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Abstract. This paper aims to investigate and design a radial line slot array antenna (RSLA) with closed ring resonator (CRR) for return loss 
improvement. The CRR printed on a dielectric substrate with a circumference alignment position attached to the RLSA antenna. The CRR structure 
used the combination of the four rings with a rectangular shape and showed a response in the range of 25.30 GHz up to 31.40 GHz. It is worth 
mentioning that applying a gap cavity height (h) of the superstrate layer to the CRR structure is needed to improve the return loss significantly. 
However, as the superstrate layer of the CRR structure is increased the value of the gap cavity height must be adjustable to ensure that the return 
loss is maintained at the same resonant frequency. The return loss performance showed a significant improvement from -10.30 dB to -12.34 dB for 
λ/4 gap between the antenna and the superstrate. 
 
Streszczenie. Artykuł ma na celu zbadanie i zaprojektowanie radialnej anteny liniowej z matrycą szczelinową (RSLA) z rezonatorem zamkniętym 
pierścieniem (CRR) w celu poprawy strat odbiciowych. CRR wydrukowany na podłożu dielektrycznym z pozycją wyrównania obwodu przymocowaną 
do anteny RLSA. Konstrukcja CRR wykorzystywała kombinację czterech pierścieni o prostokątnym kształcie i wykazywała odpowiedź w zakresie od 
25,30 GHz do 31,40 GHz. Warto wspomnieć, że zastosowanie wysokości wnęki szczelinowej (h) warstwy superstratu do struktury CRR jest 
potrzebne do znacznej poprawy strat powrotnych.  (Poprawa tłumienia odbicia anten radialnych z matrycą liniową w strukturze rezonatora z 

zamkniętym pierścieniem przy 28 GH) 
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Introduction 
The design of the radial line slot array (RLSA) antenna is 
already saturated nowadays, for example, many techniques 
of slots arrangement of the radiating plates had been 
applied such as spider RLSA [1] beam squint [2], [3] and 
reflection cancelling slot [4], [5] RLSA antenna. However, 
most researchers move to do the research using a 
substrate FR4 board to RT Duroid 5880 based on high-
frequency ranges for Millimeter-Wave application. 
The RLSA antennas were recently found a complicated 
compact size such as the honeycomb structures [6]–[8]. 
The low profile makes this kind of antennas used for Nomex 
® paper and Quartz fabric as a dielectric medium. 
Moreover, their frequencies were used for 32 GHz and 
provided a high gain characteristic. Furthermore, there are 
two waves that the RLSA provided, such as standing and 
inward travelling waves by enforcing both cylindrical 
aperture distributions of RLSA [9]–[13]. The frequencies 
have been through the research is on 62.5 GHz [9], 12 
GHz.[10] and 15 GHz [11]–[13]. Hopkins mentioned the 
frequencies of 7.2 GHz and 8.4 GHz is designed for X-band 
Deep Space Network (DSN) by applying circular waveguide 
[14]. However, using the metamaterial on the RLSA 
antenna is another way to enhance the antenna parameter. 
There are few metamaterial structures proposed to improve 
the antenna performance such as frequency selective 
surface (FSS) [15], [16], split ring resonator (SRR) [17], [18] 
and electromagnetic band-gap (EBG)[19]–[21]. However, 
there is no antenna made with metamaterial on RLSA 
structure. Moreover, the proposed antenna is evaluated 
based on the effectiveness of the design and will be 
compared with the conventional RLSA antenna. The 
selected frequency is at 28 GHz, which is in the range of 
Ka-band. A few techniques and designs to enhance the 
bandwidth and gain for 5G and millimetre-wave applications 
are also presented [22]–[24].  
This paper proposes a new technique on the RLSA antenna 
structure with a circular ring resonator (CRR) structure. The 
enhancement of return loss for RLSA antenna with a single 
superstrate layer as the resonant frequency of 28 GHz is 

introduced. The two values of height, h are proposed, which 
are λ/2 and λ/4, respectively. The antenna achieves a 
simulated return loss of -12.34 dB for -12.34 dB and -10.30 
dB for λ/4 significantly in linear polarization. 
 
RSLA antenna design 

To develop the RLSA array antenna, the simulation via 
the software CST microwave produced the rectangular slot 
length shaped with the diameter of the antenna's radiating 
surface of about 100 mm, as shown in Fig.1. By referring 
the parameters represented in Table 1, the calculated value 
for the rectangular slot length is λg/2 = 5 mm, and the width 
found to be 1 mm. The position of the feeder port is located 
at the back, and the pin of SSMA 50 Ohms is touched in the 
middle between the two slots in the centre of radiating plate. 
The numbers of slots in the first ring are 16.  

