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Abstract—This paper presents a dual-band substrate inte-
grated waveguide (SIW) cavity slot antenna with improved
performance in terms of impedance matching, radiation effi-
ciency, gain, and reduced cross-polarization level for C-band
application. A pair of diagonal corner truncated L-shape slots on
the SIW cavity generates circular polarization (CP) and linear
polarization (LP). Two shorting pins are placed near a feed line to
realize better impedance matching. A square patch antenna with
truncated corners is designed on a SIW for circular polarization,
and two shorting pins are used near the feed line for better
impedance matching. The radiation pattern of the proposed
antenna is LP at 5.43 GHz and CP at 5.98 GHz. The impedance
bandwidth for reflection coefficient below -10 dB is between 5.35
to 5.55 GHz and 5.85-6.05 GHz for the lower and the upper band,
respectively. In addition, a 3-dB axial ratio bandwidth of 0.375
GHz is observed at the upper band owing to the CP radiation.
The measured peak realized gains of the LP mode and the CP
mode are 8.13 dBi and 8.9 dBic. The radiation efficiencies at the
lower and upper bands are above 89% and 88%, respectively.
The measured results are in good agreement with the simulation
data.

Index Terms—Circular polarization (CP), impedance match-
ing, linear polarization (LP), substrate integrated waveguide
(SIW), radiation efficiency.

I. INTRODUCTION

Due to the increased use of radio frequency (RF) and
microwave for the communication systems, planar antennas
with various radiating elements, feeding structures, and dif-
ferent polarization have received significant attention from re-
searchers around the globe. Circularly polarized (CP) antennas
are widespread because of their ability to avoid contrary effects
caused by Faraday rotation, multipath reflections, and polariza-
tion incongruity due to misalignments between transmitter and
receiver antennas. The primary advantages of CP antennas are:
(1) steady signal strength between the transmitter and receiver;
(2) easier installation regardless of the antenna’s orientation;
(3) ease of fabrication; and (4) it counters the impact of
weather dispersion compared to the linearly polarized (LP)
antennas. [1], [2]. To improve the CP antenna’s performance,
several techniques for the generation of CP waves have been

Fig. 1. Top view of the proposed antenna structure.

reported in [3]–[10]. Different concepts and techniques have
been documented to obtain CP, by using microstrip patch and
SIW, etc. These techniques include elliptical patch, square
patch, circular patch with perturbations, circular patch with
slot, and square patch with slot [11]. The SIW-based linearly
polarized antennas are reported in [12], [13]. Similarly, single-
band and dual-band CP SIW antennas are proposed in [14]–
[21]. The CP antennas in [16] and [17], have the same sense
of polarization in both bands.

This paper aims to improve performance parameters in
a single layer, dual-bandSIW cavity slot antenna structure
radiating waves of two different polarizations. Initially, a
microstrip patch antenna is designed for dual-band operation.
This antenna structure is made to resonate in two bands by
placing a shorting pin at the end of the feed. It gives better
impedance matching between the antenna and feed. In order to
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Fig. 2. Enlarged view of feed line of the proposed antenna.

obtain the low cross-polarization level and lateral leakage loss,
the SIW is implemented in the proposed antenna. Additionally,
the design places a slot and square patch with corners truncated
to achieve the enhanced antenna performance along with the
circular polarization. As a result, the proposed antenna has a
low cross-polarization level, high front-to-back ratio (FTBR),
improved gain, efficiency, and compact size.

II. ANTENNA STRUCTURE DESIGN AND ANALYSIS

The top view of the proposed antenna is shown in Fig. 1
and its corresponding enlarged view feed section in Fig. 2. The
dielectric substrate used for the proposed antenna is Rogers
RO4232(TM) (εr = 3.2, tan, δ = 0.0018, according to data
sheet) of thickness 1.524 mm. The simulation results presented
in this paper are obtained by performing full-wave analysis in
Ansys HFSS ver. 2020R2, and are verified experimentally.

