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A compact Srichakra-inspired planar antenna combined with a frequency-selective surface (FSS) is im-
plemented for wideband point-to-point microwave data-link applications. The proposed antenna employs a
Rogers RO4350B dielectric occupying a compact volume of 46 x 51.5 x 0.3 mm3. To enhance forward radiation,
a fractal-inspired spiral resonator F'SS is employed as a passive superstrate. The FSS unit cell is formed by a
12 x 12 mm? periodicity and is implemented on a 0.4 mm RO4350B substrate. A 6 x 6 FSS array is formed,
resulting in an overall dimension of 78 x 78 mm?2. This arrangement functions as a compact broadband par-
tially reflective surface. The FSS redirects backward radiation toward the forward half-space through con-
structive field interaction. As a result, a stable gain enhancement is achieved over a wide operating frequency
range. The realised gain increases from 6.9 dBi without F'SS to a peak value of 11.2 dBi with FSS. This corre-
sponds to a maximum gain improvement of about 3 dB. The antenna preserves stable impedance matching &
radiation behavior after F'SS integration. Consistently high gain is observed across the 5-20 GHz band. The
use of low-loss materials and a passive enhancement mechanism ensure high radiation efficiency. Overall, the
developed antenna offers a compact, wideband, and high-gain design suitable for point-to-point microwave da-
ta-link communication systems.
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1. INTRODUCTION

A (FSS) frequency-selective surface is a periodic ar-
rangement of conductive or dielectric elements used to
control electromagnetic wave propagation. Electromag-
netic waves are based on frequency and polarization, &
is commonly employed as a reflector or superstrate to
enhance antenna gain & front-to-back ratio. Gain en-
hancement strengthens the directional radiation capa-
bility of the antenna toward a desired angular region,
thereby improving link margin, coverage distance, and
signal reliability. Microwave point-to-point data-link
systems rely on highly directional high-gain antennas
for efficient transmission between a single transmitter
and receiver, ensuring high data rates, low interfer-
ence, and robust connectivity. Wideband antennas
further support multiple services across a broad fre-
quency spectrum while maintaining stable radiation
and impedance performance.

Microstrip patch antennas are widely adopted in mod-
ern wireless systems due to their low profile, light weight,
and ease of fabrication [1]. In [2], a compact flower-shaped
fractal antenna on FR-4 provides six-band operation for
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modern wireless and satellite systems. An M-shaped con-
formal antenna supported by an FSS is also reported to
achieve significant broadband gain improvement. In [3],
the FSS delivers 22 % gain and 12 % efficiency improve-
ment with strong simulation-measurement agreement,
while a compact tri-wideband Sierpinski fractal antenna
with a modified ground is also presented for wireless ap-
plications. In [4], a tri-wideband antenna covering 2.19-
11.32 GHz is reported for multiple wireless bands. A com-
pact CPW-fed circular monopole with EBG loading is also
presented to boost gain and efficiency. In [5], an antenna
operating over 1.5-3.6 GHz and 4.8-15 GHz is reported,
supporting GPS, LTE, Bluetooth, Wi-Fi, WLAN, X-band,
& satellite communication. In [6], a UWB semicircular
monopole with a slotted ground and a 6 x 6 FSS reflector
achieves a 4 dB average gain improvement, reaching a
peak gain of 8.3 dB over the 3-11 GHz band. In [7], a sys-
tematic review highlights the effectiveness of FSS reflec-
tors for UWB gain enhancement, improved directivity,
and interference suppression, while maintaining stable —
10 dB return-loss performance. In [8], a CPW-fed UWB
antenna backed by a 5 x 5 FSS (50 x 50 mm?) is presented
to improve wideband gain. With a 9 mm air gap, the
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bandwidth increases to 3 to 18 GHz & the peak gain
reaches 10.5 dBi. In [9], integrating a 6 x 6 FSS with a
star-shaped antenna enhances C-band vehicular commu-
nication, widening the bandwidth to 3.35-8.34 GHz and
raising the gain to 9.6dB at 5.9 GHz & 10.0dB at
7.3 GHz. In [10], a fractal-based wearable button antenna
on an FR-4 substrate using a coaxially fed slotted circular
patch is presented, operating over 4.1-4.64, 7.19-8.03, and
8.85-9.67 GHz. Enhanced bandwidth and gain are
achieved through optimized fractal circular slot design. In
[11], an X-band triangular slot antenna using a merged
dual rhombic loop (MDRL) FSS is reported for enhanced
boresight gain. At 8.2 GHz, it achieves a 650 MHz band-
width and an 8.5 dB peak gain, with 4.5 dB contributed by
the FSS. In [12], a 30 x 24 mm?2 Koch-curve hexagonal
fractal antenna achieves six resonances (3.4-15 GHz) with
a 10.42-GHz (99.43 %) bandwidth using DGS, parasitic,
and EC-SRRs. In [13], a Srichakra-shaped wideband frac-
tal antenna for S-, C-, X-, & Ku-bands achieves a peak
gain of 8.66dB with 95 % radiation efficiency on
RT/duroid (RO4350B). In [14], a triband H-shaped anten-
na for C/X/Ku-J bands achieves 7.1 dB gain with — 16.5 dB
return loss at 15 GHz, operating over 6.1-6.6, 10.9-11.1,
and 13.1-16 GHz.

