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A Semicircular Substrate Integrated Waveguide-
Based Self-Diplexing Slot Antenna With
Polarization Flexibility
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Abstract—The substrate integrated waveguide (SIW) based self-
diplexing antenna having polarization flexibility is presented in this
letter for satellite communications. The presented self-diplexing
antenna can provide the linear polarization, right-hand circular
polarization, and left-hand circular polarization at the two closely
spaced frequencies with the respective port. The antenna is realized
on a semicircular SIW cavity, which is further modified to form the
two dominant mode quadrant cavities by incorporating a via wall
at the center of the semicircular cavity. The different polarizations
are achieved by changing the orientation of the radiating slots. The
linear polarization is achieved by loading the curved slots in a back-
to-back manner and circular polarization in a crossed manner. The
resonant frequencies can be tuned with the help of the length of
the slots. The equivalent circuit model of the proposed antenna is
developed and the equivalent parameters are extracted. The testing
of two fabricated antenna prototypes with different polarizations
is presented here.

Index Terms—Cavity-backed antenna, circularly polarized (CP),
patch, substrate integrated waveguide (SIW) antenna, wideband.

I. INTRODUCTION

HE satellite communication systems largely demand low-
T profile dual-frequency antennas [1], [2]. Usually, dual-
frequency antennas are designed to operate on a single feed
structure [3]. However, to select the required frequency band,
self-diplexing antennas emerged to provide isolation between
the two frequencies and to reduce the overall size, weight, and
complexity of these dual-frequency antennas. The challenges
associated with self-diplexing antennas are to improve the gain,
power handling capability, polarization flexibility, and front-
to-back ratio (FTBR) [4]. The substrate integrated waveguide
(SIW) technology has recently emerged and can be efficiently
utilized to design low profile, high gain, size miniaturization,
and unidirectional planar antennas [5], [6], [7]. The electric
field also remains confined between the via walls, therefore it
provides good isolation as well as easy integration with other
planar circuits. Several geometries have been proposed for self-
diplexing antennas, like bow tie slot [8], two dissimilar U-shaped
slots, and two dissimilar transverse slots [9], [10] excited by two
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transverse microstrip feed lines; however, all reported similar
linear polarization for both the ports. For the enhancement of
the isolation, the utilization of the via wall along with the slots
has been reported in [11]. A rectangular ring-shaped slot with
microstrip feeds in [12] and [13] is utilized for achieving dual-
band orthogonal polarization with size compactness. In [14],
two dissimilar orthogonal rectangular slots are excited using
transverse microstrip feedlines to achieve circular polarization.

In this letter, an SIW-based self-diplexing antenna with po-
larization flexibility is presented. The two antenna variants are
fabricated and tested for a different set of polarizations. The
antenna structure is designed by utilizing the TE; 5y mode of the
semicircular SIW cavity. The semicircular SIW cavity is split
into two separate dominant mode quadrant cavities (DMQC)
by placing a via wall at the position of the electric wall in the
center of the cavity. Each DMQC is loaded with a pair of curved
slots. The slots are arranged in a back-to-back manner for linear
polarization and in a cross manner for circular polarization. An
equivalent circuit model is also developed with the detailed para-
metric validation of the antenna design. The proposed antenna
can be efficiently utilized for various satellite applications with
desired polarizations.

II. ANTENNA CONFIGURATION

The design configurations of the proposed semicircular SIW
cavity-based self-diplexing antenna with two different polariza-
tions are depicted in Fig. 1. The broadside linearly polarized ra-
diation is achieved by incorporating the back-to-back connected
two pairs of thin elliptical curved-shaped slots on the top layer of
the cavity (Antenna-1). For the circularly polarized (CP) radia-
tion, the cross-shaped curved slots are utilized (Antenna-2). The
dimensions of the semicircular SIW cavity and inset microstrip
feed are kept identical for all three antenna variants.

