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This article proposed a compact dual band circular ring patch antenna designed for wireless communi-
cation applications. This novel method improves performance metrics by incorporating a rectangular slot
into the patch, which enables operation over two different frequency bands. The addition of the slot signifi-
cantly increases the return loss of the antenna, which is essential for effective wireless communication.
The optimal dimensions of the proposed antenna are 15 x 15 x 2.07 mm3. The FR-4 substrate used in the
prescribed design provides a cost-effective, affordable, reliable, and emergency-useful option. The suggest-
ed antenna design achieves excellent performance despite its small size by operating effectively at both
6.9 GHz and 12.2 GHz. The prescribed structure offering a bandwidth of 0.5 GHz (6.7-7.2 GHz) at 6.9 GHz
and 0.6 GHz (11.9-12.5 GHz) at 12.2 GHz, along with an improved return loss of —41 dB and — 42 dB,
VSWR of 1.02 and 1.01 at resonance. These characteristics enhance the impedance matching at the respec-
tive frequencies. The simulated radiation efficiencies are 80 % and 89 %, respectively. In addition, the
peak-gain of the prescribed antenna is 9.9 dBi and 9.92 dBi at the desired frequency bands. This design is
perfect for wireless communication applications since it is simple, compact, and easy to carry. It also allows

seamless operation over two separate frequency bands with minimum reflections.
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1. INTRODUCTION

There is an increasing need for antennas that pro-
vide a combination of high gain, radiation efficiency,
low cost, and profile in the present wireless communi-
cation environment. An increase in this demand is
anticipated. The dielectric resonator antenna is a
prominent contender among these several options be-
cause to its very desirable characteristics. These an-
tennas can be bought from the commercial sector in a
number of shapes and sizes, but the circular ring shape
is especially favored for two strong reasons. The ability
to precisely regulate the quality factor is the first ad-
vantage, as it provides two degrees of freedom. Opti-
mizing this control is necessary to maximize the an-
tenna's performance. The ability of the resonating an-
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tenna to handle three different modes is its second
benefit. Implementation diversity is provided by these
modes, which enable the formation of a broad range of
far-field radiation patterns [1]. The resonating antenna
is a great choice for satisfying the demands of modern
wireless communication due to its versatility and
strong performance. For example, an omnidirectional
pattern antenna that operates in two bands and is
small is shown in [2-3]. To accomplish two transition
band operations in [2], a couple of feeds with two para-
sitic metals inside the antenna box are inserted; how-
ever, the antenna gain is not very high. According to
research by Song et al. [3], dual-band operation can be
covered with the improvement of actual gain using an
omnidirectional WLAN loop-slot antenna. A cavity and
slot-dipole hybrid construction with array scalability,
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as well as other methods for obtaining an omnidirec-
tional pattern antenna with high gain, are demonstrat-
ed in [4]. A 40 x 49 mm? size microstrip patch is pro-
posed in [5] that utilizes a polarization-conversion meta
surface through etching the complementary split ring
resonator. The overall size of 30 x 40 mm?2, tiny circular
radiating element with two resonating bands covering
2.39-3.75 GHz and 5.39-7.18 GHz was proposed in [7]
for various wireless applications [6]. A novel structure
with dimensions of 35 x 34 x 1.6 mm?3 was developed by
Nafis Almas Nafi et al. [8]. This design runs at 4.19
and 4.91 GHz and has a bandwidth ranging from 3.3-
4.2 GHz and 4.4-5 GHz. Moreover, flexible antennas
are being developed for a broad range applications [9],
such as wearable electronics, robotics, IoT [10].

In this article, a novel method for improving dual-
band patch antennas' gain, return loss, and compact-
ness using a circular ring and rectangular slot is pre-
sented. The ground and radiating planes were con-
structed using 0.035 mm thick copper and FR-4 as a
middle layer with 4.3 permittivity. To assess the per-
formance of the proposed antenna, its dimensions,
operating frequencies, gain, VSWR, and return loss are
compared with those of earlier studies.

2. DESIGN METHODOLOGY

The proposed design consists of a circular ring with
a rectangular slot type antenna as shown in Figure 1.
The conventional three-layer structure uses copper for
the ground layer, which has total measurements of
15 x 15 x 0.035 mm?. The middle FR-4 layer has a total
size of 15 x 15 x 2 mm3. A radiating patch made of
copper with an overall size of 13 x 13 x 0.035 mm3 is
utilized. The dimensions (mm) of the prescribed struc-
ture are R1=10, R2=9, R3=7, R4=6, Rs=3, a=>5,
b=3,c=2,x=y=0.5.
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Fig. 1 — Top view of the proposed antenna

Electromagnetic challenges that need accurate and
quick simulation results are solved with the CST tool.
The key advantage of this tool is its straightforward
requirements for linear resource scaling with respect to
the number of mesh nodes. This allows for the simple
and efficient control of huge radiating structures.

