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Abstract: For wireless applications, a low-profile circular slot with a substrate integrated waveguide
(SIW) antenna is given. For bandwidth augmentation, the proposed antenna structure consists of a
microstrip antenna with two circular-shape slots etched on the top of the radiation plane and stacked one
on top of the other. An FR-4 substrate with a dielectric constant of 4.3 and a thickness of 1.5 mm was
used to create this antenna. The optimised antenna design has a 13.2 GHz operating frequency, a 4.913
percent bandwidth, and a peak gain of roughly 6.05 dB over the operating frequency, making it
appropriate for wireless communication applications with good matching characteristics. CST
Microwave Studio is used to compute the design model and performance evaluation of a proposed
antenna..
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1. Introduction

In recent years, wireless communication systems which operate at microwave frequencies have evolved
rapidly, where this area attracted many industrial and academic fields [1, 2, 3, 4]. substrate integrated
waveguides SIWSs technology has been replaced the conventional transmission lines over the old ones due to
its desirable propagation characteristics and simple construction [5]. SIW technology has been introduced as
one of the techniques available to provide low-cost implementation such as waveguide Components by using
a standard PCB printed circuit board [6, 7], (SIW) have many advantages over conventional bulky metallic
counterparts, such as low cost, small size and easy manufacturing along with the difficult characteristics of
the waveguide including high power handling capability and low insertion losses and integration with planar
circuits [8,9]. SIW configuration is a mixture of dielectric material embedded in linear arrays of metal vias
along with upper and lowest conductive surfaces [10,11, 12].

Cassivi et al. were the first to present a substrate integrated waveguide cavity, which was implemented in
a planar substrate using four rows of metallic vias [13]. Later The SIW technique has been used for designing
and fabrication filters and slot antennas [14, 15, 16,17]. low profile designs antenna are achieved by using
SIW technique for high gain and wideband [18, 19, 20, 21]. Impedance bandwidth was improved to up to
13.89% with moderate gain and unidirectional radiation characteristics in [22].

In this study, substrate integrated waveguide technology is applied to a traditional microstrip antenna with
two circular slots etched on the antenna's top metallic surface for satellite applications. The classic rectangular
waveguide, with SIW's periodic metallic vias serving as the standard waveguide's sidewall. As a result, this
study presents a SIW antenna with two circular slots, which corresponds to a filling dielectric rectangular
waveguide with two etched slots cut in the top wall of the waveguide [23].

2. SIW Microstrip Antenna Design Procedure

As illustrated in Fig.1, the SIW antenna is made by sandwiching two conductive layers between
dielectric substrates that are connected on both sides by cylindrical metallic array vias and activated with
inset feeding.
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Fig. 1. SIW structure

The SIW's operating principle contains the artificial channel to Guiding the Wave inside the substrate. This
is achieved by drilling the metal vias on the substrate that function as side walls to SIW structure Fig. 2 The
SIW structured by choosing suitable dielectric material and that Just at the beginning of the antenna design
stage should be considered taking into account parameters such as antenna bandwidth, size, gain, impedance
matching, etc. and other Structure requirements.

Fig. 2. SIW structure (conventional rectangular waveguide)
At the beginning, the dimensions of The antenna with microstrip patch in Fig. 3 A patch length (Lp) and
patch width (Wp) can be obtained by equations below. [24] .
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Fig. 3. Design geometry of the SIW antenna
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C: Light speed within free space.

f o: The frequency of resonances.

€, : The substrate dielectric constant.

AL: the extended increase of patch length

Can measure the effective dielectric constant as:

€+l €-1 hl
Ereff= 7‘2 + T2 [1+ 12;]2 (3)

€, : Dielectric constant of the substrate.



ey - Effective dielectric constant.

h: thickness of dielectric substrate.

w: the patch the width.

SIW's calculations include numbers of design equations and their design rules to ensure minimal losses from
leakage between metalized via gaps in the structure of SIW [6]. Effects of p (pitch: distance between two
vias) and d (diameter of hole) on those difficulties were explored in order to ensure that the waveguide section
becomes free of leakage loss or radiation less [25].

d<™ (4)
p<2d (5)

Ag : Waveguide wavelength.
So, the cut off frequency (fc) of arbitrary mode for a rectangular waveguide, is found by the following

formula:
+(7) ©

c mtm 2
fe=m (%)
a, b: dimensions of the waveguide.

m, n: number of modes.

At fundamental mode, this can be simplified by:

fe=4 ()

For Dielectric filled waveguide width at the similar cut off frequency, dimension "ad" is given by:
aq = \/%—r (8
We can now proceed to the SIW design equations after determining the dimension "a" for the Dielectric
filled waveguide:
dZ
0.98p
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Where d: diameter of via.
p: pitch (distance between two vias)

d? d?
w=ag;— 1.08? + 0.1a (10)

The SIW structure can be presented as simply rectangular waveguide as shown in Fig. 2 through the so-called

equivalent width a,,. This is stated as:
d2

Aeq = asiw — 0057 (11)
dZ
leff = lgw ~o9sp (12)

3. The Proposed Antenna Configuration

The proposed SIW antenna construction has overall dimensions of 35mmx18mm and was developed as
a single layer on FR-4 substrate with a relative permittivity of er= 4.3, loss tangent of = 0.025, and a
thickness of h=1.5 mm. It is fed by a 50 Q microstrip line. 1.08mm and 1.20mm are the diameter and
period of the metallic via, respectively. 15.8 mm is the equal distance between two rows of metallic vias.
Equations (11) - (13) are used to calculate the SIW cavity dimensions (12). The suggested SIW antenna's
geometry is depicted in Fig. 4, and the overall antenna dimensions are listed in Table 1.

