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Introduction 
 

RLSA antenna is a popular candidate for the application of Point to Point Microwave 
Link.[1] This is due to its capability of carrying high speed signal. RLSA prototypes has been 
designed and developed at the frequency range of 5725 – 5875 MHz by few researchers.[1-2] 
The classic design was using enclose air gap as a separator between radiation surface and ground 
plane.[3-4] Then, the slow wave material has been used in the RLSA cavity. The implementation 
of FR4 board to RLSA design recently has allowed a reconfigurable and beam shaping of 
radiation pattern.[5]. The open air gap cavity structure normally implemented in broadband 
planar antenna.[6] This structure normally provide a wide bandwidth and good return loss on the 
desired frequency. Therefore, an investigation of this technique and hybrid with FR4 board as a 
cavity material will be very interesting due to condition of easy to manufacture, lighter the 
antenna weight and durable.[7] 

 
The Cavity Structure 

 
The Linear Polarized Beam Squinted RLSA (LP-BSRLSA) at 5.8 GHz antenna for Point to 

Point Application was designed based on LP BSRLSA GHz antenna for Direct Broadcast 
Satellite Receiver [1-3]. Conventionally, the RLSA antenna structure consists of  a dielectric 
material sandwiched by copper plate. The front plate bears the radiating element while rear plate 
acts as a ground plane with feed element at the centre. The dielectric constant εr> 1 was chosen 
to suppress the grating lobes. The radiating elements are arrayed so that their radiation are added 
in phase along the beam direction. The structure of the investigated single-layer RLSA antenna is 
shown in Figure 1(a). The orientation of slots is in such a direction so as to transmit and receive 
waves of proper polarization, linear, and proper coupling inside the cavity.  

 

 
Figure 1: (a)Conventional structure within the cavity of RLSA antenna, (b)Open ended air-gap 

structure of RLSA antenna 
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In this research, the FR4 board with air gap distance to the ground plane has been 
introduced.  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 as 
shown in Figure 1(b). The aluminium 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. Since the design was a hybrid between air gap and 
FR4, the equivalent dielectric value has to be determined. In order to get the equivalent dielectric 
value, the equation 1 has been used.[8]  

 εreq ൌ ቈ εrnܰ݊ൌ1݊ݐ  െ1 . ∑ ൌ1݊ܰ݊ݐ                       (eq.1) 

      
 

The Radiating Slot Design 
 
The theoretical slot design procedure is similar to what was proposed in [1-4]. Slot pattern has 
been arranged on the aperture to provide a linear polarization. A unit radiator is defined as an 
adjacent slot pair #1, #2, lying along the constant direction (Φ). The 200mm diameter of RLSA 
was chosen. The dielectric value has influenced the number of slots and the slots length on the 
surface of the antenna. The 16 slots pair has been constructed in the area of 200mm diameter as 
shown in Figure2.                                                                                                                                    

 
Figure 2: The slots arrangement on the surface of Air Gap RLSA 

 
 

Results and Analysis 
 

The Air Gap RLSA was designed at Wireless Communication Center, Universiti Teknologi 
Malaysia. Figure 3 shows the simulated reflection coefficient of the RLSA.  The air gap has been 
optimized from 7mm to 10mm of thickness. An air gap function is tuning the resonant frequency 
at desired target frequency. From simulated result, the air gap of 8mm response efficiently at 
5.8GHz centre frequency with 28% of bandwidth. The reflection coefficient started at 5.15GHz 
to 6.86GHz. When the air gap distances increase, the bandwidth will shift towards the lower 
frequency. 



 
Figure 3: Simulated reflection coefficient of RLSA 

 
Figure 4 illustrate the radiated radiation pattern of the Air Gap RLSA at E-plane. The 

antenna directivity gain recorded at 12.35dBi with 3.9 dB side lobe level. The main lobe squinted 
at 9 degree from 0 degree. The beamwidth of the main lobe is 13.3 degree.  From the 3D pattern, 
it is clearly show the concentration of the radiated energy is on the main beam. However, a 
concentration of radiated energy also recorded at 60 degree and 180 degree. In overall, the 
radiation pattern shown directive characteristic and have a potential to be implement at point to 
point application. 

 

 
(a)                                                                   (b) 

Figure 4: Simulated Radiation pattern for  Air Gap RLSA (a) in 2D, (b) in3D 
 

Conclusion 
 
 A prototype of Air Gap RLSA has been designed and simulated using hybrid air gap and 
FR4 dielectric material. The 28% wide bandwidth has been recorded through this approach. A 
12.35dBi directive gain also recorded from the simulation. The 13.3 degree beamwidth of the 
radiation pattern is sufficient for high directional application. Since the proposed application was 
for Point to Point Link, this study concluded the Air Gap RLSA is a new candidate for this 
application. 
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