A. Dual-Band Microstrip Patch Antenna

The top view of the microstrip patch antenna is depicted in
Fig. 3. Initially, the antenna is designed for C-band frequency.
The antenna dimensions are calculated at the same frequency
range (C-band). In order to fix the diameter of shorting pin, an
optimization method is adopted in this proposed work. This
method uses notches inside the patch conductor nearby the
shorting pin and yields an additional reduction in the conductor
dimension. Near the feed section, rectangular shorted patches
have been implemented, and the finding can be applied to
any other form of the shorted patch. Two notches have been
interpreted as three conductor pads (see Fig. 2). The first
pad is located near the short circuit, and the second and
third are in front of the feed. The impedance performance
is affected because of the dimensions of each pad. The length
of the first padl2p should be fixed to keep the radius of the
shorting pin and achieve the reduced patch size. The width
of the first pad Wcp plays a crucial role in affecting the

Fig. 3. Top view of patch antenna.

antenna size and improving the input impedance. If the width
of the feed is equal to the Wcp, then the antenna acts as a
short patch. As the dimension of Wcp is reduced, the overall
dimension of the patch decreases due to fringing capacitance.
The maximum reduction is achieved when the radius of
shorting pin is reduced. The width of the first pad is decreased.
In this case, the input impedance is reduced, and the antenna
looks the same as a short circuit at a feed point. Using the
parametric variation to fix the dimension between maximum
size reduction and required input impedance behavior. This
change of the input impedance leads to improving the required
and accurate putting of the shorting pin with respect to the feed
of a standard shorted patch.

The existence of the other two pads again increases the
fringing capacitance created around the feed or post, leading
to a reduction in the size of the conductor. These extra pads
have provided an effect on the impedance behavior. Finally,
the first and second resonance frequencies are obtained for
two respective notches of the patch.

B. Dual-Band SIW Cavity Slot Antenna

The SIW based planar antennas are preferred not only in
microwave regions but also for millimeter antennas because of
the high-power handling capability, compact, lighter weight,
and low loss. Proper and suitable design of SIW leads to
negligible radiation loss compared to microstrip patch antenna.
It also increases the efficiency of planar antenna structures and
helps in decreasing the cross-polarization level. The design
process of a microstrip antenna using SIW consists of three-
steps, First implementing the dimensions of SIW, the pitch Pq

and via diameter dq have been calculated as mentioned in [22]:

dq ≤
λg
5
, λg =

λo√
εe
, and Pq ≤ 2dq (1)
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(a) (b)

Fig. 4. Electric field distribution and different eigen mode of the SIW cavity:
(a) TE201 and (b) TE202.

Fig. 5. Simulated input impedance vs frequency plot.

Fig. 6. Simulated reflection coefficient patch and SIW cavity slot antenna.

where λg and λ0 are the guided wavelength and wavelength in
free space. Whereas the εe is the effective dielectric constant
of the medium:

dq
Pq
≥ 1

2
and

d

λ0
≤ 1

10
(2)

here λc is the cutoff wavelength. The resonant frequency of
the TEmnp mode of the rectangular SIW resonator can be
determined according to the following formulas:

fmnp(r)) =
c

2
√
εr

√(
m

Le

)2

+
(n
h

)2
+

(
p

We

)2

(3)

Thus, the resonant frequency of TE201 and TE202−modes can
be calculated based on the values of m,n, p corresponding to
a specific dimensions as mentioned in Fig. 1 and 2, as shown
in Fig. 4:

f201 =
c

2
√
εr

√(
2

Le

)2

+

(
1

We

)2

(4)

f202 =
c

2
√
εr

√(
2

Le

)2

+

(
2

We

)2

(5)

