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Abstract

This article proposes a new design structure of a wideband Microstrip filtering antenna. The
design structure of Microstrip filtering antenna is based on the integration of Parallel Coupled
Microstrip Line Stepped Impedance Resonator (PCML - SIR) filter with the Monopole patch antenna.
The proposed filtering antenna is suitable for high-speed data rate transmission applications, which has
a center frequency f, = 5.76 GHz. The planned structure has a Fractional Bandwidth (FBW) of about
20 %, a return loss ( R, = —19 dB) and a gain over the passband frequency equals to ( 2.88 dB). The
proposed microstrip filtering antenna has a good radiation efficiency of about (71.67 %). This design
has an incomplete ground plane and a reversed L-shaped slit loaded. The proposed filtering antenna
design was simulated using Computer Simulation Technology (CST) Studio Suite software. The
design shows a good agreement matching between the PCML-SIR filter and the monopole patch
antenna. The simulation design results showed a low loss in the passband and high suppression of the
spurious responses in the stopband. The main goal of the PCML-SIR design is to use for high-speed
data transmission, which needs to spread frequency spectrum.
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1. Introduction

Multipurpose, multifunction of the components of the suggested design of a compact size are
extremely desirable in modern communication systems [1]. Filters and antennas have played a major
role in communication systems. They characterized the key components for most microwave circuits.
The antenna transmits and receives simultaneously (transceiver) electromagnetic waves while the
bandpass filter (BPF) passes signals in the passband and rejects spurious signals (out-of-band) [2]. The
great need for communication systems led to the design of small size and low cost of transmitting and
receiving microwave devices. One of the design techniques presently used is to integrate different parts
of components into a single module such that fewer components are to be used [3]. Simply, the circuit
theory guides the researchers to the need for multiple coupled resonances to realize the passband and
stopband filtering effect of the two specific terminals. Synthesize any filtering function depends on the
form of the resonances and their mutual associations. Based on its simplicity and mathematical
rigorousness, the knowledge is applied from the circuit techniques to the antenna evolution process.
Hence, most of the circuit-inspired designs are operative by bringing two resonances simultaneously.
This technique provides an opportunity to increase the operation band, also to increase the gain in
some cases [4]. Microstrip Monopole patch antennas (MPAS) have proved a satisfactory solution for
the antenna designers and researchers interested in this field, especially in areas like antennas for
mobile communication base stations and antennas for handsets. The relative bandwidth for mobile
communication systems such as Global System for Mobile Communication (GSM) is about 10%. The
microstrip patch antenna has an inherent narrow bandwidth. Thus, over the last decade, various
techniques have been presented to enhance its passband response e.g., capacitive compensation, thicker
substrates, reactive matching networks, stacked patches [5]. Stepped Impedance Resonator (SIR)
joined with Parallel Coupled Microstrip Lines (PCML) structure is appropriate for the filter design
because the higher-order resonant modes can be shifted or suppressed, and the second passband of the
dual-passband response can be created by using the spurious frequency responses [6]. By adjusting the
physical dimensions of the central microstrip resonator and PCML — SIRs, the insertion loss, return
loss, harmonic suppression, and bandwidth of the filtering antenna design have been made better [7].

This paper presents a new wideband microstrip filtering antenna design that has an incomplete
ground plane and reversed L-shaped slit loaded. The design bases on the integration of the Parallel
Coupled Lines Stepped Impedance Resonator (PCML-SIR) filter with the (MPA), as shown in Figure

1. The proposed filtering antenna has a relatively wide frequency passband of about 1.16 GHz;
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therefore, it is suitable for high-speed data rate transmission applications. This type of data
transmission needs a high-frequency spectrum. Consequently, it is used in networks that require high-
speed data processing. This structure has a Fractional Bandwidth (FBW =20 %) with a center
frequency f, = 5.76 GHz.

2. Rectangular Patch Antenna Design

The rectangular patch antenna (PA) design structure is illustrated in Figure 1. The design

equations of the rectangular microstrip (PA) are calculated as shown below [8, 9]:

_cC 2
2fr | €Er+1

Wy 1)

c is a light velocity;
€, is the dielectric constant of the substrate material,
fr is the resonant frequency of the patch antenna.

We is the width of the monopole patch antenna.

