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Abstract

A gain enhanced dual-band filtenna operating at frequency bands of 3.5 and 5.3 GHz for 5G
sub-6 GHz applications is presented in this article. A dual-band antenna is integrated with a
filter to improve selectivity. The antenna uses printed monopoles as the radiating element, and
the filtering response is achieved using a modified feedline. The designed filtenna is 50 x 38 x
1.63 mm® in size with a maximum gain of 2.5 dBi. The novel filtenna design is equipped with
an artificial magnetic conductor (AMC) for the first time to enhance the performance. A unit
cell for the AMC is designed that offers zero phase shift in the desired frequencies. A four by
four AMC array is designed using this unit cell, which is used as a reflective surface to improve
the radiation characteristics of the filtenna. The gain of the filtenna is improved three times up
to 7.5 dBi in both bands. The proposed design’s overall planar dimensions are 80 x 80 mm®.
Using AMC, the gain has improved with a very minute or no change in the other charac-
teristics. The measured results are congruent with the simulated ones, illustrating that the
filtenna has good impedance matching and excellent gain in both bands.

Introduction

With the revolutionary emergence of fifth-generation wireless technology, compact multi-
functional components are in great demand. Among the components, filtenna, integration
of antenna and filter, performs radiation and filtering operations simultaneously. Here, the
antenna is devised to transmit or receive electromagnetic signals, and the filter is responsible
for selecting the desired signals in the operating band while rejecting the other signals. The
motive behind the design of a filtenna is to reduce the losses and size in a communication sys-
tem. A few pioneering literature works are band-notched ultra-wideband planar and horn fil-
tering antennas [1], planar monopole filtennas [2-4].

In the traditional filtenna synthesis technique, the last stage of filtering network is replaced
by a radiating element [5, 6]. Filters designed using SIW technology and resonators can also be
integrated with radiating elements to design filtennas. However, they offer narrow impedance
bandwidth, which can be mitigated using a double substrate layer in the former case and
defected ground structure (DGS) in the latter [7, 8]. A low-profile two-pole filtenna is designed
by uniting a ground-imposed coupled line resonator with a monopole antenna [9]. In another
design, a filter consisting of annular resonators is integrated with a fan-shaped patch antenna
to realize a flat gain in [10].

For multi-band filtering operation, filters are generally amalgamated into the feed lines of
antennas [11-13]. The band notched operation and flexible frequency ratio can be achieved
using parasitic elements in multi-band filtennas [14]. Alternatively, radiation nulls can also
be shaped by loading shorting pins, different-shaped slots, or stacked patches [15, 16]. A fil-
tenna operating at microwave and millimeter-wave frequencies is designed using a UWB band-
stop filter to realize the wide-band separation [17]. Additionally, the gain of printed filtenna
can be further improved by using metamaterials such as artificial magnetic conductors
(AMC)/high impedance surface (HIS), electronic band-gap [18, 19]. AMC/HIS is designed
using a periodic arrangement of a fundamental element called a unit cell in two dimensions.
The unit cell is designed such that the periodic surface offers an in-phase or 0° phase reflection
and almost unit amplitude in the frequency of interest. This, along with other unique reflection
and transmission properties of these surfaces, allures many applications in antennas. There are
multifold reports that demonstrate performance improvement in antennas using AMC/HIS
such as impedance bandwidth enhancement and gain improvement [20-23].

In this communication, a dual-band filtenna is proposed for 3.3-3.55 and 5.25-5.45 GHz,
which are the promising sub-6 GHz frequency bands for 5G wireless communication
systems. The dual-band filtering operation is realized using A,/4 resonators inserted into the
feed line of the dual-band monopole antenna operating at frequencies 3.5 and 5.35 GHz.
Further, the gain of the designed filtenna is enhanced by placing it over an AMC consisting
of periodically arranged metallic unit cells. The organization of the paper is as follows.
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Fig. 1. (a) Dual-band antenna. (b) Dual-band bandpass filter. (c) S-parameters of the filter.
Table 1. Optimized dimensions of the proposed dual-band antenna and bandpass filter
Parameter Value (mm) Parameter Value (mm) Parameter Value (mm)
Wy 38 rn T lg 12.8
Ly 52 iz 229 w, 16
I 8.8 W, 40 ws 2.93
I8 25.9 la 15 W, 3
ls 23 ls 22 s 0.4
w, 2.93

