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In this article, a multi-slot defective ground structured microstrip patch antenna with a square shape
for various letter band applications is proposed. The proposed structure was designed using a polyimide di-
electric material with 2mm thickness, which has a dielectric constant of 3.5. The total size of the antenna
is 20 x 20 x 2.07 mm3. The proposed antenna achieves triple band operation while preserving a compact
radiator size. The designed radiator has the capability to operate across three separate frequency bands,
spanning from 4.2 to 5 GHz, 9.3 to 9.9 GHz, and 12.7 to 13.4 GHz, with three separate resonance frequen-
cies of 4.6, 9.6, and 13.1 GHz, respectively. A peak gain of 8.2, 6.8 and 7.4 dBi, radiation efficiency of 91, 83
and 89 % are attained at resonance. A comprehensive parametric analysis was conducted utilizing the CST
simulator to improve performance over the operational frequency range with respect to reflection coeffi-
cient (S11). Additionally, we examine the impacts of various conductive materials (aluminum, gold, iron and
copper) and dielectric materials (FR-4, Topas, Quartz Lossy and Polyimide) on the response of the suggest-
ed antenna. The antenna design methodology, as well as the analysis of field and current distributions are
presented. The prescribed triple band defective ground structure patch antenna can be used for C-, X- and
Ku-band applications.
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1. INTRODUCTION layers [4], and changing the patch's fundamental shape
by using metamaterials and metasurface. For example,
an FSS with concentric square loops as a conducting
patch and metamaterial [5] is used to enhance perfor-
mance; in this case, the antenna size is 70 x 70 mm?
used, it will operate at two different frequencies and
attain a 7.5 dBi peak-gain with 3D printed superstrate
is suitable for ISM band applications [6]. In order to
increase gain and radiation efficiency, the proposed
dielectric resonator antenna [7] uses a triple-layer FSS
as a superstrate, with a dimension of 45 x 42 mm?2. For
applications involving vehicle communication, a square
patch antenna loaded with varactors and featuring
truncated corners is proposed. It operates at two dis-
tinct frequencies with a size of 42.5 x 28.5 mm?2. To
achieve a peak gain of 13.1 dBi, a cross-shaped FSS is

In wireless communication, we need compact, con-
formal, inexpensive, and easily fabricable antennas in
order to establish communication on higher frequency
bands. A promising environment for multiband anten-
nas with compact dimensions is presented by the con-
tinuous advancements in high-speed and multifunc-
tional electronics [1-2]. The compact design and low
profile of microstrip antennas make them particularly
useful among multiband antennas. However, low gain,
high loss, low radiation efficiency, and limited band-
width are some of the significant disadvantages of
microstrip patch antennas. There are several strategies
being used to solve these Challenges [3]. Some of them
include using arrays of patch antennas, modifying the
thickness of the substrate, adding numerous substrate
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used [8]. A novel decoupling technique was employed in
the 100 x 150 mm? size of UWB antenna, and antenna-
elements were made of the metasurface layer to attain
isolation of above 25 dB [9]. The mutual coupling in the
MIMO antenna was reduced to 34 dB by using an
L-shaped inverted slot [10]. By adding bottom rings
and stubs, the half-hexagonal monopoles increased
isolation by 20 dB and a variety of decoupling tech-
niques are employed to optimize isolation [11]. The 2.2
GHz-12.3 GHz band was covered by a four-port verti-
cal polarized antenna that was highly compact and had
an isolation of over 15 dB. A Low mutual coupling was
attained using a particular interlocking decoupling
technique [12]. In order to obtain a minimum CCL of
below 0.29 bits/Hz and improve isolation by — 22 dB,
2 x 2 and 4 x 4 very compact MIMO elements were
equipped with "neutralizing lines," a very complex
mutual coupling mechanism [13]. A parasitic novel
structure was inserted between the patch elements of a
pentagonal antenna structure [14] for multiple fre-
quency and 5G applications [15], such as the array
antennas or the circular-ring designs in [16-17], despite
their size advantages, tiny designs have minimum
matching impedance and poor reflection coefficient.

In response to the necessity of a multi-band applica-
tions with compact size, high efficiency and return loss,
we designed square shaped multi slot defective ground
structure antenna, which operates at three resonant
frequencies of 4.6,9.6 and 13.1 GHz with reflection
coefficient of — 16, —11.7 and — 14.6 dB respectively.
This low-profile antenna provides an excellent gain of
8.2, 6.8 and 7.4 dBi and radiation efficiency of 91, 83
and 89 % at resonance.

