
strip is used to generate the low frequency resonance. It is clear
that the physical length can be reduced by up to 50% because the
driven plate and shorted parasitic strip are folded. The total length
[l1 � l2 � gap (0.2 mm)] is 15.2 mm, which is about �0/4 of 2.4
GHz. To get the dual band operation, the optimum length of each
plate and the gap between two plates are determined based on the
simulation result shown in Figure 2. In addition to the plate length
and gap, the size of ground plane also affects the electrical per-
formance. The feeding point is on the driven plate and 3 mm apart
from the ground post, as shown in Figure 1. The radiating plate is
7 mm in length and 0.5 mm in width and normally generates a
resonance of 5.3 GHz band. And the shorted parasitic strip pro-
duces the other resonance in 2.4 GHz. None of the dimensions
aforementioned are optimized in the specific unit.

Figure 1(b) shows a folded loop antenna with a parasitic folded
shorted-strip. In recent years, a monopole antenna has been the
most promising candidate for mobile communications. However,
because of compact mobile devices, a protuberant element is no
longer a possible solution. The folded loop shown in Figure 1(b)
could satisfy both size and performance issues. Figure 2 presents
the return loss of the simulation and measurement and shows fairly
good performance in both frequency bands. Two antennas have
almost the same bandwidth in the 2.4 GHz band, but the folded
loop type has more bandwidth in the 5 GHz band. Figure 3 shows
the measured radiation patterns in the x–y plane. The results are
Etot (E� � E�), which is generally adopted in commercial speci-
fications. The measured average gain in the 2.4 and 5 GHz band
have a level of approximately �2 dBi for the inverted-F and
approximately �1 dBi for the folded loop, respectively. This
meets the typical specifications of most of the wireless applica-
tions. It should be emphasized that the main reason why we present
the folded loop type here is to get the uniform radiation pattern in
the x–y plane. As shown in Figure 3(a), the inverted-F type has
poor directivity gain in the x direction (� � 90°). On the other
hand, the folded loop type has good radiation performance in all
directions.

3. CONCLUSIONS

Novel compact antennas with a parasitic folded shorted-strip for
dual-band WLAN are presented. The proposed antennas have good
characteristics in the 2.4 and 5 GHz bands and manufacturing is
very simple and easy. It is also easy to tune the antenna in lower
and higher bands by controlling two plates. In the future study, we
will investigate the coupling effects in the gap between two plates
and detailed theoretical calculation for the length of the plates as
well as the ground plane effects.
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ABSTRACT: A surface-mount chip antenna integrated with the speaker
in the mobile phone for GSM/DCS/PCS/UMTS multiband operation is
presented. The antenna is to be mounted on the top no-ground portion
of the system circuit board of the mobile phone as an internal multiband
antenna, and the speaker in the mobile phone can be inset into the chip
base of the antenna to achieve a compact integration of the antenna and
the speaker. Moreover, the chip antenna occupies a small volume of
35.5 � 10 � 7 mm3 (about 2.5 cm3) only. Details of the proposed chip
antenna are presented. © 2008 Wiley Periodicals, Inc. Microwave Opt
Technol Lett 50: 1126–1132, 2008; Published online in Wiley Inter-
Science (www.interscience.wiley.com). DOI 10.1002/mop.23287

Key words: internal mobile phone antennas; chip antennas; surface-
mount antennas; multiband operation; quad-band operation

1. INTRODUCTION

Recently, many promising chip antennas suitable for mobile phone
applications have been presented [1–9]. These chip antennas are
surface-mountable on the system circuit board of the mobile phone
for practical applications, which reduces the packaging cost of the
mobile phone. These chip antennas mainly comprise a dielectric
chip base, such as the ceramic, plastic, and foam bases, and
radiating metal patterns printed on or embedded within the chip
base. This kind of conventional chip antennas, however, is usually
with a solid chip base and cannot integrate with the possible
nearby electronic components such as the speaker or the lens of the
embedded digital camera [10, 11], etc.

For this application, we propose here a novel chip antenna with
its radiating metal pattern mounted on the surfaces of the chip base
and arranged to allow minimum coupling between the radiating
metal pattern and the possible integrated electronic component; in
this study, the speaker in the mobile phone is integrated with the
proposed chip antenna to form as an antenna-speaker module.
Moreover, the proposed chip antenna occupies a small volume of
about 2.5 cm3 only, and it can generate two wide operating bands

1126 MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 50, No. 4, April 2008 DOI 10.1002/mop



to cover GSM (890–960 MHz), DCS (1710–1880 MHz), PCS
(1850–1990 MHz), and UMTS (1920–2170 MHz) operation for
multiband mobile communications. Design considerations of the
proposed chip antenna integrated with the speaker in the mobile
phone are described, and results of the fabricated prototypes are
presented and discussed.