The proposed Srichakra-shaped wideband monopole
antenna employs a fractal-inspired spiral FSS arranged in
a 6 x 6 arrays beneath the radiator. Acting as a partially
reflective surface, the FSS redirects backward radiation
toward the forward direction through constructive inter-
ference, resulting in ~ 3 dB gain enhancement, improved
directivity, and better overall link performance.

2. EVOLUTION OF THE PROPOSED ANTENNA
GEOMETRY

a b

Fig. 1 — Progressive iterations of the suggested antenna geometry

¢

Fig. 1 shows the antenna geometry that evolves
over three iterations to achieve wideband operation and
improved radiation performance. A circular monopole
with partial ground excites the fundamental resonance,
followed by a fractal radiator that introduces multiple
current paths for bandwidth enhancement. In the final
stage, Srichakra-inspired lotus petals are added to
improve current distribution, impedance matching, and
radiation efficiency. Reflection-coefficient and surface-
current analyses confirm progressive improvement, and
the final geometry exhibits superior wideband perfor-
mance. The antenna dimensions are retained from the
validated design in [13] to clearly emphasize the gain
enhancement introduced by the proposed FSS.

Fig. 2(a) shows that the final antenna iteration ex-
hibits multiple resonances at 3.2, 5.1, 7.4, 10.2, 13.8,
17.2, and 20.5 GHz, with S11 <— 15 dB. A continuous —
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10 dB impedance bandwidth of 3-22 GHz is achieved,
corresponding to an absolute bandwidth of about
19 GHz and a fractional bandwidth of ~ 190 %. Fig. 2(b)
illustrates the influence of feed width variation on im-
pedance matching. For Wy=0.7 mm, the antenna at-
tains the deepest return-loss minima (= — 30 dB) and a
continuous wideband response from 3-22 GHz, whereas
Wr=0.5 mm and 0.6 mm introduce impedance mis-
matches with shallower nulls (= — 15 to — 20 dB) and
minor bandwidth discontinuities. Hence, Wy=0.7 mm
is selected as the optimal feed width for superior ultra-
wideband performance.
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Fig. 2 — Parametric investigation and iterative reflection
coefficient analysis of the proposed antenna. (a) Iteration-
based S11 response, (b) Feed width study

3. DESIGN OF THE PROPOSED FRACTAL
SPIRAL FSS UNIT CELL

Fig. 3(a) illustrates the suggested fractal spiral FSS
unit cell, and Fig. 3(b) shows a compact dimension of
12 x 12 mm2. The spiral metallic geometry introduces
multiple current paths, enabling wideband electromag-
netic resonance. This unit cell serves as the fundamen-
tal building block of the FSS array and governs its
reflection characteristics, making its optimised design
critical for effective antenna gain enhancement.