A. Antenna Design and Analysis

The dimensions of the cavity are chosen according to the
predefined rules [15], [16] such that the antenna operates in
X-band. The eigen mode TE;2 exists inside the cavity at the
frequency of 11.5 GHz. Two pairs of back-to-back connected
elliptical curve-shaped slots are loaded on the cavity at the
position of the maximum electric field corresponding to TE5,
mode.

The minor and major radii r,,;; and rp,;; (i ports = 12 and
Jantennas = 12) of the curved slot govern the curved length of
the slot. Thus, the curved length of slots at port-1 and port-2 is set
at the values 9.15 and 8.93 mm, respectively, such that antennas
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Fig. 1. Geometrical configuration of the proposed semicircular SIW cavity-
based self-diplexing antennas.
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Fig. 2. S-parameters of Antenna 1 with and without via wall inside the semi

circular SIW cavity.

radiate at desired frequencies. The orientation of both the slot
pairs is kept orthogonal, which eventually produces orthogonal
linear polarization. Further, to improve the isolation between the
two ports, extra metallic vias (via wall) are placed at minimum
electric field position at the center of the SIW cavity along the
y-axis. This arrangement splits the semicircular SIW cavity into
two equivalent quadrants leading to the formation of the two
DMQC:s. The linearly polarized self-diplexing antenna structure
is shown in Fig. 1(a) corresponding to Antenna-1. The optimized
dimensions are L = 34, W = 28, Wy =474, W, = 3, R = 13,
d=1,S=185w=0.5, ki1 =6.15, ka1 = 6.05, rp,11 =4.85,
rmo1 = 4.85, rp11 = 3.3, and r,2; = 2.8. The improvement
in inter port isolation from 8 to 20 dB by introducing via wall
is observed by studying the S11, S22, and So; of Antenna-1 as
shown in Fig. 2. The substantial enhancement in the gain and
S11 bandwidth is also observed with the small shift in the two
resonant frequencies.

B. Equivalent Circuit Model

The equivalent circuit model of the proposed self-diplexing
antenna is developed and depicted in Fig. 3(a). This circuit model
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Fig. 3. (a) Equivalent circuit model of the proposed antenna. (b) Simulated
S-parameters of EM model and ECM model of Antenna 1.
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Fig. 4. Effect of variation of major radius of the slots at (a) port-1 and
(b) port-2 of Antenna-1.

is applicable to all the polarization variants; however, the circuit
element values will be different. The circuit element values
for Antennas 1 and 2 are discussed. The circuit components
parallel-connected RLC (PRLC;; and PRLC3;) (j = Antennas-
12) represent the individual DMQC resonance modes. The cou-
pling between these DMQCs and microstrip feed is modeled
by the transformers 77 ; and T3;. The curved slots are modeled
by the components PRLC3; and PRLCy; for port-1 and port-2,
respectively. The coupling between the slots at port-1 and port-2
and the SIW cavity is modeled by the ideal transformers 7’3 ; and
T4;. The loading effect in the individual DMQC is represented
by series L;; C;; (i = ports 12) components. The two microstrip
feedlines are represented by R jand R ;. The circuitis simulated
and optimized using Keysight ADS software. The comparison
of response of Antenna 1 obtained from the equivalent circuit
and full-wave electromagnetic (EM) simulation is shown in
Fig. 3(b). The circuit element values for Antenna-1 are R1; =
4.65 Q; R21 = 4.16 Q; T11 = 19, T21 = 179, PRLC11 =
2.93 K€, 0.36 nH, 1.044 pF; PRLCy; = 0.18 K, 0.43 nH,
0.62 pF, C11 =0.2 pF, L11 =1.22 l’lH; Cgl =02 pF, L21 =
1.57nH; T31 = 1.96; T4; = 1.96; PRLC3; = 4.48 K(2, 0.51 nH,
0.14 pF; PRLCy; = 4.22 K(2, 2.23 nH, 0.19 pF.
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TABLE I
EFFECT OF VARIATION OF CURVED SLOT LENGTH AT PORT-1
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TABLE III
MEASURED PERFORMANCE PARAMETERS OF ANTENNAS 1 AND 2

