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Abstract—The demand of large bandwidth has pushed the 

wireless backbone into the mm-wave frequency range. A compact 

wireless terminal has been suggested at 26 GHz over the decade. 

A small and high gain antenna has been introduced because of 

the scenic point of view and for the environment. Next generation 

Fixed Wireless Access has been proposed at 26 GHz frequency 

band as a backbone carrier. A Radial Line Slot Array Antenna at 

26 GHz frequency band has been developed. The air gap cavity 

approach has made the fabrication simpler and light. The gain 

exceeds 23 dBi has been realized at a frequency of 26 GHz with 

overall dimensions of 200 mm x 200 mm x 3.6 mm. The reflection 

coefficient better than -10 dB has been successfully achieved at 

operating frequencies between 25.5 GHz to 26.5 GHz. 

 

Index Terms—Millimeter Wave RLSA; Next Generation FWA; 

Open Ended Air Gap Cavity RLSA; Wide Band RLSA Antenna. 

 

I. INTRODUCTION 

 

One of the potential frequency carriers for next generation of 

Fixed Wireless Access (FWA) is 26 GHz frequency. The 26 

GHz frequency band is allocated to FWA in many parts of the 

world [1]. The 26 GHz band offers advantages such as 

relatively high bandwidth resulting in a much higher bit rates 

available to individual users when compared to frequency of 

around 10 GHz used typically in tropical regions [2]. It also 

allows the reuse of spectrum with a higher density of smaller 

cells resulting in a higher network capacity in urban and rural 

areas. These networks are particularly suited for network 

connection to small offices or suburban homes to high-

capacity public switching and backbone networks for wireless 

multimedia services. Wireless information required by 

customers on the move includes internet, multimedia, and 

voice. Normally, parabolic antenna is used at this frequency 

due to minimum loss and pencil beam characteristic.  

Recently, more research and development of RLSA in 

frequency above 20 GHz has been done. A multilayer 

structure design with honeycomb cavity spacer was design at 

32 GHz for data link space exploration [3-5]. This design has 

contributed over 40 dBi gain of the antennas. An elliptical 

beam of 300mm diameter RLSA at 22 GHz was designed and 

performs a 33dBi gain [6]. The research on optimization of 

RLSA is still being carried out to produce better performance 

[7].  

RLSA antenna was designed for Point to Multipoint FWA 

at the frequency range of 5725 – 5875 MHz by few 

researchers [8-9]. A promising result at that frequency range 

has motivated the researcher to researched and developed 

RLSA antenna for Point to Multipoint communication system 

at 26 GHz. The air gap cavity technique has been introduced 

with the aim of making the antenna simpler, easy to fabricate 

and light in term of weight.  

 

II. OPEN ENDED AIR GAP CAVITY STRUCTURE 
 

The RLSA at 26 GHz antenna for Point to Multipoint FWA 

was designed based on Linear Polarised Beam Squint 

technique. The RLSA antenna structure normally 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 

Ɛr> 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 [10-11]. The structure of the 

investigated single-layer RLSA antenna is shown in Figure 1. 

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: Open ended air-gap structure of RLSA antenna 
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The antenna parameters is explained in Table 1. The 

thickness of overall cavity is 3.6 mm where the thickness of 

open air gap is 2 mm. A 50 Ω 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 1.6 mm thickness with 

5.4 permittivity value is used as a first layer substrate to the 

radiating surface. 

 
Table 1 

RLSA Air Gap Parameters 

 

Specification Parameters Symbol 
Value Hybrid 

FR4 and Air Gap 

Centre frequency  f 26 GHz 

Wavelength inside the cavity  λg 9.8 mm 
Slot length  L 0.5 λg 

Slot width  W 1 mm 

Spacing between unit radiators in radial 
directions  

Sρ λg /2 (mm) 

Number of rings  n 6 ring 

Number of slot pairs in first ring  Z 16 pairs 
Number of slots  N 552 slots 

Radius of antenna  R 100 mm 

Cavity material  - Air Gap and FR4 
Radiating plate material - Copper 

Ground plate material - Copper 

Cavity thickness  DT 3.6 mm 
Cavity permittivity  Ɛreq 1.13 

The thickness of FR4 board  D1 1.6 mm 

The permittivity of FR4 board  Ɛr1 5.4 
The thickness of Air Gap D2 2 mm 

The permittivity of PP Ɛr2 1 

 

The concept of utilizing air gap cavity has been introduced 

in reference [12], however the antenna operating frequency 

reported at 5.8 GHz. In this research, the extremely higher 

frequency is chosen to apply the concept of air gap cavity into 

mm-wave application. 

 
III. SIMULATION 

 

The simulated return loss result is shown in Figure 2. The 

simulated result show the resonant frequency response 

beginning from 22.2 GHz. Return loss at 26 GHz for 

simulation is 21.4 dB.   

The radiation pattern has been simulated to predict high 

characteristic performance on mm-wave air gap RLSA. Figure 

3 illustrates the 3D radiation pattern of the Air Gap RLSA at 

26 GHz. From the 3D pattern, it clearly shows that the 

concentration of the radiated energy is on the main beam. 

The E and H plane radiation pattern is shown in Figure 4. 

The antenna directivity gain recorded at 23.45 dBi meets the 

design specification. The 10 dB side lobe level is recorded at 

E plane while 18.5 dB at the H plane. This antenna also 

provides 24 dB front to the back lobe ratio at E and H plane. 

