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This paper presents a new compact microstrip filtering antenna with modified
shaped slots to improve the impedance bandwidth. The proposed microstrip
filtering antenna consists of three parts; the monopole radiating patch antenna,
the SIR filter, and the feeding microstrip line. The design structure is achieved
on one sided glass epoxy FR-4 substrate with dielectric constant € r = 4.4 and
thickness of h = 1.6 mm. The design procedures of the proposed filtering
antenna starts from the second order Chebyshev low pass filter prototype.
The simulation results throughout this article are done by a computer
simulation technology (CST) software. The simulated results have been
achieved show good performance of S11-parameter and broad side antenna
gain on +z-direction. This design has two transmission zeros at 5.4 GHz and
7.7 GHz, and bandwidth (B.W) of about 1.66 GHz so; it is suitable for high

Glass epoxy FR-4 substrate speed data communication. This design has good skirt selectivity.
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1. INTRODUCTION

Increasing demand for compact transceiver applications continues to impact the field of microwave
and radio frequency communications [1-4]. Some of the most important modules in such systems are
the microstrip antennas and filters [5-17]. Microstrip patch antenna (MPA) has been designed are widely
characterized a few years ago, for several reasons, the most important was that it had a low profile, lightweight,
and low fabrication cost [18]. Different techniques have been developed in order to achieve rapid solutions to
enhance radiation specificationssuchasbandwidth and gain.The radiating patch can take any possible geometry
for example rectangle, circle, square, dipole, and triangular [19]. The microstrip monopole patch antenna is
designed as a single-layer which usually consists of four parts: patch, dielectric substrate, half ground plane,
and feedline [20].Generally, the physical dimensions of a microstrip monopole patch antenna are small, but
the electrical dimensions measured in wavelength A is not small [21]. The designers of the microstrip antennas
should also consider the electrical characteristics of these antennas such as center frequency f;,, voltage
standing wave ratio (VSWR), return loss, gain, and radiation pattern [22]. Rapid data transfer requires high
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channel capacities and needs more complex and bulky systems. Modern trends in electronic and
communication systems proposed more compact and portable systems, therefore the designers of such
systemsfacing a major challenge in realizing these complex systems and in the same time are compact and
portable enough to meet the commercial market needs [23]. One way to minimize the overall circuit size and
increasing the bandwidth is to integrate the Stepped Impedance Resonator (SIR) filter with the monopole patch
antenna in one single module [24]. This integrationchanges the structure of the circuit; improves
the performance of the circuit, and simplifies the connection among various components. This paper presents
a compact second-order filtering antenna utilizing SIR and modified shaped slots on the monopole patch
antenna. By using SIR bandpass filter and adopting the modified shaped slots on the monopole patch antenna
the performance of the circuit has been improved especially bandwidth.

2. DESIGN OF THE FILTERING ANTENNA

The 3-D view of the proposed microstrip filtering antenna design circuit is described in
Figures 1 and 2. The design structure is printed on one side of a glass epoxy FR-4 substrate with dielectric
constant &. = 4.4 and thickness h = 1.6 mm. The microstrip filtering antenna consists of three parts;
the monopole radiating patch antenna, the SIR filter, and the feeding microstrip line. The monopole patch
antenna has dimensions of w, X [, with [, about 0.863 1, at the operating frequency. Figure 3 shows
the microwave equivalent circuit model of the proposed filtering antenna. SIR and the monopole patch antenna
are modelled by parallel L,C; [25] and L,C; R, [26] lumped circuits respectively. Filter synthesis approach
theory [27] considered thatthe SIR as a 1% stage resonator and the monopole patch antenna considered as
the 2" stage resonator with the load.

