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Figure 4 Momentum simulation results for 6 = 0°, 30°, 50°. Zoom in on
rejection slope

TABLE 3 Summary of Measured and Simulated Rejection of
Filters at (f, + 1) GHz

I3 Simulated Rejection (dBc) Measured Rejection (dBc)
0° 45.9 45.7
30° 55.1 55.6
50° 73.4 68.9

with a lengthened or shortenedd, the rejection slope at the upper
frequency can be enhanced. A 4th order 10% FBW Chebyshev filter
was designed at 5 GHz with additional rejection of 23 dB at 6 GHz.
Since the overall filter resonator length remains unchanged, the im-
provement in performance does not compromise on circuit size.
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ABSTRACT: A novel bandwidth-enhanced internal planar inverted-F
antenna (PIFA) for quad-band operation in the mobile phone is pre-
sented. The proposed PIFA is capacitively excited using a coupling feed,
which leads to a dual-resonance excitation in the antenna’s lower band
at about 900 MHz and a wide-band resonant mode excitation at about
1800 MHz. This makes the operating bandwidths of both the antenna’s
lower and upper bands larger than 20% (3:1 VSWR), thus easily cover-
ing GSM850/900 and DCS/PCS operation. In addition, with quad-band
operation obtained, the proposed PIFA occupies a small volume of 5 X

6 X 60 mm’® or 1.8 cm® only. Details of the proposed PIFA are described,
and results of fabricated prototypes are presented and discussed. © 2008
Wiley Periodicals, Inc. Microwave Opt Technol Lett 50: 683—687, 2008;
Published online in Wiley InterScience (www.interscience.wiley.com).
DOI 10.1002/mop.23175

Key words: internal mobile phone antennas; mobile antennas; PIFA;
coupling feed; quad-band operation

1. INTRODUCTION

Conventional PIFAs (planar inverted-F antennas) have been
widely applied in the mobile phone as internal antennas for oper-
ating in the 900 and 1800 MHz bands [1]. 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 multiband operation for the conventional PIFA, especially
in the 900 MHz band to cover GSM850 (824-896 MHz) and
GSM900 (880-960 MHz) operation. To achieve enhanced band-
widths for the internal PIFA, the technique of adding parasitic or
direct-feed additional resonators to the main radiator to provide
additional resonant modes has been applied [2-5]. This technique
is especially suitable for increasing the bandwidth of the 1800
MHz band or the antenna’s upper band, because the required
length of the additional resonators is shorter for providing an
additional resonant mode near 1800 MHz.

The use of an external matching circuitry has also been applied
[6-9]. This technique is promising to enhance the bandwidth at
either the 900 or 1800 MHz band or both the 900 and 1800 MHz
bands. However, it will occupy some valuable board space on the
system circuit board of the mobile phone and increase some
insertion loss also. In this article, we present a novel bandwidth-
enhanced internal PIFA using a coupling feed, which can be
considered as an internal matching circuitry and will not increase
the occupied volume of the antenna inside the mobile phone. With
the coupling feed, the proposed PIFA can be excited to achieve a
dual-resonance at about 900 MHz and a wide-band resonance at
about 1800 MHz. This behavior makes the operating bandwidths
of the antenna’s lower and upper bands larger than 20% (3:1
VSWR), allowing the antenna to cover GSM850/900 and DCS/
PCS (1710-1880/1920-2170 MHz) bands for quad-band opera-
tion. In addition, the proposed quad-band PIFA occupies a small
volume of 1.8 cm? only inside the mobile phone. Design consid-
erations of the proposed PIFA are described in the article. Exper-
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Figure 1 (a) Geometry of the proposed bandwidth-enhanced internal
PIFA with a coupling feed for mobile phone application. (b) Dimensions of
the proposed PIFA in its planar structure. [Color figure can be viewed in
the online issue, which is available at www.interscience.wiley.com]

imental and simulation results for fabricated prototypes of the
proposed PIFA are presented and discussed.

