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ABSTRACT: A small-size planar inverted-F antennas (PIFA) for
penta-band operation in the folder-type mobile phone is presented. The
PIFA occupies a small volume of 2.1 cm’® only. Instead of using the con-
ventional direct contact feed, the proposed PIFA uses a coupling feed,
which allows the antenna in its open state or talk condition to generate
a dual-resonance lower band of bandwidth 300 MHz (780—1080 MHz,
3:1 VSWR or 6-dB return loss) to cover GSM850/900 operation. In ad-
dition, the PIFA can also generate a very wide upper band of band-
width 925 MHz (1368-2293 MHz) to cover GSM1800/1900/UMTS oper-
ation. When the mobile phone is in its close state or standby condition,
the obtained lower and upper bands can still cover GSM850/900/1800/
1900/UMTS penta-band operation with impedance matching better than
6:1 VSWR or 3-dB return loss, which is acceptable for the mobile phone
in standby condition for practical applications. Details of the proposed
PIFA and the obtained results are presented. © 2008 Wiley Periodicals,
Inc. Microwave Opt Technol Lett 51: 18-23, 2009; Published online in
Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/mop.
23980
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1. INTRODUCTION

In recent years, the folder-type mobile phone or clamshell mobile
phone [1-9] is increasingly becoming attractive for wireless users.
It is because this kind of mobile phone is usually equipped with a
large display, making it convenient for performing multimedia
functions. For applications in the folder-type mobile phone, the
planar inverted-F antennas (PIFAs) that have been widely applied
in the conventional bar-type mobile phone [10] are also a prom-
ising candidate for the internal antenna. However, owing to the
limited available volume that can be allocated for the internal
antenna inside the mobile phone, it is usually not an easy task to
obtain penta-band operation for the conventional PIFA to cover
GSMS850 (824-894 MHz) and GSM900 (880-960 MHz) opera-
tion in its lower band and GSMI1800 (1710-1880 MHz),
GSM1900 (1850-1990 MHz), and UMTS (1920-2170 MHz)
operation in its upper band.

Further, for the folder-type mobile phone, there are two sepa-
rate but electrically connected grounds, which is quite different
from the conventional bar-type mobile phone with a single main
ground. When the folder-type mobile phone is in the open state
(talk condition), a large effective ground plane is formed. On the
other hand, for the folder-type mobile phone in the close state
(standby condition), the effective ground plane is smaller. Because
of the different effective ground sizes for the open and close states,
large variations in the operating bandwidth of the conventional
internal antenna will occur. To improve the performance of the
antenna in the close state, the use of an external matching circuit
has been demonstrated [9]. This technique, however, will occupy
some valuable board space on the system circuit board of the
mobile phone and increase some insertion loss also.
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In this article, we propose a promising PIFA design with a
coupling feed for the folder-type mobile phone application. The
PIFA is to be mounted at the hinge position of the mobile phone
with a small volume of 2.1 cm? only, yet it can generate two wide
operating bands at about 900 and 1800 MHz for the mobile phone
in either the open state or close state to cover GSM850/900/1800/
1900/UMTS penta-band operation. The large bandwidth at 900
MHz for the antenna’s lower band is achieved owing to the use of
the coupling feed. Compared to the use of the direct contact feed
for the conventional PIFA, the use of the coupling feed contributes
additional capacitance to the antenna’s input impedance [11-14],
which not only compensates for the high input inductance of the
antenna but also introduces additional resonances (zero reactance)
at around 900 MHz. This behavior leads to a dual-resonance
excitation for the antenna’s lower band, hence a widened operating
band covering GSM850/900 operation is obtained. Detailed design
considerations of the proposed PIFA are described, and the exper-
imental and simulation results are presented and discussed.

2. DESIGN CONSIDERATIONS OF PROPOSED PIFA

Figure 1(a) shows the geometry of the proposed PIFA with a
coupling feed mounted at the hinge position of the folder-type
mobile phone. The main ground and the upper ground are of the
same length (L) 70 mm and width 40 mm, both are electrically
connected through a 10-mm long conducting strip (width 2 mm)
across the hinge. The main ground is printed on a 0.8-mm thick
FR4 substrate of size 40 X 80 mm?, which is considered as the
main circuit board of the mobile phone. For the upper ground, it is
inclined to the central line of the mobile phone or the main ground
with an angle of 15° in the open state, which is reasonable for the
mobile phone in the talk condition. In the close state for standby
condition, the upper ground is parallel to the main ground as
shown in the figure.

