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With these attractive properties such rofile, weight, compact
size, and easy to fabricate, microstrip tennas are demanded in
modern wireless announcements i egularity band 5.8 GHz [1].
Antennas are the furthest part of ireless communication, where
signals are exchanged wi r harmful to human health and the
environment [2]. The micri uif miniaturization is one of the important
challenges faced by the resga#Cherg’on the RF/Microwave front ends design
[3,4].Itis essential to establish an antenna technique that will have the ability to
filter out unwanted signals ouf’of the antenna passband, to avoid interferences
with the neighboring frequency bands[5]. Antennas and filters are important
parts of many wireless systems’ front end. Traditionally, these gadgets are
designed using a variety of methods, frequently by experts in their respecti-
ve fields. It is presumed that these devices’ input and/or output ports have a
50-ohm interface. Additionally, it is believed that following a cascaded connec-
tion, the impedance matching would be maintained by keeping the 50 Ohm
interface. In actuality, mismatches and losses from connectivity are introduced
by the connection between devices, particularly when the components have
differing bandwidths [2].The integration of filtering and radiating element
functions in one module is one of the efficient ways to miniaturize the overall
circuit size [6]. In contemporary RF and microwave systems, the integration
of a bandpass filter (BPF) with a patch antenna has grown in popularity as
a design strategy. Along with increasing the antenna’s bandwidth, this inte-
gration has other benefits like decreased size, minimal insertion loss, and
frequency selectivity. The main design principles and how this integration
increases bandwidth are explained below. Furthermore, the matching condition
is necessary and sufficient for the two circuits joining to provide combined

1. Introduction
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input/output resistances to the joining port [7]. As it concerns, after the de-
signing of the first circuit, the second one can be coordinated to its terminal
impedance. The furthermost popular solution to alleviate the interference of
the various frequency bands, another method has been found. Adding filtering
characteristics to the antenna will make it have a particular frequency-selective
response [8]. The filtering antenna reduces pre-filtering needs and improves
the system’s noise performance [9]. Numerous filtering antennas have been
developed utilizing a filter synthesis technique, as shown in reference [10]. The
synthesis approach is employed to generate a co-design filtering antenna basic
structure [11]. The filtering antenna comprises a square ring resonator, two
micro-strip line filters loaded with capacitors, and a rectangular shape patch.
Double lumped capacitor components are sandwiched between a micro-strip
line and a ring resonator, which obtained a 72% decrease in overall size. The
suggested arrangement works as a band range pass filter, with a bandwidth that
has 100 MHz and a 2.4 GHz central frequency. It features a well-defined gain
response and excellent skirt selectivity, much like a standard band range pass
micro-strip filter. Because of the previously mentioned benefits, the suggested
filter is an excellent candidate for inclusion in a wide range of offered systems
and portable operation devices in the 2.4 GHz band for future applications of
WLAN. In [7], to create high-selectivity filtering, a printed circuit antenna that
ends in a crescent-shaped stub is coupled with a small, sharp printed circuit
filter. The resulting filtering exactly covers about the 5G mid-band frequency
that has a range of 3.6 — 3.8 GHz while rejecting any frequencies outside of
the defined range. To achieve structural compactness, the suggested antenna is
electromagnetically connected to half of the structure of an existing filter. With
this method, the antenna serves as the band range pass filter’s final resonator
of the bandpass filter [12].
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Nomenclature

CST  Computer simulation technology software fr Patch antenna’s resonance frequency
WiMX Worldwide Interoperability for Microwave Access h Dielectric substrate thickness

FR—4 Flame Retardant 4 (glass epoxy laminate) S Coupling space

BPF Bandpass Filter S11,52  Scattering parameters

WLAN Wireless Local Area Network Zo Characteristic impedance

GHz  GigaHertz VSWR Voltage Standing Wave Ratio

MHz  Mega Hertz

f1, ... Band edge frequencies Greek Symbols

ISM Industrial, Scientific, and Medical Band Frequencies Ere Effective dielectric constant

M12  Coupling coefficient & Dielectric constant

Qext  External quality factor Ag Guided wavelength

0ol Loaded quality factor 6 Electric length

or Radiation quality factor Ju, ny1 Admittance inverters

c Light speed B(w) The equivalent susceptance of the resonator

This paper presents a design of a compact single-band, dual-mode square

open-loop filtering antenna that has a high out-of-band suppression and rela-

tively good frequency-selective response. This design employs two identically
connected dual-mode square open-loop resonators and a square monopole
patch antenna. The analogous circuit for the filtering antenna is identical to
the bandpass filter prototype; however, the antenna can be configured with the
filter response [11-13]. The filtering antenna is developed and built to function
within the ISM frequency band of 5.659 GHz to 6.077 GHz. The filtering
antenna circuit is built, simulated, and optimized using the CST Microwave
Studio Simulator Suite software.