Proposed filtenna design and structure are described in section
“Filtenna configuration and design”. Section “Gain improvement
of filtenna using AMC” details the gain enhancement of the fil-
tenna using AMC structure. Section “Results and discussion” dis-
cusses the results and experimental verification of the proposed
structures. Lastly, a summary of the work is concluded in section
“Results and discussion”. The designs in this communication use
FR4 substrate (g,=4.3, thickness=1.6 mm) and a loss tangent
(tan 6) of 0.025. The simulated results are calculated by
Computer Simulation Technique-Microwave Studio (CST

https://doi.org/10.1017/51759078722000605 Published online by Cambridge University Press

MWS) software. The equivalent circuit analysis is performed
using ADS, and measurements have been done using VNA and
anechoic chamber.

Filtenna configuration and design
Dual-band antenna and filter

Firstly, an antenna is designed to operate in the desired bands using
microstrip line-fed printed monopole technique. A printed circular
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Fig. 2. Proposed dual-band filtenna. (a) Top view. (b)
(b) Bottom view.
Table 2. Optimized dimensions of the proposed dual-band filtenna and AMC

Parameter Value (mm) Parameter Value (mm) Parameter Value (mm)
Ws 38 Iy 232 s 0.4

Ly 50 lis 2.6 X1 80

I 219 Ws 2.93 " 80

lg 14.9 We 16 dy, d, 4

ly 12.8 Wy 3 Ser Sy 16

lo 8.2 W 4 s 2

11 11.65 ry 7 hy¢ 10

monopole operating at 3.5 GHz is loaded with another monopole
at 5.3 GHz, as shown in Fig. 1(a). The antenna has a partial ground
plane covering up to the feed line of the antenna. A dual-band
band pass filter is designed to operate at 3.3-3.55 and 5.25-5.45
GHz. A gap coupled microstrip line with 50 Ohm impedance is
chosen, coupled with A/4 resonators operating at the desired
frequency bands on either side, as depicted in Fig. 1(b). The opti-
mized dimensions of the dual-band antenna and filter are given in
Table 1. Figure 1(c) depicts the characteristics of the filter. The
dual-band filter operates at 3.5 and 5.3 GHz. The dual-band filter
has a transmission zero around 4.1 GHz with a more than —30
dB rejection level.

Dual-band filtenna

Next, the dual-band bandpass filter is integrated with the
designed dual-band antenna to realize a dual-band filtenna oper-
ating at 3.5 and 5.3 GHz. The antenna feedline is modified with
the designed filter structure, as shown in Fig. 2. The parameters
are optimized to achieve the radiating as well as filtering perform-
ance at two desired operating bands. The designed structure of
dual-band filtenna is shown in Fig. 2, and the optimized dimen-
sions are detailed in Table 2.
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Gain improvement of filtenna using AMC

An AMC is placed at the rear side of the proposed dual-band fil-
tenna as a reflective surface to refine the radiation characteristics.
AMC is a surface that mimics the characteristics of a PMC by pro-
viding an in-phase reflection at the resonant frequency. The unit
cell of the AMC uses FR4 substrate (€, = 4.3, thickness = 1.6 mm).
The design of the unit cell is started with a square metallic patch
which gave a zero reflection phase around 3.65 GHz. An inverted
L-shaped slot is etched into this, as shown in Fig. 3(a). The slot
introduced another zero reflection phase at 5.3 GHz and moved
the lower resonance near 3.5 GHz. The unit cell is simulated,
and the reflection phase is shown in Fig. 3(a). From Fig. 3(a), it
is evident that the unit cell has two zero crossings in the reflection
phase centered at 3.5 and 5.3 GHz, respectively. The unit cell
offers 0° phase shift in the waves reflected from its surface at
these frequencies.