2. DESIGN CONSIDERATIONS OF PROPOSED ANTENNA

Figure 1(a) shows the geometry of the proposed PIFA with a
coupling feed for mobile phone application. The proposed PIFA
occupies a small volume of 5 X 6 X 60 mm?® (1.8 cm®) and is
mounted at the top no-ground portion (size 6 X 60 mm?) of the
system circuit board of the mobile phone. In the study, a 0.8-mm
thick FR4 substrate is used as the system circuit board; on its back
surface, there is a printed system ground plane of length 100 and
width 60 mm. The dimensions of the system circuit board and
ground plane considered here are practical for general smart
phones or personal digital assistant (PDA) phones available in the
market. In the experiment, the proposed PIFA is fed at point A (the
feeding point) using a 50-) microstrip line printed on the front
surface of the system circuit board.

The dimensions of the proposed PIFA in its planar structure are
shown in Figure 1(b). Similar to the conventional PIFA, the
proposed PIFA mainly comprises a feeding portion, a shorting
portion, and a radiating portion. However, instead of using a
simple direct feed for the conventional PIFA, the feeding portion
here consists of a coupling strip CD of length (a) 8.5 mm and
width (b) 0.5 mm. This coupling strip, connected to the 50-()
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microstrip feedline through a short strip of length 3.25 mm, ca-
pacitively excites the proposed PIFA. This coupling feed incorpo-
rating the 5-mm long shorting strip BD forms as an LC internal
matching circuitry (from the strip CD then through FE to BE point
B is further connected to the top edge of the ground plane on the
back surface of the circuit board (the via-hole through the circuit
board not shown in the figure). By varying the parameters a and b
of the coupling strip, the input impedance of the antenna can be
adjusted. In the proposed PIFA here, the input reactance over the
frequency range of interest (at about 900 MHz) can be decreased
to a lower value, and an additional resonance (zero input reac-
tance) can also be obtained. This can lead to a dual-resonance
excitation at about 900 MHz for the antenna’s lower band. At the
same time, a wide-band resonance excitation at about 1800 MHz
for the antenna’s upper band can also be achieved. This behavior
allows the proposed PIFA to easily cover GSM850/900/DCS/PCS
quad-band operation. More detailed effects of the coupling feed
will be discussed in the next section with the aid of Figures 3-5.

Also note that the proposed PIFA in the study is printed on a
0.4-mm thick FR4 substrate and then bent into an inverted-U shape
to achieve a compact configuration. For practical applications, the
proposed PIFA can be printed on a flexible printed circuit board
(FPCB). In this case, smooth bending of the proposed PIFA can be
obtained, which will make it more flexible to fit in inside the
smooth casing of the modern mobile phones.

The radiating portion of the proposed PIFA is composed of two
radiating strips of different lengths. Strip 1 starting from point E has
a length of about 90 mm, close to about 0.25 wavelength at 900 MHz.
This allows the excitation of a 0.25 wavelength mode at about 900
MHz for the proposed PIFA, which is further tuned to become a
dual-resonance mode by using the proposed coupling feed. The dual-
resonance excitation leads to bandwidth enhancement for the anten-
na’s lower band to cover GSM850/900 operation. On the other hand,
strip 2 starting from point F has a length of about 40 mm, which is
close to about 0.25 wavelength at about 1800 MHz and allows the
excitation of a wide-band resonance mode for the antenna’s upper
band to cover DCS/PCS operation. Note that both open-end portions
of strips 1 and 2 are widened to have a width of 5 mm, which can lead
to smooth excited surface current distributions at the strip’s open ends
and is helpful for achieving bandwidth enhancement for the excited
resonant modes [10, 11].