Filtering Antenna

Structure Dielectric Substrate

/

Ground Plane

Figure 1. 3-D view structure of the proposed filtering antenna

Precisely the equivalent circuit of the proposed filtering antenna is the same of the band pass filter
prototype, by utilizing filter synthesis method, the filtering antenna can be designed with the filter response.
The design procedures of the proposed filtering antenna start from the second-order Chebyshev low pass filter
prototype. The design parameters, such as the center frequency, the fractional bandwidth (FBW),
return loss, and insertion loss are calculated. The lumped elements values of the microwave circuit model
shown in Figure 3 are available in the literature [23]. The following step is to design the resonator via the SIR
structure and monopole patch antenna with a modified slot-shaped, respectively. Finally, set them all together
and implement some fine-tuning. The simulation results throughout this research paper are accomplished by
computer simulation technology (CST) software [28]. The design structure with its optimized dimensions of
the proposed filtering antenna is presented in Figure 2. The proposed filtering antenna shown in Figure 2 can
be expressed by its equivalent circuit shown in Figure 3 (a). The equivalent circuit of the proposed filtering
antenna shown in Figure 3 (a) can be transferred to the conventional second-order band pass filtere quivalent
circuit shown in Figure 3 (b) [29].
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Figure 2. Geometry of the proposed filtering antenna with its optimized dimensions:
(a) top view, (b) bottom view
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Figure 3. Microwave equivalent circuit:
(a) the proposed filtering antenna, (b) the second-order band pass filter

The resistance R, in the equivalent circuit of the monopole patch antenna is considered as the load impedance
of the band pass filter to be synthesized, and the parallel L, - C,isthe last circuit resonator of
the filter, then:

1

= myiiC 1)

fo

the second-order band pass filter is chosen to be a Chebyshev equal-ripple response, with the ripple
level L,(dB) = 0.5, f, = 6.45 GHz, and port characteristic impedance Z,= 50 Q. The minimum return loss
R, (dB) in passband for an ideal Chebyshev bandpass filter is given as [30]:

R,(dB) = —10 log(1 — 107 La(@B)/10) )

in this design example, R;,=-18.2 dB, and the FBW = 25.7 %
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The quality factor is one of the most important parameters of the resonant circuit, and increasing its
value means that lower loss in the resonant circuit. The quality factor of the monopole patch antenna can be
derived from the equivalent circuit of the proposed filtering antenna shown in Figure 3 (a), and used for
synthesizing the filtering antenna [31].

2nf Ly
Q=2 (3)
The values of LC components of the resonators are given by:
L= s 4.93 nH, c 12 4.87 pF 4)

As mentioned earlier the second-order (N = 2) Chebyshev low pass filter prototype with passband ripple of
0.5 dB, the element values are g, =1, g, = 1.4029, g, = 0.7071, g; = 1.9841. Generally, for the equivalent
circuit of the bandpass filter shown in Figure 3 (b) the theoretical values of the J-inverters can be readily
obtained [32] as follows:

] _ i nFBW (5)
01 Zo | 49,91
1  nFBW
Join = T7— (6)
n—1,n Zo 4 gn—lgn

the second-order Chebyshev bandpass filter parameter values are stated in Table 1.

Table 1. The Parameter of the second-order Chebyshev bandpass filter

Parameter Value
FBW 0.257
Yo 1
g1 1.4029
92 0.7071
g3 1.9841
Jo1 7.48x 1073
Ji2 4.688x 1073
Jas 3.942x 1073

3. SIMULATION RESULTSAND DISCUSSION

The simulated Sii-parameter and gain of the proposed filtering antenna are shown in Figure 4.
Based on these results, it is found that with the center frequency f,, = 6.45 GHz, the filtering antenna has two
transmission zeros at 5.4 GHz and 7.7 GHz, and bandwidth (B.W) of about 1.66 GHz. Broadband is one of
the most important requirements for modern digital communication which required transmitting and receiving
a huge bit rate. Therefore, this design is suitable for high speed data communication.

