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Abstract 
A planar monopole antenna consisting of a printed metal strip of rectangular spiral 
shape is studied. The spiral generates two resonance modes and radiates at two 
frequency bands. An example design is given where the lower operating band covers 
the GSM900 band, and the upper operating band covers DCS1800, PCS1900 and 
UMTS2000 bands. This multi-band antenna is compact and lightweight and it can be 
fabricated at very low cost by etching the spiral on an FR4/Epoxy substrate and 
feeding with a 50Ω microstrip line. 

Introduction 
Recently, there has been a surge of interest on the design of low-profile and reduced-

size antennas for mobile communication systems and wireless local area networks 
(WLAN). Microstrip antennas have the attractive features of low-profile and 
lightweight and are accepted as one of the most versatile antennas for these systems. 
However, their size may be too large for some space-conscious applications. Several 
techniques have been proposed to reduce the size of the conventional half-wave patch 
[1] but these techniques normally limit the bandwidth of the reduced-size microstrip 
antennas, and consequently, their applications in modern communication systems. 

For dual-band or multi-band applications, many interesting antenna designs have 
been proposed based on the PIFA concept [1], which use a strip, a wall or a pin as a 
short in order to reduce the antenna size. Recent research efforts on planar monopole 
antennas provide other attractive options for mobile handset and WLAN applications 
because of their inherent 2:1 size reduction over equivalent dipole designs [2, 3]. 
Printed multi-band monopole antennas have been designed for both multi-band mobile 
communication systems [2] and quad-band WLAN systems [3]. Not only are these 
antennas small, but also they are inexpensive and lightweight.  

Spiral-shaped or spiral-like-shaped monopole antennas have also been developed for 
wireless communications [4-6]. In [4], a spiral antenna with a matching bridge is 
presented for mobile terminals, while in [5], a spiral-like antenna is disclosed. The 
latter is based on the PIFA concept and hence has a short near the feed point. A spiral-
shaped monopole antenna is also mentioned in [6], but no detailed results are available. 
In this paper, we investigate printed spiral monopole antennas and they do not require 
any shorts or matching bridges. The spiral antenna element is directly fed by a 50Ω 
microstrip line at its outside terminal, and hence it can be easily integrated with typical 
microstrip circuits. This has the benefits of cost reduction and improved system 
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reliability. As an example, a quad-band antenna to cover GSM900, DCS1800, 
PCS1900, and UMTS2000 mobile bands is presented.  

Antenna Details 
Figure 1 shows the generic structure 

of the spiral-shaped planar monopole 
antenna, which is composed of a spiral 
radiating element, a microstrip 
feedline, a substrate and a ground 
plane. Three specific configurations of 
this antenna, shown in Figures 1a, b 
and c, are studied in this paper. In 
each of the geometries, the antenna 
element is a metal strip that is bent to 
form a rectangular spiral. In practice 
the radiating element and the feedline 
may be formed by etching on a 
standard substrate. Note that the 50Ω 
microstrip feedline is printed on the 
same surface of the substrate but the 
ground is on the opposite surface of 
the substrate and only below the 
microstrip line, as indicated by the shaded rectangular region in Figure 1c. In other 
words, the radiating element is positioned in the extended region of the substrate above 
the ground plane. There is a transition taper between the feedline and the antenna 
element, to allow for different microstrip and antenna strip widths.  

It is well known that multi-arm spiral antennas can offer broad bandwidth and they 
are normally excited at the inside terminal. In these antennas, the antenna element is 
similar to a single-arm rectangular-spiral antenna but the feedline is connected to the 
outside terminal of the spiral. This structure can excite several modes and radiate at 
multiple frequency bands. 

For the example design, the ground plane was selected to be 40×39 mm2. We also 
chose an FR4/Epoxy substrate with a thickness of 0.8 mm and a relative permittivity of 
4.4 due to their general availability. Our objective was to achieve two operating bands; 
a lower band around 900 MHz to cover GSM900 (890-960 MHz) and a higher band 
from 1.7 to 2.1 GHz to cover DCS1800 (1710-1880 MHz), PCS1900 (1850-1990 MHz) 
and UMTS2000 (1920-2170 MHz) standards. We conducted the analysis and design 
using HFSS commercial software. 