3. RESULTS AND DISCUSSION

The proposed PIFA was fabricated and studied. Figure 2 shows
the measured and simulated return loss for the proposed PIFA.
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Figure 2 Measured and simulated return loss 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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The simulated results are obtained using Ansoft simulation
software high frequency structure simulator (HFSS) [12], and
agreement between the simulation and measurement is ob-
tained. Dual-resonance excitation at about 900 MHz is clearly
seen, and a wide impedance bandwidth, defined by 3:1 VSWR
or 6-dB return loss, of 190 MHz (800-990 MHz) is achieved.
This wide bandwidth reaches about 21% with respect to 900
MHz and allows the antenna’s lower band to easily cover
GSM850/900 operation. For the antenna’s upper band, a wide
resonant mode centered at about 1800 MHz is excited. The
obtained bandwidth reaches 415 MHz (1665-2080 MHz) or
about 23% with respect to 1800 MHz, allowing the antenna to
cover DCS/PCS operation.

To show the effect of the coupling feed used here, Figure 3
shows the comparison of the simulated return loss of the proposed
PIFA and the reference antenna (the corresponding conventional
PIFA with a simple feeding strip). The dimensions of the reference
antenna are shown in the inset in Figure 3, which uses a direct feed
and has the same antenna volume 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 obtained results as shown in the figure, the lower
band of the reference antenna can cover GSM 900 operation only.
Conversely, the proposed PIFA has a bandwidth-enhanced lower
band, allowing it to cover GSM850/900 operation. For the upper
band, both the reference antenna and the proposed PIFA have a
wide bandwidth to cover DCS/PCS operation.

Figure 4 shows the simulated input impedance versus fre-
quency and the simulated input impedance on the Smith chart for
the reference antenna in Figure 3 and the proposed PIFA. In the
figure, only the results for the antenna’s lower band are shown. In
Figure 4(a), the input reactance of the proposed PIFA is smaller
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Figure 3 Comparison of the simulated return loss of the proposed PIFA
and the reference antenna (the corresponding conventional PIFA with a
simple feeding strip). [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com]
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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 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]

than that of the reference antenna. The variations of the input
reactance are also seen to be much smaller for the proposed PIFA
than for the reference antenna. In addition, an additional resonance
(zero input reactance) is occurred at about 840 MHz, which leads
to a dual-resonance excitation for the antenna’s lower band as seen
in Figure 2. In Figure 4(b), the impedance curves for the frequency
range of 700-1100 MHz are shown, and the frequency intervals
between markers of the impedance curves are 60 MHz. It is seen
that with the presence of the coupling feed (the proposed PIFA),
the loop of the impedance curve is shifted inside the 3:1 VSWR
circle, making the bandwidth enhanced from 70 MHz for the
reference antenna to be 190 MHz for the proposed PIFA.

Effects of the parameters a and b of the coupling strip on the
antenna performances are studied in Figure 5. Figure 5(a) shows
the simulated return loss for the length a varied from 6.5 to 10.5
mm, while the width b is fixed to be 0.5 mm. Results indicate that
dual-resonance excitation for the antenna’s lower band can be
obtained for different values of a. The antenna’s upper band will
also be affected by the variation in the length a. A longer length a
can shift the upper band to lower frequencies. Figure 5(b) shows
the simulated return loss for the width b varied from 0.3 to 0.7 mm,
with the length a fixed as 8.5 mm. Similar effects as seen in Figure
5(a) are obtained. A larger width b will also shift the upper band
to lower frequencies. Hence, by properly selecting the length a and
width b of the coupling strip, dual-resonance excitation at about
900 MHz can be obtained for GSMS850/900 operation, and a
wide-band resonant mode can also be adjusted to occur at about
1800 MHz for covering DCS/PCS operation.

