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Abstract

A miniature circularly polarized filtering antenna device is presented here. The device consists of circular radiating patch
impeccably coupled using pins to strip line circuits having open loop ring resonators. In proposed design the last stage of
filter acts as radiating patch and having low profile of size 0.57A0 x 0.57A0 x 0.07A0 at center frequency 4.26GHz. Filtering
circuit improves wide impedance bandwidth and axial ratio 3dB bandwidth. It gives a deep null at upper and lower band
edges of filter response. The CP version develops from two LP design by introducing a T-shaped near-field resonant parasitic
element near the probe to create two transmission paths with an inherent 90° phase difference. The filtenna is design,
fabricated and measured having gain more than 2.5dB and reflection coefficient (S11) < -14dB for an impedance bandwidth
of 580MHz from 4.06 to 4.64GHz. Fractional bandwidth, which is 13.33%, gives good candidature for variety of wireless
applications. The developed circularly polarized co-design filtering antenna is verified using full wave models and testing.

The filtering antenna is useful for biomedical applications such as wearable devices and 5G applications.
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Introduction

The integration of microwave components has
become necessary where size reduction and
increased overall performance are concerned as
wireless communication technology is improving
day by day. Any antenna design requires both
antenna and filter circuits, which are vital elements
in design process. A hybrid feeding methodology
with integrated strip line and air filled substrate
waveguide structures is employed to create a
circularly polarized antenna array (1). In the other
study (2), a small footprint single layer circularly
polarized patch antenna is built. Wideband circularly
polarized 2x2 filtenna was obtained in a study (3)
with increased gain and AR bandwidth. Signal
transmission and reception are handled by the
antenna, while the frontend circuit known as band
pass filter is in charge of separation of desired signal.
The quality of the S11 and gain of antenna is impaired
by interference since the antenna and BPF are
resonating at the same frequency. If the impedance
is not correctly synched, the enactment of antenna

will be adversely impacted, for example by 50 or 75Q
over the bandwidth or at the band edges. Recent
work has focused on code sign BPF and antenna into
a single device. The ultimate solution is provided by
the final stage of filter design, which behaves as an
antenna radiator as electromagnetic bandgap
antenna (4). To acquire good bandwidth, several
filtering antennas was studied. In several existing
literature, antennas were used as dispersive complex
loads in filter circuits for horn antennas (5, 6), wire
monopoles (7), coupled planar resonator connected
patch antenna (8, 9), SIW resonator with coaxial
collinear antennas (10). In code sign, last stage of
BPF acts as antenna having coupled substrate-
integrated waveguide cavity filters cascaded to slot
antennas (11-13) and planar monopole antennas
combined with coupled line filters (14-16). A filtenna
is 40mm x 40mm x 5.3mm is compared with other
filtering antenna in Table 2. Due to their applications
in wireless communications, which hold enormous
potential for bio-medical fields, battlefield survival,
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and patient tracking systems. Wearable antenna one
of the fastest-evolving fields in the antenna
community, has attracted research interest from all
over the world (17, 18). Different types of wearable
antennas were developed on HSCA and PICA (19),
IFA (20), planer micro-strip monopoles (21-23),
PIFA (24, 25), slot antennas (26), stepped impedance
resonator antenna (27), patch antennas (28), cavity
backed slot antenna (29, 30) having broadside
radiation pattern. Artificial magnetic conducting
surfaces (31-33) and meta-surface (34) having small
isolation profile between antenna and human
tissues.

Narrow operating band and polarization operations
are the two main issues, we address in this research
by introducing an innovative design approach for
compact CP filtenna without adjusting the size of
antenna. This multilayer filtenna, not only increased
impedance bandwidth but also creates two deep
radiation nulls that improves out of band rejection of
filter performance. In the methodology section, we
described the design of circularly polarized filtenna
by elucidating 3D design, equivalent circuit, and
structural design of module. Also compare final ring
resonator with other two design antennas. In results
and discussion section describes the simulation and
measurement outcomes in air, compared with other
existing antennas and finally discuss conclusion and
future scope of design.

