Received: 13 June 2020 | Revised: 14 September 2020 | Accepted: 15 September 2020
DOI: 10.37917/ijeee.16.2.3 Vol. 16| Issue 2| December 2020

& Open Access

Iragi Journal for Electrical and Electronic Engineering

Original Article

Electrically Coupled Folded Arm Resonators with the
Feedline Patch Antenna for Spurious Harmonic
Suppression and Bandwidth Improvement

Mohammed Kadhim Alkhafaji
Southern Technical University (STU), Basra Technical Institute, Electronic Techniques Department, Iraq

Correspondence

* Mohammed Kadhim Alkhafaji

Southern Technical University (STU), Basra Technical Institute,
Electronic Techniques Department

Email: m.khudhair@stu.edu.iq

Abstract

This paper presents a new design of the filtering antenna with a quasi-elliptic function response. The basic structure of the
proposed filtering antenna is consists of a four-folded arms open-loop resonator (OLR). The proposed filtering antenna is
simulated, improved and, analyzed by using 3D Computer Simulation Technology (CST) electromagnetic simulator software.
The design has good spurious harmonic suppression in the upper and lower stopbands. The Insertion Loss of the proposed
filtering antenna 1.=0.2 dB and the Return Loss R.=-25.788 dB at the center frequency fo=5.75 GHz. The passband bandwidth
which is relatively wide, and equal to 0.793 GHz. The microstrip filtering antenna circuit shows good design results compared
to the conventional microstrip patch antenna. The filtering antenna design circuit with etched ground plane structure also has
good design results compared to the filtering antenna design which has a complete ground plane structure.

KEYWORDS: CST, filtering antenna, folded-arms OLR, patch antenna, quasi-elliptic function, spurious harmonic
suppression.

I. INTRODUCTION e  Suitable selection of the resonant frequency (f;,).

e Suitable selection of the dielectric constant (e,.). The
substrate dielectric constant is one of the most important
design parameters. The dielectric substrate with a low
dielectric constant is used to design the filtering antenna
because; it gives perfect performance such as high
bandwidth, better efficiency, and relatively low-quality
factor Q [5].

e The height of the dielectric substrate thickness (h), is
used to design the filtering antenna.

Several Technologies have been investigated to suppress

spurious responses such as the Defected Ground Structure

(DGS) [6, 7], Stepped Impedance Resonator (SIR) [8].

This paper presents a new design of filtering antenna which

is mainly based on the electrical coupling of the resonators

and the microstrip feed-line. The proposed filtering antenna
consists of four identical resonators, every two resonators are
connected to form a single resonator on each side of the
microstrip feed-line, which feeds a rectangular patch
antenna. This technique contributes significantly to

Microwave resonators and transmission lines such as
waveguides and microstrip lines can be coupled in different
ways to achieve microwave devices which used frequency-
selective structures [1, 2]. Coupling of transmission lines and
resonators have many applications such as filters, filtering
antennas, couplers, transformers, and other different devices.
Open-loop and closed-loop resonators have been heavily
studied and used in bandpass filters, antennas, filtering
antennas, and other microwave circuits [2]. To reduce the
interference and protect the sensitive receivers from reaching
out-of-band signals, a wide stopband with a double mid-band
frequency (2f,) be required. Most planar bandpass filters and
filtering antennas which consists of A, /2 resonators, where
Agis a guided wavelength have a spurious passhand at 2f,
[3]. To suppress the spurious passband, cascaded lowpass
filters or bandstop filters can be used. Microstrip Patch
Antenna (MPA) is considered a suitable choice for narrow-
band microwave applications especially, wireless links that

requireq semi-hem!spher_ical coverage .[4]' suppressed the spurious harmonics and improved the
To design a feed-line microstrip filtering antenna there are passband bandwidth. The proposed filtering antenna
three fundamental parameters should take into account and structure has a fractional bandwidth (FBW) of about 14 %
they are as follows: and centered at a mid-band frequency f, = 5.75 GHz. This
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design shows an acceptable skirt selectivity and a well-
shaped gain response. It exhibits reasonable efficiency of
about 70 % and a gain of about 2.85 dB.

