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Abstract

A novel internal monopole antenna with integrated shielding
case for application in mobile phone is presented. The
proposed antenna module is constructed from a single metal
plate that is folded into a shape that provides both a RF
shielding case covers an RF front module and a dual-band
monopole antenna applies for GSM and DCS band operating.
By this high integration antenna design, the antenna will not
need any more isolation distance for getting good impedance
bandwidth, thus the antenna has a compact size and is placed
closed to the RF shielding case. In this paper, the GSM/DCS
dual-band internal monopole antenna has been realized into
a mobile phone Nokia 3310, and the cost and size of the
proposed antenna will be better than the original antenna
design (planar inverted-F antenna) of Nokia 3310.

1. INTRODUCTION

In the recent year, the slight mobile phone or PDA smart
phone has already become more popular gradually, thus how
to lead an efficient usage of internal space inside the handheld
mobile device will be an important thing. Many low profile
internal monopole antennas have been proposed [1]-[3]. In
general, the impedance bandwidth of the internal monopole is
easily to be affected by nearby components and RF shielding
case. Therefore, an isolation distance between the antenna
and nearby elements is required to keep the good performance
of the antenna. But this is not expected antenna design in very
limited space of the handheld mobile devices. There are some
high integration internal antenna designs that integrated with
shielding case or digital camera [4]-[8]. They are always
required to solve the EM coupling between the antenna and
nearby components when the high integration antennas have
been designed.

In this paper, we presented a novel integration design of an
internal monopole antenna and RF shielding case for
application in GSM/DCS mobile phone. The proposed
antenna can be easily fabricated by folding a single metal
plate. Therefore, it has advantages of compact size and low
cost, especially on antenna height about of 6 mm, that is low
profile than other handheld phone antenna designs. The
antenna covers the bandwidth requirements of GSM (890-960
MHz) and DCS (1710-1880 MHz). The antenna has

dimensions of 40x12x6 mm’. Details of the design
considerations of the proposed design and the experimental
results of the constructed prototype are presented and
discussed

2. ANTENNA DESIGN

Fig. 1 (a), (b) shows the configuration and side view of the
proposed internal monopole antenna integrated with the RF
shielding case, which is mounted at the top of the system
ground plane of a mobile phone. This highly integrated
internal antenna module is composed by a dual-band antenna,
a shorted strip, a feed line and a RF shielding case. The dual-
band antenna has two separate branches of different length
excited by feed line. The longer resonant path generates the
lower mode for GSM operation, and the shorted one generates
the higher mode for DCS operation. Note that both the two
branch paths are closed to one-quarter wavelength at 900 and
1800 MHz, respectively. The portion of the dual-band
antenna and RF shielding case are placed above the system
ground plane, which has dimensions of 42 x 108 mm?, a real
size of the mobile phone.
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Fig. 1: Geometry of the proposed high integration GSM/DCS antenna in a
mobile phone.



The proposed antenna is easily to be fabricated by folding

along two bending lines of the single metal plate shown in Fig.

2, which can be made by line-cutting or stamping a 0.2-mm-
thick copper sheet. The proposed antenna has dimensions of
40 x 12 x 6 mm’, and supports by air or plastic. The dual-
band antenna and RF shielding case are connected through a
shorted strip of width 3 mm. The distance between the
shorted strip and the feed line will be chosen a narrow width
to achieve a good performance of the antenna impedance
bandwidth, without the need of an isolation distance between
the antenna and the ground plane. In this case, the total
antenna height above the system ground plane is only 6 mm,
and 6 mm protruding from the edge of the system ground
plane. Therefore, the proposed antenna with compact size and
low profile is very suitable to be an internal antenna for
mobile phone application. The proposed GSM/DCS internal
monopole antenna has been realized and replaces the PIFA
(planar inverted-F antenna) into Nokia 3310, shown in Fig. 3.
More measured results will be discussed in next section.
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Fig. 2: Detailed dimension of a single metal plate for fabricating the proposed
antenna integrated with shielding case.
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Fig. 3: Photo of the proposed antenna mounted at the top portion of the
system ground plane in Nokia 3310.

3. EXPERIMENTAL RESULTS AND DISCUSSION

Fig. 4 shows the measured return loss of the constructed
prototype, shown in Fig. 3. From the results, two separate
resonant modes at about 900 MHz and 1800 MHz are clearly
exited. With the definition of 2.5:1 VSWR (7.3 dB return
loss), the lower mode has an impedance bandwidth of 70
MHz (890-960 MHz), which satisfies the operating
bandwidth of the GSM band. For the higher mode, the
impedance bandwidth achieves 220 MHz (1700-1920 MHz),
also covering the bandwidth of the DCS system.

The radiation characteristics of the proposed antenna were
also studied. Fig. 5 shows the measured radiation patterns at
900 MHz and 1800 MHz, respectively. We can see that the
radiation characteristics of the antenna are monopole-like that
suitable for mobile device application. The good omni-
directional radiation patterns in x-z plane are seen both in
GSM and DCS band. The measured antenna gain for
frequencies across the GSM and DCS band are shown in Fig.
6. At the GSM band, the antenna gain lever is about 0-1.2 dBi.
Across the DCS band, the antenna gain is about 1.8-4.3 dBi.
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Fig. 4: Measured return loss of the antenna shown in Fig. 3.

“ 900 MHz
(a) x-z plane

2 International Symposium on Antennas and Propagation — | SAP 2006



(b)y-z

es

' 900 MHz

~ 1800 MHz

(c) x-y plane

Fig. 5: Measured radiation patterns at 900 MHz and 1800 MHz for the
antenna shown in Fig. 4.
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Fig. 6: Measured antenna gain of the proposed antenna.

4. CONCLUSION

A novel internal GSM/DCS monopole antenna with
integrated a RF shielding case has been proposed. The
proposed antenna and the RF shielding case can be easily
constructed by folding a single metal plate, and therefore the
cost of the proposed antenna is significantly reduced. This
internal monopole antenna occupies a small size of 40x12x6
mm®, and has a lower antenna height above the system
ground plane that is very suitable for slight mobile phone
applications. The impedance bandwidths of dual operating
mode are satisfied, and furthermore good radiation
characteristics have also been observed. The proposed
antennas have potentially applications in wireless mobile
communication devices such as cellular phone or PDA smart
phone. More detailed results of the proposed design will be
described in the presentation
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