 

 
 

Fig.1. Structure of conventional RLSA antenna and the radiating 
shape 
 

The antenna is designed to operate at 28 GHz. For this 
design, the Roger RT 5880 substrate was used for the 
fabrication process comes with a dielectric material of (εr = 
2.2), and dielectric loss tangent (tan δ) of 0.0009. The 
height of the substrate (h) was 0.254. The SSMA connector 
was used which is considered as a miniature version of 



PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 97 NR 5/2021                                                                                        66 

SMA connector. A coaxial probe attaches the radial line slot 
array antenna, the coaxial probe of 50 Ω and the feed point 
is located in the middle between the rectangular slots on the 
radiating plate where the feed pin passes through the cavity 
thickness which means the ground plane and air gap are 
touching the substrates. 
 

Table1. Design specification of RLSA antenna 
Parameters Values (mm)

Radius of antenna 50 
Cavity of thickness 

(Minimum) 
2.254 

Thickness of radiating 
surface (copper) 

0.035 

Thickness of ground (copper) 0.035 
Slot width 1.0 
Slot length 5.0 

 

The cavity structure consists of hybrid RT5880 and air 
gap.  The substrate and air gap structures are calculated to 
be a single substrate. The air has 1.0 values of dielectric 
constant as duplicated in Fig. 2. 
 

 
 

a) 

 
 

b) 
Fig.2. The open-ended air gap structure RLSA antenna on RT 
Duroid 5880 by side view in both a) Two-dimensions and, b) Three 
dimensions for λ/2 and λ/4 
 

CRR design structure 
The metamaterial design, antennas, microwave 

absorbers, mixers, filters, and oscillators use a split ring 
resonator (SRR) design in microwave application. The SRR 
has the potential to raise the reflection loss or S11 results of 
the microwave absorber [25]. There are few types of the 
split-ring resonator that quite familiar in antenna and RF 
researchers which are edge couple split ring resonator (EC-
SRR), Broadside couple split ring resonator (BC-SRR), non-
bianisotropic couple split ring resonator (NC-SRR), spiral 
resonator and many others. To miniaturization of the 
resonant particles is the main objective of the split ring 
resonator structures. The split ring resonator can reduce the 
electric size by increasing the coupling effect between the 
individual rings of the split ring resonator. The contraction of 
the electrical size in the split ring resonators can raise the 
coupling effect between the individual rings. 

There may exist the coupling effect between the two 
circular rings, as presented in Fig. 3. Where the proposed 
structures consisting of printed resonating elements on two 
surfaces which top and bottom and, in the middle, attached 
with a full copper layer to achieve dual resonance. The 
equation for the simulated structure had been applied as 
below: 
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where:  r – radius of a circular ring,  ro – outer radius of a circular 
ring,  ri – inner radius of a circular ring,   λgo – guided wavelength at 
resonance,  Ere – effective relative resonance frequencies 
 
 

 
a) 

 
b) 

Fig.3. a) an array structure of metallic split-ring resonator. b) design 
for split-ring resonator (SRR) on the right and left is the closed ring 
resonator (CRR) 
 

Fig .4 and Table. 2 shows the CRR structure designed 
to be used In this research and the parameter values for a 
unit cell of CRR structure. These CRR structures must be 
placed at the superstrate layer's circumference located at 
the above layer of the RLSA antenna.  

 
Fig. 4. The design of a unit cell CRR structure 
 
 

 
a) 

 
b) 

Fig. 5. Fabricated superstrate above the air gap of RLSA antenna 
in both sizes a) 5mm and, b) 2.5mm 
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Table. 2 The following dimension value for the unit cell CRR 
structure design 

Alphabet for a unit cell CRR Optimization range (mm)
k 5.0 
l 0.05 

m 0.1 
n 0.15 
o 0.7925 

 

The gap cavity height, h is increased by 2.5 mm shows 
is shown in Fig. 5. Simultaneously as presented in [26]. 
Wang stated by applying and adjusting the height 
resonator, which is known as gap cavity height and the size 
of the FSS to enhance the gain because the 
electromagnetic wave can continuously reflect the cavity. 
 