2. DESIGN CONSIDERATIONS OF PROPOSED CHIP
ANTENNA

Figure 1(a) shows the geometry of the proposed chip antenna
integrated with the speaker for GSM/DCS/PCS/UMTS multiband
operation in the mobile phone. The antenna occupies an area of
35.5 � 10 mm2 and is mounted on the top no-ground region at one
of the corners of the system circuit board of the mobile phone. A
0.8-mm thick FR4 substrate of dimensions 40 � 90 mm2 is used
in the study to be considered as the system circuit board of the
mobile phone. The dimensions are reasonable for practical mobile
phones. On the back side of the system circuit board, except on the
top no-ground region, there is a printed system ground plane.

There is also a 1-mm thick plastic housing (�r � 3.5, � � 0.02
S/m) considered as the mobile phone housing enclosing the an-
tenna and the system circuit board.

The antenna’s metal pattern is printed on the top, side, and
bottom surfaces of the chip base as shown in Figure 1(b). The
metal pattern is composed of a longer radiating strip (strip 1 in this
study) on the top surface, a shorter radiating strip (strip 2) on the
top surface, a parasitic radiating strip (strip 3) on the bottom
surface, and a feeding strip on the side surface. Note that, for easy
fabrication of the antenna in the experimental study, strips 1 and 2
are printed on a 0.4-mm thick FR4 substrate of size 35.5 � 10
mm2 and then attached onto the top surface of a foam base
(relative permittivity close to that of air [1]). For strip 3, it is
printed on the top no-ground region of the system circuit board.
The feeding strip of length 7 mm (AD) is cut from a copper strip,
which is directly attached onto the side surface of the foam base.
An area of 12.5 � 3 mm2 on the side surface of the foam base is
then cut with a depth of 8 mm to accommodate the speaker in the
mobile phone. For practical applications, a plastic chip base can be
used and the antenna’s metal pattern can all be directly printed on
the surfaces of the plastic chip base.

Figure 1 (a) Geometry of the proposed multiband chip antenna inte-
grated with the speaker in the mobile phone for GSM/DCS/PCS/UMTS
multiband operation. (b) Detailed dimensions of the antenna’s metal pat-
tern on the top, side and bottom surfaces of the chip base. [Color figure can
be viewed in the online issue, which is available at www.interscience.
wiley.com]

strips 1 and 2 printed on a 0.4-mm thick FR4 substrate  
(foam base removed for easy viewing)

(b)

Figure 2 (a) The speaker simulation model. (b) Photograph of the
proposed antenna integrated with the speaker (foam base removed for easy
viewing). [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com]
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Figure 2(a) shows the simulation model of the speaker, which
has a radius of 6 mm and a height of 3 mm. The speaker mainly
consists of two steel rings, a ferrite ring and a central hollow metal
cylinder. The steel rings and the ferrite ring are of the same ring
width 2 mm, and their related material parameters are also given in
Figure 2(a). The speaker is also electrically connected to the
system ground plane through a shorting strip at the shorting point
C [see Fig. 1(a)]. A photograph illustrating the proposed antenna
with the speaker in the experiment is shown in Figure 2(b), in
which the foam base is removed for easy viewing. The speaker is
positioned with a distance of 2 mm to strips 1 and 2 on the top
surface and with a distance of 2 mm to strip 3 on the system circuit
board. Also note that owing to the compact size of the proposed
chip antenna, the speaker used in this study cannot be fully
embedded within the foam base of the antenna (about 70% of the
speaker is inset into the foam base).

In the proposed design, strip 1 including the feeding strip has a
length of about 82 mm, which is close to about one-quarter
wavelength at 900 MHz. Strip 2 including the feeding strip has a
length of about 36 mm, which is close to about one-quarter
wavelength at 1800 MHz. Strip 3 on the bottom surface is short-
circuited at point B (the shorting point) to the system ground plane
and has a length of about 25 mm, which is close to about one-
quarter wavelength at 2100 MHz. Point B is spaced 1.5 mm to

point A, the feeding point of the antenna. The width of strip 1 is 0.5
mm, and that of strips 2 and 3 is 1 mm. For connecting to the 50
� microstrip feedline printed on the system circuit board, the
feeding strip is chosen to have a width of 1.5 mm, the same as that
of the microstrip feedline. With the design dimensions, strip 1 can
generate a resonant mode at about 900 MHz to form as the
antenna’s lower band for GSM operation. Strip 1 can also generate
a second resonant mode at about 1800 MHz, which incorporates
the resonant modes generated by strips 2 and 3 to achieve a wide
operating band for the antenna’s upper band covering DCS/PCS/
UMTS operation. That is, quad-band operation can be obtained for
the proposed chip antenna integrated with the speaker in the
mobile phone.