2.1 Step by Step Design Approach

Figures 2 (a-d) depict the methods that were taken
into consideration for constructing the proposed anten-
na. The basic design (Step-1) employs a circular ring as a
radiating patch, as seen in Fig. 2(a). In the second stage
of design (Step-2) involves inserting a second circular
ring inside the first ring with two small square patches
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as depicted in Fig. 2(b). In the third step (Step-3), a
circular ring is added inside the second ring with two
small square patches, as shown in Figure 2(c). The last
fourth stage (Step-4) involves inserting a rectangular
slot within the three rings and inserting two patches at
both sides of feeding, as shown in Fig. 2(d). Figure 3
shows the return loss plot for different parts of
constructing the proposed design. The last stage (Step-4)

yields the highest return loss.
(@) (b)
(© (d)

Fig. 2 — Construction of the suggested antenna using various
design stages (a) Step-1 (b) Step-2 (c) Step-3 (d) Step-4
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Fig. 3 — The prescribed design S11(dB) vs frequency plot for
various iteration steps

3. PARAMETRIC ANALYSIS
3.1 Impact of R1 and R: Parameters

The split gap in the design determines the capaci-
tance value, whilst the metal's length, width, and
thickness determine the inductance value. The relative
return loss plot is depicted in Figure 4(a) following
parametric analysis, by varying R1 from 9-11 mm with
1 mm step size. The return loss is decreased at
R1=9mm and 11 mm. According to Figure 4(a), the
maximum return loss for two resonant bands attained
only at R1=10 mm. Similarly, Rz is varied with an
increment of 1 mm from 8 to 10 mm, the relative return
loss plot is displayed in Figure 4(b). Figure 4(b) illus-
trates that at two resonant bands, R2 =9 mm produces
the highest return loss, whereas R2 = 8 mm and 10 mm
produces the lowest return loss.
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Fig. 4 — S11(dB) plots obtained through parametric analysis by
varying (a) R1 and (b) R: parameters

3.2 Influence on Various Types of Conductive
and Dielectric Materials

Analyzing the impacts of various conducting and di-
electric materials has revealed differences in return
loss. The utilization of suitable material alternatives is
essential for the development of an effective structure
in the proposed design. While designing the uppermost
layer of the design, three conductive materials were
considered: gold, aluminium and copper. The copper
material may yield the highest Si11 of the conductive
materials investigated in Figure 5(a). The pink spec-
trum indicates that copper has been selected as the
conducting material. Furthermore, parametric analysis
is carried out for a several dielectric materials. The
dielectric materials considered in the study include
polyimide, Topas and FR-4. Figure 5(b) shows that the
FR-4 substrate material design yields the highest re-
turn loss based on the analysis.
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Fig. 5 — S11(dB) Plot for different materials utilized in the
design analysis (a) conductive and (b) dielectric

4. RESULTS AND DISCUSSIONS

Figure 6 depicts the proposed design's return loss
plot. Initial resonance of the proposed antenna occurs
at 6.9 GHz with 0.5GHz bandwidth (6.7-7.2 GHz) with
return loss of —41 dB, while the proposed design also
resonates at 12.2 GHz with 0.6 GHz bandwidth
(11.9-12.5 GHz) with return loss of — 42 dB. The VSWR
of the suggested design is illustrated in Fig. 7. This
figure shows that throughout the whole operational
bands' resonant frequency, the VSWR values are below
1.1. To effectively couple electromagnetic (EM) energy
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into the suggested antenna, a detailed analysis of the
microstrip feed with a circular ring is conducted, and
the feed length is optimized. In addition, the rectangu-
lar slot's implementation results in a higher return loss
for the resonating bands. As seen in Figure 7, the
VSWR values at resonance are 1.02 and 1.01. Which
represents, the proposed antenna has a minimum re-

flection at two resonant bands.
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Fig. 6 — Return loss Plot Fig. 7- VSWR Plot

The proposed design operates at two resonant fre-
quencies 6.9 and 12.2 GHz produces an excellent peak
gain of 9.9 and 9.92 dBi at resonance as depicted in Figure
8(a-c), produces a high radiation efficiency of 80 and 89 %
at resonance as shown in figure 9 respectively.
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Fig. 8 - Gain plot of proposed antenna (a) Simulation
(b) At 6.9GHz (c) At 12.2 GHz
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Fig. 9 - Radiation efficiency plot
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4.1 Various Distributions and Analysis

According to Figure 10(a), the inner circular ring of
the radiating patch exhibits the lowest electric field
intensity at 6.9 GHz along the antenna's vertical direc-
tion. The electric field is stronger at 12.2 GHz in the
inner and outer circular rings, as well as on the left
and right side of the feed point, as seen in Figure 10(b).
In Figure 11(a), a minimum magnetic field is shown in
and around the circular ring, which spreads horizontal-
ly along the antenna at 6.9 GHz. The magnetic field is
stronger at 12.2 GHz, as seen in Figure 11(b). Conse-
quently, the directions of propagation of the electric
and magnetic fields are opposite. Figure 12(a-b) illus-
trates that the feed line displays the maximum current
distribution when operating at 12.2 GHz. The inner
and outer ring radiating patch has the lowest distribu-
tion of current at 6.9 GHz when compared to 12.2 GHz.
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Fig. 10 — Distribution of E-field at (a) 6.9 GHz (b) 12.2 GHz
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Fig. 11 — Magnetic field distribution at (a) 6.9 GHz (b) 12.2 GHz
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4.2 Performance with  Other

Reported Works

Comparison

The performance of the suggested antenna is con-
trasted with the presented literature in Table 1. This
proposed square-shaped multi-slot defective ground
structure patch antenna offers superior radiation effi-
ciency and gain while maintaining compact size.

