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Abstract: This study describes the design and simulation of a compact antenna based on a substrate integrated
waveguide (SIW) utilizing the slot section technique. Using a full wave electromagnetic simulation tool HFSS
based on Finite elements methods. The antenna is meant to operate in the millimeter wave (mm-wave) frequency
bands. The radiating patch is printed on a 7.5 x 30 x 0.254 mm® Rogers's RT 5880 substrate with a relative
permittivity of 2.2 and a loss tangent of 0.0009. The antenna shows the multiband behaviour at the frequencies
of 26 GHz, 28 GHz,30.7 GHz, and 32GHz. The various parameters of the proposed antenna such as return loss,
VSWR and radiation pattern, gain and radiation efficiency etc. are investigated and analyzed.

Key Words: Multiband, SIW, Slotted

Date of Submission; 15-07-2022 Date of Acceptance: 31-07-2022

I.  Introduction

In recent years, the microwave community has grown more interested in substrate integrated
waveguide (SIW) technology due to its versatility in the construction of microwave circuits[1].SIWs have
propagation and dispersion properties that are extremely comparable to rectangular waveguides, allowing
hollow waveguide expertise to be applied to SIWs. Many waveguide devices, in fact, can be easy to
manufacture with substrate integrated waveguides. SIW devices are also created using regular printed circuit
board (PCB) techniques, making them easier to construct, lighter, and less expensive than waveguide devices
made using a typical process like milling. Because SIW devices are constructed on a dielectric substrate, they
are simple to integrate[2-5].

The employment of SIW technology in the production of low-profile, light, and low-cost antennas
promises to be very promising. High gain, multi band, and very wide band SIW antennas, on the other hand,
might be difficult to design. There are a few ways to accomplish this, such as using slot arrays or cavity-backed
patches[6-8].

SIW antennas have lesser performance than their rectangular waveguide equivalents in the majority of
applications [9]. Substrate integrated waveguides, on the other hand, are gaining popularity for their ability to
fabricate low-profile and low-cost antennas for 5G applications [10, 11], where traditional waveguides are
impractical. The antenna gain, in particular, is a trade-off because it increases linearly with the antenna area
while decreasing exponentially with the length of the transmission lines due to losses. In this opinion, making
very large antennas for a particular substrate is not practical because the gain actual decreases beyond a certain
size[12, 13].

In this work a SIW antenna is designed by making two rectangular slotsin the upper ground plane. The
proposed antenna resonates at different frequency band in the millimeter band.

1. SIW ANTENNA DESIGN AND RESULT ANALYSIS
The proposed antenna is designed on a dielectric substrate RT duroid 5880 of relative dielectric
constant of 2.2. The thickness of the substrate is 0.254 mm. Two rectangular slots of dimensions 6.5 x 0.7 mm?
and 4.2 x 0.17mmZFor the impedance matching a taper transition and a microstrip feed line is designed the
analysis of the feed line is shown in [14]. The diameters of the vias are taken as 0.5 mm and the spacing
between the viasare taken as 1 mm. Fig. 1 shows the proposed SIW antenna.
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Figure 1 Proposed SIW antenna

The slots are off set to each other so the proposed SIW antenna shows the multiband behaviour in the range of
25 GHz to 40 GHz. Figure 2 shows the return loss curve of the proposed antenna. The Return loss at 26 GHz is -
16 dB,28 GHz is -13.5 dB, 30.7 GHz is -20 dB and at 32 GHz is -17 dB.
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Figure 2. Return loss curve of SIW antenna
The VSWR curve of the proposed antenna is shown in Fig 3 it is seen from the cuve that the resonating
frequencies the value of the VSWR is lies between 1 and 2, this shows the good impedance at these resonating

frequencies. The E plane and the Hplane radiation pattern of the proposed antenna at the 28 GHz is shown in
Fig 3. The main application of 28 GHz is the 5 G wireless communication systems.
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Figure 3. E and H Plane Radiation Pattern at 28 GHz
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Figure 4. E and H Plane Radiation Pattern at 26 GHz

Both the radiation pattern indicates that the antenna has half broadside radiation pattern at 28 GHz. The gain of
the proposed antenna is also analyzed. The gain curve is shown in Fig. 5

30 n 1 n 1 n 1 n 1 " L " 1 n 1 n 1

25

20

15 +

Gain Total (dB)

10 H

24 26 28 30 32 34 36 38 40 42
Frequency (GHz)

Figure 5 Gain Curve of proposed antenna

The total gain of the antenna at 26 GHz is 15 dB, at 28 GHz 19 dB, at 30.7GHz is 19 dB and at 32 GHz is 8
dB.The Radiation efficiency of the proposed antenna is shown in Fig. 6
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Figure 5 Radiation Efficiency Curve of proposed antenna

The Radiation efficiency of the proposed antenna is more than 90% at all the resonating frequencies.

I11. Conclusions
The proposed SIW antenna is applicable for future 5G wireless communication systems for the

frequencies of 26 GHz and 28 GHz. At 31 GHz, point-to-point microwave radio applications. The Proposed
antenna shows a high gain and high efficiencies so the suggested SIW slotted antenna is a good contender for
future millimeter wave communication systems based on these findings.
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