Radiation patterns of the proposed PIFA are also studied. Figures
6-9 plot the measured radiation patterns at 860, 925, 1795, and 1920
MHz, respectively. These frequencies are the central frequencies of
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Figure 5 Simulated return loss as a function of (a) the length a and (b) the
width b of the coupling strip in the coupling feed. [Color figure can be viewed
in the online issue, which is available at www.interscience.wiley.com]

GSMB850, GSM900, DCS, and PCS bands. Results at other frequen-
cies were also measured. Over each operating band, very similar
measured radiation patterns as shown here are obtained, indicating

0=0"(+z)

0=0"(+2)

-90°

E,

X-y plane

Figure 6 Measured radiation patterns at 860 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 7 Measured radiation patterns at 925 MHz for the proposed
PIFA. [Color figure can be viewed in the online issue, which is available
at www.interscience.wiley.com]

that stable radiation patterns are achieved over GSM850, GSM900,
DCS, and PCS bands. The radiation patterns shown in Figures 6 and
7 are also very similar to each other, and omnidirectional radiation in
the x-y plane (azimuthal plane) is obtained, which is similar to that of
the conventional PIFA [1]. The radiation patterns at 1795 and 1920
MHz are also similar to each other, which is expected since the
antenna’s upper band is formed by a single wide-band resonant mode.
The obtained radiation patterns also show no special distinctions
compared to those of the conventional PIFA for DCS or PCS oper-
ation [1]. The measured antenna gain and simulated radiation effi-
ciency for the proposed PIFA are presented in Figure 10. Over the
GSMS850/900 operating bands shown in Figure 10(a), the antenna
gain is varied from about 1.0 to 1.9 dBi, and the radiation efficiency
is all larger than 65%. For the DCS/PCS operating bands, the results
in Figure 10(b) indicate that the antenna gain is varied from 1.4 to 2.0
dBi, and the radiation efficiency is also larger than 65%. The obtained
radiation characteristics are good for practical applications in the
mobile phones.

0=0"(+2) X 0=0°"(+2)

90°
y)
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Figure 8 Measured radiation patterns at 1795 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 9 Measured radiation patterns at 1920 MHz for the proposed
PIFA. [Color figure can be viewed in the online issue, which is available
at www.interscience.wiley.com]

4. CONCLUSION

A novel internal PIFA with a coupling feed for quad-band oper-
ation in the mobile phone has been proposed. Compared to the

4 100
| | ] [
= 4l radiation efficiency | 130 g
g 2.
T g
5 27 160 -
&) . =]
s L antenna gain | 40 &
g , |GSM900 band | g
: =
g0 le ; 20 fe
— GSMS850 band | I S
A e 1 NI
760 800 840 880 920 960 1000
Frequency (MHz)
(@
T 100

o ! radiation Ieﬂ]iciency
ST 180
4 || |
I | | |
| aptenna gain | |
27 I

160
140

| PCS band 120

Antenna Gain (dBi)
[9'%)
(%) AouarongH uoneIpey

r | DCS band |
Y AN B B NP WES—— |
1600 1700 1800 1900 2000 2100
Frequency (MHz)
(b)

Figure 10 Measured antenna gain and simulated radiation efficiency for
the proposed PIFA. (a) The lower band for GSM850/900 operation. (b) The
upper band for DCS/PCS operation. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com]
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conventional PIFA with a simple direct feed, the coupling feed
used in the proposed PIFA does not increase the volume of the
antenna. This novel coupling feed can lead to a dual-resonance
excitation at about 900 MHz for the antenna’s lower band and a
wide-band resonant mode excitation at about 1800 MHz for the
antenna’s upper band. Both the obtained bandwidths for the lower
and upper bands of the proposed PIFA are larger than 20%, which
makes it easily cover GSM850/900/DCS/PCS quad-band opera-
tion. Good radiation characteristics over the operating bands have
also been obtained. Since the occupied volume of the proposed
quad-band PIFA is 1.8 cm® only and it is also easy to be fabricated
on a dielectric substrate, especially on a flexible printed circuit
board, at low cost, the proposed PIFA is very promising for
practical applications as a compact quad-band internal mobile
phone antenna.
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