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Abstract—The Radial Line Slot Array (RLSA) 
antennas become more popular due to its good 
characteristics such as low profile, low cost, aesthetically 
pleasing, ease of installation and simple structure. Many 
researchers have contributed to the development of RLSA 
antennas. This antenna started with the name of annular 
slot antenna designed by Kelly and Goebel in 1960’s. In 
1980’s, the researchers from Japan have innovated this 
idea and proposed a new concept of radial slot planar 
antenna names Radial Line Slot Antenna. From here, 
many researches have been carried out involving 
researchers around the world. Researchers from Malaysia 
also involves in the development of RLSA antenna. The 
RLSA antenna research in Malaysia focuses on application 
that suitable to RLSA characteristic. Those applications 
are Direct Broadcast Satellite Reception, Point to point 
Microwave Link for Fixed Broadband Wireless Access and 
RFID. This paper will be focus on RLSA antenna 
development started with the history, research outcomes 
and the research focus in Malaysia.  

 
Index Terms—RLSA antenna, Direct Broadcast Satellite 

Reception, Point to Point Microwave Link, Beam Squinted RLSA, 
Beam Steering RLSA 

I. INTRODUCTION 
RLSA antenna research in Malaysia started early 2000 with 

collaboration with Queensland University, Australia. The focus 
research at that time was development of RLSA for Direct 
Broadcast Satellite Reception at KU-band [1]. The first RLSA 
research team in Malaysia was setup at Wireless 
Communication Research Laboratory (currently known as 
Wireless Communication Centre), Faculty of Electrical 
Engineering, Universiti Teknologi Malaysia. This research 
team was lead by Prof Dr Tharek Abdul Rahman and 
successfully investigated 18 prototypes to be implemented in 
DBS system in Malaysia. The final success prototype was the 
Beamsquint with linear polarization RLSA. It was successfully 
develop and measured. The same technique than been 
investigated for application 5.8GHz for point to point 
microwave link. A few prototypes successfully develop and 
measured. The test bed arrangement also has been developed to 

verify the performance of the RLSA for that application [2-4]. 
At this stage, the usage of low value of dielectric as a substrate 
was widely apply to RLSA prototypes from researchers around 
the world [4-6]. The dielectric substrate than replaced by the 
FR4 board due to durability and easy to manufacture the 
antenna. The FR4 board contain higher dielectric value and 
able to reduce antenna size [7-8]. The measurement result 
shows a directive characteristic of radiation pattern. This 
research has lead to development of RLSA with beam shaping 
capability for RFID application. The configurable slot type 
feeder to the RLSA slot has introduced beamshaping 
characteristic to a new RLSA concept [9-10]. This research has 
lead to the investigation of multi dielectric substrate to reduce 
the reflection coefficient of RLSA [11]. The different stacked 
dielectric substrate has introduced different phase of signal 
inside the cavity. Thus, it has reduced the amplitude of the 
multi signal and reflection coefficient of the RLSA. This 
research has lead to wideband RLSA using open ended air gap. 
This wideband RLSA has been developed for point to point 
microwave link application with limited antenna diameter 
which is 200mm [12]. This antenna has successfully developed 
and measured and produced a good directive characteristic with 
wideband capability. 

II. RLSA DEVELOPMENT IN MALAYSIA 

A. RLSA For Direct Broadcast Satellite Reception 
Application at KU-Band 

A collaboration with researchers from Australia, the RLSA 
researches in Malaysia started with Linear Polarized Beam 
Squint RLSA for Direct Broadcast Satellite Reception at the 11 
GHz frequency. The design of this antenna consists of 
polypropylene sandwiched by the copper plates. The front 
copper plate consists of slots that arranged in radial to radiate 
and collect the signals [1]. The rear copper is a plain copper 
function as a ground plane of the antenna. This antenna has 
shown a very good high directivity characteristic as shown in 
Figure 1. The measured antenna gain recorded at 32.8 dBi with 
21.13dB of reflection coefficient at 11.33GHz frequency. The 
antenna bandwidth was 23%   between 10.95 and 11.7 GHz. 
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Figure 1: The radiation pattern of RLSA for DBS Application 

 
The final prototype was integrated with ASTRO DBS 

Reception System to test the reception capability. The 64.5 
dBuV of signal strength as recorded and the system 
successfully projected a video image on the television screen 
with audio.  