3. RESULTS AND DISCUSSION

Based on the design dimensions shown in Figure 1, the proposed
chip antenna was fabricated and tested. Figure 3(a) shows the
measured and simulated return loss of the fabricated prototype.

Figure 3 (a) Measured and simulated return loss of the proposed an-
tenna. (b) Simulated return loss for the proposed antenna and the case
without the speaker. [Color figure can be viewed in the online issue, which
is available at www.interscience.wiley.com]

Figure 4 (a) Simulated return loss for the antenna with strip 1 only, strip
2 only, and strips 1 and 2 only. (b) Simulated return loss for the proposed
antenna and the case with strips 1 and 2 only. [Color figure can be viewed
in the online issue, which is available at www.interscience.wiley.com]
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The simulated results are obtained using Ansoft simulation soft-
ware HFSS (High Frequency Structure Simulator) [12], and agree-
ment between the measurement and simulation is seen. Two wide
operating bands of the antenna are excited. With 3:1 VSWR (6 dB
return loss) definition, the measured bandwidth for the excited
lower band reaches 163 MHz (843–1006 MHz), while that of the
upper band is as large as 644 MHz (1581–2225 MHz). The two
operating bands allow the antenna to cover GSM/DCS/PCS/
UMTS multiband operation.

Effects of the integrated speaker on the performances of the
antenna are studied, and results of the simulated return loss with
and without the integrated speaker are shown in Figure 3(b). Some
variations in the simulated return loss are observed. However, the
obtained bandwidths for both the lower and upper bands for the
case without the integrated speaker can still cover GSM/DCS/PCS/
UMTS operation. This behavior is owing to the arrangement of the
three radiating strips (strips 1 to 3) to avoid direct crossing through
the integrated speaker; in this case, minimum coupling between the
antenna and the speaker can be obtained.

Dependence of the excited lower and upper bands on the
antenna’s three radiating strips is studied in Figure 4. Results of the
simulated return loss for the case with strip 1 only, the case with
strip 2 only, and the case with strips 1 and 2 only are shown in
Figure 4(a). Note that the corresponding dimensions of the three
cases are the same as given in Figure 1. Results indicate that strip
1 generates a fundamental or quarter-wavelength resonant mode at
about 900 MHz for GSM operation and a high-order or half-
wavelength resonant mode at about 1750 MHz for DCS operation.
Strip 2 generates a wide resonant mode (quarter-wavelength mode)
at about 1800 MHz for PCS operation. For the case with strips 1
and 2 only, the upper band formed by the two resonant modes
provided by strips 1 and 2 covers DCS/PCS operation, while the
lower band controlled mainly by strip 1 still covers GSM opera-
tion. By adding strip 3, an additional resonant mode at about 2100
MHz is generated, which incorporates the two resonant modes
provided by strips 1 and 2 to form a much wider upper band to
cover DCS/PCS/UMTS operation. This behavior is clearly seen in
the simulated return loss shown in Figure 4(b).

Figure 5 Simulated return loss (a) as a function of the distance t between
the speaker and the system circuit board and (b) as a function of the speaker
radius r. Other parameters 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]

Figure 6 Measured radiation patterns at 925 MHz for the proposed antenna. [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]
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Effects of the distance between the speaker and the system
circuit board are studied in Figure 5(a). The distance is denoted to
be t as shown in the inset of the figure. Results of the simulated
return loss for the distance t varied from 1 to 3 mm are presented.
It is seen that, except when t � 1 mm, the results are about the
same for t � 2 and 3 mm. This indicates that the speaker should
be placed at least 2-mm above the system circuit board to achieve
small variations in the antenna’s return loss. Figure 5(b) shows the
effects of the radius r of the speaker on the simulated return loss
of the antenna. Three different cases with r � 5, 6, and 7 mm are
studied, and very small variations in the simulated return loss are
seen. This suggests that, even for the case with a larger radius of

7 mm for the speaker, the proposed antenna with the integrated
speaker is capable of quad-band operation in the mobile phone.