Defected ground structure (DGS) was common use in the microstrip filters and antennas to realize
the S-parameters performances and small size [33]. Realization of the DGS is performed by inserting
a defected shape on the ground plane in order to disturb the shield current distribution. Establish upon on
the shape and dimensions of the DGS, the disturbance at the ground shield current distribution will control
the current flow and the input impedance of the proposed filtering antenna [34]. The excitation of
the electromagnetic waves propagating inside the dielectric substratelayer can also be controlled bythe DGS.
The Sii-parameter of the proposed filtering antenna with and without DGS is shown in Figure 5.
Recently, the DGS is used to enhance the stop band rejection characteristics as shown in Figure 5.
Figure 6 shows the Sij-parameter of the proposed filtering antenna for different shaped slots loaded.
The radiation characteristics of the filtering antenna are roughly invariant, with good performance of
Si1-parameter and broad side antenna gain on +z-direction. The peak gain of the simulated pattern is about
2.02 dB and provides good skirt selectivity. The simulated 3-D view radiation pattern of the proposed filtering
antenna is shown in Figure 7.
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Figure 4. Si;-parameter and gain of the proposed filtering antenna
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Figure 5. Sy1-parameter of the proposed filtering antenna with and without DGS
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Figure 6. Si1-parameter of the proposed filtering antenna for different shaped slots
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Figure 7. 3-D view radiation pattern of the proposed filtering antenna at f,, = 6.45 GHz

CONCLUSION
A compact filtering antenna with modified shaped slots has been proposed and successfully simulated

in a microstrip transmission line. The proposed filtering antenna is designed by utilizing the filter synthesis
approach. Depending on the equivalent circuit and specifications of the second-order Chebyshev lowpass filter,
the proposed filtering antenna has been designed and simulated. The design shows good performance, suitable
for high-speed communication applications. The proposed filtering antenna structure with SIR technique
provides good skirt selectivity.

ACKNOWLEDGEMENTS

Authors wish to express their thanks for the support provided by the innovation programme under

grant agreement H2020-MSCA-1TN-2016 SECRET-722424.

REFERENCES

[1]
(2]
(3]

[4]
[5]

6]
[7]

(8]
[9]

A Hussaini et al., “Green Flexible RF for 5G. Fundamentals of 5G Mobile Networks,” John Wiley and Sons.
pp. 241-272, 2015.

Y. l. A. Al-Yasir, A. Abdullah, N. Ojaroudi Parchin, R. Abd-Alhameed, J. Noras, “A new polarization-reconfigurable
antenna for 5G applications,” Electronics, vol. 7, no. 11, pp. 1-9, 2018.

H. W. Liu, B. P. Ren, S. Li, X. H. Guan, P. Wen, X. Xiao, Y. Peng, “High-Temperature Superconducting Bandpass
Filter Using Asymmetric Stepped-Impedance Resonators With Wide-Stopband Performance,” IEEE Trans. Applied
Superconductivity, vol. 25, no. 5, pp. 1-6, 2015.

Y. I. A. Al-Yasir, N. Ojaroudi Parchin, A. Abdulkhaleq, R. Abd-Alhameed, J. Noras, “Recent Progress in the Design
of 4G/5G Reconfigurable Filters,” Electronics, vol. 8, no. 1, pp. 1-17, 2019.

Y. I. Abdulraheem, A. Abdullah, H. Mohammed, R. Abd-Alhameed, J. Noras, “Design of Frequency-reconfigurable
Multiband Compact Antenna using two PIN diodes for WLAN/WiMAX Applications,” IET Microwaves, Antennas
and Propagation, vol. 11, no. 8, pp. 1098-1105, 2017.

W. Chen, Y. Zhao, Z. Jun, “Compact and Wide Upper-Stopband Triple-Mode Broadband Microstrip BPF,”
TELKOMNIKA Telecommunication Computing Electronics and Control, vol. 10, no. 2, pp. 353-358, 2012.

Y. Al-Yasir, R. Abd-Alhameed, J. Noras, A. Abdulkhaleg, N Ojaroudi Parchin, “Design of Very Compact Combline
Band-Pass Filter for 5G Applications,” Loughborough Antennas & Propagation Conference, UK, vol. 1,
pp- 1-4, 2018

E. S. Ahmed, “Compact Dual-Band Parallel Coupled T-Shaped SIR Filter for WLAN Applications,” TELKOMNIKA
Telecommunication Computing Electronics and Control, vol. 15, no. 4, pp. 1677-1681, 2017.