B. RLSA For Point to Point Microwave link Application For 
Fixed Broadband Wireless Access at 5.8GHz Band 

 
The research of RLSA continues with development of 

RLSA antenna at 5.8GHz frequency band for Fixed 
Broadband Wireless Access. The researcher has tried to scale 
down the antenna diameter and get the optimum size of 
antenna [2-4]. The first prototype with 600mm diameter has 
shown a very good directivity characteristic with low side lobe 
and back lobe level. The radiation pattern shown in Figure 2. 
A 26 dBi gain antenna with 63.1% radiation efficiency has 
successfully constructed and tested. The optimization of the 
antenna size was done to get the effective antenna size with a 
good directivity characteristic. Four prototypes with difference 
size has been constructed and measured [4]. 

 
Figure 2:  The radiation pattern of 600mm RLSA for application at 5.8GHz 

Table 2: The summary of the prototypes result 
  

 The prototype antenna also tested using Redline AN50 
system. This system operated at 5.8GHz band and 
commercially used for outdoor WLAN. The test result showed 
at Figure 3. The prototype antenna was successfully function 
to the Redline AN50 system and performed good reception. 
The test has been conducted between Wireless 
Communication Centre Building to a new hostel building in 
Universiti Teknologi Malaysia. The test bed shown in Figure 
4. This research considered success and met the research 
objectives. 

 

 
 
Figure 3: Internet access data  from Redline AN50 using prototype antenna at 
5.8GHz band 
 

 
 
Figure 4: A trial of Point to Point Microwave Link using RLSA for FBWA 
application at 5.8GHz in Universiti Teknologi Malaysia 

 

C. Implementation of FR4 board as a cavity material for 
RLSA  
In 2008, FR4 board has been introduced to replace the 

polypropylene as the dielectric material. The FR4 board 
contain higher dielectric value, more durable and easy to 
fabricate. Three FR4 board has been stick together to create 
4.8mm thickness of cavity. The surface layer etched with 
slotted patch and the back surface contain a copper layers as a 
ground plane as illustrated in Figure 5. 
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Figure 5: RLSA antenna structure using stacked FR4 board 
 
The antenna size has been reduced to below 200mm 

diameter but demonstrated directivity characteristic as shown 
in Figure 6 with 14 dB of return loss at 5.8GHz.  
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Figure 6: Radiation pattern for FR4 based RLSA 

 

D. Reconfigurable RLSA Antenna  
 
The usage of FR4 board has lead the research into a design 

of reconfigurable beam shaping of RLSA antenna. This design 
utilised reconfigure slot as the feeders to feed the signal into 
RLSA slot at the radiating surface and perform the 
reconfigurability of the antenna [9-10]. Each feed slot will be 
configure the ON and OFF mode to create the reconfigure 
condition of the antenna. The reconfigure circuit was develop 
to allow the system administrator perform reconfigurability of 
the antenna. The design shown in Figure 7. 

 
Figure 7: Photograph of the R-RLSA antenna (a) Feed line with PIN 
diodes switches (b) Aperture slots (c) RLSA radiating surface (d) Side 
view (e) Layout view 

 
Figure 8 shows the polar graphs of radiation pattern 

measurements which are normalized to their peak values. The 
R-RLSA antenna has a gain of 4.3 dB and a beamwidth of 
137°, when the first switch of EBRS is turned ON. By turning 
ON the first and second switch of the EBRS, the main beam 
would have a gain of 6.8 dB as well as beamwidth of 88°.  

The increment of gain up to 8.6 dB and a narrower 
beamwidth of 39° by turning ON the first, second and third 
switches of the EBRS. The main radiated beam has produced a 
gain of 13.8 dB and a beamwidth of 24° when the first, second 
third and fourth switches of the EBRS are ON. The complete 
radiation pattern of beam shape is shown in Figure 8. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure 8: The overall measurement of beam shape radiation patterns by 
turning ON the EBRS     
 

All the radiation patterns of the proposed antenna are 
relatively at frequency 2.4 GHz as depicted by Figure 9. The 
measured return loss of 1 activated switch, 2 activated 
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Figure 9: Return loss of measured R-RLSA 

This research successfully demonstrate the capability of 
RLSA to become a candidate of smart antenna in future. Since 
RLSA containt many slots that arranged in different position 
to create add in phase wave excitation, the beamwidth of the 
antenna can be reconfigure by feed the wave in to a certain 
angle to certain group of slot on overall slots of RLSA. This 
research also cerate a revolution in application using RLSA. 

