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Abstract

This article presents the design of an ultra-compact cavity-backed self-diplexing antenna with
high isolation employing quarter-mode substrate integrated waveguide (QMSIW). The pro-
posed antenna is constructed by using QMSIW, slot, and two 50Q feed lines. Two eighth-
mode cavity resonators are designed by inserting a slot on the top side of the rectangular sub-
strate integrated waveguide to operate at 2.6 and 4.9 GHz for long-term evolution and public
safety band applications, respectively. The proposed design allows to tune any frequency band
independently by keeping other bands unaltered. The size of antenna is ultra-compact, due to
the use of QMSIW cavity. The isolation between two ports is >35 dB. The antenna achieves
5.34 and 5.68 dBi peak gains at 2.6 and 4.9 GHz, respectively. The efficiency of the antenna
is >85% at both frequency bands. The antenna provides more than 20.9 dB front-to-back-
ratio and better than 21 dB separation between co-to-cross polarization levels. The designed
antenna is validated through fabrication and measurement.

Introduction

The recent development in modern communication systems demands compact, low-loss, and
multi-frequency antennas for multi-standard applications. On the other hand, multiple trans-
ceivers require high isolation when combined for RF front-end systems. The substrate inte-
grated waveguide (SIW) is a promising technology for the development of low-loss,
compact circuit size, and high-performance antennas [1, 2]. In the literature, several antennas
are designed by employing SIW technology [3-9]. In [3], a quadrant sector of cavity resonator
called quarter-mode STIW (QMSIW) has been exploited for the development of circular polar-
ized antenna. In [4], a dual-band array antenna has been realized using SIW with longitudinal
slots for Ku-band applications. In [5], a dual-band antenna array has been designed by apply-
ing QMSIW for 5G applications. In [6], an antenna based on SIW with single-slot has been
implemented for dual-frequency applications. In [7], a SIW antenna for dual-frequency and
flexible polarization has been realized based on composite right/left-handed topology. In
[8], a dual-frequency antenna has been implemented by using SIW with triangular-slot. In
[9], a dual-frequency antenna has been designed based on the SIW with four conductive-slots
and two orthogonal feed lines for flexible polarization. These antennas exhibit excellent per-
formances. For multi-standard applications, multiple transceivers containing these antennas
were unable to provide sufficient isolation. Additional frequency-selective devices (multiplexer
circuits) are employed to enhance the isolation which increases the circuit size and complexity.
Therefore, self-diplexing antennas based on SIW dispense compact size, low-loss, and does not
require additional frequency-selective devices.

In recent years, many self-diplexing antennas have been realized based on SIW technology
[10-15]. In [10], a self-diplexing antenna has been designed based on SIW with a bowtie-
shaped slot. In [11], two transverse-slots placed on the top of the SIW cavity with two feed
lines have been employed for the development of self-diplexing antenna. In [12], a self-
diplexing antenna has been realized by using a plus-shaped slot on the SIW cavity. In [13],
a rectangular-slot has been etched on the top of SIW cavity to design a self-diplexing
antenna. In [14], a self-diplexing antenna has been realized based on SIW with U-shaped
slot for compact size and high isolation. In [15], a self-diplexing antenna has been designed
based on SIW cavity with bowtie-ring slot and orthogonal feed lines. These SIW cavity-
backed antennas exhibit excellent performance indicators (such as circuit size, isolation,
gain, front-to-back-ratio (FIBR), co-to-cross polarization and radiation characteristics)
but limit the application due to larger electrical size and low isolation. Therefore, novel
techniques need to be exploited for the development of ultra-compact and high-
performance self-diplexing SIW antennas.
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In this article, a novel design of ultra-compact self-diplexing
antenna with high isolation employing QMSIW is presented.
The antenna is excited by two independent 50Q orthogonal
feed lines. Two eighth-mode cavity resonators (EMCRs) are
formed on the top of the QMSIW for radiating at 2.6 and 4.9
GHz. These frequency bands can be tuned independently. The
proposed antenna is validated through fabrication and measure-
ment. The features of the antenna are highlighted as follows:

(1) Compared to the existing self-diplexing antennas reported in
[8-15], the size of the proposed antenna is ultra-compact due
to the use of QMSIW.