The proposed PIFA is mounted at the top no-ground region of
the system circuit board. The detailed dimensions of the proposed
PIFA are shown in Figure 1(b). Similar to the conventional PIFA,
the proposed PIFA mainly consists of a feeding portion, a radiating
portion, and a shorting portion. However, instead of using the
direct contact feed for the conventional PIFA, the feeding portion
here is a coupling feed comprising a coupling pad of 6 X 3.5 mm?
(a X b) printed on the back side of the circuit board. The coupling
pad is connected to the 50-Q) microstrip feedline, also printed on
the back side of the circuit board, through a printed strip of length
3 mm, and capacitively excites the radiating portion of the PIFA.

The radiating portion is composed of two radiating strips of
different lengths. The longer radiating strip starting from point A
to point C has a length of about 75 mm, close to a quarter-
wavelength at 900 MHz. This allows the excitation of a quarter-
wavelength mode at about 900 MHz for the proposed PIFA, which
can further be tuned to become a dual-resonance mode by using
the coupling feed. The dual-resonance excitation can lead to band-
width enhancement for the antenna’s lower band to cover
GSM850/900 operation. Also note that the longer radiating strip is
short-circuited to top edge of the main ground at point B through
a 6-mm long shorting strip of width 1 mm and also connected to
the shorter radiating strip printed on the front side of the top
no-ground region of the circuit board at point A through a 6-mm
long connecting strip of width 1 mm. The longer radiating strip,
the feeding strip, and the shorting strip are together fabricated from
line-cutting a metal plate (a 0.2-mm thick copper plate used here)
into the planar metal pattern shown in Figure 1(b), which is then
bent into a compact configuration shown in Figure 1(a).

The shorter radiating strip starting from point D (the antenna’s
feeding point) to its open end has a length of about 38 mm, which

DOI 10.1002/mop



L=70
upper ground
—H6y
_— of [
connecting strip L
between main ' 1
and upper grounds 50-Q microstrip
(2 x 10 mm?) feedline on back side

0.8 mm thick FR4 f

substrate (40 X 80 mm?)

main ground

(40 x 70 mm2)  open close
state state
(a)
bending line longer radiating stri
N { g g g strip
E 3 <10 —» E
«—— 25 mm ——» i
—|— bending line
Ik
shorting strip connecting strip
18 (I1x6mm? B A (1 x 6 mm?)
to the shorter
5 radiating strip
Cc
—>|lle—— s=34mm 5

1

10

'

::3.5 shorter radiating strip

coupling pad -
the coupling feed /B\/(
shorting pad (1 X 1 mm?)

50-Q microstrip line
on back side

/’\_/
(b)

Figure 1 (a) Geometry of the proposed PIFA for the penta-band folder-type mobile phone. (b) Dimensions of the proposed PIFA. [Color figure can be
viewed in the online issue, which is available at www.interscience.wiley.com]
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is close to a quarter-wavelength at 1800 MHz and allows the
excitation of a wide-band resonance mode for the antenna’s upper
band to cover GSM1800/1900/UMTS operation. The front section
of the shorter radiating strip faces the coupling pad of dimensions
a X b; in between the radiating strip and the coupling pad there is
the 0.8-mm thick FR4 substrate. By tuning the parameters a and b,
the contributed capacitance of the coupling feed to the antenna’s
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input impedance can de adjusted. In this study, the antenna’s high
input reactance around 900 MHz can be effectively decreased, and
additional resonances (zero reactance) around 900 MHz can be
obtained. This behavior results in a dual-resonance excitation at
about 900 MHz for the antenna’s lower band. At the same time, a
wide operating band at about 1800 MHz for the upper band can
also be achieved. This allows the proposed PIFA to easily cover
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GSM850/900/1800/1900/UMTS penta-band operation with a
small occupied volume of 10 X 35 X 6 mm? (2.1 cm®) only. More
detailed effects of the coupling feed are studied with the aid of
Figures 3-5 to in the next section.

3. RESULTS AND DISCUSSION

The proposed PIFA was fabricated and studied. Figure 2(a) shows
the measured and simulated return loss for the fabricated prototype
in the open state. Good agreement between the measurement and
the simulation obtained using Ansoft HFSS is observed [15]. For
the measured results, dual-resonance excitation at about 900 MHz
is clearly seen, and a wide impedance bandwidth, define by 3:1
VSWR or 6-dB return loss, of 300 MHz (780-1080 MHz) is
achieved. The wide bandwidth reaches about 33% with respect to
900 MHz and allows the antenna’s lower band to easily cover
GSMS850/900 operation. For the antenna’s upper band, a wide
bandwidth is also obtained. The obtained impedance bandwidth
reaches 925 MHz (13682293 MHz) or about 51% with respect to
1800 MHz, allowing the antenna to easily cover GSM1800/1900/
UMTS operation.