Using this unit cell, an AMC is designed which is used as a
reflective surface at the back of the filtenna. The AMC is designed
with 4 x 4 array of the designed unit cell. Figure 3(c) shows the
detailed structure of the AMC. The dimensions of AMC are
80 x 80 x 1.635 mm”. The filtenna and the AMC are separated
by a distance h;. The optimal h; value is found to be 10 mm
using parametric analysis. The side view of the filtenna with
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Fig. 3. (a) Unit cell and its reflection phase. (b) Side view of the filtenna and AMC. (c) Proposed AMC surface.
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Fig. 6. Radiation pattern of the filtenna. (a) 3.5 GHz, (b) 5.3 GHz.
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Fig. 7. Equivalent circuit of the proposed filtenna.

Table 3. Optimized di ) fih 4 dualband fil 4 AMC shows a noticeable improvement in selectivity, and it resonates at
able 3. Dptimized dimensions of the proposed duar-band Titenna an 3.5 and 5.3 GHz with 10 dB impedance bandwidths of 250 and

Element Value Element Value Element Value 200 MHz, respectively. The filter introduced a transmission zero

around 4.0 GHz, improving the selectivity of the filtenna. The fil-

Ly (nH) 0.98 Ci (pF) 2.1 G (pF) 0.12 tenna has a maximum gain of 2.5 dBi in both the desired bands of

L, (nH) 155 G, (pF) 0.57 Ca (pF) 075 operation. It is observed that there is a considerable suppression of

o 2 Ca (PF) 1 9 L5 the gain in the undesired bands of the filtenna. The E- and

: - : H-plane radiation patterns of the filtenna at both the resonating

La (nH) 0.98 Caz (pF) 0.57 Rz (Q) 10 frequencies are shown in Fig. 6. The pattern at both frequencies
Ly, (AH) 155 is omnidirectional.

An equivalent circuit model is developed for the filtenna, as
shown in Fig. 7. The equivalent circuit has two parts, filtering
and a radiating part. The filtering part comprises two resonators
AMC is shown in Fig. 3(b), and all the dimensions are detailed in ~ where L;, C; resonate at 3.5 GHz and L,, C, resonate at 5.3 GHz.
Table 2. Cs is the coupling capacitor corresponding to the step at /4 res-
onator in the feedline and the circular monopole. The radiating
part is shown as antenna in Fig. 7. Here, the resonator with
L1, Cay, and Ry corresponds to 3.5 GHz, and the resonator
Figures 4 and 5 depict the comparison of simulated S;; and gain ~ with Ly4,, Cap, and Ry, corresponds to 5.3 GHz. L, and C, corres-
of the dual-band antenna and filtenna. The antenna operates in  pond to the coupling between both the resonators. The response
two bands with a broader bandwidth from 2.3 to 3.8 and 4.8 to  of the equivalent circuit model is compared to that of the filtenna
5.4 GHz, respectively. The dual-band antenna has nearly a con-  in Fig. 4. All the element values in the equivalent circuit model are
stant gain of 2.5 dBi in the entire band of operation. The filtenna  listed in Table 3.

Results and discussion

https://doi.org/10.1017/51759078722000605 Published online by Cambridge University Press
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(a)

Fig. 8. Fabricated prototype of the filtenna with AMC. (a) Front view. (b) Side view.
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Fig. 9. Measured and simulated S;; and gain of the filtenna with AMC.
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Fig. 10. Radiation pattern of the filtenna with AMC at 3.5 GHz. (a) E-plane. (b) H-plane.
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The designed filtenna is backed with an AMC consisting of a
4 x 4 array of the unit cell as discussed in section “Gain improve-
ment of filtenna using AMC” to modify the radiation character-
istics of the filtenna. Figures 4 and 5 show the comparison of
the simulated S;; and the simulated gain of the filtenna and fil-
tenna with AMC. The filtenna with AMC operates in the desired
bands of frequencies as filtenna, whereas the peak gain of the fil-
tenna with AMC in both the bands is 7.5 dBi. A remarkable gain
improvement of 5 dB is observed in both the bands when filtenna
is equipped with AMC as a reflective surface.