2. Design of Filtering Antenna

The two identical dual-mode square open-loop resonators shown in Fig.1 with
their equivalent circuit are magnetically coupled. The coupling coefficient

of these resonators can be computed from the two split resonant frequencies.

/1 and f>. The frequency fi represents the first resonant frequency of the
first resonator and f> represents the second resonant frequency of the second
resonator [14, 15].

N

=
i

(a) Resonator construc

ifr
<Oy

CT= —=C

(b) The equivalent circuits.

Figure 1. Two open-loop, dual-mode square resonators are present.

The external quality factor Q,x A filtering antenna is a measurement of how
quickly energy radiates into the free space from the patch antenna construction
or the resonator. It is essential in establishing the filtering antenna’s bandwidth
and selectivity. This idea is primarily used for radiating systems and antennas

that display resonant behavior, but it is taken from classical resonator theory.

The coupling coeflicient of the resonators and the external quality factor are
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shown in Figs. 2 and 3, respectively.
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Figure 2. Coupling coeficient of the resonators as a function of the coupling
distance (S).
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Figure 3. The filtering antenna’s external quality factor as a function of coup-
ling spacing (s).
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The efficiency with which a resonant antenna radiates energy into free space
about the total energy contained inside the antenna construction is measured
by the radiating quality factor, when describing antennas that exhibit resonant
behavior, such filtering antennas or antennas integrated with resonator cir-
cuits are especially helpful. A filtering antenna’s loaded quality factor, which
takes into consideration all energy loss processes, is a representation of the
system’s overall quality factor. It incorporates the contributions from external
coupling, radiative losses, and non-radiative losses (such as ohmic or dielec-
tric losses). The antenna’s selectivity and bandwidth are directly impacted by
XXXXXXXL. The filtering antenna resonator’s external quality factor Q,x
and the factor for radiation quality O, A rectangular monopole antenna can be
evaluated as [16, 17]: The relationship of these quality factors represents the
loaded quality factor and can be expressed as [18]: The values of the external
quality factor, the radiation quality factor, the loaded quality factor, and the
coupling coefficient are stated in Table 1. The strength of interaction (coupling)
between two resonators is quantified by the coupling coefficient, or XXXXXX.
It defines the energy transfer between resonators and is directly affected by
the coupling space or their physical separation. Fig. 2 shows the relationship
between the coupling coefficient of the resonators and the coupling space (S)
of these resonators. In resonator-based systems, such as filtering antennas, the
coupling gap between resonators is a critical component in determining the
quality factor (Q). The bandwidth and energy distribution among resonators is
directly impacted by the coupling between them, which also affects the overall
system quality factor (XXXXXX) and the external quality factor (XXXXXX).
The main connection and justification for how coupling space influences the
quality factor as above shown in Fig. 3.

Table 1. The values of quality factors and the coupling coefficient of the filte-
ring antenna.

Qex Qr QL M12
07.01100 14.13000 04.68600 00.01832

Transmission lines that feed resonators and are connected by capacitance or
inductance make up the microwave model of a coupling resonant circuit with
feeder lines. Impedance matching, transmission efficiency, and bandwidt
all impacted by the scattering parameters (XXXXXXX) that are determin
by this model. For applications such as filtering antennas, it is egs

achieve optimal performance. Coupled resonant circuits are used in
engineering to create antennas, resonators, and filters. These ci;

n outline of
“®¥he microwave
e at the two ends
[19,20]. This model uses the admittance invegters” The
a two-port network that has a unique chagactefisticz
the section that couples the feed line tofthe regOftator, Y () is the resonator’s
W
]

admittance and J; 2 is the couplingﬁt resonators [21].

port Antenna

| | 1

Yo Jo V(@) J1 V(o) I —,'C L$R

Figure 4. A microwave circuit model with a filter-antenna and inverter admit-
tance (J-Inverters).

Y(w) = Go+ jB(w) ®

G, is the equivalent conductance of the resonators and B(®) is the equivalent
susceptance of the resonator.

B(w) =+/(G, +J% Z,)2 +J%
B(oy) = —\/(Go+73, Z,)2 + 3,

B(n) = —/(Go+J3 Z,)2 +J% (6)
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The admittance inverters of the microwave model of the offered filtering an-
tenna explained in Fig. 4 can be calculated as [22,23].