The proposed FSS consists of a compact fractal spi-
ral unit cell designed to provide strong electromagnetic
resonance and broadband reflective behaviour, with its
geometry controlling the reflection phase and gain
enhancement capability. A 6x6 FSS array
(78 x 78 mm?) placed beneath the antenna acts as a
partially reflective surface, redirecting backward radia-
tion toward the forward direction through constructive
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interference, resulting in a boresight gain enhancement
of 3 dB without increasing input power.

78.00 mm

b

Fig. 3 — Geometry proposed for gain-enhancement FSS: (a)
Fractal spiral single unit cell with dimensions, (b) 6 x 6 FSS
configuration with overall dimensions

Consequently, the antenna exhibits improved gain,
directivity, front-to-back ratio, and radiation efficiency,
with efficiency increasing from 60-85 % without FSS to
70-95 % with FSS over the 2-20 GHz band, confirming
the broadband effectiveness of the proposed FSS.

4. ARRANGEMENT OF THE SRICHAKRA-
SHAPED ANTENNA AT THE CENTER OF
THE FSS STRUCTURE

When the air gap satisfies the Fabry-Pérot reso-
nance condition, the wave reflected from the FSS
combines constructively with the directly radiated
wave, thereby enhancing boresight radiation and
suppressing backward radiation.

N

$44 parameters n{dB)

——S,, without FSS
— —S,, with FSS

H 20

10 13
Frequency (GHz)

()

Fig. 4 — (a) arrangement of srichakra-shaped antenna at the
center of the FSS structure, (b) prototype models arrange-
ment, (¢) S11 variations with FSS
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The proposed antenna employs a superstrate-type
FSS, consisting of a finite 6 x 6 fractal spiral array
placed above the Srichakra-shaped monopole at an
optimized air gap. The FSS acts as a partially reflective
surface (PRS) with stable reflection magnitude and
phase over a wide band, enabling broadband gain en-
hancement. Its finite aperture (78 x 78 mm?2) converts
the spherical wavefront into a quasi-planar wavefront,
improving gain, FBR ratio, & radiation efficiency. The
antenna-FSS system forms a Fabry-Pérot cavity with
an optimized air gap of A =20 mm, where maximum
boresight gain is achieved.

2ﬂh+¢,+¢g =2

Where B= 2_”, is the free-space phase constant, ¢, is

A

the FSS reflection phase, ¢y is the antenna ground-plane
reflection phase, and mmm is the resonance mode. When
this condition is satisfied, the wave reflected from the
FSS returns in phase with the directly radiated wave,
producing constructive interference and enhanced for-
ward gain. Fig. 4(a)-(c) shows that without the FSS, the
antenna resonates at 3.2, 5.1, 7.6, 10.2, 14.8, and
18.4 GHz with a minimum Si1 of —30 to —35dB and
a — 10 dB bandwidth of 2.9-20.5 GHz, confirming ultra-
wideband operation. After FSS integration, the reso-
nances slightly shift to 3.0, 4.9, 7.3, 9.8, 14.3, and
18.0 GHz, while the — 10 dB bandwidth is preserved
from 3.1-20.0 GHz with S11 of — 20 to — 28 dB. The an-
tenna achieves a fractional bandwidth of 150.4 % with-
out FSS and 146.3 % with FSS, indicating only a mar-
ginal bandwidth reduction due to Fabry-Pérot loading
while maintaining significant gain enhancement.

5. GAIN ENHANCEMENT PERFORMANCE
WITH FSS

After integrating the FSS superstrate, the realized
gain of the antenna is evaluated across the entire frequen-
¢y band to quantify the enhancement. The comparative
gain response clearly demonstrates improved forward
radiation due to the FSS, this verifies that the antenna is
well suited for wideband and high-gain applications.

™ A o
[~Simulated Without FSS
|== =Measured Without FSS
e Simulated With FSS
[~ ~Measured With FSS

10 15 20
Frequency (GHz)

a
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Fig. 5 — Comparison of the antenna's gain & efficiency with &
without the integrated F'SS superstrate. (a) Peak gain (b) Efficiency

Fig. 5 presents the realised gain comparison of the an-
tenna with & without the FSS over 2-20 GHz. Without the
FSS, the gain varies from 5.3 dBi at 2 GHz to 8.6 dBi at
20 GHz, averaging 7-8 dBi. With the 6 x 6 fractals spiral
FSS, the gain increases from 7.6 dBi at 2 GHz to a peak of
11.6-11.7 dBi at 10-11 GHz, achieving enhancements of
3.5dB (56 GHz), 3.6 dB (10 GHz), 2.3 dB (15 GHz), and
1.6 dB (20 GHz). The average enhancement of 2-3.5 dB
across the ultra-wideband confirms the effectiveness of
the FSS as a partially reflective superstrate, achieved
through constructive interference that improves effective
aperture and boresight directivity without increasing
antenna size or input power.

