
14. DEVICE AND APPLICATIONS 

Abstract — An internal quad-band printed monopole 
antenna for oval-shaped mobile phone applications is 
presented. The appearance of the proposed antenna is an oval, 
and the antenna occupies a compact area of the upper part of 
the oval system ground plane. The printed monopole antenna 
has two branches, which generate two bands at about 833 
MHz and 1820 MHz. The obtained bandwidth covers GSM 
850 (824-894 MHz), GSM 900 (880-960 MHz), DCS 1800 
(1710-1880 MHz) and PCS 1900 (1850-1990 MHz) bands. 
Details of the antenna design and results are presented and 
discussed. 

I. INTRODUCTION 

Until now internal antennas for rectangular shape 
phones have been developed rapidly and there have been 
many kinds of internal antenna designs for rectangular 
shape mobile phones, such as PIFA (Planar Inverted-F 
Antenna) [1-3], monopole [4,5] and IFA (Inverted-F 
Antenna) [6,7]. Many of these internal antennas cover the 
GSM850, GSM900, DCS and PCS bands, or even UMTS 
(Universal Mobile Telecommunication System) band. 

Previous researches focuses on the rectangular shape 
mobile phones, so the shapes of ground plane and the 
antenna radiating element are approximately rectangular. 
Recently, some concept phones, whose appearances are 
oval, have been proposed [8-12] and have attracted a lot of 
attention. In particular, the effect of the long-axis length of 
oval shape mobile ground plane on the antenna bandwidth 
has been investigated [13], in which the optimal length for 
the antenna to achieve the maximum bandwidth was given. 
Also, an internal planar inverted-F antenna (PIFA) for oval-
shaped mobile phone was proposed in [13]. 

In this article, an internal quad-band printed monopole 
antenna for oval-shaped mobile phones is presented. The 
configuration of the antenna is shown in Fig. 1. As the 
antenna is designed for the oval-shaped mobile phones, the 
shapes of the ground plane and the antenna radiating 
element are oval. The antenna has a planar configuration 
and is easy to be implemented by printing it on the system 
circuit board of the mobile phone. In addition, the antenna 
occupies a compact area, yet providing two wide bands 
which cover the GSM850, GSM900, DCS and PCS bands. 
The proposed antenna design is described in detail in 
Section II, and simulated and measured results of the 
proposed antenna are presented and discussed in Section III.  

II.  ANTENNA STRUCTURE 

The front view and side view of the proposed antenna 
are shown in Fig. 1 (a) and Fig. 1 (b), respectively; and the 

detailed dimensions of the antenna for an optimized design 
are shown in Fig. 1 (c). For the widths of slits, which are not 
illustrated in Fig.1 (c), are the same and equal to 1 mm. 
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Fig. 1. (a) Front view of the proposed antenna for oval shape mobile 

phones. (b) Side view of the proposed antenna. (c) Detailed dimensions of 
the antenna pattern for an optimized antenna design (unit: mm). 

 

The antenna is printed on the top part of an oval-shaped 
FR4 substrate (thickness 1mm, relative permittivity 4.4), 
which is considered as the system circuit board of the oval- 
shaped mobile phone. The long axis and short axis of the 
system ground are selected as 140 mm and 40 mm, 
respectively. It should be mentioned that for the oval shape 
ground plane the optimal length to achieve maximum 
antenna bandwidth of the low band GSM based is about 150 
mm [13], which is much longer than the optimal length for 
the rectangular ground plane case. Both the antenna 
radiating element and the ground plane are printed on the 
one side (e.g., the front side) of the FR4 substrate. The 
antenna has a 1 mm feed gap across point A and the top 
edge of the system ground plane B. As shown in Fig.1 (c), 
the radiating element is a part of an oval and several slits 
are embedded in the printed monopole, which separate the 
antenna into two resonant paths. The longer path starts from 
the feed point and follows the right strip of the antenna to 
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the open end, while the shorter one is from the feed point 
and follows the left strip to the open end. The longer path 
generates the resonance at about 888 MHz and the shorter 
one forms the resonance at about 1820 MHz. 

III.  RESULTS 

Fig. 2 shows the simulated and measured return loss of 
the proposed antenna. The simulated results are obtained 
using CST MWS [14], and good agreement between the 
measured and simulated results are obtained. It is clearly 
seen from Fig. 2 that two operating bands (determined at 6 
dB level) are obtained. The bandwidth of the low band 
reaches 144 MHz that covers both the GS M850 and GSM 
900 bands (824 – 960 MHz), whereas the high band has a 
bandwidth of 320 MHz that covers both the DCS and PCS 
bands (1710 – 1990 MHz). 

 
Fig. 2. Simulated and measured return loss of the proposed antenna. 
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Fig. 3. Surface current distributions on the antenna at (a) 888 MHz and (b) 

1820 MHz. 
 

Fig. 3 shows the simulated surface current distributions 
at 888 MHz and 1820 MHz, which are the simulated 
resonant frequencies of the two bands. For 888 MHz, a 

stronger surface current distribution is observed along the 
longer path. This indicates that the longer path is the major 
radiating element for the proposed antenna at GSM 850 and 
GSM 900 bands (i.e., the low band of the antenna). For 
1820 MHz, it is observed that surface current distribution is 
mainly along shorter path. That means the shorter path 
contributes to the DCS and PCS bands (i.e., the high band 
of the antenna). 

IV.  CONCLUSIONS 

An internal quad-band printed monopole antenna 
suitable for oval shape mobile phones application has been 
proposed and studied. The antenna has a planar structure 
with a simple pattern, making it easy to fabricate at a low 
cost. The antenna can generate two wide bands at about 
900MHz and 1800MHz for the quad-band operation. The 
work carried out in this paper would be very useful to 
design internal printed antenna for oval-shaped mobile 
terminals.  
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