Jo _ |mFBW
Y, 2 80 81

I FBW
hitl L Fori=1,2,...n
Y, 2 8i 8it+1

hpos _ [wFBW <7>
Y, 2 gn gnt+1

In a filtering antenna, the guided wavelength (XXXXXXXXX) represents the
wavelength of the wave as it passes through the transmission or resonant struc-
ture of the antenna. The wavelength is shorter than the free-space wavelength
as a result of the effective permittivity of the substance. To achieve the desired
filtering and radiation properties, this parameter is essential for calculating the
size, resonance conditions, and coupling behavior of filtering antennas. The
guided wavelength of the filtering antenna d€ign () is given as [24]: One
of the common substrate materials used igprifged gircuit boards (PCBs) is
lass fabric that has been

treated with epoxy resin, giving it
qualities. The following are the
High-frequency, high-temperat
higher-grade materials, bu
electrical qualities.

A~
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Filter-Antenna Structure

« Dielectric substrate

Ground Plane

Figure 5. A 3-D view of the filtering antenna structure.

The filtering antenna is fabricated on (FR —4) substrate material together with
a dielectric-constant , = 4.3 and the value thickness 4 = 1.6 mm, while the
effective dielectric constant €., and characteristic impedance Z, are provided
as [25,26]: The guided wavelength establishes a relationship between the
electrical length XXXXXX and the physical length L. The wave’s propagation
in the medium is determined by its electrical length, which is typically longer
than the physical length in structures with higher effective permittivity. The
relation between the electrical length (phase length) 6 (rad.) and the physical
length 1 (mm) is given in Equation (11). According to Eqn. (11), any physical
length of a microstrip transmission line can be found if its electrical length is
known [27]. Fig. 5 displays the filtering antenna structure in three dimensions.
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(a) Top view. (b) Bottom view.

Figure 6. Filtering antenna circuit design.

The dual-mode, single-band microstrip filtering antenna architecture is shown
in Fig.6, and Table 2 contains the optimal parameters of the circuit.

Table 2. Optimal design parameters of the proposed filtering antenna.

Parameters Unit/mm Parameters Unit/mm Parameterdnit/mm

w 10.1 W, 07.0 Ly 00.80
W, 08.0 W1 00.2 Ls 00.90
Wi 01.0 L 31.3 L 00.50
W, 03.0 L, 08.0 Ly, 03.60
W3 00.6 L 01.3 L, 06.80
Wy 01.1 Ly 01.4 g 00.40,
Ws 05.6 Ly 03.3 s 00.

Wi 03.0 L 01.6 Ly 15.65

3. Results and Discussion
The comparison results of the S11-parameter which used the nna
with the traditional monopole patch antenna models argshowd in Hig.7, it is
obvious that the integration of the bandpass filter with & tenna has
improved the bandwidth of the conventional monopo}€*pagch nna of about

% ency component
sel@ggvity of the filtering

20%, also improved the suppression of the unwav
outside the passband, which in turn improve

stated in Table 3.

Table 3. Comparison res
na and the filtering antenna

Parameter E’tering antenna Monopole patch antenna
10-dB B.W (GHz) 0.4245 0.3384
Circuit size (W x L) mm? 10.1 x31.3 55.96 x 73.8

Table 4. The comparison between the measured and simulated results of the
presented filtering antenna design.

Parameter Measured Simulated
fo(GHz) 5.779 5.8
FBW 14.77% 14.226 %
Gain (dB) 3.488 391
External quality factor Q.x 6.77 7.011
Coupling coefficient M;2 0.024 0.01832
VSWR 1.11 1.06

In a filtering antenna, the coupling space between two resonators is crucial for
managing the energy transfer between resonators, which has a direct impact on
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the scattering parameters (S-parameters). The behavior of signals at the anten-
na’s input and output ports, specifically concerning transmission and reflection,
is described by the scattering parameters. These S-parameters are essential
for a filtering antenna to guarantee minimal loss, frequency selectivity, and
appropriate impedance matching. Fig. 8 shows how the coupling distance (S)
between the resonators affects the response of the filtering antenna. From Fig.
8 the scattering parameter S11 parameter strongly depends on the coupling
spacing (S) of the two resonators and increases with increasing (S) even up to
a maximum value and then decreases as the coupling between the resonators
becomes weak.Fig. 9 displays the comparison of the simulated and measured
S11 parameters of the suggested filtering antenna. It is easy to understand from
the Figure above that there is no significant difference between the simulated
S11 parameter and the measured S11 parameter. Fig. 10 displays the compari-
son of the simulated and measured findings for the filtering antenna gain. The
comparison results between the simulated and measured values of the overall
filtering antenna design are shown in Table 4.

