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Abstract: This paper presents a substrate-integrated waveguide (SIW) antenna designed for K-band and Ka-band 

applications, addressing propagation and radiation losses at higher frequencies. The proposed patch antenna integrates 

SIW principles with copper vias and three-ring slots, enhancing the radiation pattern’s bandwidth, gain, and stability. 

Optimized using Computer Simulation Technology (CST) software on a Rogers RT/duroid 5880 substrate (εr = 2.2, 

thickness = 1.575 mm), results in the SIW triple-ring slot patch antenna (SIW-PS3) exhibiting triple-band resonance at 

26.066 GHz, 31.552 GHz, and 33.54 GHz, with matching coefficients of -31.96 dB, -47.72 dB, and -21.97 dB, respectively. 

The SIW-PS3 demonstrates superior performance, including a 9.91% impedance bandwidth (24.826-27.258 GHz), peak 

gain of 8.072 dB at 26.066 GHz, maximum radiation efficiency of 93%, VSWR between 1 and 5, and directivity ranging 

from 8.12 to 10.2 dB. These features make it particularly suitable for diverse K-band and Ka-band applications.  

 

Keywords: Triple band; SIW; patch antenna; 5G antenna; K and Ka-band. 
  
 

1. INTRODUCTION  

Substrate Integrated Waveguide (SIW) technology has 

revolutionized millimeter-wave wireless communication 

by addressing previous limitations in handling capacity 

and bandwidth [1-5]. Conventional patch antennas used 

for K-band and Ka-band applications often struggle with 

narrow bandwidth and limited gain, while microstrip 

arrays, even though effective in increasing data rates, 

present complex design challenges. With their compact 

and lightweight structures, SIW antennas [6-11] offer an 

effective solution by improving signal focus and 

transmission consistency over long distances. This is 

crucial for overcoming issues such as rain fade, route loss, 

and atmospheric attenuation that impact millimeter-wave 

frequencies in the K-band (18-27 GHz) and Ka-band 

(27–40 GHz).  

 

Given the critical need to optimize antenna performance 

to meet these challenges, there is an urgent demand for 

designs that offer enhanced bandwidth and gain. The 

evolution of SIW technology reflects this need. Initially, 

conventional metallic waveguides provided high power 

handling and low loss but were bulky and non-planar [12]. 

The second generation, Microwave Integrated Circuits 

(MIC), introduced strip-like or slot-like planar-printed 

transmission lines with low-profile structures, sacrificing 

power-handling capacity and Q-factor for compactness 

[13-14]. Substrate-integrated waveguides (SIWs) 

represent a third generation, combining the advantages of 

both predecessors [15]. SIW structures combine the high 

power-handling and Q-factors of conventional 

waveguides with the compactness of MIC structures, 

bridging planar circuits, and conventional waveguides. 

Therefore, this study addresses the pressing need for 

optimized antenna designs by evaluating various SIW 

antenna configurations, including the SIW Triple-Ring 

Slot Patch Antenna (SIW-PS3). By presenting a 

systematic comparison of several design iterations, this 

research aims to identify configurations that significantly 

enhance bandwidth, gain, and efficiency. The findings 

will contribute to advanced antenna technology and 

improve high-frequency communication capabilities. 

 

2. Working Principle of SIW 

Mechanically, the SIW is a planar structure incorporating 

a waveguide into a dielectric substrate using two rows of 

metallic vias to connect the top and bottom conductive 

layers. These vias are cylindrical, metal-plated holes that 

penetrate the substrate, forming the SIW’s metallic side 

walls. Fig. 1 shows vias with diameter d, spaced at 

intervals p, extending through the substrate from the 

patch. The design parameters for the SIW guide include 

the diameter (d) of the vias and the spacing (p) between 

them.  
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Structure of SIW [18]. 

 

Eq. (1) and (2) highlight key conditions for minimizing 

electromagnetic energy leakage from via-gaps along 

narrow walls [16-17]. 
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d  < 𝜆𝑔/5                                                      (1) 

p  ≤  2d                                                         (2)         

                                                            

Where 𝜆𝑔  is the waveguide’s wavelength, d is the 

diameter of the vias, p is the distance between two vias. 

The proposed SIW patch antenna design incorporates a 

circular cavity formed by metallic vias, which serve as 

sidewalls to confine and guide electromagnetic energy. 

Optimal via placement and density preserve waveguide 

integrity, enhance transmission, and reduce losses. This 

configuration offers a stable platform for K and Ka-band 

spectrum applications. In a circular waveguide, the 

dominating modes are the transverse magnetic, TM01 

and transverse electric, TE11 modes, as explained in [19]. 

Eq. (3) and (4) express the lowest cutoff frequencies for 

the two dominant modes, TM01 and  TE11 , denoted as 

fTM01
 and  fTE11

 respectively. These expressions are 

derived from solutions to Bessel’s differential equation, 

utilizing the appropriate Bessel functions for each mode: 

 

fTM01
=

0.383

a√με
                                                (3)  

 

𝑓𝑇𝐸11
=

0.293

𝑎√𝜇𝜀
                                                 (4)       

                        

Where a is the radius of the circular waveguide, and 𝜇 

and 𝜀 are the permeability and permittivity of the 

dielectric material. 