2. PRESCRIBED ANTENNA CONFIGURATION

The proposed antenna design contains a square
square shaped multi-slot antenna with defective
ground structure, as portrayed in Figure 1. The ground
layer in the conventional three-layer arrangement is
made of copper and has overall dimensions of 5 x 20 x
0.035 mm3. The suggested antenna was designed using
a polyimide middle layer and a relative dielectric value
of 3.5, with a total size of 20 x 20 x 2 mm3. A copper
substance is used as a radiating patch with the overall
dimension of 18 x 18 x 0.035 mm3. The dimen-
sions(mm) of the suggested antenna are P:1= 14,
Po=12, Ri=5, Re=35, a=1, b=1, x=5.5, y=2.5,
z=1.
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Fig. 1 - Proposed structure (a) Top view and (b) Back view
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The CST tool is used to solve electromagnetic prob-
lems that require precise and speedy simulation re-
sults. Simple requirements for linear resource scaling
in corresponding to the no. of mesh nodes are the main
benefit of this tool. This enables the simple and effec-
tive control of large radiating structures.

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

The capacitance value of the design is determined
by the split gap, while the inductance value is deter-
mined by the parameters of the metal, which include
its length, width, and thickness. The relative Si1 plot is
shown in Figure 2(a) after parametric analysis, with R1
varied from 4 to 6 mm in 1 mm increments. By employ-
ing R1=4 mm and 6 mm, the reflection coefficient is
reduced. The highest reflection coefficient for all three
resonant bands occurs only at R1 =5 mm, as shown in
Figure 2(a). Similarly, the relative Si1 plot is shown in
Figure 2(b) when R: is varied in increments of 0.5 mm
from 3 to 4 mm. Rz = 3.5 mm yields the maximum re-
flection coefficient at three resonant bands, whereas
R2 =3 mm and 4 mm yields the least reflection coeffi-
cient as depicted in Figure 2(b).
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Frequency(GHz) Frequency(GHz)
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Fig. 2 - S11(dB) plots obtained through parametric analysis
by altering (a) R1 and (b) Rz parameters

3.2 Impact of P1 and P2 Parameters

The relative S11 plot is shown in Figure 3(a) after
parametric analysis, with P: varied from 13 to 15 mm
in 1 mm increments. By using P1 = 13 mm and 15 mm,
decreases the reflection coefficient. The highest reflec-
tion coefficient for all three resonant bands occurs only
at P1 = 14 mm, as shown in Figure 3(a). When P: is
varied in increments of 1 mm from 11 to 13 mm, Figure
3(b) similarly depicts the relative Si1 plot. As shown in
Figure 3(b), the smallest reflection coefficient is
achieved at P2 =11 mm and 13 mm, whereas the high-
est reflection coefficient for three resonant bands is
achieved at P2 = 12 mm.

3.3 Influence on Various Types of Conductive
and Dielectric Materials

Analyzing the impacts of various conducting and di-
electric materials has revealed differences in reflection
coefficient. The utilization of suitable material alterna-
tives is essential for the development of an effective
structure in the proposed design.
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(4.2 to 5 GHz) with Si1 of — 16 dB, while the proposed
design additionally resonates at 9.6 GHz with a 0.6
GHz bandwidth (9.3 to 9.9 GHz) and at 13.1 GHz with
a 0.7 GHz bandwidth (12.7 to 13.4 GHz) with Si1 of
—11.7 dB and — 14.6 dB respectively.

m e P =13mm f—P,=11mm
=P =14mm(Proposed) = P,=12mm(Proposed)
-18 —P,=15mm 164 —P;=13mm
A8 d—r T T T T T T 18 . T - T -
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14 4.56

Fig. 3 - S11 (dB) plots obtained through parametric analysis
by altering (a) P: and (b) P; parameters

While designing the uppermost layer of the design, five
conductive materials were considered: gold, aluminum,
iron and copper. The copper material may yield the
highest Si11 of the conductive materials investigated in
Figure 4(a). The red spectrum indicates that copper has
been selected as the conducting material. Furthermore,
parametric analysis is carried out for a several dielec-
tric materials. The dielectric materials considered in
the study include FR-4, Topas, quartz lossy and polyi-
mide. Figure 4(b) shows that the Polyimide substrate
material design yields the highest reflection coefficient
based on the analysis.
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Fig. 4 - S11 (dB) Plot for different materials utilized in the
design analysis (a) conductive and (b) dielectric

4. RESULTS AND DISCUSSIONS

Figure 5 displays the proposed design's reflection
coefficient plot. First resonance of the proposed anten-
na occurs at 4.6 GHz with a 0.8 GHz bandwidth

Gain(dBi)

2 4 6 8 0 2 u
Frequency(GHz)

2 4 6 8 10 12 1%
Frequency(GHz)

Fig. 5 — Reflection coefficient vs Frequency plot

(a) (b) (© (d)

Fig. 6 — Relative peak gain of the proposed design (a) Simula-
tion (b) at 4.6GHz (c) at 9.6GHz (d) at 13.1 GHz

The proposed design operates at three resonant fre-
quencies 4.6, 9.6 and 13.1 GHz produces an excellent
peak gain of 8.2, 6.8 and 7.4 dBi at resonance as de-
picted in Figure 6(a-d), produces a high radiation effi-
ciency of 91,83 and 89 % at resonance as shown in Fig-
ure 7 respectively.
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Fig. 7 - Radiation efficiency of the suggested design