Finally, the designed filtenna with AMC is fabricated using the
lithography technique and characterized. The fabricated proto-
type of the filtenna with AMC is shown in Fig. 8. The filtenna
is placed on the AMC surface using foam with approximately
unity relative permittivity. The filtenna, foam, and the AMC
structure is secured using cello tape as shown in the side view
of the arrangement in Fig. 8(b). Figure 9 shows the comparison
of measured S;; and gain of the fabricated prototype of dual-band
filtenna with AMC with that of the CST MWS simulation. The S;;
is —19.097 and —32.169 dB at 3.5 and 5.3 GHz, respectively, with
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Fig. 11. Radiation pattern of the filtenna with AMC at 5.3 GHz. (a) E-plane. (b) H-plane.
Table 4. Comparison of the proposed structure with filtennas reported in literature
Frequency of
Ref. No. of bands operation (GHz) Filtenna configuration Gain (dBi) Bandwidth (MHz) Size (mm?q)
[1] 2 3.95, 6 Microstrip, reconfigurable 15,6.1 Tunable 34x27x0.787
[2] 1 2.4 Microstrip, synthesis 0.74 180 35x30x1.635
approach
[3] 1 2.45 Microstrip 2.16 605 30%x40.8x0.6
[4] 1 2.4 Microstrip 241 400 30%x50x0.6
[5] 1 2.35 Microstrip 1.4 196 29x27x1
[6] 1 2.45 Microstrip 1.21 300 83.3%x83.3%x0.8
18] 2 11.575, 17.875 Microstrip, DGS 5.76, 6.14 700, 1800 34x16% 1.6
[10] 1 24 Microstrip, DGS 23 460 47 x35x1.52
[11] 5.2, 10 Microstrip (stacked structure) 10, 12 240, 460 -
2x2 array (gain of array)
[12] 3.6,5.2 Microstrip (stacked structure) 6.5, 7 50, 150 -
[14] 1.98, 2.59 Microstrip (parasitic 3.38, 4.5 380, 510 -
elements)
[17] 5.2, 28 Microstrip (filter in ground) 4.09, 6.18 791, 4760 4.3 x28.5%x0.254
This work 35,53 Microstrip, reflective AMC 75,75 250, 200 80x80x13

a gain of 7.505 and 7.504 dBi, respectively. It is seen that the pro-
posed filtenna works well for 3.3-3.55 and 5.25-5.45 GHz with
almost constant gain within these bands. The maximum achieved
gain is 7.5dBi in both bands. Figures 10 and 11 show the radi-
ation pattern of filtenna with AMC in E- and H-planes at 3.5
and 5.3 GHz, respectively. The measured and simulated patterns
are in good agreement. On comparing with Fig. 6, the direction-
ality of the pattern is improved to a great extent, corresponding to
the increased gain with AMC. The cross-polarization levels in the
major lobe direction for E- and H-planes are observed to be —40

https://doi.org/10.1017/51759078722000605 Published online by Cambridge University Press

and —45 dB at 3.5 GHz and —28 and —30 dB at 5.3 GHz, respect-
ively. The cross-polarization levels are well within the acceptable
level for both the resonating frequencies.

Table 4 compares the proposed filtenna with some filtennas
reported in the literature. Single and dual-band filtenna designs
using microstrip technology are considered for comparison. It
can be observed that the proposed filtenna has less circuit com-
plexity, easy integration of filter with the antenna, and has high
gain in both the operating bands. Ref. [11] has a higher gain
which uses a 2x2 array of the filtenna element. For filtennas
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operating in the sub-6 GHz range, the proposed design offers high
gain with relatively less complicated technology, ease of fabrica-
tion, and the design uses FR4 substrate making the overall design
inexpensive.

Conclusion

The dual-band filtenna incorporated with an AMC has been pro-
posed for gain enhancement. The proposed filtenna has a planar
structure and exhibits nearly constant gain from 3.3 to 3.55 and
5.25 to 5.45 GHz, with an improvement of 5 dB. From the simu-
lation as well as measurement, it is found that the AMC can be
placed inverted without disturbing the filtenna performance and
gives similar results with orientation in L-slot or inverted L-slot
of AMC unit cell. Also, the proposed design can be used with
or without AMC depending upon the gain requirements. All
the measured results are congruent with the simulated ones.
However, minute variations are due to fabrication errors or due
to the SMA connector.

Conflict of interest. None.
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