Figure 2(b) shows the comparison of the measured return loss
of the fabricated prototype in the open and close states. The results
indicate that there are large variations on the impedance matching
of the two states. However, the lower and upper bands can still
cover GSM850/900 and GSM1800/1900/UMTS operation with
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Figure 2 (a) Measured and simulated return loss for the proposed PIFA
in the open state. (b) Measured return loss for the proposed PIFA in the
open and close states. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com]
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Figure 3 Comparison of the simulated return loss of the proposed PIFA
and the reference antenna (the corresponding antenna with a direct feed).
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

impedance matching better than 6:1 VSWR or 3-dB return loss for
the mobile phone in the close state or standby condition. Note that
for the mobile phones in the standby condition, the bandwidth
definition of 6:1 VSWR (3 dB lower than that for the mobile phone
in the talk condition) is acceptable for practical applications.

To study the effects of the coupling feed, Figure 3(a) shows the
simulated return loss of the proposed PIFA and the reference
antenna (the corresponding conventional PIFA with a direct con-
tact feed). The dimensions of the reference antenna are shown in
Figure 3(b), whose occupied volume is the same as that of the
proposed PIFA. Note that the dimensions of the reference antenna
are adjusted to achieve optimal impedance bandwidths of the
lower and upper bands. From the results, the lower band of the
reference antenna can cover GSM900 operation only. Conversely,
the proposed PIFA has a bandwidth-enhanced lower band, allow-
ing it to cover GSM850/900 operation. For the upper band, both
the reference antenna and the proposed PIFA have a wide band-
width to cover GSM1800/1900/UMTS operation.
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Figure 4(a) shows the simulated real (Re) part and imaginary
(Im) part of the input impedance versus frequency, and Figure 4(b)
shows the simulated input impedance on the Smith chart for the
reference antenna studied in Figure 3(b) and the proposed PIFA. In
the figure, only the results for the lower band are shown. In Figure
4(a), mainly owing to the contributed capacitance of the coupling
feed, the input reactance (Im curves) of the proposed PIFA is
smaller than that of the reference antenna. The variations of the
input reactance (Re curves) are also seen to be much smaller for
the reference antenna. In addition, two additional resonances (zero
reactance) occur at about 870 and 995 MHz, which result in a
dual-resonance excitation for the antenna’s lower band as seen in
Figure 2. In Figure 4(b), the simulated impedance curves for the
frequency range of 700—1100 MHz are shown, and the frequency
intervals between markers of the impedance curves are 50 MHz. It
is clearly seen that, compared to the reference PIFA, the loop of
the impedance curve for the proposed PIFA is shifted inside the
3:1 VSWR circle, making the bandwidth increased from 44 MHz
(900-944 MHz, simulated results) for the reference antenna to be
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Figure 4 (a) Simulated input impedance versus frequency and (b) sim-
ulated input impedance on the Smith chart for the reference antenna studied
in Figure 3 and the proposed PIFA. Only the results for the lower band of
the antenna are shown. [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 for the proposed PIFA as a function of the
length a of the coupling pad; 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]

260 MHz (785-1045 MHz, simulated results) for the proposed
PIFA.

Effects of the length a of the coupling pad on the antenna
performances are studied in Figure 5, in which the measured return
loss for the length a varied from 2 to 6 mm is presented. Other
dimensions of the antenna are the same as given in Figure 1. The
results indicate that the dual-resonance excitation for the antenna’s
lower band can be obtained when proper values of the length a are
selected. In addition, the impedance matching of the antenna’s
upper band will also be affected by the variation in the length a.
However, for the length a varied from 2 to 6 mm shown in the
figure, the obtained bandwidths all cover the desired GSM1800/
1900/UMTS bands. Also note that the antenna performances will
be affected by the width b of the coupling pad. The obtained results
are very similar to those shown here and hence are not presented
for brevity.