Radiation characteristics of the constructed prototype are also
studied. Figures 6–9 plot the measured radiation patterns at 925,
1795, 1920, and 2045 MHz of the proposed antenna studied in
Figure 3. Results for other frequencies over the GSM/DCS/PCS/
UMTS bands are also measured. Over each operating band, the
radiation patterns are generally about the same, indicating that
stable patterns are obtained for frequencies over each operating
band. In Figure 6, monopole-like radiation pattern is seen, and
near-omnidirectional radiation pattern in the x-y plane (azimuthal
plane) is obtained. This radiation pattern generally shows no

Figure 7 Measured radiation patterns at 1795 MHz for the proposed antenna. [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

Figure 8 Measured radiation patterns at 1920 MHz for the proposed antenna. [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]
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special distinctions as compared to that of the conventional inter-
nal mobile phone antenna operating in the GSM band [9]. The
radiation patterns at 1795, 1920, and 2045 MHz shown in Figures
7–9, however, show more variations as compared to that at 925
MHz. In the x–y plane, asymmetric radiation patterns are also seen,
with the radiation stronger in the �y direction than in the �y
direction. This is mainly because the proposed antenna is mounted
at the right-hand-side corner of the system circuit board. By
mounting the antenna symmetrically with respect to the centerline
of the system circuit board, the asymmetric radiation patterns over
the DCS/PCS/UMTS bands can be improved.

Figure 10 presents the measured antenna gain and simulated
radiation efficiency for the proposed antenna. In Figure 10(a), the
results for frequencies cover the GSM band are shown. The an-
tenna gain is varied in a small range of about 0.2–0.4 dBi, and the
radiation efficiency of about 58–67% is obtained. For the results
over the DCS/PCS/UMTS bands shown in Figure 10(b), the an-
tenna gain varied from about 0–2 dBi, while the radiation effi-
ciency is about 65–80%. The obtained antenna gain and radiation
frequency are acceptable for practical mobile phone applications.

4. CONCLUSION

A novel quad-band surface-mount chip antenna integrated with the
speaker in the mobile phone has been demonstrated. The speaker
is inset into the chip base of the antenna to achieve a compact
integration, and the coupling effects between the speaker and the
radiating metal pattern of the antenna are minimized. In addition,
with GSM/DCS/PCS/UMTS quad-band operation obtained, the
antenna occupies a small volume of 35.5 � 10 � 7 mm3 (about 2.5
cm3) only. Good radiation characteristics for frequencies over the
operating bands of the antenna have also been obtained.
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This comment concerns the general circuit modeling based on the
transmission (ABCD) and S-parameters matrices, in reference to
the work of Ref. 1.

In Ref. 1, the authors first write in (1) the ABCD matrix of a unit
cell of the structure of interest, based on the circuit model for this cell.
Then, they provide formulas (4) and (5), which are commonly used to
transform ABCD matrix data into S-parameter ones, in the case of a
symmetrical unit cell [2]. Equation (1) is then substituted into (4) and
(5), which yield the S-parameters (6) and (7) as functions of the unit
cell circuit elements and the reference impedance Z0.

The authors of Ref. 1 claim that (6) and (7) are valid for a
structure of “infinite number of unit cells.” This is not true and (6)
and (7) actually correspond to the S-parameter of a single unit cell
connected to reference impedances Z0. Indeed, the ABCD matrix
of (1) itself represents a single unit cell, while the transformation
from ABCD to S matrix employed subsequently [(4) and (5)]
provides the S-parameters corresponding to the ABCD matrix used
for the transformation, hence, here, a single unit cell [2].

In the case of an infinite number of cells, it is actually not
possible to define any S-parameters. However, note that the input

impedance of a semi-infinite structure could be calculated in the
case of a symmetrical unit cell as s11 � �ZB � Z0�/�ZB � Z0�,
where Z0 is the reference impedance and ZB the Bloch wave
equivalent impedance of the structure, defined as ZB � �B/C [2,
3], where B and C are the element of the transmission matrix (1).

Finally, let us comment on the modeling of a finite structure
made of a cascade of N unit cells, which would be of use for the
design of the device presented in Ref. 1. This case can be
studied by computing the ABCD matrix of the whole structure
(this matrix is simply TN if T is the ABCD matrix of a unit cell)
and applying (4) and (5) on TN rather than on T. However, it is
in this case much more efficient to make use of the periodic
Bloch wave equivalents, as explained in detail in Ref. 3. Indeed,
this approach allows analyzing a periodic structure with a finite
number of unit cells in an exact way with regard to the circuit
model of a cell [3], and thus provides a real modeling tool for
circuit-based design of finite periodic structure, which is not the
case of the formulas presented in Ref. 1.
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