Table 1 — Comparison with recently reported work
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This _ 15x15 |~ 41 and | 1.02 and | 9.9 and

Work — 42 1.01 9.92

5. CONCLUSION

This article presents a circular ring shape mi-
crostrip patch antenna designed for wireless communi-
cation application. The total dimensions of the pro-
posed antenna are 15 x 15 x 2.07 mm?3, and a FR-4
dielectric substrate material has been used for simula-
tion. An antenna designed with optimal dimensions
produces superior outcomes, resulting in satisfactory
antenna performance. The proposed antenna achieves
9.9 dBi and 9.92 dBi of peak gain, and 80 % and 89 %
radiation efficiency at 6.9 and 12.2 GHz frequencies,
respectively. Hence, the suggested antenna is strongly
recommended for effective wireless communication
applications.
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VY wmiit crarTi 3aIpOIIOHOBAHO KOMIIAKTHY JBOJIAIIA30HHY KPYIVIy K1JIbIIEBY IATY-aHTEHY, IIPHU3HAYEHY
1utst 6e3apoToBoro 3B's13Ky. Lleit HOBMIT MeTO[ MOKpPAIy€e MOKA3HUKY IIPOIYKTUBHOCTI IIJISIXOM BKJIIOYEHHS
HPSIMOKYTHOTO CJIOTA B IIATY, IO JI03BOJISIE IIPAIIOBATH B JIBOX PI3HUX [ianasoHax vacror. JlomaBauus ciora
3HAYHO 301/IbIIye BTPATH Ha BIOOWTTSA AHTEHH, IO € BAYKJIUBUM IJIS e(PEKTHBHOIO 0E3IPOTOBOTO 3B'3KY.
OnruMaJsibHI PO3MIpH 3aPOIIOHOBAHOI AHTEHHU CTAHOBJATE 15 x 15 x 2,07 mm3. [ligknanka FR-4, mo Buko-
PHCTOBYETHCSI B 3AIIPOIIOHOBAHIN KOHCTPYKIII, € eKOHOMIYHO e(DeKTUBHUM, JOCTYIIHUM, HAJIHHUM Ta KOPHUC-
HUM B HAQ/I3BUYANHUX CUTYAI[lAX BapiaHTOM. 3aIPOIOHOBAHA KOHCTPYKI[isI AaHTEHU JIOCATAE UyJOBUX XapakK-
TEPUCTUK, HE3BAMKAIOUN HA CBifl HEBEJIMKUU po3Mip, eeKTUBHO IIpaIliolnyn Ak Ha yactorax 6,9 I'T'm, Tax 1
Ha 12,2 I'Tu,. 3amporoHoBaHa CTpyKTypa mpononye cmyry mporyckandd 0,5 I'Tx (6,7-7,2 I'T'r) ma gacrori 6,9
ITu Ta 0,6 I'Tm (11,9-12,56 I'Tum) Ha uwacrori 12,2 I'Ti, a Takosk IOKpallleHi BTpPATH HAa BIIOWTTSA
—41 gb ta — 42 1B, KCXH 1,02 ta 1,01 mHa pesonasci. 1{i xapakTeprCTUKY ITOKPAIIYIOTh Y3TOAMKEeHH IMIIe-
JIaHCY Ha BIAMOBIIHWX dactoraxX. MojesroBaHa e(eKTHBHICTH BUMPOMIHIOBaHHS craHOoBUTH 80 % Ta 89 %
Bigmosinuo. Kpim Toro, mikoBuit kKoedillieHT MoCHJIeHHs 3aaH01 aHTeHu craHoBUTh 9,9 Ta 9,92 1B B moTpib-
HUX JTama30HaxX 9acToT. 1[g KOHCTPYKINSA 1/1easibHO MIXOIUTH JJIsA 0e3IPOTOBOrO 3B'S3KY, OCKIJIBKMA BOHA
pocTa, KOMIIAKTHA Ta 3pyJYHA JJId MepeHeceHHs. BoHa Takoxk 103BoJIsie Oe3mepebiitHy poboTy y IBOX OKpe-
MHUX J1ala30Hax 4acToT 3 MIHIMAJIbHUMHU B1IOATTAMU.

Kmouori ciosa: Aurena, /[omianasounna, KoedirienT miacuments, EdgexTurHiCTh BUITPOMIHIOBAHHS.

04021-5