1. FILTERING ANTENNA DESIGN

The new design structure of the filtering antenna with a
quasi-elliptic function response is proposed in this article.
This design is depicted in Fig. 1, and the basic structure of
the four-folded arms open-loop resonator (OLR) with its
electrical lengths are depicted in Fig. 2 (a). Figure 2 (b)
shows the equivalent circuit of folded arms OLR. This design
is based on the electrical coupling of the feed-line patch
antenna and the folded arm OLR. The presented design is
consists of four identical folded arms OLR and microstrip
patch antenna which feeds by microstrip feed-line. Every
two resonators are connected to achieve the design
requirements.

Filtering Antenna Structure

4

Dielectric Substrate Material
Ground Plane

Fig. 1: Filtering antenna design structure.
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Fig. 2: Folded arms OLR (a) structure with its
electrical lengths (b) equivalent circuit.

The equivalent circuit of the folded arms open-loop resonator
is depicted in Fig. 2. The microwave model of the proposed
filtering antenna design is depicted in Fig. 3. Before
proceeding with the filter design, the design specifications
should be stated carefully. With the assistant of these
specifications, admittance inverters concerning
characteristic admittance J,/Y, (n =1,2,...,N + 1), and
the shunt resonators L,,C, (n = 1,2, ...., N) where L,, are the
shunt inductances, and C,, are the shunt capacitances can be
achieved in Ref. [9]. The specifications of the filter to be
synthesized are a 3™ order Chebyshev bandpass filter with a
0.2 dB equal-ripple (N=3). The characteristic impedance
Z, = 50Q ; Fractional Bandwidth (FBW) = 0.14 ; f, =

5.75 GHz. As the bandpass filter specifications are all now
obtained.
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Fig. 3: The microwave model of the proposed filtering
antenna.

The modification of wrapping arms of Fig. 2 (a) is used to
decrease the size of hairpin resonators [10]. The folded arms
structure can be created with minimal characteristic
impedance (Z,) to design a model with a compact size. The
microstrip folded arms OLR can be achieved by double
folding a straight microstrip open resonator as depicted in
Fig. 4 [11]. Because of the resonator corners and the fringing
capacitance, an exact electromagnetic field calculation is
impractical. Figure 5 shows the equivalent circuit of the
straight open resonator which can be used to calculate the
input admittance (Y;,).

(&) Microstrip straight ope (b) Folded arms OLR
Fig. 4: Folded arms OLR can be achieved by double
The input admittance at any point of a straight open
resonator length determines its resonant frequency.

H 8,

Yin

Fig. 5: Microstrip straight open resonator and its equivalent
circuit.

8=pl y

-

The input admittance showed in Fig. 5 can be calculated as:
Yin = j¥,(tan(6,) + tan(6,) @

The total electrical length (6;) of a straight open resonator,
6r = 6, + 6,, where 6, and 6, are the electrical lengths of
arm 1 and arn 2 respectively. A standing wave (SW), can be
kept in the resonator, if ¥;, = 0; so, an infinite resonance
frequencies yields at:

Or=nm  or |=nk/2 2
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In the case of filter applications most interaction technique
between resonators caused by proximity coupling which is
called a coupling coefficient. The coupling coefficient
mainly depends on the ratio of coupled energy to stored
energy as shown below:;

€Eq.Epdv Hg.Hpdv
k = [ €Ea.Ep + JuHaHp
\/f €E2dv [ eE}dv \/f WHZdv [ pHEdv

@)

Where the electric field E, and magnetic field H, are
produced by the first resonator and E,, H, fields are
produced by the second resonator. The coupling coefficient
k(f) is an algebraic sum of two frequency-dependent
expressions for two parallel RLC resonant circuits. One of
them is accountable for capacitive coupling and the other
term represents inductive coupling [12]. The physical
realization of narrowband filters did not have attenuation
poles at the passband frequencies, and it depends on the
numerical values of three kinds of quantities
fo,Q,and k;; 4, Where f, is a resonant frequency, Q is a
quality factor of the resonator, and k;;,,is a coupling
coefficient of any two neighboring resonators. Thus the
coupling coefficient is defined as:

k ~ fevenf;fodcl (4)