4.1 Various Current Distributions

The highest electric field intensity at 4.6 GHz is ob-
served on the upper and lower sides of the radiating
patch with circular slot and extends along the vertical -
direction of the antenna, as seen in Figure 8(a). Figure
8(b) shows that the electric field is less intense at 9.6
GHz in the circular slot, while Figure 8(c) shows that
the electric field is strong at 13.1 GHz in and around
the circular slot. A maximum magnetic field is ob-
served below the patch's circular slot in Figure 9(a),
spreading horizontally along the antenna at 4.6 GHz.
Figure 9(b-c) illustrates that the magnetic field is less
intense at 9.6 and 13.1 GHz. Consequently, the mag-
netic and electric fields propagate in opposing direc-
tions. Figure 10(a-c) shows that for 4.6 GHz operation,
the feed line exhibits the maximum current distribu-
tion. At 9.6 and 13.1 GHz frequencies, the surface cur-
rent distribution spreads horizontally, with the corners
of the square-shaped radiating patch showing the low-
est current distribution.
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Fig. 8 — Electric field distribution at (a) 4.6 GHz (b) 9.6 GHz
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Fig. 9 - Magnetic field distribution at (a) 4.6 GHz (b) 9.6 GHz
(c) 13.1 GHz

@

Fig. 10 — Surface current distribution at (a) 4.6 GHz (b)
9.6 GHz (c) 13.1 GHz

4.2 Performance Comparison with Other Re-
ported Works

Table 1 compares the performance of the suggested
antenna with the literature that has been presented. This
suggested multi-slot defective ground structure patch
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CTPYKTYPOIO IJig 3acTocyBaHb y aianasonax C, X ra Ku
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VY miit craTTi TPOMOHyeThCsT 6ATATONTIIMHHA MIKPOCMYKKOBA MATY-aHTEHA 31 CTPYKTYPOIO JeeKTHOI 3e-
MJII KBaApaTHOI POPMU JJIsI PI3HUX 3aCTOCYBAHD 3 JITEPHUMH iala3oHaMU. 3alpolloHOBaHA CTPYKTypa Oy-
J1a Po3pobJIeHA 3 BUKOPUCTAHHAM MHOJIIIMITHOTO JieJIEKTPUYHOIO MaTepiay TOBIIMHOK 2 MM, SKHU Mae Jie-
JIEKTPUYHY IIPOHUKHICTE 3,5. 3arajbHuil po3mip aHTeHH cTaHoBUTH 20 X 20 X 2,07 mm3. 3ampomoHoBaHa
aHTeHa 3a0esmedye poOOTY B TPHOX OIalla30HAX, 30epiraroyu IpHu I[HOMY KOMIIAKTHUM PO3MIp BUIPOMIHIOBA-
4qa. Po3pobiieHnii BUIIPOMIHIOBAY Ma€ MOSKJIUBICTD IIPAIIOBATH B TPhOX OKPEMUX YACTOTHHUX J1Ala30HAaX: Bif
4,2 o 5 I'T', Bim 9,3 m0 9,9 I'T'1y, ta Bix 12,7 mo 13,4 I'T'ix, 3 TphOMa OKpeMUMU PE30HAHCHUMHA YacToTaMH 4,6,
9,6 Ta 13,1 I'Tr Bigmosigwo. [Ipu pesonanci mocAraeThesa mKOBUM KoedillieHT mocuiaeHHsa 8,2, 6,8 ta 7,4 nbi,
a Takok edeKTUBHICTL BUIpoMiHBaHHA 91, 83 Ta 89 %. Byso mpoBegeHo KOMILIEKCHUN IIapaMeTpUIHUMN
anauia 3 Buropucranuam cumysistopa CST mis mokpaeHHs IpOogyKTUBHOCTI B pOOOIOMY iaIa3oHi 4acToT
oo koedirmienra Bigourrs (S11). Kpim Toro, Mu 1oc/tipryeMo BIUIMB PI3HUX MIPOBLIHUX MaTepiaiis (amo-
MIHIH, 30JI0TO, 3aJT130 Ta Miah) Ta mienexrpuunux martepiamdis (FR-4, Topas, kBapir 3 BrparaMu Ta MOJIIiMI)
HA XapaKTePUCTUKY 3AIPOIOHOBAHOI aHTeHHU. [IpeicraBieHo MeToI0I0ri0 IPOEKTYBAHHS AHTEHU, a TAKOK
aHAJII3 PO3IOALILY IIOJIS Ta CTPYMy. 3alIpOIIOHOBAHA TPHUIIAIA30HHA [IaTY-aHTeHA 3 Jed)eKTHO 3a3eMIII0BA-
JIBHOIO CTPYKTYPOIO MO:Ke OyTH BUKOpHCTaHAa Juis 3acrtocyBaub y C-, X- Ta Ku-miamasonax.

KmiouoBi cioBa: Awmrena, Tpumiamasonma, Koeditient sigourrs, EdexTuBHICTH BUIPOMIHIOBAHHSI,
KoeditienT miacuieHHs.
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