Le = LS − 1.08
d2
q

Pq
+ 0.1

d2
q

LS

We = LS − 1.08
d2
q

Pq
+ 0.1

d2
q

LS

(6)

where m = 1, 2, 3, ·····, n = 1, 2, 3, ·····, and p = 1, 2, 3, ·····.
Finally, the theoretically resonant frequencies are 4.9 GHz and
6.06 GHz at TE201 and TE202 eigen modes, respectively. The
structure dimensions are W1y = 19.87, Wx = 58, Wy =
56.75, Wxx = 42.55, Wyy = 46.85, Pq = 1.6, dq = 0.8
dp = 1, w1p = 7, w2p = 3, l2p = 3, ldp = 3, l1x = 13,
dx = 0.8, dy = 3, dz = 3, W2y = 11, L3x = 9.5, wcp = 3,
ksq = 3.96, wsp = 2, WS = 40.9, LS = 38.2, We = 40.52,
Le = 37.82, h = 1.524; unit: millimeters (see Fig. 1 and 2).

One of the most important characteristics of the proposed
antenna design is the impedance matching. In view of this,
input impedance study was carried out and is plotted in Fig.
5. For perfect matching the input impedance looking into
the microstrip feedline must be close to the characteristic
impedance of the line. The real part of the input impedance at
the desired frequency is around 50 Ω and simultaneously the
imaginary part is approximately zero. Henceforth, as shown in
Fig. 6, the return loss is found to be minimum in microstrip
patch antenna and the better impedance matching with the SIW
cavity slot antenna at the corresponding resonance frequencies.

Due to the SIW implementation in the patch, it behaves like
a cavity resonator. Furthermore, by putting four symmetrically
L-type slots in this design. This structure act as an SIW cavity
slot antenna. However, the antenna propagates only the linear
polarization. In order to obtain a circular polarization, two
corners of the square patch are truncated in the antenna. Fig. 7
illustrate the surface current distribution at 5.98 GHz. It can be
observed from plots, the direction of suface current is changed
in every 900 phase ((ωt = 00, 900, 1800, and 2700)), as shown
in Fig. 7 (a)-(d). As a result, the nature of polarization is left
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(a) (b)

(c) (d)

Fig. 7. Surface current distribution (vector) at 5.99 GHz: (a) ωt = 0 (b)
ωt = π

2
(c) ωt = π (d) ωt = 3π

2
.

(a) (b)

Fig. 8. Fabricated prototype of proposed antenna: (a) Top view and (b) bottom
view.

hand circular polarization (LHCP). In contrast, the first band
propagated is linearly polarized (LP). Furthermore, the sorting
pin diameter is fixed at dp = 1 mm by the parametric variation
method and the slot width dy=3 mm.

III. FABRICATION, MEASUREMENTS AND DISCUSSION

The top and bottom view of the fabricated prototype of SIW
cavity slot antenna is shown in Fig. 8. In order to maintain loss-
free radiation of the proposed structure, the fabrication and
filling of the copper paste into the vias are done carefully. The
measured and simulation results of the reflection coefficient
SIW cavity slot antenna is shown in Fig. 9. It can be observed
that the frequency slightly shifts because of the manual fill

Fig. 9. Simulated and measured reflection coefficient.

Fig. 10. Simulated and measured axial ratio of the proposed antenna.

Fig. 11. Simulated and measured peak realized gain vs frequency
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Table I
COMPARISON OF VARIOUS DUAL-BAND SIW ANTENNAS

Ref.
Resonant Frequency

(GHz)
Size
(λ20) Polarization Max. Gain

LP (dBi) and CP (dBic)
Impedance
Bandwidth

(%)

Efficiency

(%)
f1 f2 f1 f2

[18] 12.5 13.625 0.99×0.99 1.08×1.08 CP 2.2 and 4.7 16 96 and 98

[19] 10 10.7 2.16×1.136 2.31×1.46 LP 8.14 8.5 75

[20] 10 12 1.34×1.867 1.6×2.24 LP 8.5 7.3 and 7.76 87

[21] 37.5 47.8 1×1.275 1.274×1.625 CP 5 and 5.7 1.1 and 1.4 88 and 93

This work 5.42 5.98 0.76×0.93 0.77×0.85 LP and CP 8.13 and 8.9 3.74 and 3.35 89 and 88

f1: lower resonant frequency; f2: higher resonant frequency

Fig. 12. Simulated and experimental plot of radiation efficiency.