  

The operating principle and design frequency of the 

cylindrical cavity are established by solving the wave 

equation within the cavity. This analyzes electromagnetic 

wave behavior in the cylindrical structure, considering 

cavity geometry and adaptations for sidewall 

discontinuities. Eq. (5) and (6) denote that the dominant 

of TMnml and TEnml mode resonant frequencies, fTMnml
 

and  fTEnml
, in a circular SIW cavity can be calculated as 

follows 

fTMnml
=

C

2π√μrεr 
√(

Pnm

r
)2 + (

lπ

h
)2                    (5) 

 

fTEnml
=

C

2π√μrεr 
√(

P′
nm

r
)2 + (

lπ

h
)2                    (6)              

  

Where, c is the speed of light, Pnm and P′
nm are the roots  

of Bessel’s function Jn(x) and J′n(x), a is the radius of the 

circular cavity, d is the depth, r is the radius of the SIW 

cavity, and 𝜇𝑟 , 𝜀𝑟  are the permeability and permittivity, 

respectively.    

  

3. Design Procedure  

In this work, the design employs computer simulation 

technology (CST) software to simulate and analyze four 

progressive antenna structures, with the basic microstrip 

patch antenna serving as the base and reference (Fig. 2). 

The four progressive antenna structures shown in Fig. 3 

were built on a basic 20 mm by 15 mm microstrip antenna 

patch made on a Rogers RT/Duroid 5880 substrate that 

has a dielectric constant of 2.2 and a thickness of 1.575 

mm. The four different designs depicted in Fig. 3 are a 

single-ring slot patch antenna (PS1), a double-ring slot 

patch antenna (PS2), a triple-ring slot patch antenna 

(PS3), and an SIW triple-ring slot patch antenna (SIW-

PS3), which is the optimized and proposed design. These 

antennas evolve through iterative optimization, with each 

design improving on its predecessor. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Basic design of microstrip patch antenna. 

 

 

 

 

 

 

 

 

 

 

 

                                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Design structure of four progressive antennas: (a) 

single-ring slot patch antenna (PS1), (b) double-ring slot 

patch antenna (PS2), (c) triple-ring slot patch antenna 
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(PS3), and (d) SIW triple-ring slot patch antenna (SIW-

PS3).  

As shown in Fig. 3, the PS1 antenna features a single ring 

slot etched on a square patch (Fig. 3(a)), while PS2 

incorporates double ring slots (Fig. 3(b)). PS3 further 

enhances the design with triple ring slots (Fig. 3 (c)). The 

final iteration, SIW-PS3, integrates SIW technology with 

the triple-ring slot configuration of PS3, aiming to 

maximize performance improvements (Fig. 3 (d)). 

 

Table 1 presents the optimized and best design parameter 

dimensions of the SIW-PS3 antenna, which became the 

proposed design. According to Table 1, the antenna 

comprises three slots (widths: 0.8 mm, 0.5 mm, 0.5 mm), 

a 5 mm × 1 mm microstrip feedline and a 20 mm ×  15 

mm microstrip patch. 

 

Table 1. Optimized dimension of the proposed antenna 

Parameter 

symbol 
Parameter description 

Dimension 

(mm) 

𝑊𝑝 Patch width  15 

      𝐿𝑝 Patch length 15 

      d Via diameter of SIW 0.6 

       h Thickness of substrate 1.575 

𝐿𝑓 Length of microstrip feed 5 

      𝑊𝑓 Width of Microstrip feed 1 

𝑆1, 𝑆2, 𝑆3 Width of slots 1,2,3 0.8, 0.5, 0.5 

 

4. RESULT AND DISCUSSION 

4.1 Analysis of PS1 Antenna Design  

Fig. 4 compares the basic microstrip antenna and the PS1 

antenna regarding its scattering parameter (S-parameter). 

The type of S-parameters that have been analyzed is S11, 

which is known as return loss or reflection coefficient. It 

measures the difference in power between the incident 

signal and the reflected signal at the antenna’s feed point 

[21]. Based on the graph, the PS1 antennas outperform 

the basic microstrip antenna at 26.75 GHz, exhibiting 

lower return loss and broader bandwidth. Additionally, 

the PS1 antenna operates efficiently over a more 

comprehensive frequency range than the basic microstrip 

patch antenna. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. S-parameter comparison of basic microstrip and 

PS1 antenna. 

 

Gain is another critical parameter that indicates the 

antenna’s performance. It measures the ability of an 

antenna to direct or concentrate radio frequency energy 

in a particular direction. The radiation pattern shows how 

the antenna radiates power in different directions. It can 

indicate whether the antenna is omnidirectional 

(radiating equally in all directions) or directional 

(radiating more power in specific directions). Figs. 5(a) 

and (b) presents polar and 3D views of the PS1 antenna’s 

radiation pattern. A polar plot in Fig. 5(a) displays 

directional gains at specific angles, with black (Phi=0°), 

blue (Phi=90°), and red (Theta=90°) lines, respectively. 