In a case of narrowband filters, the coupling coefficient can
be defined as a constant calculated at a resonant frequency,
so it can be carefully using a simplified approximate
formula:

U fy 1

k~ m\/gigi+1 (5)

Where f3, f, are the 3dB passband edge frequencies, g; g;+1
are the normalized elements of the lowpass filter prototype.
Equation (5) can be derived for the microwave model of the
filtering antenna shown in Fig. 3 as follows:

Jiji+1

ki,i+1 = m (6)

Where J;;41 is the inverter admittance of the adjacent
parallel-type resonators i and i+1, and b; is the susceptance
of ith resonators. The susceptance B;(f) is equal to zero for
all resonators at the resonant frequency f,. The susceptance
parameter can be calculated as:

_ fo dBi(f)
bi_ 2 df f=f, (7)

The coupling coefficient k at a resonant frequency is
completely dependent on oscillation frequencies f,;,; and
foven Of two corresponding resonators. The coupling
coefficient based on the above definition can be found as
[12]:

2 2

_ fodd —feven (8)
- 2 2
fodd” +feven

The loaded quality factor Q;, is the actual quality factor that
takes into account all the circuit losses. The loaded quality
factor can be defined as a function of the external quality
factor Q., and the radiation quality factor Q, of the
rectangular patch antenna as follows:

1 1 1

o @)
The value of the loaded quality factor can be measured
directly. The technique used in this investigation to evaluate
Q.- is depend on the two-port microwave network depicted in
Fig. 3 and can be calculated as:

Q=0 (10)

4foh

Where c is light speed (c=3 x 108 m/s), &, is the effective
dielectric constant of the substrate material, h is the
thickness of the substrate material. The suitable value of the
external quality factor Q,, can be calculated by finding the
suitable spacing between the feedline and the resonators, by
using the following expression [13]:

fo _fo

T h-f,  af 11)

QEX

The proposed filtering antenna shown in Fig. 6 occupies an
overall size 45x 30 mm? on the FR-4 substrate of the
dielectric constant &, = 4.3 and thickness h = 1.6 mm. The
filtering antenna has the following specifications; f, =5.75
GHz, FBW = 14%, thereturnloss R, > —24 dB , Insertion
loss I, = 0.2 dB. The fractional bandwidth FWB can be
calculated as in Equation (12).

FBW = = = 21 (12)

o f0

The admittance inverter values concerning Y, of Fig. 3 can
be calculated as [14]:

]0_1 — TFBW (13)
Yo 28081

Jii+1 TFBW

= fori=1.2,....,n (14)

Yo 2\/8i8i+1
]n,n+1 — TFBW (15)
Yo 28ngn+1

All design parameters of the proposed filtering antenna are
stated in Table I. As mentioned earlier the filtering antenna
design circuit is composed of four-folded arms OLR, every
two resonators are connected on two opposite sides of the
microstrip feed line which feeds the rectangular patch
antenna. The design circuit of the filtering antenna with its
optimized dimensions is depicted in Fig. 6.
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TABLE |
DESIGN PARAMETERS OF THE PROPOSED FILTERING
ANTENNA.

]01/Yo jlz/yo ]23/Yo Qex QL Qr k
0.410 017 0.140 | 7.03 | 4.63 | 13.61 | 0.023
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Fig. 6: Design circuit of the filtering antenna (a) Top view
(b) Bottom view.