Effects of the length L of the main and upper grounds on the
achievable bandwidth are also studied. Figure 6 shows the mea-
sured return loss for the length L varied from 70 to 90 mm,
whereas other dimensions of the antenna are the same as given in
Figure 1. From the results, small effects on the impedance match-
ing of the antenna are seen, and the obtained bandwidths still easily
cover GSM850/900/1800/1900/UMTS operation. The results indi-
cate that the proposed PIFA is suitable to be applied in the
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Figure 6 Measured return loss for the proposed PIFA as a function of the
length L of the main ground and upper ground; 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]
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folder-type mobile phone with various possible groundplane
lengths for practical applications.

Radiation patterns of the proposed PIFA in the open state are
also studied. Figures 7 and 8 plot the measured radiation patterns
at 859, 925, 1795, 1920, and 2045 MHz (central frequencies of the
respective operating band). The results at other frequencies are
also studied. Over each operating band, very similar measured
radiation patterns as shown here are obtained, indicating that stable
radiation patterns are achieved for every operating band. The
radiation patterns shown in Figures 7(a) and 7(b) are similar to
each other, and omnidirectional radiation in the x—y plane (azi-
muthal plane) is seen, which is similar to the conventional PIFA
[10]. The radiation patterns at 1795, 1920, and 2045 MHz plotted
in Figures 8(a)—8(c) are also similar to each other. Moreover, the
results show that omnidirectional radiation in the x—y plane is also
obtained. Because there are no nulls in the azimuthal plane, the
obtained radiation patterns are advantageous for practical applica-
tions.

The measured antenna gain and simulated radiation efficiency
for the proposed PIFA in the open state are presented in Figure 9.
Over the GSM850/900 bands shown in Figure 9(a), the antenna
gain is varied from about 0.7 to 1.2 dBi, and the radiation effi-
ciency is all large than 80%. For GSM1800/1900/UMTS bands,

0=0"(+2)

0=0"(+2)

Figure 7 Measured radiation patterns at (a) 859 MHz and (b) 925 MHz
for the proposed PIFA. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com]
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Figure 8 Measured radiation patterns at (a) 1795 MHz, (b) 1920 MHz,
and 2045 MHz for the proposed PIFA. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com]

the results in Figure 9(b) indicate that the antenna gain is varied
from about 1.8 to 3.6 dBi, and the radiation efficiency is all better
than 75%. Generally, good radiation characteristics for the pro-
posed PIFA are obtained.

Finally, a study for the simulated radiation efficiency of the
proposed PIFA in the open and close states is also conducted. The
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Figure 9 Measured antenna gain and simulated radiation efficiency of
the proposed PIFA. (a) Lower band for GSM850/900 operation. (b) Upper
band for GSM1800/1900/UMTS operation. [Color figure can be viewed in
the online issue, which is available at www.interscience.wiley.com]

radiation efficiencies at 859, 925, 1795, 1920, and 2045 MHz in
the open and close states are listed in Table 1 for comparison.
From the obtained results, as expected, the radiation efficiencies in
the close state are seen to be lower than those in the open state.
However, the decrease in the radiation efficiency for the mobile
phone changed from its open state to close state is less than 3 dB,
except at 859 MHz where the decrease from 85 to 34% is about 4
dB. For the mobile phone in the close state for standby operation,
the obtained radiation efficiencies are still acceptable for practical
applications.

TABLE 1 Simulated Radiation Efficiency of the Proposed
Antenna for the Folder-Type Mobile Phone in Its Open and
Close States; . Is the Center Frequency for Each Operating
Band

Radiation Efficiency (%)

f. (MHz) Open State Close State
859 MHz for GSM850 85 34
925 MHz for GSM900 83 53
1795 MHz for DCS 77 62
1920 MHz for PCS 79 56
2045 MHz for UMTS 90 64
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4. CONCLUSION

A small-size PIFA with a coupling feed for penta-band operation
in the folder-type mobile phone has been proposed and studied.
The proposed PIFA has a simple configuration and occupies a
small volume of 2.1 cm? for penta-band operation. Owing to the
use of the coupling feed, a dual-resonance excitation at about 900
MHz for the antenna’s lower band and a wide operating band at
1800 MHz for the upper band have been obtained. The operating
bandwidths of the lower and upper bands easily cover the desired
GSM850/900/1800/1900/UMTS penta-band operation for the mo-
bile phone in both the close and open states, although the ground
conditions for the two states are greatly different. Good radiation
characteristics over the operating bands have also been obtained.
The proposed PIFA is also promising to be embedded inside the
casing of the folder-type mobile phone to operate as an internal
antenna.
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