Circuit model

Reso. Curved slot
freq.  C3,=0.1457 pF (fixed) L3=0.512nH (fixed) length (port-1)
(GHz) Ly, (nH) i (F) (mm)
11.12 1.862 0.1857 13.4
11.37 1.742 0.1689 13.2
11.61 1.622 0.1557 12.9
11.87 0.512 0.1457 12.5

Effect of variation of curved slot length at port-2
Circuit Model

Reso. Curved slot
freq. Ca=0.1994 pF (fixed) L41=2.236 nH (fixed) length (port-2)
GH
(GHz) L (nH) Ca (pF) (mm)
12.1 2.2368 0.1994 12.3
12.25 2.3381 0.1745 12.2
12.5 2.4378 0.1545 12.0
12.75 2.5381 0.1405 11.75
TABLE II

'VARIOUS POLARIZATION STATES OF ANTENNAS 1 AND 2
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C. Parametric Analysis

The variation in each curved slot length is achieved by the
variation of the major radii (7,,4;) or minor (r,;). Fig. 4(a) and
(b) shows the effect of variation in the major radius r,,,1; at port-1
and r,,21 at port-2, respectively. An increase in the major radius
of back-to-back connected slots at port-1 increases the curved
slot length thereby shifting the resonant frequency of port-1
toward the lower frequency regime. These major radii can be
varied from 4.85 to 5.10 mm to get a wider tuning range of lower
resonant frequency with good isolation as shown in Fig. 4(a).

Antenna  Port (}g;% IBW (GHz) ‘?gg;’;’ %;I; IS‘E(lja];l)"“ Pol.

Aty PO 1187 1170-1193  NA. 609 227 Ortho-
Port:2 12.1 11.95-1226 N.A. 587 225 LP

Antennap POC1 1135 112521145 11341142 524 273 Ortho-
Port-2 11.92 11.80-11.97 11.8-11.97 5.11 242 CP

N.A. (not applicable); LP—linear polarization; CP—circular polarization
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Fig. 5. Measured and simulated performance of antennas with (a) linear
polarization (Antenna-1), and (b) and (c) orthogonal CP (Antenna-2).

Similarly, Fig. 4(b) depicts the tuning range of higher resonant
frequency from 12.1 to 12.8 GHz by varying the 7,21 from 4.85
to4.55 mm. A similar effect of the shift in the resonant frequency
at port-1 and port-2 can also be achieved by varying minor radii
of back-to-back connected curved slots of each DMQC. The
equivalent circuit element values corresponding to the variation
of major and minor radii of the curved slots are shown in Table I.

III. CIRCULARLY POLARIZED SELF-DIPLEXING ANTENNA

The configuration of the CP self-diplexing antenna is shown
in Fig. 1(b). Two dissimilar length curved slots in a cross pattern
are etched on the top of each DMQC to obtain the CP radiation
for both ports. The design methodology is similar to that dis-
cussed in Section II. The DMQC loaded with the cross-curved
slots produces the orthogonal degenerate modes by a single
feed. The angle between the cross-curved slot and the length
of each slot is adjusted to achieve the CP at the desired resonant
frequency. The resonant frequencies are controlled by varying
the curved slot lengths similar to Antenna 1. However, in CP con-
figuration (Antenna-2), the working frequencies can be shifted
only toward the higher frequency regime by simultaneously
decreasing the lengths (I3 and ls5) for port-2 and (l2; and I3;)
for port-1. Shifting the frequencies toward the lower frequency
regime disturbs the impedance matching and also affects the
axial ratio. The impedance matching for a good axial ratio is
also controlled by fixing the distance between the center of the
slots and the microstrip line (k13, k23). The overall frequency
ratio of 1.05-1.079 is obtained with an axial ratio below 3 dB
and a minimum of 20 dB isolation. The resonant frequencies
of Antenna-2 are 11.35 and 11.92 GHz. The dimensions of
Antenna-2 are 111 = 55, 121 = 475, 131 = 6.7, 141 = 55, l12 =
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TABLE IV
COMPARISON OF ANTENNAS 1 AND 2 WITH LITERATURE