6. FAR-FIELD RADIATION PATTERN
RESULTS

The radiation characteristics are analyzed to evalu-
ate the antennas in directional behavior. Normalised
E- and H-plane patterns at selected resonant frequen-
cies illustrate the beam shape and main-lobe orienta-
tion.

dBi
Phi 10.6

|
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3.32]
0.894
-1.53
-3.95]
-6.38

8.8
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-13.7
-16.1
-18.5—
-20.9

-23.33

258
Fig. 6 — Shows the far-field radiation pattern at 5 GHz, featur-
ing a broadside main lobe with a peak realized gain of 10.4-
10.6 dBi, nearly symmetrical E- and H-plane patterns, an
HPBW of 58°-60°, and a suppressed back-lobe below — 15 dB,
resulting in an FBR of 16-18 dB
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Fig. 6(ii)) — (a) 3D gain, (b) E-plane & (c) H-plane radiation
patterns of the suggested antenna at 10 GHz

At 10 GHz (Fig. 6(ii)), the antenna exhibits a more di-
rective broadside radiation with a peak gain of 11.2 dBi, a
reduced HPBW of 44°-48°, and back-lobe suppression
below — 18 dB, yielding an FBR of 18-20 dB. The beam
narrowing at higher frequency is attributed to the in-
creased electrical aperture, confirming suitability for high-
gain point-to-point microwave communication.

7. THE ANTENNA-FSS CONFIGURATION
SURFACE CURRENT DISTRIBUTIONS

Fig. 7 (a) and (b) depict the simulated surface cur-
rent distribution of the suggested antenna integrated
with the FSS.

Fig. 7— SCD (Surface current distribution) showing electromag-
netic coupling between the antenna and the FSS superstrate

Fig. 7 shows a strong surface-current concentration
along the feed line, the fractal radiator, and the inner
edges of the FSS unit cells, confirming efficient anten-
na-FSS coupling. The peak current density reaches 10-
10.8 A/m in Fig. 7(a) & 9.5-10.5 A/m in Fig. 7(b), while
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moderate currents of 3-7 A/m appear on adjacent FSS
elements. In contrast, the outer regions show low cur-
rent levels (< 2-3 A/m), indicating suppressed surface
waves and reduced back radiation. This controlled
current distribution validates the gain-enhancement
mechanism, resulting in improved front-to-back ratio.

8. CONCLUSION

A compact Srichakra-shaped fractal wideband mon-
opole antenna integrated with a 6 x 6 FSS reflector and
a 20 mm air gap is presented for gain enhancement.
Without the FSS, the antenna achieves wide imped-
ance bandwidth with a realized gain of 5.3-8.6 dBi over
2-20 GHz, while FSS integration improves the peak
gain to 11.6-11.8 dBi at 10 GHz, providing a consistent
enhancement of 1.6-3.6 dB across the band. The front-
to-back ratio increases to 18-20 dB, and surface current
analysis confirms constructive field reinforcement with
peak currents exceeding 10 A/m. The wideband imped-
ance matching is preserved with only minor resonance
shifts, demonstrating that the proposed antenna-FSS
configuration is a compact, low-profile, and high-gain
solution for wideband point-to-point microwave and
data-link communication applications.