Methodology

The prototype of co-design CP filtenna is portrayed
in Figure 1 having circular patch radiator on top
layer, and a planer dual strip-line microwave circuit
on middle layer consisting of filtering, phase
splitting, power disparities and conjugate matching
functions required to radiate CP wave. The filter
circuit is sandwiched in between ground plane and
radiating circular plane which increase impedance
bandwidth. With this configuration, size of whole
device can be significantly reduced. The impedance
at interferences is optimized by adjusting the
location and dimension of via hole to attain better
performance. For proposed design, we are replacing
rectangular open loop resonator with open loop ring
resonator. Two bandpass filters are connected to
circular radiating patch through coupled strip-line
and two metallic pins that pass-through ground
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plane in between top and middle layers. The two
metallic pins are located at some offset from center
of circular radiating patch to obtain a good
impedance matching. The bottom ground plane of
circular patch radiator (top layer) acts as top ground
plane of strip-line circuit (middle layer). Two
bandpass filter circuits consist of three open-loop
ring resonators which are mutually coupled to one
another. Subminiature version A (SMA) connector is
connected to bandpass filter with top and bottom
ground connected from side instead of bottom side,
as discussed in wearable medical uses (35, 36). The
size of filtenna is 40mm x 40mm x 5.3mm (0.57 AL x
0.57 AL x 0.07 AL) where AL =70.42mm, which is
compact as compared to other filtering antennas
compared in Table 2. To satisfy criteria mentioned
above, a ring resonator multi-layer filtering antenna
array has been chosen. A RT/Duroid 5880 with the
dielectric constant s =2.2, thickness of substrate
0.79mm, loss tangent tand =0.0009 and copper layer
thickness 18um is used for prototype design. A
radius of patch is only parameter to control the
resonant frequency. Radius of patch (a) can be
determined by

F

e ————— T 1

“ J{1+(nizp)[lnln (12[—;)+1.7726J} [ ]
8.791x10°

Where F = = [2]

The radius of patch is calculated by substituting h=
3.68mm, & = 2.2, F=1.4817 in equation 1, the
computed value of radius (a) is 1.477cm=14.77mm,
h is height of substrate, &r = dielectric constant of
substrate. The layout is represented in Figure 1,
where three substrate layers have height h1=3.68,
h2=0.79, h3=0.79 all in millimeters. The analogous
circuit for CP filtenna is publicized in Figure 2. A
shunt equivalent circuit (Rx, Lx, Cx or Ry, Ly, Cy) was
used for orthogonal model. The inductance of the
feeding pin is represented by a series inductor. The
three parallel RLC resonators represent three open
(OLRR), which can be
An
admittance inverter is used to couple stages (38).

loop ring resonators
synchronously/asynchronously tuned (37).

Coupled strip lines are capacitively coupled, third
resonators are connected to for circular radiating
patch as a part of integrated filter design (39). For
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circular polarization, two filtering branches are

attached to T section having an electrical length of
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A/4 for impedance matching and also giving 90°
phase difference.

Figure 1: 3D View of CP Filtenna Using Open Loop Ring Resonator
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Figure 2: Equivalent Circuit of CP Filtenna

The prototype antenna has quarter order Chebyshev
BPF, of fc= 4.26GHz, Si11= 13.33% and a 50Q
impedance. At the T-shaped junction, two branches
converge has feed patch with quadrature phase
between them to realize circular polarization. A £/4
(quarter-wave transformer) is formed to synch
impedance of 50 at antenna port. Two BPFs are
designed so that bandwidth should be enhanced with
filtering and impedance matching functions (40).
The Chebyshev fourth order LPF prototype elements
values with a ripple factor of 0.2dB were got as
g0=1.0, g1=1.303, g2=1.284, g3=1.976, g4=0.847,
g5=1.539.

For low pass normalization, to get the actual
component values the following equations are used,

Using equation 3 & 4 we can find values of
C1=0.608pf, C2=0.599pf, C3=0.922pf, L1=3.89nH,
L2=3.83nH, L3=5.90nH, R1=R2=R3=0.649Q,
Zprri=Z2=80€). The AR should stay below 3dB
throughout this 13.33% impedance bandwidth. The
antenna is last stage of resonator of filter acts as
circular patch radiator. The resistance of each BPF
acts as purely resistive. Based on the low-pass
parameters, the design parameters of the band-pass
can be calculated as below.