of metallic paste into the vias, SMA connector and conductor
loss. As shown in Fig. 9, the measured return loss is less
than 10 dB from 5.35 to 5.55 GHz and 5.85 to 6.05 GHz. The
fractional impedance bandwidths range from 5.35 to 5.55 GHz
and 5.85 to 6.05 GHz are 3.70% and 3.35%, respectively.
The measured and simulation results of the axial ratio of the
proposed antenna are plotted, as illustrated in Fig. 10. The
3-dB axial ratio bandwidth of 0.375 GHz is achieved.

The simulated and experimental results of the peak realized
gain of the SIW cavity slot antenna are shown in Fig. 11.
The measured gain is the same as the simulated data of the
proposed antenna. However, it is slightly less because resonant
frequency is shifted up for lower resonant frequency and
downward for higher resonant frequency. The experimental
value of peak realized gain of 8.13 dBi and 8.9 dBic (simulated:
8.24 dBi and 9.12 dBic) are obtained at the lower and higher
resonant frequencies, respectively.

By using Wheeler cap method, the reflection coefficient is
measured in the free space. Then, the antenna is enclosed by a

(a) (b)

(c) (d)

Fig. 13. Simulated and experimental normalized radiation pattern: (a) E-plane,
(b) H-plane at f1 frequency, and (c) E-plane, (d) H-plane at f2.

conductor. At this condition, the reflected power is returned to
the feeding port. The radiated power is measured by comparing
the reflection coefficient in the free space [20].

ηmeas = 1− Ploss

Pin
= 1− 1− |Γwc|2

1− |Γfc|2
=
|Γwc|2 − |Γfc|2

1− |Γfc|2
(7)

Where ηmeas is the measured radiation efficiency, |Γwc| is
the magnitude of the reflection coefficient using Wheeler
cap method and |Γfc| is the magnitude of the reflection
coefficient in free space. The simulated and measured results of
radiation efficiency of the SIW cavity slot antenna is shown in
Fig.12. Although measured results are slightly lesser than the
simulated results of SIW based slot antenna, these two curves
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are in good agreement with each other at the corresponding
resonant frequency. The measured radiation efficiencies of
89%, and 88% (simulated: 93% and 87%,) are found at the
corresponding resonant frequencies, respectively as shown in
Fig. 12.

The radiation pattern of E-plane and H-plane at 5.42 and
5.98 GHz are observed and shown in Fig.13. The cross po-
larization is lower than the co-polarization in both measured
and simulated results. The cross-polarization is -15 to -25 dB
lower than the normalized radiation pattern, because SIW
reduces cross-polarization and has negligible leakage loss. The
measured results are in good agreement with simulation results
and the same has been verified all the above plots.

In Table I, the performance of previous dual band antennas
[18]–[21], is compared with the present work. It should be
noted that the previously reported dual band SIW antennas
have the same polarization as the bands whereas the proposed
antenna can provide different polarization at the different
bands. The size of the proposed antenna in terms of free space
wavelength is lesser than in [18]–[21]. It can be observed that
the peak realized gain is higher than in [18]–[21]. The radiation
efficiency is higher than in [19] and [20] and impedance
bandwidth is slightly higher than in [21].

IV. CONCLUSION

In this paper, a dual band SIW cavity slot antenna with
improved performance has been presented. The proposed an-
tenna is fed by the feeding network consisting of two notches,
operates at two different frequencies and with two different
polarizations. The proposed antenna operates at two bands
(5.35-5.55 GHz, and 5.85-6.05 GHz) with gain of 8.13 dBi,
and 8.9 dBic respectively and one CP bandwidth is obtained
from 5.77 to 6.15 GHz (FBW: 6.27%) at 3-dB axial ratio. The
measured results are in good agreement with simulated result
for designed antenna. This antenna can be used for C-band
applications.
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