Freq. FTBR X-pol. Gain Isolation Size
R Gy @m) @) @) P @ an
[8] 89,113 >19 19,13 43,42 LP 25 04  No
[10] 82,104 23,20 22,20 3.5,52 LP 29.7 03 No
[12] 9.5,10.5 N.A. 24 57,59 LP 24.0 04 No
[17] 98,11.6 N.A. 220 7.0,84 LP 20.5 14  No
[14] 11.2,11.7 15.2,14.1 27,25 58,47 LP 178,204 024 CP
11.7,12.3 15.2,16.9 23,27 56,59 LP 185,140 027 CP
This Both
work 11.8,12.1 15.0,15.2 25,19 6.09,5.87 LP 22.7,22.5 038 CP and
11.3,12.1 19.8,15.1 20,20 5.24,5.11 CP 27.3,24.2 LP
PF: Polarization flexible
XZ-Plane YZ-Plane XZ-Plane YZ-Plane
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Fig. 6. Measured and simulated radiation pattern of Antenna 1 at
(a) 11.87 and (b) 12.1 GHz; Antenna 2 at (c) 11.35 and (d) 11.92 GHz.

5.25, 150 = 4.49, I35 = 6.55, I45 = 5.25, k15 = 6.05, koo = 5.95,
r'mi12 = 485, rm22 = 485, rn12 = 33, and rn29 = 2.8. (all units
inmm). The values of equivalent-circuit elements are R15 = 3.79
Q; R22 = 3.37 Q; T12 = 1.9; T22 = 1.79; PRLC12 = 6.8 KQ,
0.35nH, 1.05 pF; PRLC35 =0.166 K2, 0.42 nH, 0.63 pF; C15 =
0.19 pF, L12 =1.22 IlH; CQQ =0.2 pF, L22 =1.72 IlH; PRLC41 =
5.72 KQ, 2.4 nH, 0.11 pF. The other possible combinations
of polarization are shown in Table II. These are possible by
choosing the desired orientation of curved slots at each port,
respectively.

IV. ANTENNA FABRICATION AND MEASUREMENT

The two antenna structures are fabricated on a 1.57 mm thick
Rogers RT/Duroid 5870 substrate using an LPKF Protomat S103
machine. The measurement of the S-parameters, gain, and axial
ratio of the fabricated antennas is performed and the compari-
son between the simulated and measured results is depicted in
Fig. 5(a)—(c). The measured isolation and gain are more than
20 and 5.0 dB, respectively, for both the fabricated antennas.
The measured and simulated radiation patterns of the fabricated
antennas at both the ports in the XZ-plane and the YZ-plane
are shown in Fig. 6(a)—(d). Both antennas exhibit unidirectional
radiation pattern with cross polarization below —15 dB in the
broad side direction. Antenna-1 exhibits linear polarization at the
two ports, and Antenna-2 exhibits LHCP at port-1 and RHCP at
port-2. The measurement results of antenna prototypes in terms
of gain, bandwidth, isolation, and polarization are summarized in
Table I1I. The performance comparison of the proposed antennas
in terms of FTBR, gain, and isolation is performed with those
available in the literature and shown in Table IV. It can be
observed from the comparison that the proposed low-profile

1521

antenna is the only self-diplexing antenna with the feature of
polarization flexibility.

V. CONCLUSION

The novel design of a polarization flexible SIW-based self-
diplexing antenna is presented in this letter. The antenna design
is capable of providing any set of polarization at two frequen-
cies. Each DMQC is loaded with curved slots and fed by an
inset-microstripline. Two antenna variants with different sets
of polarizations are fabricated and tested. A good correlation
between the measured and simulated results is observed. The
equivalent circuit model also validates the working of all the an-
tenna structures. Along with the enhanced gain, good isolation,
and FTBR, the proposed self-diplexing antenna is having the
advantage of polarization flexibility, suitable for X- and Ku-band
satellite applications.
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