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This article presents a new design of a four-pole microstrip filtering antenna.
The filtering antenna consists of a bandpass filter, which has four resonators
integrated to a monopole patch antenna. The filtering antenna is designed
with a relatively high bandwidth of about 1.22 GHz to satisfy a high-speed
data transmission. Three types of dielectric substrate materials were used for

the design of the filtering antenna, which is RT/Duroid 5880, RO3003, and

FR-4. The simulation results of the filtering antenna design, which are
Keywords: established on the three different dielectric substrate materials, are done by
using Computer Simulation Technology (CST) software. Comparison results
of the filtering antenna that is established on the three different dielectric
substrate materials are done at a fixed substrate height and different
substrate heights. The filtering antenna is designed at a center frequency
fO = 2.412 GHz, which is suitable for WLAN applications.
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1. INTRODUCTION

Ever-increasing demand for compact wireless communication transceivers continues to impact
the field of microwave (MW) and radio frequency (RF) applications [1, 2]. Some of the most important
modules in such systems are the microstrip antennas and filters [3-15], and its performance greatly effects
the performance of the whole wireless communication systems. In recent years, the microstrip filtering
antenna has become one of the best-desired device structures because of their low profile, compact size,
lightweight, and ease of fabrication. The microstrip filtering antenna is beneficial because it can be directly
printed onto the dielectric substrate materials [16]. Filtering antenna design has many applications, mostly in
modern wireless communication systems because of the filtering and radiating responses are occurring
simultaneously [17].

It is known that the use of the substrate material in the design of RF/microwave circuits is a
common and essential issue. One of the design basics is to choose the appropriate substrate material type as
well as thickness to fit the proposed application. Finding the dielectric substrate for printed-circuit-board
(PCB) materials provides a high-performance amount for acceptable charges at these frequencies represent a
great challenge. By recognizing the key parameters and features of interest to PCB materials at high
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frequencies, such as how different types of PCB’s behave for different types of substrate materials at high
frequencies (millimeter-wave frequencies). The selection can be carefully conceived when choosing printed
circuit board materials for use in high frequencies [18]. This work presents three different types of dielectric
substrate materials to be used in filtering antenna design and then check the design quality and its suitability
for the application, which is designed for.

2. PROPERTIES OF THE DIELECTRIC SUBSTRATES
2.1. FR-4 glass epoxy dielectric substrate

FR-4 is a low-cost PCB material, made from fiberglass textile implemented in epoxy resin.
The “FR” in FR-4 indicates to “fire resistant”. It has mostly substituted the (flammable) board material G-10
because of this feature. The FR-4 material, usually works well, when designing below 1 GHz. However, as
frequencies rise beyond 1 GHz, the passive circuit elements have to be taken into consideration. The main
considerations for circuit design in the 3-6 GHz involve skin effect, surface roughness, proximity effect, and
dielectric substrate [19]. The FR-4 dielectric constant & has been reported between 4.3-4.8, and is slightly
dependent on the frequency. The loss tangent tand of FR-4 is 0.018.

2.2. RT/Duroid 5880 dielectric substrate

Composites RT/Duroid 5880 microfiber reinforced PTFE is designed for demanding stripline and
microstrip line applications. RT/Duroid is a glass microfiber reinforced PTFE (Poly Tetra Fluoro Ethylene)
composite built by Roger Corporation. They show a very good chemical resistance, involving solvent and
reagents utilized in printing and coating, ease of cutting and fabrication, shearing, machining, and
environment-friendly [7]. RT/Duroid 5880 has a low loss tangent tand of about 0.004 and dielectric constant
g =2.2[20].

2.3. RO3003 dielectric substrate

Title RO3003 laminates is a ceramic-filled (Poly Tetra Fluoro Ethylene) PTFE composite circuit
material with mechanical characteristics, which are uniform regardless of the choosing of the dielectric
constant. This case permits the designers to develop multi-layer board designs, which are used differently
dielectric constant materials for individual layers, without facing accuracy problems [21]. RO3003 has low
loss tangent tand = 0.0013 and dielectric constant g = 3.0.

3. FILTERING ANTENNA STRUCTURE

The layout of the proposed filtering antenna structure is shown in Figure 1. The filtering antenna
consists of four pole bandpass filter and monopole patch antenna. The integration of the BPF with monopole
patch antenna is done by connecting the second port of the BPF with the antenna. A 50-Q microstrip
feed-line was fed both the BPF and monopole patch antenna, so there is no need to the additional matching
circuit. The four-pole bandpass filter consists of four resonators, which are connected to the microstrip
feed-line established on a dielectric substrate material with ground plane has an L-shaped slot etched as
shown in Figure 2. Each resonator consists of the square open loop with a longitudinal strip ended with
E-shaped arms.
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Figure 1. Filtering antenna structure layout Figure 2. Four-pole bandpass filter structure layout
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The filtering antenna was established on three different types of dielectric substrate materials, which
are FR-4, RT/Duroid 5880, and RO3003. Firstly, these substrate materials are kept at a fixed thickness, and
then the thickness of each dielectric substrate was changed to investigate, which of these three types are more
suitable for the specifications for this application. The absorption of electrical energy by a dielectric material,
which is exposed to an alternating electric field, is named dielectric loss. Dielectric loss is due to
the influence of the limited loss tangent, tand in which the losses increasing and directly proportional to
the operating frequency. Generally, the dielectric constant of the dielectric substrate ¢, is a complex number
and is given by:

& = € + je, 1)

where,

&, - Is areal part of the dielectric constant.