Results and discussion 
There are three proposed design RLSA antenna have 

been simulated such as conventional, RT Duroid 5880 at 
λ/2 and RT Duroid at λ/4 of the gap cavity height of 
superstrate layer CRRs has well explained. The parametric 
study has been carried out for the separation or also known 
as a gap of the one layer of the circumference CRR 
structure. Two comparisons have been made for the 
distance of λ/2, which equivalent to 5 mm and decrement to 
λ/4, which equal to 2.5 mm away from the original RLSA 
antenna as presented in Fig. 5. 

The closed ring resonator structure can only work at a 
single frequency of 28 GHz, as shown in Fig. 6. The 
reflection coefficient of one element of CRR produced S11 
results more than - 40 dB and have a wider bandwidth from 
25.38 GHz to 31.38 GHz which around 6 GHz. Besides, the 
simulated result of the proposed 28 GHz reconfigurable in 
the band-stop state. 

 
Fig. 6. Simulated return loss result of CRR structure 

 

The simulated and measured reflection coefficient (S11) 
results are presented in Fig. 7 and Fig. 8. The return loss 
for RLSA without CRR with blue colour at 28 GHz is -11.42 
dB. The highest resonance at 25.23 GHz showed a return 
loss of 22.06 dB. The graph exhibits the bandwidth started 
from 26.92 GHz to 28.14 GHz frequency, and the response 
is below than –10 dB for return loss. Meanwhile, the λ/2 is 
equivalent to 5 mm as the green colour shows the return 
loss at 28 GHz is -12.34 dB. Therefore, the strongest 
resonant for simulated is at 25.40 GHz with a return loss 
performance of -22.24 dB and for the measured results is at 
25.53 GHz with -29.03 dB of return loss performance. The 
bandwidth started from 24.88 GHz frequency, and the 
response is below than -10 dB of return loss continues until 
28.34 GHz for simulated results. The frequency range from 
27.53 GHz to 28.34 GHz gave a bandwidth of 0.81 GHz. 
The bandwidth specified by the ITU is from 27.5 to 28.35 
GHz, it is the range of downlink band. Therefore, the 
simulated and measures return loss showed the response 
has covered the required bandwidth and covered a 
millimetre-wave at 28 GHz. The λ/4 is the red colour 
indicates the return loss at 28 GHz and -10.24 dB for return 
loss value. The strongest resonant for simulated is at 25.18 
GHz with a return loss reported at -23.54 dB and 25.53 GHz 

for the measured results with -25 dB return loss 
performance. The bandwidth started from 24.78 GHz 
frequency, and the response is below than -10 dB of return 
loss continues until 28 GHz for measuring results. The 
frequency from 27.17 GHz to 28.03 GHz indicates that the 
28 GHz of bandwidth range is included. The bandwidth 
specified by the ITU is from 27.5 to 28.35 GHz, it is the 
range of downlink band. Therefore, the simulation and 
measurement return loss showed the response had 
covered the required bandwidth. 
 

 
 
Fig. 7. Comparison of the reflection coefficient (dB) versus 
frequency (GHz) of simulation results 

 
Fig. 8. Comparison of the reflection coefficient (dB) versus 
frequency (GHz) of measurement results 
 

The effect of increasing the cavity height, “h” of the 
superstrate layer of the CRR structure is proposed. The 
results in a considerable increase in the return loss because 
of the combination of the hybrid Air gap RLSA antenna with 
a superstrate layer of CRR structure. There is a minor shift 
in frequency to the right and exactly falls on 28 GHz for the 
RT 5880 at 2.5 mm. However, the RT 5880 at 5 mm is 
exactly resonant at 28 GHz of the centre frequency range. 
The comparison results between the simulated and 
measured results are listed in Table. 3. 
 
Table. 3 The performance cavity height of the superstrate layer of 
RLSA antenna 

Antenna Simulation Measurement
RT Duroid 5880 without 

CRR 
-11.42 -11.01

RT Duroid 5880 with CRR 
at quarter wavelength 

-12.34 -15.04

RT Duroid 5880 with CRR 
at half-wavelength 

-10.24 -17.19

 