Y. I.A. Al-Yasir, Y. Tu, N. Ojaroudi Parchin, I. Elfergani, R. Abd-Alhameed, J. Rodriguez, J. Noras, “Mixed-coupling
multi-function quint-wideband asymmetric stepped impedance resonator filter,” Microw. and Opt. Tech. Lett,
vol. 61, no. 5, pp. 1181-1184, 2019.

TELKOMNIKA Telecommun Comput EI Control, Vol. 18, No. 1, February 2020: 545 - 551



TELKOMNIKA Telecommun Comput EI Control 3 551

[10] Mabrok M., Zahriladha Z., Masrukin E., Sutikno T., Othman A. R., Nurhasniza E., “Switchable Dual-band Bandpass
Filter Based on Stepped Impedance Resonator with U-Shaped Defected Microstrip Structure for Wireless
Applications,” TELKOMNIKA Telecommunication Computing Electronics and Control, vol. 17, no. 2,
pp. 1032-1039, 2019.

[11] Y. 1. A. Al-Yasir, Y. Tu, M. S. Bakr, N. Ojaroudi Parchin, A. S. Asharaa, W. A. Mshwat, R. A. Abd-Alhameed,
J. M. Noras, “Design of multi-standard single/tri/quint-wideband asymmetric stepped-impedance resonator filters
with adjustable TZs,” IET Microwaves, Antennas & Propagation, vol. 13, no. 10, pp. 1637-1645, 2019.

[12] Y. I. A. Al-Yasir, Y. Tu, N. Ojaroudi Parchin, A. Abdulkhaleq, J. Kosha, A. Ullah, R. Abd-Alhameed, J. Noras,
“New Multi-standard Dual-Wideband and Quad-Wideband Asymmetric Step Impedance Resonator Filters with Wide
Stop Band Restriction,” International Journal of RF and Microwave Computer-Aided Engineering,
vol. 29, no. 8, pp. 1-17, 2019.

[13] M. K. Mohsen, M. S. M. Isa, Z. Zakaria, A. A. M. Isa, M. K. Abdulhameed, “Electronically controlled radiation
pattern leaky wave antenna array for (C band) application,” TELKOMNIKA Telecommunication Computing
Electronics and Control, vol. 17, no. 2, pp. 573-579, 2019.

[14] M. K. Mohsen, M. S. M. Isa, A. A. M. Isa, M. K. Abdulhameed, “Enhancement of boresight radiation for leaky wave
antenna array,” TELKOMNIKA Telecommunication Computing Electronics and Control, vol. 17, no. 5,
pp. 2179-2185, 2019.

[15] T.Purnamirza, S. Hasbi, I. M. Bin Ibrahim, M. Mulyono, F. Amillia, D. Rahmi, “A Radial Line Slot Array (RLSA)
Antenna with the Specifications of 16 dBi Outdoor patch Antenna,” TELKOMNIKA Telecommunication Computing
Electronics and Control, vol. 16, no. 1, pp. 46-62, 2018.

[16] Y. Al-Yasir, et al., “Design, Simulation and Implementation of Very Compact Dual-band Microstrip Bandpass Filter
for 4G and 5G Applications” 16™ International Conference on Synthesis, Modeling, Analysis and Simulation Methods
and Applications to Circuit Design (SMACD), Lausanne, Switzerland, pp. 41-44, 2019.

[17] Y. 1. A. Al-Yasir, N. O. JaroudiParchin, A. Alabdullah, W. Mshwat, A. Ullah and R. Abd-Alhameed, “New Pattern
Reconfigurable Circular Disk Antenna Using Two PIN Diodes for WiMax/WiFi (IEEE 802. 11 a) Applications,” 16"
International Conference on Synthesis, Modeling, Analysis and Simulation Methods and Applications to Circuit
Design (SMACD), Lausanne, Switzerland, pp. 53-56, 2019.

