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Abstract- A single dual band rcclanyular rllicroslrtp 
antenna operating at L-band has been successfully 
designed and simulated. The design procedure starts 
from the formulation for the width dimension of the 
microstrip antenna. Upon achieving the most 
appropriate antenna width, the design proceeds to 
determining the most appropriate antenna length. The 
designed antenna is then simulated using a f i t l l  wave 
electromagnetic simulation software. Analysis of one 
port characteristics is carried out on the designed 
antennas. The performance focuses on the return loss, 
input impedance, voltage standing wave ratio, current 
distribution and charge distribution. Tile designed 
antenna is then simulated with perturbed structures 
introduced. It is found that the antenna is well matched 
at its corresponding frequency of operations. 
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I. . INTRODUCTION 

Research on single antennas operating at dual band 
frequencies has received great interests lately [ 1]-[6]. In 
addition, dual frequency antennas having compact 
structures are also attractive for low profile devices and 
space-limited applications. This paper focusses OT, the 
basic rectangular microstrip structure with perturbations 
introduced into the antenna radiating structure. The 
presence of the perturbation can in fact control the ratio 
of the dual frequencies as desired. The chosen 
frequencies are 1.575 GHz (Global Positioning System, 
GPS, application) and 1.8 GHz (Global System for 
Mobile, GSM, application). 

11. MOTIVA'TION 

A coaxially fed rectangular antenna having cross slot 
perturbation on the radiating structure exhibits dual 
frcqucncy operation, it)  addilioii 10 havitig s i x  
reduction, compared to its corresponding non perturbed 
structure 111. The ratio of the two frequencies is 
controlled by the shape and size of the pertwbbation 
structure. 

Four L-shaped slot perturbations introduced into a 
coaxial feed rectangular antciina resultcd in reducing thc 
size of the antenna by almost 50 ?4 [Z]. The location of 
the feed does not depend on the length of the perturbed 
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slructurc. SiiiiiIar obscrvatioiis liavc bccii rcpol Icd [3]- 
[GI. 

In this paper, the perturbation segment in the forni 
of a simple L-shaped slots are introduced into tlie 
antenna radiating structure. 

111. DESIGN CONSIDERATIONS 

The geometry of the antenna is depicted in FiE. 1.  
; Thc rectangular patch has a dimension o f  L x Wand i t  is 

printed on 3 nicrowave laminate having substrate of 
thickless h and relaiive permittivity E~ The dimensions 
L iuid IY can bc obtained from llic forniulalions 
available in the literahire [7]. The size of the antenna, L 
x JV, is determined mathematically as 33.2 mm x 30 
mm. The chosen microwave laminate has the following 
parameters: gr = 6.15 and h = 1.9 mm. 

The embedded L-shaped perturbation segment is 
placed close to the radiating edge of the patch. The 
perturbation segment has two sections of different 
widths (wI , w2) and lengths (II , 12).  By varying these 
parameters, the frequency ratio for the antenna can be 
tuned in the desired range. The slots are placed at a 
d i s k "  away from the radiating and non-radiating 
edges of dlY and dL , respectively (dJv = d~ = I mm). The 
lengih I, is set to 1 n m  and the width w I  is set to [ (W/2)  
- d,J mm for cadi side of the antenna. Good impedance 
matching of two operating fiequencies can be obtained 
by using a probe feed and EMC feed placed along the 
centerline (x-axis) of the patch, a distance dfaway from 
the patch centre. 

The basic antenna resonates at different modes. The 
pcrtixbation segment introduced is able to control the 
ratio of the first two resonant frequencies. 

Numerical simulations are then performed on the 
antenna structure wing Enseinble SV [8 ] .  The 
perturbation segment is varied in terms of its length and 
.width 2nd [heir effects are analysed. In this paper, the 
behaviour o f  tlie first two resonant frequencies are 
studied and analysed. ' 

' 
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XV. SIMIJLATION RESULTS AIVD 
DISCUSSION 

Firstly, lz is increased from 2 mm to 8 nlm with an 
incrcmciit of 2 mm and the antetina is simulated. l’hc 
behaviour of the resonant frequencies against varying 12 

are plotted in Fig. 2. 
Secondly, wz is increased from 6 m to 12 mm 

with an increment of 2 mm and the antenna is simulated. 
The behaviour of the resonant frequencies against 
varying w2 are plotted in Fig. 3. 