_ €+l €r—1 1
€reff =5+ ('—1+12£) (2)
w

€rery 1S the effective dielectric constant of the substrate material.

h is the thickness of dielectric substrate material.
W is the width of the dielectric substrate material.
If the thickness of the substrate material h =1.572 mm, the additional length of the dielectric material
(AL) is given as:
A (Erefs+0.3)(5+0.264)

L
7 = 0412 (Ereff—0.258)(+0.8) (3)

The actual Iength of the dielectric material ( L,, ) can be calculated as:

c
Ly = 55— AL (4)

The dimensions of the length (Ly ) and the width ( Wy ) of the ground plane are given as [10]:
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The optimal physical dimensions of the rectangular patch antenna are stated in Table 1. Figures
2 and 3 show the simulated results of the Si:-parameter and the 3D —view of the radiation pattern of

the conventional patch antenna.

Figure 1 The rectangular

patch antenna.
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Figure 2 Simulated Si1- parameter of the patch

antenna design structure.

Table 1 The optimized dimensions of the rectangular patch antenna design.

Vol. 01, No.01 (2021)

W (mm) L (mm) Wp (mm) Lp (mm)
30 45 15.74 12.13

Ws (mm) Ls (mm) Lm (mm) Wm (mm)
1 3 30 2.4
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Figure 3 The simulated radiation pattern of the rectangular patch
antenna

The single stage of the PCML — SIR structure is illustrated in Figure 4. Deriving the two-port
admittance (Y) matrix is allowed by the even and odd modes characteristic impedances (Zeven and Zoda),
respectively, phase constants of even and odd modes (Bepen and L,44), and the lengths of the PCML-

SIR of even and odd modes (I, and l,44) [11], as shown in Equations (7), (8), and (9):
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Figure 4 (a) Single-stage of the PCML-SIR structure, (b) Equivalent circuit for

reciprocal two-port network admittance for lossless PCML-SIR structure, ()

Equivalent J-inverter network with susceptance J of the PCML-SIR structure.

—j 1 1

Yi; =Y = > [Zeven cotBevenleven + Zoad cotBoqaloaal (7)
—j. -1 1

Yi, =1 = > [E cSCPevenleven + Zodd ¢scBodaloaal (8)
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Zodd __ Sin(Boddlodd) (9)

Zeven sin (Bevenleven)

The electrical coupling coefficient of the neighbouring coupled parallel lines is given in Equation (10).

2_¢2
k — fz fl (10)

T fR+rE

Where f, and f; are the even and odd resonant frequencies of the PCML-SIR resonator,

respectively.

3. The Simulation of the Proposed PCML-SIR Structure Filter

The combination of SIR and PCML is shown in Figure 5. This structure is suitable for the design
of the microstrip filtering antenna because the higher-order resonant modes can be shifted or
suppressed, and the spurious responses have been suppressed. The essential goal of using the PCML-
SIR structure is to enhance the coupling PCML structure through the required passband compared with
the traditional method in which they are using the dimensions of the PCML to control the coupling

factor and complete design performance.

Lo —y
=t ' iyi ' ] —
H e L] i

Figure 5 PCML - SIR filter structure.

Figure 6 shows the simulated Si1 — parameters of the PCML — SIR filter over a wideband frequency

range.
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Figure 6 Simulated S — parameter of the PCML - SIR

4. The Proposed Filtering Antenna Design

The circuit design of the proposed filtering antenna structure is shown in Figure 7. The strip and
slot widths of the PCML-SIR structure are adjusted to achieve a filtering process in the passband at the
center frequency f, =5.76 GHz. The integration of the PCML — SIR filter and the (MPA) changes the
characteristics of both the filter and the antenna. However, the filter has a wide-band frequency range,
the integration process is already suppressed out unwanted spurious responses and shifted the center
frequency from 5.2 GHz to 5.76 GHz; on the other hand, the bandwidth of the antenna has increased

and improved the design performance compared with the conventional patch antenna.
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(a) Top view.

(b) Bottom view.

Figure 7 The layout of the proposed microstrip filtering antenna design.

The filtering antenna structure is achieved on a dielectric substrate material, which has a dielectric

constant €,, = 2.2 (Rogers RT 5880), and loss tangent tand = 0.009 with a dielectric substrate

thickness, h = 1.572. The filtering antenna circuit is fed through a 50 Q microstrip feed line. The

optimized dimensions of the proposed filtering antenna design are given in Tables 2 and 3.

Table2 The optimized dimensions of the top-view of the filtering antenna design circuit.