g, — Is an imaginary part of the dielectric constant.
Then the loss tangent is given as [22]:

tand = i_—r, 2

r

the relationship between the tangent loss and dielectric loss is given by the following formula [23]:
oy = ——-TL .. tané, 3

where,
a, — Is a dielectric loss.
grerr — Is the effective dielectric constant of the substrate material.
1, — Is a free space wavelength.
Figure 3, shows the dielectric loss for the three types of dielectric substrates, which are used in this
research article. The microstrip propagation delay tpq is a function of a substrate dielectric constant &;:

tpa(ns/ft) = 1.017,/0.475¢, + 0.67 )

Attenuation sources of practical microstrip lines are due to the effects of radiation and finite
conductivity of the conductor lines. In addition, energy in a microstrip is depending on the dielectric constant
gr, Substrate thickness h, and the circuit geometry. Using low dielectric constant substrate has a low
concentration energy, which leads to a great radiation losses. Figure 4, shows the relationship
of the propagation delay with respect to the dielectric constant of different types of dielectric
substrate materials.
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4. RESULTS AND DISCUSSION

Figure 5, shows the filtering antenna design structure with its optimized dimensions, and
the optimized dimensions are stated in Table 1. Figure 6, shows the reflection parameter (Si;-parameter) and
gain for the filtering antenna, which is designed on RT/Duroid 5880 dielectric substrate with height
h = 30.944 mil and dielectric constant 2.2. The filtering antenna has designed at a center frequency
fo = 2.412 GHz, and a band edges f; = 1.872 GHz and f, = 3.1099 GHz. The filtering antenna is suitable for
WLAN applications and a relatively high bandwidth is fit the fast data transmission, which is required in a
modern communication systems. Figure 7, shows the Si;-parameter of the filtering antenna without L-shaped
Defected Ground Structure (DGS).
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Figure 5. Filtering antenna Structure with its optimized dimensions
Table 1. The optimized dimension of the filtering antenna
Parameter W Wp Ws Ws: W,
Dimension (mm) 45 20 15 0.5 3.9
Parameter W, W W, Wig Ws,
Dimension (mm) 8 24 10 75 0.5
Parameter L, L, Lst Ly L,
Dimension (mm) 254 9 0.4 4 26
Parameter W, W; S: L Lo
Dimension (mm) 6.6 1 0.5 48 18
Parameter Lag Ls S; G L
Dimension (mm) 5.4 3 0.8 1 35
T 0
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Figure 6. Si;-parameter and gain of Figure 7. Si;-parameter of the filtering antenna

the filtering antenna without DGS
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Etching the DGS in the ground plane of the filtering antenna disturbed the shield current distribution
in a wave-guiding structure. This disturbance will change properties of the design such as the effective
capacitance and effective inductance [24]. The feature of DGS is a slow-wave impact because the equivalent
LC components that may decrease the design circuit size [25]. From Figures 6 and 7, can notice that
the significant and obvious effect of the DGS on the overall performance of the filtering antenna response.
Figure 8, shows the Sqi-parameter of the filtering antenna without the Square Open Loop Resonator (SOLR).
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Figure 8. Si;-parameter of the filtering antenna without SOLR

Figure 9, shows the Far-field radiation pattern of the filtering antenna at a center frequency
fo = 2.412 GHz. The simulation results are obtained by using Computer Simulation Technology (CST)
software. The comparison graph of the reflection parameter for the three types of dielectric substrate material
at a fixed substrate height h = 30.944 mils is shown in Figure 10. The effect of the dielectric substrate
material on the design performance especially the center frequency and reflection parameter.
Table 2 contains the comparison of some parameters of the three different dielectric substrate types for which
the filtering antenna is designed and established in.

Figure 11, shows the comparison of the reflection parameter of the three different dielectric
substrate materials, which the filtering antenna design is, established in, for different substrate heights. This
comparison is a necessary issue to illustrate the effect of the dielectric substrate material type, and thickness.
Table 3 contains the comparison of some of the important parameters involved in the design of the filtering
antenna circuit on the three different dielectric substrate material types. The parameter comparison of these
three types of the dielectric materials is stated in Table 3.

Table 2. Comparison of some different parameters for the different dielectric substrate materials
Dielectric Substrate type

Parameters RT/ 5880 RO3003 FR-4
Center frequency (f, GHz) 2412 2.202 1.924
Return loss RL (dB) -15 -12.065 -6.0314
Maximum Gain (dB) 4.03 2.43 1.18
BW (GHz) 1.22 0.922 0.657
VSWR 1.1937 1.58 2.2

Table 3. The comparison of some of the important parameters involved in the design of the filtering antenna
circuit on the three different dielectric substrate material types
Dielectric Substrate type

Parameters

RT/ 5880 R0O3003 FR-4
Center frequency (f, GHz) 2412 2.3 2.049
Return loss RL (dB) -15 -13.063 -7.04
Maximum Gain (dB) 4.03 2.63 222
Substrate height (h)mils 30.944 50 63
BW (GHz) 1.22 1.3 1.059
VSWR 1.1937 1.52 2.24
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Figure 9. Far-field radiation pattern of the filtering antenna: (a) Directivity, (b) Gain, (c) E-Field, (d) H-Field
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5. CONCLUSION

This article presents a microstrip filtering antenna design for WLAN applications in a center
frequency fo=2.412 GHz. A microstrip-filtering antenna has designed and built on a three different dielectric
substrate materials, which are RT/Duroid 5880, RO3003, and FR-4. These designs have done by using CST
microwave studio suite software. The filtering antenna consists of four-pole bandpass filter integrated to
monopole patch antenna. The comparison of the filtering antenna design, which is using the three different
dielectric substrate materials at a fixed substrate height and different heights have done. The results obtained
from each design indicate that the most suitable design for this application when established on RT/Duroid
5880 dielectric substrate material.
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