The external quality factors,

Qo1 = o Qen =Tt e [5]
Q=" =2% _9774 s [6]

T FBW ~ 0.1333
Coupling coefficients for filters, can be determined

j— Gn by'

e [3]
GnR

"=y T [4]
FBW )

Mitss = Moctnoion = 2 for i =12, B =1 e -

0.1333
Mz = Mse = = 0.090

V1303 x 1.284
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And My = gi']i fori=1.2, ,g _______________ (8]
_ 0.1333 x 0.8012 _ 0.083
a 1.284 -

Where Qel and Qen are the external quality factors
of the resonators at the input and output port and
Mi,i+1 is coupling coefficients between it and (i+1)th
resonator, n is order of filter. Consider electrical
length of £/4 at fc and characteristic impedance of
80Q) to obtain desired performance. At center
frequency, the coupled strip-line's length should be
approximately one-quarter wavelength is 12.6mm.
The separation distance was determined to be
0.21mm. Wide bandwidth is obtained by using two
LPFs joined to T junction. The two planer strip lines
have a length difference of around 12.6mm which is
A/4 of fc. Over 13.33% bandwidth, a quarter

wavelength strip-line provides desired 90° phase
shift. A quarter wave transformer is used for
impedance matching of input impedance of 50Q at T
junction of antenna port. The important dimensional
parameters to be tuned include the size of ring
resonators (ari, arz, ars), the separation distances in
between adjacent ring open loop resonator (SOLR,
s12, s23), the feeding point of pins, the position of
taping strip-line, the length(Iss, Isz, Is3), width (Ws)
and spacing (ss) of coupled strip-line as well the
length difference(las, laz, las, lag, las, Ibs, Ibz, Ib3) of
two strip-line connecting each BPF branch to T
junction.

40 mm

Figure 3: Top View of Strip-Line BPF Layer with Dimensions

Table 1: Dimensions of Design Antenna

ari arz ars br Sr Wr S12 S23 Ss

7 7 7 7.6 1.5 0.5 0.5 0.525 0.21
Ws Is1 Is2 Is3 t Iax Iaz Iaz Ias
0.15 3.5 9 3.7 3.7 2 9.4 3.4 2.4
Ias Ib1 Ib2 Ibs If2 Ifs wf wf2 wf3
3.4 2 10.5 1.1 11.2 2 1.35 1.47 1.73

Results and Discussion

The proposed circularly polarized BPF is
experimentally designed and simulated in IE3D
electromagnetic simulation software. The simulated
S11 is depicted in Figure 4, in solid line where
optimized design has below -14 dB and impedance
bandwidth is 13.33% for passband having center
frequency 4.26GHz. The S11 is defined for complete
geometry consisting of two low pass filter circuits,
phase shifter, power divider and conjugate matching
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circuits shown in Figure 3. The simulation radiation
efficiency in the passband was more than 80%
shown in Figure 8. The simulated geometry has a
fourth order Chebyshev response. The (S11) <-14 dB
for frequency ranges from 4.1GHz to 4.8GHz. The
important dimensional parameters for tuning have
sizes of all SOLRs, the gap/distance in between
adjacent SOLRs, the diameter of patch radiator, feed
point of pins, position of tapping strip line, length,
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width and spacing of coupled strip line traces. Figure
4 shows simulation result for final ring resonator
gives two resonance conditions at 4.26 and 4.65GHz.
In Figure 5(a) rectangular resonator was used, which
gives (S11) < -10 dB from 3.94-4.60GHz, gives wide
bandwidth, but differs from design frequency. In
Figure 5(b) rectangular resonator was replaced with
ring resonator and simulated for different diameters.
After iterations, we finalized ring resonator design

—=—T" dB[S(1,1)]
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with radius 8mm, as shown in Figure 5(b), which
gives less impedance bandwidth from 4.10-4.60GHz.
In Figure 5(c) the position of ring resonators were
changed and we got optimum results in terms of
wideband from 4.1 to 4.8GHz with resonance at 4.26
and 4.65GHz. Figure 6 shows reflection coefficient
comparison for rectangular, cross ring and final ring
resonator design in terms of wideband, resonance
conditions.