The main lobe is squinted at 9 degree from 0 degree. The 

radiation pattern shows high directivity characteristic that is 

suitable for the wireless backhaul application. In overall, the 

radiation pattern shows directive characteristics with a 

potential for point to point application. The results is been 

summarized in Table 2. 
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Figure 2: Simulated reflection coefficient of Air Gap RLSA 

 

 
Figure 3: 3D Simulated Radiation pattern for Air Gap RLSA (a) without 

structure; (b) with structure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Simulated Radiation pattern on E and H plane for 26 GHz Air Gap 

RLSA 

 

IV. MEASUREMENT 
 

The 200 mm diameter of air gap RLSA has been 

successfully designed and fabricated. The equivalent dielectric 

value influenced the number of slots and the slots length on 

the surface of the antenna. The radial arrangement of slots pair 

was constructed in the area of 150 mm diameter as shown in 
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Figure 5. It is also influenced by the dielectric air gap 

thickness as shown in Figure 6. 
 

Table 2 

The Summary of the Simulated Radiation Pattern Results 

 

Antenna Parameter Simulation 

Directivity Gain (dB) 27 

Gain (dB) 23.8 

Beamwidth at -3dB 
 E-plane (degree) 

 H-plane (degree) 

 
6.6 

6.5 

Front to Back Ratio (dB) 
 E-plane 

 H-plane 

 
24 

24 

Main to Side Lobe Ratio 
(dB) 

 E-plane 

 H-plane 

 
 

10 

18.5 
Return Loss (dB) 21.4 

 

 

 
 

Figure 5: The slots on the surface of Air Gap RLSA prototype 

 

 
 

Figure 6: Side view of Air Gap RLSA at 26 GHz band 

 

The return loss of fabricated air gap RLSA has been 

measured to verify the simulation results. The measurement 

has been done using PNA-X Agilent Network Analyzer 

N5242A (10 MHz - 26.5 GHz). Since this network analyzer 

only measures up to 26.5 GHz frequency, the measurement 

beyond 26.5 GHz cannot be performed.  

The measured and simulated result was compared as shown 

in Figure 7. The starting measured resonant frequency 

response occurs at 25.4 GHz. The return loss at 26 GHz for 

simulation is 21.4 dB while 20 dB is recorded for the 

measurement. The graph shows the measured frequency has 

shifted to the right which is 3 GHz to the higher frequency 

range. The frequency shift are due to the variation of substrate 

permittivity (dielectric constant Ɛr) as well as tolerance of 

substrate thickness The measured bandwidth of at least 1000 

MHz (25.5-26.5 GHz) is achieved.  

In millimetre wave, the small changes (in millimetre) on slot 

width and air gap distance can change the resonant frequency. 

That might cause the frequency to be shifted to the higher 

range of frequency. However, the comparison has shown the 

same pattern of return loss on simulation and measurement. It 

proofed that the air gap cavity concept can be applied in 

millimetre wave frequency range. 
 

 
Figure 7: Detail simulated and measured reflection coefficient of Air Gap 

RLSA 

 
Figure 8 and 9 compare the simulated and measured 

radiation pattern and parameters of the Air Gap RLSA at E 

and H plane. The results of measured pattern show a better 

directivity characteristic as compared to the simulation. 

Measurement data also shows a good gain achieved at 25.8 

dBi which is 2 dB higher than simulation. The 6.5o 

beamwidth is obtained from the measurement. This is very 

close to the simulated result. The 12 and 17 dB measured side 

lobe level recorded from the measurement on E and H plane 

which is close to the predicted value. The 22 and 24 dB 

measured back lobe level recorded on E and H plane which is 

also close to the predicted value. The overall result shown in 

Table 3. 
 

V. CONCLUSION 
 

The Open Ended Air Gap Cavity RLSA is proposed as a 

new candidate for FWA application at 26 GHz band. A model 

of Air Gap RLSA has been simulated using hybrid air gap and 

FR4 dielectric material. The 1000 MHz measured bandwidth 

obtained from 25.5 GHz to 26.5 GHz. A 25.8 dBi directive 

gain is recorded from the measurement. The less than 10 

degree beamwidth of the radiation pattern is sufficient for high 

directional application. The overall radiation pattern result 

shows a good agreement between simulation and 

measurement.   

However, the measured and simulation return loss does not 

show the agreement except at 26 GHz. Therefore, it is 

suggested to conduct a study and analysis to further 

investigate on this differences. Therefore, it is suggested to 

conduct a study and analysis to further investigate on this 

differences. 
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Figure 8: Simulated and measured radiation pattern on E plane at 26 GHz 
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Figure 9: Simulated and measured radiation pattern on H plane at 26 GHz 

 
Table 3 

The Summary of the Simulated and Measured Radiation Pattern Results 
 

Antenna Parameter Simulation Measurement 

Directivity Gain (dB) 27 27.4 
Gain (dB) 23.8 25.8 

Beamwidth at -3dB 

 E-plane (degree) 
 H-plane (degree) 

 

6.6 
6.5 

 

6.5 
6.5 

Front to Back Ratio (dB) 

 E-plane 
 H-plane 

 

24 
24 

 

22 
24 

Main to Side Lobe Ratio (dB) 

 E-plane 
 H-plane 

 

10 
18.5 

 

12 
17 

Return Loss (dB) 21.4 20 
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