(2) The antenna achieves high isolation (>35dB) between two
ports when compared with the previously reported works
[8-15].

(3) The antenna achieves good peak gains, FTBRs, and
co-to-cross polarization levels when compared to existing
works [8, 9].

(4) The antenna exhibits more than 85% efficiency with such a
highly miniaturized antenna.

(5) Keeping one frequency band unaltered, other frequency
bands can be designed independently.

(6) The performances of the designed antenna are validated
through fabrication and measurement.

Configuration and analysis of the proposed antenna

The configuration of the proposed self-diplexing cavity-backed
antenna is illustrated in Fig. 1. The antenna is constructed
using QMSIW, a slot, and two 50Q independent feed lines. The
slot is engraved on the top side of the QMSIW to form two
EMCRs. These EMCRs are excited by two independent 50Q
feed lines for radiating at two distinct frequencies. The antenna
is realized to operate at 2.6 and 4.9 GHz for long-term evolution
(LTE) and public safety band (PSB) applications, respectively.
This antenna is realized on 0.787 mm thick 5870 RT/Duriod
substrate with €, = 2.33 and tand = 0.002.

Initially, a full-mode SIW (FMSIW) cavity (Wgﬁm W x ngfm[w)
is designed to operate TE;;, mode at 3.4 GHz following the
design equations in [14]. This FMSIW is divided into two equal
parts, each part is called as half-mode SIW (HMSIW). Then
the HMSIW is divided into two halves to produce QMSIW.
The resonant frequencies of each SIW cavity is determined by fol-
lowing [3]:

2 2
FMSIW _ 1 mir " nir )
mn0 -
n 2’77\/8—r Wg}f\/ISIW Lle}/ISIW
42 a2
WFMSIW Wegw — 1.08— + 0.1 )
p SIW
42 42
LIMSIW — Low — 1.08 — 4+ 0.1 — (3)
eff SIW P st
FMSIW
W;MS’W effz + AWaia (4)
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Fig. 1. Schematic of QMSIW cavity-backed slot antenna. Final dimensions: L; = 22, W;
=18,1,=6.0,L3=12.51,=24,1,=5.0, W,=0.5, L, =3.0, W, =0.5, L. = 3.0, W, = 1.5, Ly
=20.95, Wy = 1.8, d = 1.0, p = 2.0 (units: millimeters).

AW, g0 = hS(0.0S + %) X
(5)
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The proposed antenna is designed using a QMSIW as illu-
strated in Fig. 2. Figure 3 shows the electric field distributions
for SIW, HMSIW, and QMSIW resonators at 3.4, 6, and 3.35
GHz, corresponding to the TEMMSW  TEHMSIW = and TEQSY,
respectively. The resonating frequencies of HMSIW and QMSIW
resonators slightly differ with respect to FMSIW due to the fringing
field at the open edges. The electric field distribution of the
QMSIW without slot in TE;;o mode at 3.35 GHz and the frequency
response are depicted in Fig. 4. Next, a slot is introduced on the top
side of the QMSIW cavity to obtain two EMCRs for radiating at
two different frequency bands. The resonating frequencies of top-
side and bottom-side EMCRs can be determined by:

TopEMCR __ 1 mar 2+ nw 2 ©
o 2m/e | \2W, 2L,
2 2
BottomEMCR _ 1 mr + h
mno 2m/e | \2L, 2Ly

Where m = n =1, 2,..., and €, be the relative permittivity of
the substrate. The size of the EMCRs are made different to achieve

(10)
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Fig. 2. Conversion of SIW to QMSIW cavity.

QMSIW Cavity

SIW Cavity HMSIW Cavity

Fig. 3. E-field distribution of SIW, HMSIW, and QMSIW cavities.
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Fig. 4. (a) E-field distribution of the QMSIW without slot in TE;;o mode at 3.35 GHz
and (b) its frequency response.

distinct frequency bands. The top-side and bottom-side EMCRs
are responsible for radiation at 2.6 and 4.9 GHz. These frequency
bands can be designed independently by varying the dimensions
of the EMCRs. The full-wave performances of the proposed
antenna are depicted in Fig. 5. The antenna achieves better
than —20 dB return loss and more than 34 dB port isolation.
High isolation is achieved due to the weak cross-coupling path
between two 50Q orthogonal feed lines. The electric and magnetic
field distributions are illustrated in Figs 6 and 7, respectively. It is
seen that the maximum E-fields are observed at the outer-edge of
the top side and bottom side of the EMCRs.