36 28

4
Freq (GHz)

4.2 4.4 46 4.8 5

Figure 4: Simulation Result of CP Filtering Antenna Using Ring Resonator
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Figure 5: Simulation Result of Different Combinations (A) CP Filtering Antenna Using Rectangular Resonator,
(B) CP Filtering Antenna Using Cross Ring Resonator, (C) CP Filtering Antenna with Final Ring Resonator
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S-Parameters Display
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Figure 6: Simulation Results of Rectangular Resonator, Cross Ring Resonator and Final Ring Resonator
Designs

If there is mismatch between two branches of low
pass filter and the T junction that result in terms of
increasing AR values. The AR shown in Figure 9 is
less than 1dB for frequency range from frequency 3
GHz to 5GHz. For circular polarization AR value
should be less than 1. Wideband CP filtenna can be
obtained using other techniques using thick air
substrates (41), dual feeding with planer hybrid

coupler (42), broadband 90° baluns (43) and other
methods in (44), but all other methods (45, 46)
require more thickness. Integrating filtering and
antenna may raise the size of antenna which is not
compact for some wireless applications. Figure 7
shows three RT/Duroid 5880 substrate layers used
for fabricating final module. The size of bottom,
middle and top layers are same.

Figure 7: Three Layers of CP Filtering Antenna

—=—I" Antenna EMciency —=— T~ Radiation Efficiency

100

90

80

70

Percentage (%)

60

Percentage ()

34 38 38

4
Frequency (GHz)

42 44 48 48 s

Figure 8: Efficiency of CP Filtering Antenna
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Figure 8 shows radiation efficiency of CP filtering
antenna which is 81.65% and antenna efficiency is
81.62% at resonance 4.26GHz and 74.98% and
77.10% at resonance frequency 4.65GHz. CP filtering
antenna fabricated on RT/Duroid 5880 PCB using
standard method and final prototype modules. A
SMA connector was attached to planer stripline with
ground terminal to both (lower and upper) ground
layers. Figure 9 shows axial ratio simulation, which

—<—[" Minimum Axial-Ratio
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gives value nearer to 0.3, ideally required less than 1,
which is required to obtain circular polarization.
Figure 10 shows the current distribution at 4.26GHz,
at which we got resonance condition, current is non-
uniformly distributed. Major current passes through
left side of bandpass filter. It is seen that surface
current distribution at 4.26 and 4.65GHz, the surface
current density is mainly concentrated around the
hybrid micro-strip coplanar waveguide in ring
resonator as shown in Figure 10.
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Figure 9: AR Simulation of CP Filtering Antenna

Figure 11: Photographs of Final Module (A) Top View, (B) Bottom View
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Figure 11 shows photographs of top and bottom
views of final fabricated and assembled CP antenna
modules. A final fabricated module having bottom
layer as ground layer and top layer having circular
radiating patch connected to strip line filter circuit
using vias. SMA connector is soldered with strip line
circuit as feed point and ground terminals are
connected to bottom and top layer.

RHODE and SCHWARZ ZVL network analyzer was
used to measure impedance of CP filtering antennas.
As shown in Figure 12 measured Si11 of CP filtenna
exhibits good filtering properties with (S11) < -14dB
within 4.06GHz to 4.64GHz which gives impedance
bandwidth 580MHz and fractional bandwidth
13.33%. Fabrication and assembly inaccuracies can
indeed cause variations between simulated and
measured results, impacting parameters like S11
(reflection coefficient) and roll-off characteristics
shifted to higher frequencies as well as broadened.
Such a minor blue shift and band broadening can also
be observed in measured reflection coefficient (see
Figure 12). For comparison with previously
reported, Table 1 includes information on footprint,
antenna profile, S11, pattern type, polarization, and
bandwidth. The performance of this work is superior
to that of previous works.

