determined from the simulation study [16].

3. RESULTS AND DISCUSSION

Figure 3(a) shows the measured and simulated return loss for the
constructed prototype with dimensions given in Figure 1. Good
agreement between the simulation and measurement is obtained.
From the measured data, the antenna’s lower band has a 3:1
VSWR (6-dB return loss) bandwidth of 110 MHz (890 ~ 1000
MHz), which covers GSM operation. For the upper band, a very
large bandwidth of 1283 (1710 ~ 2993 MHz) is obtained. More-
over, the impedance matching in the 2400 ~ 2500 MHz frequency
range is better than 10-dB return loss. This allows the upper band
to cover not only DCS/PCS/UMTS operation but also 2.4 GHz
WLAN operation. Figure 2(b) shows a comparison of measured
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Figure 2  (a) Measured and simulated return loss for the proposed antenna.
(b) Comparison of measured return loss for the proposed antenna, the case
with the long monopole slot only, and the case with the short monopole slot
only; corresponding dimensions are the same as given in Figure 1. [Color
figure can be viewed in the online issue, which is available at www.interscience.
wiley.com]
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Figure 3  Measured return loss as a function of (a) the length a,
end-portion length of the long monopole slot and (b) the width b, end-
portion width of the long monopole slot. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com]

return loss for the proposed antenna, the case with the long
monopole slot only, and the case with the short monopole slot
only; corresponding dimensions of the three cases are the same as
given in Figure 1. Results clearly indicate that the antenna’s lower
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Figure 4 Measured return loss as a function of the length ¢ of the short
monopole slot; other dimensions are the same as given in Figure 1. [Color
figure can be viewed in the online issue, which is available at www.
interscience.wiley.com]
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Figure 5 Measured return loss as a function of the groundplane length
L; other dimensions are the same as given in Figure 1. [Color figure can be
viewed in the online issue, which is available at www.interscience.wiley.
com]

band is mainly contributed from the long monopole slot. For the
case with the short monopole slot only, it generates a very wide
bandwidth of larger than 1 GHz, which contributes to the antenna’s
upper band. The dual-resonance characteristic of the upper band is
similar to that observed in [16, 24]; this is mainly owing to the
microstrip feedline acting as a virtual short-circuiting across the
slot and hence an additional resonance with a shorter resonant slot
length is generated in addition to the original resonance associated
to the length ¢ of the short monopole slot.

Figures 3(a) and 3(b) shows the measured return loss as a function
of the length a and width b of the widened end portion of the long
monopole slot. In Figure 3(a), the results for the length a varied from
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Figure 6 Comparison of simulated return loss for the cases with a foam
base (g, = 1.0, antenna dimensions given in Fig. 1) and a ceramic chip base
(e, = 7.8, antenna dimensions given in the figure). [Color figure can be
viewed in the online issue, which is available at www.interscience.wiley.
com]
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Figure 7
at www.interscience.wiley.com]

8 to 12 mm are shown. The lower band is shifted to lower frequencies
with increasing length a. For the upper band, there are almost no
effects. Figure 3(b) shows the results for the width b varied from 3.5
to 5.0 mm. Again, with an increase in the width b, the lower band is
shifted to lower frequencies, and the upper band remains almost
unchanged. This confirms the expectation that the widened end por-
tion of the long monopole slot can lead to the lowering of the lower
band at a fixed slot length discussed in Section 2, while the upper band

f =1795 MHz

¢ =90 (+y)

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

is generally not affected by the variations in the dimensions of the
widened end portion.

Effects of the short monopole slot on the antenna performances
are studied in Figure 4, in which the results for the slot length ¢
varied from 24 to 28 mm are shown. As expected, the lower band
is almost not affected. For the upper band, with an increase in the
length ¢, the first resonance of the upper band is shifted to lower
frequencies and the second resonance is generally not varied,

0=0°(+2)

90° = 90°
+y)
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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]
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Figure 9 Measured radiation patterns at 1920 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]

making the upper band have an enhanced bandwidth. This agrees
with the discussion in Section 2, because the first resonance is
mainly determined by the slot length ¢ and the second resonance is
controlled by the slot length from the open end to the microstrip
feedline, which is fixed in this study.

Effects of the groundplane length L on the measured return
loss are studied in Figure 5. Results of the length L varied from
80 to 100 mm are shown. There are some variations in the

impedance matching of the frequencies over the lower and
upper bands. However, the obtained bandwidths are generally
about the same. This suggests that the proposed monopole slot
chip antenna is suitable for application in the mobile phones
with various possible groundplane lengths.

Figure 6 shows the simulated return loss for the cases with a
foam base (¢, = 1.0, antenna dimensions given in Fig. 1) and a
ceramic chip base (g, = 7.8, antenna dimensions given in the

90°
+y)

x-y plane

Figure 10 Measured radiation patterns at 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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Figure 11 Measured radiation patterns at 2442 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). Notice that the ceramic base occupies an area of 10 X 24
mm? only, 30% smaller than that of the foam base. The lengths of
the short and long monopole slots are, 34.5 and 22 mm, respec-
tively, for the case with the ceramic base. The sizes of the widened
end portion of the long monopole slot and the top matching portion
are 2.5 X 5 mm? and 8 X 24 mm?, respectively. The obtained
bandwidth of the lower band can still cover GSM operation. For
the upper band, the bandwidth is decreased; however, the band-
width can still cover DCS/PCS/UMTS operation. That is, quad-
band operation can be obtained for the proposed monopole slot
chip antenna with a ceramic base.

Figures 7-11 plot the measured radiation patterns at 925, 1795,
1920, 2045, and 2442 MHz of the constructed prototype studied in
Figure 2. The radiation patterns at other frequencies over the five
operating bands studied here are also measured, and similar mea-
sured radiation patterns are seen in each operating band of interest.
In Figure 7, monopole-like radiation patterns with good omnidi-
rectional radiation in the azimuthal plane (x-y plane) are seen at
925 MHz, which is similar to those observed for the conventional
internal mobile phone antenna [8]. The radiation patterns at 1795
MHz are plotted in Figure 8. More variations in the radiation
patterns in the elevation planes (x-z and y-z planes) compared to
those at 925 MHz are seen; however, small variation in the
radiation pattern in the azimuthal plane is still seen, that is,
near-omnidirectional radiation is still obtained. Figures 9 and 10
plot the radiation patterns at 1920 and 2045 MHz, respectively.
Generally, there are no special distinctions seen among the patterns
at 1795, 1920, and 2045 MHz, except that the variations in the
radiation patterns in the azimuthal plane are slightly larger at 2045
MHz than those at 1920 and 1795 MHz. These obtained radiation
patterns over the upper band are suitable for practical applications
in the mobile phones. Figure 11 plots the radiation patterns at 2442
MHz. The amplitudes of the E, and E,, components become more
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Figure 12  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/WLAN operation. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com]
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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 X 10 mm? on the system circuit board
of the mobile phone, which can be further reduced to be 24 X 10
mm? 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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