E. Techniques to develop small RLSA antennas 
 

The main problem to develop small aperture RLSA (SA-
RLSA) is a low efficiency. Purnamirza in [11] introduced a 
FR4 technique to reduce the reflection coefficient SA-RLSA 
antennas. In this technique, a FR4 board is added on the top of 
the RLSA antenna. Differently from the previous researches, 
the dielectric part of the FR4 board is not utilized as the 
antenna cavity, but as the other dielectric material that has 
different permittivity. The different permittivity between FR4 
material and the cavity material polypropylene result a 
difference phase between the signals propagating within the 
FR4 material and the signals propagating in the cavity 
material. Hence, these signals will not reinforce one to each 
other if they come together, then lowering the reflection 
coefficient. Figure 10 shows the prototype of the SA-RLSA 
designed using FR4 technique [11].  

 
 
 
 
 
 
 
 
 

Figure 10 (a) The radiating element (b) Figure a is seen from the side (c).The 
cavity   

The study to the simulation and measurement results 
shows that the FR4 technique can reduce the reflection 
coefficient up to -25 dB as shown by Figure 11. 

 
Figure 11: The simulation and the measurement results 

 

F. Wideband Open Ended RLSA Antenna 
In this research, the FR4 board with air gap distance to the 

ground plane has been introduced [12].  The thickness of 
overall cavity is 9.6mm where the thickness of open air gap is 
8mm. A 50Ω single coaxial probe coated with Teflon is used 
to feed the signal into the cavity. The aluminum plate is used 
as a platform to hold the antenna and also become a ground 
plane. The FR4 with 1.6mm thickness with 5.4 permittivity 
value is used as a first layer substrate to the radiating surface. 
Figure 12 show the side view of fabricated open ended Air 
Gap RLSA structure  

 

 
Figure 12:  Fabricated open ended Air Gap RLSA Structure from side view 

 
Figure 13 shows the reflection coefficient of the RLSA.  

The air gap has been optimized from 7mm to 10mm of 
thickness [12]. An air gap function is tuning the resonant 
frequency at desired target frequency. From measurement 
result, the air gap of 8mm response efficiently at 5.8GHz 
centre frequency with 32% of bandwidth. The reflection 
coefficient started at 4.23GHz to 6.21GHz. 

 
Figure 13: Measured reflection coefficient of Air Gap RLSA 

 

 

with FR4 board (simulation) 

with FR4 board (measurement) 

No FR4 board (measurement) 

No FR4 board (simulation) 

(a) (b) (c) 
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Figure 14 shows the radiated radiation pattern of the 
Air Gap RLSA at E and H plane. The antenna gain recorded at 
14.91dBi with 8.7 dB side lobe level at E plane and 5dB at H 
plane. The main lobe squinted at 8 degree from 0 degree at E 
plane. The beamwidth of the main lobe is 13.5 degree at E 
plane and 5 degree at H plane. In overall, the radiation pattern 
shown directive characteristic and have a suitable to be 
implement to point to point application. 

 
Figure 14: Measured radiation pattern of Air Gap RLSA 

Normally, RLSA antenna produced a narrow bandwidth 
characteristic. This research successfully demonstrate the wide 
bandwidth of RLSA by implemented open ended air gap as a 
cavity for RLSA. A minimum number of slots has been 
introduced due to size limitation but generated a directivity 
characteristic of antenna. The new antenna structure also easy 
to fabricate and posible low cost on mass production. This 
research also cerate a revolution in application using RLSA. 

III. CONCLUSION 
In a decade, RLSA antenna research has been successfully 

carried out in Malaysia. The research are more focus on latest 
application possible for RLSA. The applications explore in 
RLSA research in Malaysia beside Direct Broadcast Satellite 
applications are Point to Point Microwave Link and RFID 
applications. The intention to make RLSA become a candidate 
of smart antenna has been carried out through reconfigurable 
feeder system of RLSA. The research also focus on 
simplifying the design and fabrication process and also 
reducing the antenna size but maintaining the directivity 
characteristic. 
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