The radiation pattern for both models is simulated for 
the high characteristic performance of millimetre-wave air 
gap RLSA. The radiation patterns are presented in the 
Cartesian plane, as shown in Fig. 9. The RT Duroid 5880 
with CRR at λ/2 performed a high gain of 20.02 dB, and 
20.41 dBi of directivity. Meanwhile, the RT Duroid 5880 with 
CRR at λ/4 offered a peak gain of 19.43 dB with 20 dBi of 
total directivity. 
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Next, for λ/2, the sidelobe level (SLL) is about -10.70 dB 
at the E plane while the SLL for H plane is -2.80 dB. This 
antenna also provides a 38.28 dB front to the back-lobe 
ratio at E and H plane. Hence, the main lobe is squinted 18o 
to the left. The λ/2 with air gap RLSA has a half-power 
beamwidth (HPBW) of 7.10 degree and 22.0 degree in E 
and H planes, respectively. Then, for λ/4 the -18.46 dB 
sidelobe level is recorded at the E plane while H plane 
value is at -9.10 dB. This antenna also provides 36.25 dB 
front to the back-lobe ratio at E and H plane. Hence, the 
main lobe squinted 2o to the left. The λ/4 with air gap RLSA 
has a half-power beamwidth (HPBW) of 7.70 and 21.60 
degrees in the E and H planes. 

The comparison between the simulation and 
measurement results for E-plane and H-plane are tabulated 
in Table. 4. The gain value of the measurement result 
slightly differs from the simulated result. It is due to the 
losses from the cable, which is -3 dB. The measured value 
shows a good agreement with the simulated results 
because both sidelobe level (SLL), and back lobe level 
(BLL) is below than -10 dB and -20 dB, without CRR 
structure. 

The gain value slightly differs to 0.270 dBi for the 
simulated result. The measured H-plane received more 
than 20 dB for the back-lobe value of ripple, because of the 
cable dislocated from the slot, and may due to the 
circumference of CRR structure does not mesh with the 
RLSA antenna with CRR structure at λ/4 distance. 

The simulation and measurement radiation pattern of 
RT Duroid 5880 with air gap RLSA at 28 GHz without CRR, 
and with CRR at λ/2 and CRR at λ/4 with air gap RLSA at 
28 GHz are registered in Table 4. The measured result for 
gain slightly differs from the simulated due to the 

fabrication's effect, and more about the material used to 
contact the ground plane with the SMA port, which is 
screwed. The 3D views show an advantage in a point-to-
point communication system. 

 
Table 4. The summary of simulation and measurement radiation 
pattern of RT Duroid 5880 with air gap RLSA at 28 GHz without 
CRR, with CRR at λ/2 and CRR at λ/4 with Air Gap RLSA at 28 
GHz. 

Antenna 
Paramet

er 

Simulation Measurement

Without 

CRR 

With 

CRR 

λ/2 

With 

CRR 

λ/4 

With

out 

CRR 

With 

CRR 

λ/2 

With 

CRR 

λ/4 
Gain 
(dBi) 

19.750 20.02
0 

19.4
30 

19.0
91 

19.4
80 

19.700 

Beamwid
th at -3 
dB 
>E plane 
(degree) 
>H plane 
(degree) 

 
8.700 
5.900 

 
7.100 
22.00

0 

 
7.70

0 
21.6
00 

 
7.20

0 
2.56

7 

 
9.00
0 
1.80
0 

 
1.800 
6.600 

Main to 
Side 
Lobe 
Ratio 
(dB) 
>E plane 
>H plane 

 
21.920 
9.508 

 
22.36

0 
5.600 

 
18.4
60 

9.10
0 

 
18.7
77 

25.2
00 

 
16.4
49 
17.2
81 

 
48.600 
24.750 

Front to 
Back 
Ratio 
(dB) 
>E plane 
>H plane

 
42.469 
21.783 

 
42.76

0 
19.08

0 

 
36.5
86 

22.5
46 

 
27.4
78 

33.8
00 

 
26.2
46 
26.6
32 

 
22.562 
12.650 

E-plane for without CRR H-plane for without CRR 

E-plane for with CRR at λ/2 H-plane for with CRR at λ/2 

E-plane or with CRR at λ/4 H-plane or with CRR at λ/4 
Fig. 9. Simulated and measured for E-plane and H-plane results between RT Duroid 5880 without CRR, RT Duroid 5880 with CRR at the 
distance of λ/4 and λ/2 



69                                                                               PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 97 NR 5/2021 

Conclusion: 
As discussed, the CRR structure suppresses the 

surface wave propagation. The improvement of return loss 
with high gain is obtained. The air gap of cavity height, “h” is 
adaptive. The gap of cavity height of λ/2, which is 5 mm 
shifted to the right due to inductive, L and resonate 
frequency at the centre of 28 GHz. This kind of antenna is 
working on millimetre wave as an effective way for a 5G 
communication and point to point system. 
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