Comparison Table

Ref Material Bandwidth | Peak
(GHz) gain(dBi)

[3] FR-4 3.0to 11.0 8.3

[6] FR-4 5.0 to 14.0 10.5

[8] R0O4350B 2.0 to 16.0 9.2

[9] RO4350B 9.0t012.5 | 9.8

[14] R0O4003C 8.0 to 15.0 8.5

This RO4350B 2.0 to 20.0 11.6

work

The comparison shows that most reported FSS-based
antennas operate over 3-15 GHz with peak gains below
10.5 dBi. In contrast, the proposed RO4350B-based de-
sign achieves a much wider 2-20 GHz bandwidth with a
higher peak gain of 11.6 dBi, demonstrating its superior
wideband and gain performance over existing works.
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IIpoexryBaunsa mupoxocmyrosoi anteHu y popmi lllpivakpu 3 mocuiieHumM nNigCUIEeHHAM HA
ocuogi FSS nina MmikpoxBuIbL0BHUX JIiHIN mepenadi naHux "rouka-rouxa”
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JIJ1s1 IMpOKOCMYTOBOr0 MiKPOXBHJIBOBOTO 3B'SI3KY "TOYKA-TOUKA" peasi3oBaHO KOMIIAKTHY IIAHAPHY aH-
TeHy, HarxHeHHy [lIpiuakpoio, y moemHaHHI 3 4acTOTHO-ceseKTuBHOI moBepxHeo (UIIC). BampomonoBana
aHTeHa BHKOPHCTOBYe mieslekTpur Rogers RO4350B, mo saiimae xommartHUE 00'eM 46 x 51,5 x 0,3 mm3.
Jly1s1 mocusiieHHsT IPSIMOr0 BUIIPOMIHIOBAHHS SIK [TACUBHUM CYIIEPCTPAT BUKOPUCTOBYETHCS CIIPAJIBHUN pe3o-
rarop YIIC, narxuennwuii pparxranamu. Enemenrapua romipra YIIC yrBopena nepiogwusicrio 12 x 12 mm2
Ta peasidopaHa Ha migkiaaaimi RO4350B rosmunono 0,4 mMm. Chopmosano permitry YIIC 6 x 6, mo mnpusso-
JIUTH JI0 3aTaJIbHUX po3MipiB 78 x 78 mm2. Taka cxema hyHKITIOHY€ K KOMIIAKTHA IIIMPOKOCMYTOBA YaCTKOBO
BigouBaoua nosepxusa. YIIC mepenamnpasssie 3BOPOTHE BHUIIPOMIHIOBAHHS y HPSIMUN IIBIPOCTOP 3ABISIKA
KOHCTPYKTHBHII B3aemozii mossi. B peayibraTi focsraerbest crablibHe HOCHJIEHHS B IIMPOKOMY Jlaras3oHi
pobouux uyactor. PeamizoBanuil KoedilieHT miacuiaeHHs 30iabiryerses 3 6,9 nbi 6es FSS mo mikosoro aua-
uenna 11,2 nbi 3 FSS. Ile Bigmosinae MakcuMa IbHOMY MTOKPAIIEHHIO KoedillieHTa MiCUIeHHs ITPUOIU3HO
ua 3 n1b. AuTena 30epirae cTablabHe y3ToIyKeHHS IMIEJAHCY TA HOBEIIHKY BHIIPOMIHIOBAHHS ITICJIS 1HTET-
partii FSS. TlocriitHo Bucokmit KoediIlleHT ITiICHIEHHS CIIOCTepiraeTbes B ychboMy miamasoui 5-20 [T, Bu-
KOPUCTAHHS MaTepiasiB 3 HU3bKMMM BTPATAMH T4 ACHBHHUI MeXaHi3M IIiJICHJIeHHS 3a0e3leuye BHCOKY
e)eKTUBHICTE BUIPOMIHIOBAHHS. 3arajioM, PO3po0JieHa aHTeHAa IIPOIOHYE KOMIIAKTHY, IIMPOKOCMYTOBY
KOHCTPYKIIIIO 3 BUCOKUM KOe(iIlieHTOM IiJCUJIeHHs], IPUIATHY JJIs CUCTeM MIKPOXBUJIBOBOTO 3B'S3KY "TOY-

Ka-Touka'.

Kmouori cinosa: UCII (vacrorHo-cesiekTuBHA moBepxHs), [ligcumenns, MiKpoXBUIbOBUI 3B'sI30K KaHAIY
mepenaYi gaHux, 3B's130k "Toura-roura", [llmporocmyrosa aureHa.
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