W (mm) Wp (mm) Wm (mm) W1 (mm) W2 (mm) Wr (mm) S (mm)
26 10.35 241 0.6 4.15 3.3 0.06
L (mm) Lp (mm) Lm (mm) L: (mm) Lr (mm) S1 (mm)
56 7.17 3.83 13.8 9.8 0.1

Table 3 The optimized dimensions of the bottom — view of the filtering antenna design.

Vol. 01, No.01 (2021)

W3 (mm) W4 (mm) Ws (mm) Ws (mm)
17 3.4 15 13.6

Lz (mm) La (mm) Ls (mm) Le (mm)
41 25.8 6.3 0.1
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5. Simulation and Discussion:

Based on the above study, the achievement of the proposed filtering antenna design shown in
Figure 7 is designed and optimized by using Computer Simulation Technology (CST) software. Figure
8 shows the simulated S11 — Parameter and gain of the proposed filtering antenna design for optimized
coupling spacing distance (S). Changing the coupling spacing distance (S) affects both bandwidth and
the circuit specifications such as return loss and frequency as illustrated in Figure 9. The relationship
of the coupling coefficient k with the coupling spacing S is shown in Figure 10, and the relationship of
the center frequency of the proposed PCML-SIR filtering antenna design with the coupling space (S) is
illustrated in Figure 11. As shown in Figure 11, the center frequency decreases with the increase of the
coupling space (S). The design parameters of the proposed filtering antenna show good design
specifications compared to conventional patch antenna in the same environment, as shown in Figure
12. The comparison of the design parameters between the proposed filtering antenna design and the

traditional patch antenna design is listed in Table 4.
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Figure 8 Simulated S11 - Parameter gain of the optimized filtering antenna design.
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Figure 9 The simulated Sii1-parameter of the filtering antenna for various coupling spacing
distances (S).
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Figure 10 The curve of the coupling coefficient changes with the coupling spacing S.
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Figure 11 The curve of the center frequency changes with the coupling spacing S.
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Figure 12 The simulated Sii-parameter of the filtering antenna and the

rectangular patch

Table 4 Comparison of the design parameters between the filtering antenna and

Parameter The filtering antenna The patch antenna
Centre Frequency (f,) 5.76 5.92
Return Loss (dB) -19 -11.7
Gain (dB) 2.88 1.418
Fractional Bandwidth (FBW) 20 % 14.7 %
Radiation Efficiency 71.67 53.83

Figure 13 shows the 3D view of the far-field radiation pattern of the proposed PCML-SIR filtering

antenna, and Figure 14 shows the simulation far-field of E-field and H-field respectively.
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Figure 13 Simulated results of the 3D far-field radiation pattern of the filtering antenna
at 5.76 GHz.
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Figure 14 Simulated far-field (a) E-field (b) H-field

The effect of the slits technique loaded on the structure of the ground plane was proposed to
enhance the passband bandwidth and improve the performance of the overall circuit design [12].
Figure 15 shows the Sii-parameter of the proposed PCML-SIR filtering antenna design with and
without slits. The comparison of this work and other work references is listed in Table 5.
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Figure 15 The S11 — parameter of the proposed filtering antenna with and

Table 5 Comparison of the design parameters of this work and other work references.

Design Parameters Reflc[)ltg]er Work refererl;c(‘? [14] This Work
Operating frequency (fo) GHz 5.29 5.5 5.76
Fractional bandwidth (FBW) 8.20% 12.33% 20%
Circuit size 28 x18.285 mm? 42.6x42.6 mm? 26x 56 mm?
Gain (dB) 2.5 1.89 2.88
Return loss (dB) -15 -10 -19

6. Conclusion

The design of a wideband microstrip filtering antenna has been presented in this article. The main
goal of this design is to use it for high-speed data rate transmission applications. The idea is based on
the integration of a microstrip parallel-coupled microstrip lines stepped impedance resonator filter, and
a monopole patch antenna. The integration process has improved the performance of the design
specifications compared to the conventional patch antenna in the same design environment. The
simulation results of the proposed filtering antenna circuit have been taken at different values of the
coupling spacing (S). From the design results, it is clear that the best specifications of the proposed
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filtering antenna circuit took place at S = 0.06 mm. The effect of the slits technique loaded to the

ground plane was proposed to enhance the bandwidth and improve the performance of the overall

circuit design. The proposed filtering antenna design circuit shows a good improvement in bandwidth,

gain, and radiation efficiency. Also, it has an acceptance selectivity and low loss in an operating

passband and high spurious response suppression in the stopband.
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