The corresponding frequency ratios against varying 
1, and w2 are then computed and plotted in Fig. 4. 

The behaviour of both resonant frequencies against 
varying 12 and wz are plotted in a singIe graph for direct 
comparison as illustrated in Fig. 5 .  

The computed frequency ratios and the 
corresponding perturbation segment dimensions are 
given in Table 1. 

FEom Fig. 2, it is found that by increasing I,, both 
resonant frequencies decrease. From Fig. 3, it is clearly 
seen that, by increasing wz, the first resonant frequency 
increases while the second resonant frequency 
decreases. As 12 is increased, the frequency ratio 
decreases. This decrease is lower than that of increasing 
WZ. 

The desired frequency ratio is 1.14 which is the 
ratio between GPS and GSM operating frequencies. 
From Table 1, it is observed that the nearest desired 
frequency ratio is achieved when Z2 = 6 mm and w2 = 14 

The simulated re$m loss for the proposed antenna 
is depicted in Fig. 6 .  This behaviour provides the 
proposed dual-frequency design with a varying tunable 
frequency-ratio. The antenna is reasonably well matched 
at the corresponding frequency of operation. 

The simulated VSWR at the desired frequency of 
operations achieved with 12 = 6 mm and w2 = 14 mm is 
shown in Fig. 7. The antenna is found to be resonating 
at fi =1.577 GHz and fi = 1.818 GHz with 
corresponding reasonably good VSWR of 1.5 and 1.25, 
respectively. 

There is a very slight disagreement between both 
simulation results and the desired frequencies. This is 
due to the limitation of the software. However, the 
disagreement is not significant. 

, 

mm. 

V. CONCLUSION AND FURTHER WORK 

This paper proposes a low profile dual-frequency 
rectangular antenna design having an embedded pair of 
L-shaped perturbation segments introduced at the 
radiating edges of the antenna. The first two operating 
frequencies can easily be controlled by changing the 
dimensions of the two sections of L-shaped 
perturbations embedded in the patch. By varying the 
size of the L-shaped perturbation segments, the 
frequency ratio of the first two resonant frequency can 
be tuned to the desired value of 1.14. 

An antenna size reduction of about 15 % has been 
achieved. The results obtained indicate that the 
propscd design exhibit a compact structure compared 
to the conventional rectangular antenna operating at a 
particular frequency. 

Work is currently under way in implementing the 
hardware for experimental verification. 
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Fig. 1. Geometry for dual-frequency microstrip antenna 
with a pair o f  L-shaped perturbation segment. 

W :  width of antenna 
L : length of antenna 
I,, W I  , Zz, w2 : dimensions ofthe perturbation segment 
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Fig. 2. The first two resonant frequencies, f ;  and fi , 
against 12.  
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Fig. 4. The frequency ratiofr 4 against i2 and w2 . 
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Fig. 5.  The first two resonant frequencies, f; and f2 , 
against the two sections of the L-segment perturbation. 

Table 1. Dual-Frequency operation of the perturbed 
printed rectangular antenna. 
E? = 6.15, h = 1.9 mm, L = 33.2 mm, W =  30 mm, I l  = 1 
mm, w ,  = 14 mm and dL = drv = 1 mm. 

Fig. 3. The first two resonant frequencies, f i  and 
against w 2 .  
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Frequency (Gk) 

Fig 6. Simulated retum losses for the proposed antenna 
With W Z  = 14 IIUII and 

(i) 12= 2 mm 
(ii) I2 = 4 min 
(iii) 12 = 6 mm 

. (iv) I r =  8 mm 

1.1 :::: 1 1.55 1.6 _ .  1.65 1.7 1.75 1.8 1.85 

Frequency (Gch) 

Fig 7. Simulated VSWR for Z2 = 6 mm and w2 = 14 mm. 
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