[18] A. Jain, A. Agrawal, “Design and Optimization of a Microstrip Patch Antenna for Increased Bandwidth,”
International Journal of Electrical, Computer, Energetic, Electronic and Communication Engineering,
vol. 7, no. 2, pp. 191-195, 2013.

[19] R. Kumar, D. Dhubkarya, “Design and analysis of circular ring microstrip antenna,” Global Journal of Research In
Engineering, vol. 11, no. 1, pp. 1-5, 2011.

[20] L. C. Paul, N. Sultan, “Design, simulation and performance analysis of a line feed rectangular micro-strip patch
antenna,” International Journal of Engineering Sciences & Emerging Technologies, vol. 4, no. 2,
pp. 117-126, 2013.

[21] A. Boualleg, N. Merabtine, “Analysis of radiation patterns of rectangular microstrip antennas with the uniform
substrate. Semiconductor Physics Quantum Electronics & Optoelectronics, vol. 8, no. 3, pp. 88-91, 2005.

[22] H. W. Liu, C. H. Ku, C. F. Yang, “Novel CPW-fed planar monopole antenna for WiMAX/WLAN applications,”
IEEE Antennas and wireless propagation letters, vol. 9, pp. 240-243, 2010.

[23] U. Naeem, S. Bila, S. Verdeyme, M. Thévenot, and T. Monédiére, “A compact dual band filter-antenna subsystem
for 802.11 Wi-Fi applications,” The 3™ European Wireless Technology Conference, pp. 181-184, Paris, 2010.

[24] J. Zuo, X. Chen, G. Han, L. Li, W. Zhang, “An integrated approach to RF antenna-filter co-design,” IEEE Antennas
and Wireless Propagation Letters, vol. 8, pp. 141-144, 2009.

[25] J. S. G. Hong and M. J. Lancaster, “Microstrip filters for RF/microwave applications,” John Wiley & Sons,
pp. 1-476, 2001.

[26] W. L. Stutzman, G. A. Thiele, “Antenna theory and design,” John Wiley & Sons, pp. 1-848, 2012.

[27] L. Chen, Y. L. Luo, “Compact filtering antenna using CRLH resonator and defected ground structure,” Electronics
Letters, vol. 50, no. 21, pp. 496-1498, October 2014.

[28] M. Kozlov, R. Turner, “A comparison of Ansoft HFSS and CST microwave studio simulation software for
multi-channel coil design and SAR estimation at 7T MRI,” Piers online, vol. 6, no. 4, pp. 395-399, 2010.

[29] C. T. Chuang, S. J. Chung, “A new compact filtering antenna using defected ground resonator,” Microwave
Conference Proceedings (APMC), Asia-Pacific, pp. 1003-1006, 2010.

[30] C.K.Lin,S.J.Chung, “A compact filtering microstrip antenna with quasi-elliptic broadside antenna gain response,”
IEEE Antennas and wireless propagation letters, vol. 10, pp. 381-384, 2011.

[31] J. B. Jadhav, P. J. Deore, “Filtering antenna with radiation and filtering functions for wireless applications,” Journal
of Electrical Systems and Information Technology, vol. 4, no. 1, pp. 125-134, 2017.

[32] K. Wang, L. S. Zheng, S. W. Wong, Y. F. Zheng, Q. X. Chu, “Design of even-order symmetric bandpass filter with
Chebyshev response,” Progress In Electromagnetics Research, vol. 42, pp. 239-251, 2013.

[33] F. S. Mahmud, M. S. Razalli, H. A. Rahim, W. F. Hoon, M. Z. llyas, “Parametric studies on effects of defected
ground structure (DGS) for dual band bandstop microstrip filter,” EPJ Web of Conferences, vol. 162, pp. 1-5, 2017.

[34] D. Marotkar, P. Zade, V. Kapur, “To Study the Effect of DGS on Antenna Parameters,” International Journal of
Industrial Electronics and Electrical Engineering, vol. 3, no. 7. pp. 17-20, 2015.

Design and optimization of microstrip filtering antenna with modified shaped slots... (Hana Abdel-Jabbar)