S$11 of Patch Antenna (dB)
w wm = S11 of Filtering Antenna (dB)

$11 (dB)

=351~

45 L L L L

45 5 55 6 6.5 7
Frequency (GHz)

Figure 7. Comparison of the S11 - parameter between the filtering antenna
and traditional patch antenna.

0 : : : : . ;
5 msmmm §11,8=0.55 mm
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10+ — 511, 8=06mm |
= mm S511, $=0.45 mm
A5 4
m 20t .
z
= 25f ]
(7]
30 B
351 ,
401 ,
45 L I L L L L L L L
5 5.2 5.4 5.6 5.8 6 6.2 6.4 6.6 6.8 7
Frequency (GHz)

Figure 8. The filtering antenna’s S11 parameter for a variable coupling spacing
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Figure 9. Simulated and measured S11-parameter of filtering antenna design.
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Figure 10. Filtering antenna simulated and measured gaj
One of the important performance statistics for assessing the impe At-
ching between a source, transmission line, and load (such as aj e the

Voltage Standing Wave Ratio (VSWR). Achieving a go

for filtering antennas, which incorporate filtering capabil C radiating
structure, in order to guarantee correct signal trans: little power
loss. The suggested filtering antenna design’s Vol ding Wave Ratio

(VSWR), as calculated and observed, is disp, ¢’ 11. The proposed
filtering antenna operates in the range of Indusfrial }Sciehyific, and Medical
(ISM) bands, suitable for WiMAX mobi, ) s 802.16e. So, the value
of simulated VSWR is (1.06) and for me@sured VSWR is (1.11), this is a good
indicator of the matching between the Tilte the antenna and clear evidence

of the quality of the desigii.

18 T T T T T

T T
=—@— Simulated VSWR
=g Measured VSWR

VSWR
s

I L I
5 5.2 5.4 5.6 5.8 6 6.2 6.4 6.6 6.8 7

0 I L L

Frequency (GHz)

Figure 11. Simulated and measured VSWR of the filtering antenna.

An antenna’s far-field area is where the angular field distribution stabilizes
and electromagnetic waves radiate outward. The far-field characteristics of a
filtering antenna, which combines radiating and filtering elements, are crucial
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for determining how effectively and selectively the antenna emits or receives
signals in the targeted frequency range. When the angular field distribution is
independent of the distance from the antenna, the far-field zone starts. Filte-
ring antennas have far-field radiation patterns that are focused and frequency-
selective, which guarantees. Effective signal delivery that is limited to the
intended frequency range. Through the use of integrated filtering, out-of-band
signals cause very little interference. Depending on the design, directed or
omnidirectional patterns with low side lobes and maximum gain. Filtering an-
tennas are therefore ideal for uses such as wireless communication (Wi-Fi, 5G),
where interference reduction and selective transmission are essential.Simulated
and measured far-fields of the filtration antenna are illustrated in Fig. 12. The
simulated and measured results show acceptable agreement, therefore it give a
good impression of the design quality and accuracy. The photograph of the
front view and back view of the fabricated filtering antenna design is shown in
Fig. 13.

w— Measured H-Field

— Simulated H-Field
=270

Fty= 90

4 Frequency= 5.8 GHz
Main lobe direction = 72.0 deg.
(@) XXXXXX.

=== Measured E-Field

= Simulated E-Field
Phi=270

—/_/; Frequency= 5.8 GHz
150
180
Main lobe direction = 72.0 deg.
(b) XXXXX.

Figure 12. XXXXXXXXXXXXXXXXXXXXXXX.

0 MADE IN CHINA

Figure 13. A photograph showing the single-band, dual-mode filtering antenna
in construction (a) top perspective ; (b) bottom perspective.

4. Conclusion

This article presents the construction of a single-band with dual-mode fil-
tering antenna operating in the range of Industrial, Scientific, and Medical
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(ISM) bands, suitable for WiMAX applications. Compared with the traditional
monopole patch antenna, the filtering antenna has a much more reduction in
size of about 60 %. By changing the distance (S) between the resonators, one
can regulate the return loss and therefore the filtering antenna’s performance.
Simulated and measured findings show good gain and impedance-matching
performance. The filtering antenna was designed and built using FR-4 substrate
material, which has a thickness of 1.6 mm and a dielectric constant of 4.3.
The performance of a conventional monopole patch antenna is enhanced by
the incorporation of a bandpass filter. Good agreement between simulated
and measured results, an indicator of design quality, is demonstrated by the
research findings.
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