The variation of radiating bands due to the parameters L,, Ls,
and L, are studied. To reconstruct the radiating bands (f; and f,),
the parameters Ly, L3, and L4 can be varied individually/simultan-
eously as per the application requirements. Due to the variation of
dimension of the parameters L,, L, and Ly, the capacitive loading
on the cavity is modified which results in tuning of radiating fre-
quencies. The tuning of first radiating band is determined by
varying the parameters L, and L, as shown in Fig. 8. It is observed
that the first radiating band is shifted toward left when the para-
meters L, and L, increase without altering the second radiating
band. The first radiating band can be tuned in the frequency
range of 2.56-2.78 when L, (L,) varied from 6.0 to 4.0 mm
(23.9 to 21.5 mm). Similarly, the designing of second radiating

https://doi.org/10.1017/51759078721001173 Published online by Cambridge University Press

A. A. Althuwayb

1l
—
=] =

'
(5]
-
=
-
—

Magnitude (dB)
b &

"
i
=

b

r-
-
L 3 5
. o
2
K *, -
B tua, .t
I "eaus e
3

2 25 3 35 4 45 5 55
Frequency (GHz)

g

Fig. 5. Simulation responses of the proposed QMSIW antenna.
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Fig. 6. Electric-field distributions. (a) At 2.6 GHz. (b) At 4.9 GHz.
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Fig. 7. Magnetic-field distributions. (a) At 2.6 GHz. (b) At 4.9 GHz.

band is realized by varying the parameter L; as depicted in
Fig. 9. From the figure, it is seen that the second radiating band
is shifted toward right when the parameter L; decreases without
any effect on the first radiating band. The second operating
band can be tuned in the frequency range of 4.87-5.13 when
the parameter L; varied from 12.3 to 10.7 mm. Therefore, the
radiating frequency bands can be designed independently/simul-
taneously by varying the dimensions of the EMCRs as per
applications.

Based on the above studies, a simple design approach has been
suggested.

(1) Select the dimension of the FMSIW cavity by following the
design equations for resonant frequency (1)-(3).

(2) Produce HMSIW by symmetrical cutting of the FMSIW. This
HMSIW is then cut symmetrically to form QMSIW.
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(3) The resonant frequencies of the HMSIW and QMSIW are
determined by using the equations (4)-(8).

(4) Insert a slot on the top surface of the QMSIW to construct
two EMCRs which exhibit the self-diplexing characteristic.

(5) Select the dimension of the top EMCR responsible for first
radiating band as 0.22A, x 0.292,.

(6) Select the dimension of the top EMCR responsible for second
radiating band as 0.284, x 0.50A,.

(7) Optimize the parameters L, and L, to achieve proper imped-
ance matching.

(8) Vary the parameters L,, L3, and L, for designing of radiating
frequency bands independently.
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Fig. 10. Fabricated prototype. (a) Front view. (b) Back view.
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Fig. 11. Full-wave simulated and measured magnitude responses of the suggested SDA.

(9) Repeat last two steps to obtain the desired antenna
characteristics.

Fabrication, measurement, and comparative analysis

To support the theoretical analysis, the proposed antenna is
fabricated and demonstrated for LTE and PSB applications.
Figure 10 shows the photograph of the fabricated antenna. All
the experiments are carried out by employing excitation at
one port and terminating the other port by 50Q load. The
input matching and isolation are measured using Rohde and
Schwarz vector network analyzer. Figure 11 depicts the perfor-
mances of the full-wave simulated and measured reflection
coefficients (|S;| and |Sy,|) and isolation (|S;y|). The far-field
performances of the fabricated prototype in two-orthogonal
planes of ® = 0" and ® = 90" at 2.6 and 4.9 GHz are demon-
strated inside an anechoic chamber. The full-wave simulated
and measured peak gains and radiation efficiency are illustrated
in Figs 12 and 13, respectively. The full-wave simulated and
measured radiation patterns of the fabricated antenna at 2.6
and 4.9 GHz are depicted in Figs 14 and 15, respectively. The
measured and full-wave simulated performances are very con-
sistent as expected. However, very small deviation is seen
between full-wave simulated and measured performances due
to fabrication tolerance and connector loss. The performances
of the fabricated prototype are summarized as follows:

(1) Simulation
(a) The input return losses |S;;| and |S,,| are better —22 dB.
(b) The port isolations are 36.07 and 36.13 dB at 2.6 and 4.9
GHz, respectively.
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(c) The full-wave peak gains are 5.34 and 5.56 dBi at 2.6 and
4.9 GHz, respectively.
s (d) The radiation efficiencies of the proposed antenna are
89.1and 95.7% at 2.6 and 4.9 GHz, respectively.
(e) The FTBR and co-to-cross polarization level are better
than 22 and 20 dB, respectively.
) ) (2) Measurement
- e Mo (a) The return losses |S;1] and |S,,| of the fabricated antenna
35 255 26 265 27 48 455 49 405 5 are > —21dB at all the radiating frequencies.
Erequency {GHz) Krequency (GHz) (b) The port isolations (|S;,|) of the fabricated antenna are
Fig. 12. Full-wave simulated and measured gain. found to be 36.69 and 3523 dB at 2.6 and 4.9 GHz,
respectively.
(c) The measured peak gains are 5.12 and 5.59 dBi at 2.6 and
4.9 GHz, respectively.
(d) The measured radiation efficiencies of the fabricated
100 _ _ _ o ] _ _ antenna are 90.2 and 954% at 2.6 and 4.9 GHz,
respectively.
“ o (e) The FTBR and co-to-cross polarization level are very
consistent to the full-wave simulated performances.

o
o

Gain (dBi)
Gain (dBi)

Efficiency (%)
Efficiency (%)

A comparative analysis is discussed on performance indicators
| & | (size, isolation, peak gain, return loss and FTBR) between the pro-
o i, posed antenna and previously reported works. Table 1 illustrates
e ; : G e ; ; the performance comparison of state-of-the-art dual-frequency
25 zjf,mque:‘t'; a7 48 ""i,mlue::; ey °  antennas. Compared to [8-15], the proposed prototype is ultra-
compact. The size of the manufactured antenna is 74.3% smaller

Fig. 13. Full-wave simulated and measured efficiency. than the most compact self-diplexing antenna reported in [14].
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Table 1. Performance comparison between proposed and previously reported self-diplexing antennas
Ref. Techn. Freq. (GHz) Thickness (mm) €, Isolation (dB) Gain (dBi) FTBR (dB) Size (/\é)
[8] SIw 9.4/16.2 1.57 2.2 >13 4.86, 6.15 18, 18 0.621
[9] SIW 13.4/17.9 1.575 2.2 >20 NM NM 1.053
[10] SIW 9/11.2 0.787 22 >25 43,42 21, 16 0.95
[11] SIW 8.26/10.46 1.57 2.2 >27.9 3.56, 5.24 23, 20 0.43
[12] SIW 8.55/9.77 1.57 22 >18 5.7, 5.94 12, 23 0.607
[13] SIW 9.5/10.5 1.58 2.2 >29 5.55, 5.75 NM 0.796
[14] SIW 4.29/7.52 0.787 233 >32.8 5.38, 5.82 23, 22 0.23
[15] SIw 6.62/11.18 0.787 2.33 >29.3 5.42, 5.66 23,21 0.362
This work QMSIW 2.6/4.9 0.787 2.33 >35.2 5.34, 5.68 20.9, 22 0.059

The proposed antenna achieves highest port isolation when com-
pared with [8-15]. The antenna exhibits good peak gain, FTBR,
and co-to-cross polarization level when compared with existing
works in [8-15]. Therefore, the proposed self-diplexing cavity-
backed QMSIW slot antenna is suitable for dual-frequency com-
pact communication systems.

Conclusions

In this article, the design of a ultra-compact high-isolation cavity-
backed self-diplexing antenna employing QMSIW for LTE and
PSB applications is presented. The proposed antenna is config-
ured by utilizing a QMSIW, one slot, and two 50€2 feed lines. A
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