Table 1: Parameter and dimension of SIW radiator.



Parameter Values (mm) Parameter VValues (mm)

The total length (L) 35
The total width (W) 18
Via’s diameter (D) 1.08
Pitch between two vias (P) 1.20
Equavelent width of SIW (Asiw) 15.8
Microstrip Width (Wms) 1.56
Microstrip Length (Lms) 3.10
Taper ‘s width (Wtap) 3.58
Taper’s length (Ltap) 4.90
Diamrter of circular slot(Dc) 125
Width of circular slot(Wc) 0.5
Distance between slots(S) 2
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Fig. 4. Geometry of the proposed antenna
4. Results and Discussion

To assess and compare our results, we developed the first proposed antenna without SIW and slot, as shown
in Fig. (5a). The antenna was created using the specified substrate. As illustrated in Fig. (5b), the antenna
gives a single band resonance within the sweep frequency range of (9-20) GHz, with a resonant frequency of
around 10 GHz. However, this behaviour does not rule out the potential of other resonances occurring outside
of this frequency range.
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Fig. 5:(a) geometry of first proposed antenna (b) Simulated return loss response of antenna without SIW

Fig. 6 illustrates the computed two-dimensional directivity patterns of this antenna. The measured
omnidirectional directivity is 8.8 dB with a peak gain 2.07 dB and fractional bandwidth (4.1%).
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Fig. 6 simulated two-dimensional directivity radiation patterns

From the results, it was found that the proposed antenna doesn’t satisfy the goal of frequency band, gain and
bandwidth requirements for satellite applications, to achieve antenna match with Ku-band range application
and satisfy these requirements, SIW antenna has accomplished. Where, SIW technique is applied with
prescribed calculated dimensions of via and equivalent distance between vias to enhance the bandwidth and
gain. Circular slot is added to increase the bandwidth, directivity, gain, and enhance the antenna matching.
After executed above procedure, the proposed SIW antenna for one, two and three circular slot have done as
shown in Fig. 7 (a to d).

mnmnain

(a) (b) (©) (d)
Fig. 7: (a) SIW antenna without slots, (b) SIW with one circular slot.
(c) SIW with two circular slot. (d) SIW antenna with three circular slot.

The result in Fig. 7a shows that, when SIW applied on the conventional microstrip antenna, the antenna gives
two resonant frequencies (14.8 and 19.22) GHz. Where the upper resonant frequency can satisfy the
requirement range with peak directivity of ( 8.43 and 9.74) dBi , respectively for two resonance. As well as,
the gains and bandwidth are (2.99 and 2.26) dB, (1.086% and 1.349%) GHZ respectively. Fig. 8 show the
directivity and gain of the two resonance frequencies in polar form for the antenna shown in Fig. (7a).
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Fig. 8 directivity and gain of SIW antenna without slots for(14.8 and 19.22) GHz

While, Fig. 7b shows that when etched one circular slot on the one top of the antenna gives three resonant
frequencies which are (11.20, 13.18, 19.53) GHz, the middle is at the required range, the peak directivities
are (7.66, 8.34,10.1)dBi, respectively for (13.18)GHz. While the peak gain for the triple-band is (4.74, 5.53,
3.44) dB with fractional bandwidth about (502 , 1.001, 3) respectively. Fig. 9 show the directivities and gains
of SIW one slot antenna in polar form.
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Fig. 9 Directivities and gains of SIW radiator with one circular slot

Meanwhile, results of the SIW radiator with two slot shows that etched two circular slots on the one top of
the antenna give one resonant frequency about (13.2) GHz which is the required range. The directivity and

gain are (8.56) (6.06) dB with a bandwidth about (4.913) GHZ. Fig. 10 shows the directivity and gain in polar
form.
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Fig. 10. Directivities and gains of SIW antenna with two circular slot

Finally, when the third slot is included the frequency is still about (13.2) GHz is in the required range, the
directivity is 8.78 dBi, the gain is 6.28 dB with a bandwidth of about (3.568) GHz. Fig. 11 shows the
directivity and gain in polar form.
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Fig. 11. Directivities and gains of SIW antenna with three circular slot

From the results, we can show that the antenna with two slots has properties that satisfy the requirement of
the Ku-band. Therefore, to compare between results of SIW antennas, Fig. 12 illustrates the compression of
s11 parameter for these SIW antennas.
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Fig. 12 S11 parameter for antennas without slots and with slots, one, two slots and three

5. Conclusion

According to the result of the first proposed antenna (without SIW and slot) has low gain and narrowband,
when SIW technique and slots are added to the antenna structure to gives best radiation performances. Single
circular slot etched on the top metallic layer as shown Fig.(7b) give triple-band resonant frequency while the
gain is increased when the second slot is added, the antenna offers a wide band with higher gain reached to
(4.9 GHZ). Finally when etched the third slot, the result improved slightly. This will lead to making the
antenna with two circular slots satisfy the requirement of satellite application by improving the bandwidth,
gain and directivity.
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