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Abstract

A new internal WWAN antenna design for laptop-computer applications has been presented
in this article. The proposed penta-band antenna is a simple dual open-loop structure constituted by
a meander strip, a metal plate, and a grounding strip while occupying a small volume of 60x4x8
mm’. The antenna design has an enough VSWR < 3 impedance bandwidth which can easily support
GSMB850/GSM900/DCS/PCS/UMTS operations and has good radiation characteristics. Details of
design considerations of the proposed design and experimental results of the constructed prototype
are introduced and discussed.
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1. Introduction

In recent years, wireless module is widely built in lap-top computers for wireless
communications such as WWAN, WLAN etc. The WWAN antenna used in the wireless module is
generally required to cover penta-bands for GSM 850 (824-894 MHz), GSM 900 (890-960 MHz),
DCS (1710-1880 MHz), PCS (1850-1990 MHz) and UMTS (1920-2170 MHz) operations. To
achieve convenient carrying, the size reduction of the laptop computers is required, which results in
severe challenge in antenna design with abovementioned operating bands. The height and width of
the WWAN antenna are required not more than of 10 mm and 60 mm, respectively. Some
miniaturized multi-band antenna designs for WWAN applications in laptop computers have been
proposed in literatures [1-7]. In [3, 5], the antenna designs with simple constructions can not only
achieve impedance-bandwidth enhancement but also have small antenna widths. In this article, we
propose an alternate design of penta-band antenna with a simple structure and a smaller occupied
volume, which can make it become one of the promising candidates for laptop-computer
applications.

2. Antenna Design and Results

The proposed antenna is constructed with an antenna radiator put on a top side of an
antenna ground plane (with an area of 260 x 200 mm?®) set at the back of the display panel of lap-top
computers. The antenna radiator has not only a small occupied volume of only 60x4x8 mm’ but
also a simple structure constituted by a meander strip, a metal plate, and an inverted L-shaped
grounding strip shown in Figure 1. The meander strip (section ABB’CC’) with a width and length
of 0.4 mm and 30 mm, respectively, is printed on an FR4 substrate with a relative permittivity of
4.4, a thickness of 0.4 mm, and an area of 60 x 8 mm”. The metal plate (section DEFGH) comprises
a vertical copper plate and a rectangular patch. The vertical copper plate (section DEFG) with a
width, height and thickness of 60 mm, 4 mm and 0.2 mm, respectively, is vertically set at the upper
edge of the FR4 substrate, like a metal wall, and connected to a rectangular patch (section GH). The
rectangular patch with a width and length of 4 mm and 8 mm, respectively, is printed on the same
substrate as the meander strip and connected to the antenna ground at the H point. The inverted L-
shaped grounding strip (section IJK) with a width of 1 mm is also printed on the same FR4 substrate



as the meander strip and the rectangular patch. The grounding strip with a small gap of 0.5 mm
away from the meander strip is connected to ground plane at the point K. The antenna feed is set at
point A and connected to a 50-Q coaxial cable.

Figure 2 shows the measured VSWR of Type 1 antenna to illustrate the antenna bandwidth
affected by adding the metal plate or not. When only exists a meander strip only, the antenna can
generate a resonant mode at about 2.1 GHz while one can obtain a new excited mode at about 960
MHz band by adding a metal plate. To excite the second mode in the lower band to enhance the
impedance bandwidth to meet the bandwidth requirement for GSM 850/GSM 900, an inverted L-
shaped grounding strip is placed on the right side of the meander strip to construct a Type 2 antenna.
Figure 3 shows that the Type 2 antenna can excite the second mode at near 840 MHz, while having
a poor impedance matching at about 960 MHz caused by the strong coupling between meander strip
and grounding strip. To eliminate the coupling effect to obtain a good impedance match, the straight
section AB’ of the Type 2 antenna is bent to form two sections of AB and BB’. The measured
VSWR of the proposed antenna (Type 3) plotted in Fig. 3, seen to agree reasonably well with the
simulated data, indicates that two wide bandwidths can be obtained. The VSWR < 3 impedance
bandwidth of the lower band is about 159 MHz (806965 MHz) enough to support GSM 850 and
GSM 900 operations. The bandwidth obtained of the upper band is about 645 MHz (1665-2310
MHz) which can cover the demanded bandwidth for the DCS, PCS and WCDMA operations.
Figure 4 shows the measured radiation patterns (x-z, y-z, X-y plane) in dual wide resonant modes of
the proposed antenna, which is also seen to agree reasonably well with the simulated data. In
addition, the simulated and measured antenna gains are also presented in the Fig. 5. The ranges of
the antenna gains in low-frequency and high-frequency bands are 1.3-2.0 dBi and 1.4-2.3 dBi,
respectively.

3. Conclusions

In this article, a miniaturized dual open-loop antenna which can support penta-band
operations of the GSM850/GSM900/DCS/PCS/UMTS (about 806-965 MHz and 1665-2310 MHz)
embedded in the top side of laptop computers has been demonstrated. The antenna design comprises
a simple radiator structure and occupies small dimensions of 60 x 4 x 8 mm’. Dual impedance
bandwidths enough for WWAN operations and good radiation performances within the operating
bands have also been observed. The abovementioned characteristics make the proposed antenna
very suitable for the laptop-computer applications. More detailed results of the proposed design will
be described in the presentation.
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Fig. 1: Geometry of the proposed antenna
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Fig. 2: Measured VSWRs of the Type 1 antenna with (without) the added metal plate
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Fig. 3: Measured and simulated VSWRs of the Type 2 and Type 3 antenna
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Fig. 4: Measured and simulated radiation patterns of the proposed antenna at (a) f = 850 MHz; (b) f
=900 MHz; (¢) f= 1950 MHz.
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Fig. 5: Measured and simulated antenna gains of the proposed antenna