Analysis and Design Results 
To compare the three configurations, the return loss of four antenna designs are 

presented in Fig. 2. Note that all these four designs have exactly the same strip width 
(wp) of 3 mm. They also have approximately the same spiral length (73-74mm along 
the inside edge) and hence the comparison is fair. This length is slightly less than the 
quarter of the free-space wavelength or half of the guided wavelength at the lower 
operating frequency of 900 MHz. The gap between the strips (d1) is 0.5mm for three 
designs but it is 1.5mm for the remaining design. With a gap of 0.5mm, the antenna in 
Fig. 1a resonates around 1.0 GHz and 1.8 GHz, antenna in Fig. 1b resonates around 
0.96 GHz and 1.88 GHz and antenna in Fig. 1c resonates around 0.9 GHz and 1.8 

 
Figure 1. Three configurations of spiral-
shaped printed monopole antennas 
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GHz. In other words, all three configurations have the potential to operate at our target 
frequency bands when the gap is 0.5mm. Another feature we can note from these 
results is that the upper resonance frequency of the antenna in 1b can be tuned by 
changing the gap width (d1), without affecting the lower resonance frequency. When 
the gap is increased from 0.5mm to 1.5mm, the upper resonance frequency increases to 
from 1.88 GHz to 2.3 GHz but the lower resonance frequency remains at 0.96 GHz. 
The lower resonance frequency is primarily determined by the length of the spiral strip. 

The antenna design in Figure 1c has deepest resonance in the lower frequency band 
and hence is considered the best for our application. The other dimensions of this 
antenna are: s1=18.0 mm, s2=22.75 mm, s3=24.0 mm, s4=18.25 mm, s5=9.0 mm, 
s6=13.75 mm, s7=13.5 mm, s8=9.25 mm, wf=1.5 mm, wp=4.0 mm, and d1=0.5 mm. The 
lower operating band of this antenna (with better than 1:2.5 VSWR) is about 90 MHz 
wide and it covers the GSM900 band (890-960 MHz). Its upper operating band is 460 
MHz wide (1.71-2.17 GHz) and it covers the DCS1800 (1710-1880 MHz), PCS1900 
(1850-1990 MHz), and UMTS2000 (1920-2170 MHz) bands. 

For all designs discussed so far, the thickness of the substrate (h) is assumed to be 
0.8 mm. Since different substrate thicknesses are required to be used in practice, we 
also studied the effect of the substrate thickness on the return loss of this antenna. For 
this investigation, the antenna structure in Figure 1c has been considered, and the other 
antenna parameters have been set to the values stated previously. The substrate 
thickness (h) has been changed from 0.4 mm to 2.0 mm. In order to maintain the 50Ω 
characteristic impedance of the feedline, the width of the microstrip feedline (wf) has 
also been adjusted accordingly. Microstrip with corresponding to the substrate 
thicknesses of 0.4 mm, 0.8 mm, 1.2 mm, 1.6 mm and 2.0 mm are 0.75mm, 1.5 mm, 2.3 
mm, 3.0 mm and 3.8 mm, respectively. The results of this investigation, shown in Fig. 
3, indicates that the bandwidths are not affected significantly as a result of substrate 
thickness variation as long as the FR4 substrate is at least 0.8mm thick.  

Figures 4 and 5 show the theoretical radiation patterns of the antenna in Figure 1c, in 
x-z, y-z and x-y planes at 900 MHz and 1850 MHz. It can be seen that the antenna has 
similar far-field patterns in the two frequency bands and good omni-directional 
radiation patterns in the y-z plane. 

Conclusion 
Detailed theoretical investigation of three specific configurations of spiral-shaped 
monopole antennas indicates that all three configurations have the potential to be used 
in quad-band mobile applications. The lower resonance frequency of these antennas 
are primarily determined by the length of the spiral but the upper resonance frequency 
may be tuned, to a certain extent depending on the configuration, by changing other 
parameters such as the gap between strips. The operating bands of the antenna are not 
very sensitive to the substrate thickness as long as the substrate is sufficiently thick. 
For quad-band mobile applications, an FR4 substrate of at least 0.8mm thick is 
desirable.  
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Figure 2 Return loss of four antenna 
designs 

 

Figure 3 Effect of substrate thickness on return 
loss 

 
Figure 4 The radiation patterns of the antenna 
design in Figure 1c at 900 MHz 

Figure 5 The radiation patterns of the 
antenna design in Figure 1c at 1850 
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