I11. SIMULATION RESULTS AND DISCUSSION

The proposed filtering antenna is improved and analyzed by
using 3D Computer Simulation Technology (CST)
electromagnetic simulator software. The simulated Sii-
parameter of the filtering antenna is depicted in Fig. 7. The
design has good spurious suppression in the stopband. The
return loss is -25.788 dB at the center frequency f, =
5.75 GHz . The passband bandwidth which is relatively
wideband, and equal to 0.793 GHz is one of the important
reasons for designing the folded arms OLR filtering antenna.
This bandwidth is capable of transmitting and receiving
high-speed data rates. The filtering antenna has filtering and
radiation functions simultaneously so, the gain often takes
the same shape of the bandpass filter with quasi-elliptic
function response, therefore, the upper and lower
transmission zeros are located at 6.758 GHz and 4.587 GHz
respectively. The gain over the passhand of the proposed
filtering antenna is shown in Fig. 8 is equal to 2.848 dB.
These results show a good matching between the folded arms
OLR filtering antenna and the microstrip patch antenna.
Figure 9 shows the Sii-parameter of the folded arms OLR
filtering antenna for various values of coupling space (S)
between the resonator and the microstrip feed line.

From Fig. 9 it can be seen that increasing the value of
coupling space leads to decreasing the 3 dB bandwidth,
therefore the loaded quality factor will increase. It can be
understood that any increase in the coupling space between
the resonators and the feed line causes an improvement in the
return loss, but increasing the value of (s) more than the
critical value makes the coupling coefficient k weak and
then disturb the return loss R, [14]. The comparison between
Sii-parameter of the proposed filtering antenna and the
conventional patch antenna is depicted in Fig. 10. Table 1l
contains the comparison design parameters of the proposed
filtering antenna and the conventional patch antenna [15].
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Fig.7: Simulated Si1-parameter of the filtering antenna.
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Fig. 8: Simulated gain of the proposed filtering antenna.
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Fig. 9: Si1-parameter of the filtering antenna for various
values of coupling space (s).
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Fig. 10: Sy1-parameter of the conventional patch antenna
and the proposed filtering antenna.
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TABLE Il
COMPARISON DESIGN RESULTS OF THE CONVENTIONAL
PATCH ANTENNA AND THE PROPOSED FILTERING ANTENNA.

Parameter Conventional Filtering
Patch Antenna Antenna
Center frequency
5.86 5.75
fo (GHz)
Return loss (dB) -10.875 -25.788
-10 dB bandwidth
(MH2) 176 437
Voltage Standing
Wave Ratio (VSWR) 174 11
Gain (dB) 1.04 2.85

The simulated power efficiency of the filtering antenna is
depicted in Fig. 11. The proposed folded arms OLR filtering
antenna using an etched ground plane on the two-sided of the
ground plane structure. The incomplete ground plane
structure is used to improve the design performance
compared to the filtering antenna which used the complete
ground plane structure as shown in Fig. 12. The 3D view
surface current distribution and the 3D view far-field
radiation pattern of the proposed filtering antenna is depicted
in Fig. 13 and Fig. 14 respectively.
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Fig. 11: Power efficiency of the proposed filtering antenna.
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Fig. 12: Sq1-parameter of the complete and incomplete
ground plane structure of the filtering antenna.
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Fig. 13: 3D view of the surface current distribution of the
filtering antenna (a) Bottom view (b) Top view.
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Fig. 14: 3D view of the far-field radiation pattern of the
filtering antenna.

IV. CONCLUSIONS

This paper presents a four-folded arms microstrip open-loop
resonator filtering antenna design technique. This design is
simulated and analyzed by using CST software technology
on FR-4 epoxy dielectric substrate material has a relative
permittivity &. =4.3 and h=1.6 mm. The proposed
filtering antenna design has good spurious suppression in the
stopband, also has a relatively wide passbhand bandwidth of
about 793 MHz. The filtering antenna with a quasi-elliptic
function response has two transmission zeros near the
passband located at 4.587 GHz and 6.758 GHz. The
microstrip filtering antenna circuit shows good design results
compared to the conventional microstrip patch antenna. The
filtering antenna design circuit with etched ground plane
structure also has good design results compared to the
filtering antenna design which has a complete ground plane
structure.
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