0
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Figure 13(A) and (B) show 2D radiation pattern at
4.26GHz and 4.65GHz in both x-y and x-z patterns.
Main beam is slightly shifted from broadside due to
offset pin feed with respect to center of the patch and
offset patch position away from center of ground
plane. They have nearly equal HPBW of about 73°
and 74 ° in x-y and x-z planes. The gain is nearly same
(i.e.2.53dB) at 4.26GHz and 4.65GHz. The wide
HPBW is favourable for angular coverage. Figure
13(C) shows 3D radiation pattern at 4.26GHz and
4.65GHz.

The normalized far-field pattern in both x-z and y-z
planes shown in Figure 14. For circular polarization
axial ratio (AR) should be one or less than 1. In Figure
14, purple and blue line indicates co-polarization at
4.26 and 4.65GHz respectively, and green and orange
lines indicate cross polarization at 4.26 and 4.65GHz.
The main beam is slightly shifted due to offset pin fed
with respect to center of patch and offset patch
shifted from center of ground plane. To verify
performance of filtering antenna, compare
previously reported antenna with antenna
properties co-design, footprint, antenna profile, S11
bandwidth, gain, radiation efficiency, polarization
and pattern in Table 2.
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Figure 12: Simulated and Measured S11
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(A) 4.65GHz
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Figure 13: Simulated 2D Radiation Pattern at (A) X-Y, (B) X-Z Plane and (C) 3D Radiation Pattern
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006~

Figure 14: Co-polarization and Cross Polarization at 4.26GHz and 4.65GHz

Table 2: Performance Comparison with Other Antenna Devices

Rad. .
Ref C(?- Footprint Profile S11 BW Gain Effici Pol-arlz Pattern
design ation
ency

(4) Yes 13.7 >3 5.5% (-13 dB) 17 50% Linear = Highly Directive

(5 No 3.5 >3 9.8% (-14dB) NA 79% Linear = Highly Directive

(6) No 7.2 2.5 6.3% (-10dB) 14 90%  Circular Highly Directive

(7) No 3.01 1.7 7.7% (-10dB) NA 74% Linear = Omnidirectional

(8) No 0.36 0.02 4.7% (-10dB) 4.3 50% Linear Unidirectional

9 No 0.2 0.45 4.5% (-10dB) 3.5 58%  Circular  Unidirectional
(10)  No 3.6 005  2.6%(-10dB) 7.8 78%  Lin€ar  ompidirectional
(11) Yes 0.43 0.02 2.5% (-10dB) 4.87 NA Linear Unidirectional
(12) Yes 1.56 0.1 6.1% (-15dB) 6.1 89% Linear Unidirectional
(13) Yes 0.39 0.15 3% (-14dB) 49 59% Linear Unidirectional
(14) Yes 0.32 0.01 13% (-10dB) 0.65 74% Linear = Omnidirectional
(15) Yes 1.17 0.01 3% (-12dB) 9.6 72% Linear = Highly Directive
(16) Yes 0.25 0.01 2% (-13dB) -3 NA Linear Unidirectional
47 Yes 0.28 0.07 12.5% (-14dB) 5.2 80%  Circular  Unidirectional
(48) Yes 0.04 0.03 8.1% (-10dB) 5.6 75%  Circular  Unidirectional
VT/EI:R Yes 0.28 0.07 131'13(;") G o 810)065 Circular  Unidirectional

Conclusion achieves a measured Si1= -14dB bandwidth of

We proposed a novel design scheme of compact,
wide impedance bandwidth CP filtenna having two
LPF branches has been presented. The co-design of
antenna and BPF circuit using circular radiating
patch as load of open loop ring resonators. A
proposed filtenna has thickness of 5.3mm and
smaller size of 40mm x 40mm. A compact multiband
CP filtenna operating at 4.26GHz has been designed,
fabricated and validated. The proposed antenna

568

13.33% and a peak gain 2.75dBi, with AR smaller
than 3dB and maximum efficiency of 81.65%. By
optimizing characteristics,
remarkable optimal results in comparison to the

various  antenna
most recent literature were achieved. Measured
results confirmed the proposed antenna is opponent
for real time applications such as 5G applications
(4.4-4.9) GHz, Unmanned aerial vehicles (4.4 to 4.5)
GHz applications and (4.635 to 4.685) GHz for radar
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information distribution network and future scope
in wearable devices for biomedical applications.
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