The PS1 radiation pattern shows symmetry in the φ = 0° 

and φ = 90° planes, indicating consistent radiation 

characteristics in these principal planes. However, 𝜃 =
90° plot shows symmetry except at 90° and 270. Fig. 5(b) 

presents a 3D visualization of the antenna’s gain 

distribution, employing a color gradient (red for higher 

gain, blue for lower gain) to depict gain levels in dB 

across all angles. This 3D visualization reveals the 

directional characteristics and efficiency of the PS1 

antenna. The gain and directivity at 26.75 GHz of the PS1 

antenna are 6.97 dB and 8.19 dB, respectively. Maximum 

efficiency of the PS1 antenna is 84.7%. 

 

 

  

 

 

 

 

 

 

 

 

Fig. 5. PS1 antenna radiation pattern at 26.752 GHz (a) 

Polar. (b) 3D view. 

 

4.2 Analysis of PS2 and PS3 Antenna Design  

Fig. 6 compares the 𝑆11   parameter of PS2 and PS3 

antennas, revealing PS3 marginally superior performance 

at both resonant frequencies. At 26.75 GHz, PS3 

achieves a return loss of -22.92 dB compared to -21.56 

dB for PS2. At 34.73 GHz, PS3 exhibits a return loss of 

-14.067 dB versus -12.473 dB for PS2. These lower 

return loss values for PS3 indicate improved signal 

reflection reduction and better impedance matching, 

suggesting slight overall improvement across both 

frequencies. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Analysis result of 𝑆11vs. frequency for PS2 and 

PS3 antenna.  

 

Fig. 7 shows the gain performance of PS2 and PS3 

antennas. Both antennas exhibit similar patterns, with 

multiple peaks between 22-30 GHz, followed by a sharp 

decline in gain. The PS2 antenna (red dotted line) 

generally shows a slightly lower gain than the PS3 

antenna (black solid line) throughout most of the 

frequency range. After 30 GHz, both antennas show gain 
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fluctuations, with PS2 peaking sharply approximately at 

35 GHz before dropping. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Comparison of gain for PS2 and PS3 antenna. 

 

4.3 Analysis of Proposed SIW-PS3 Antenna Design  

Fig. 8 displays the SIW-PS3 antenna’s 𝑆11   parameter 

(magnitude in dB) against frequency (GHz) from 20 to 

36 GHz, showing critical resonances at 26.066 GHz, 

31.552 GHz, and 33.545 GHz. The resonances fall below 

-10 dB, suggesting effective impedance matching and 

minimal power loss at these frequencies. To calculate 

bandwidth, the -10dB point indicates the frequencies 

over which the antenna performs well. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. S-parameter performance of optimized design of 

SIW-PS3. 

 

The calculated bandwidths for the SIW-PS3 antenna are 

2.45 GHz, 0.57 GHz, and 0.82 GHz, with corresponding 

fractional bandwidths (FBW) of 9.4%, 1.8%, and 2.44%, 

respectively. Fractional bandwidth (FBW) is expressed 

in Eq. (7) [22] 

 

FBW=
(𝑓𝑚𝑎𝑥−𝑓𝑚𝑖𝑛)

𝑓𝑐
× 100% =

𝐵𝑊

𝑓𝑐
                               (7) 

Where 𝑓𝑚𝑎𝑥  , 𝑓𝑐  and 𝑓𝑚𝑖𝑛 is the maximum, center, and 

minimum frequency of an antenna. 

 

Figure 9 (a), (b), and (c) depict the SIW-PS3 antenna’s 

radiation patterns at 26.066 GHz, 31.552 GHz, and 

33.545 GHz, respectively. The polar plots for 𝜑=𝑜0 and 

𝜑 =900 show a more symmetrical, uniform, and rounded 

pattern, while the pattern is not symmetrical irregular and 

has variations in different directions for 𝜃= 900 at 26.066 

GHz, 31.552 GHz, and 33.545 GHz. The 3D radiation 

patterns use color-coded scales to visualize SIW-PS3 

antenna gain in dB comprehensively. The radiation 

pattern at 26.066 GHz is shown in Fig. 9(a), where higher 

peak gains of 8.07 dB indicate the antenna’s excellent 

capacity to focus energy in specific directions. Fig. 9(b) 

and (c), corresponding to 31.552 GHz and 33.545 GHz, 

respectively, display slightly lower peak gains of 7.66 dB 

and 6.39 dB.  These latter patterns exhibit more irregular 

shapes, suggesting a less focused energy distribution than 

the 26.066 GHz case. The SIW-PS3 antenna exhibits 

excellent efficiency, reaching a peak of 93%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. PS3 antenna radiation Pattern at (a) 26.066 GHz, 

(b) 31.552 GHz, and (c) 33.545 GHz. 

 

4.4 Surface Current Distribution of  SIW-PS3 

Antenna  

The surface current on an antenna is the electric current 

distribution on its surface during transmission or 

reception. This distribution determines the antenna’s 

radiation characteristics. Antenna input impedance, 

determined by current distribution, must match feed line 

impedance for efficient power transfer. Fig. 10 (a), (b), 

and (c) illustrates simulated surface current distributions 

at 26.066 GHz, 31.552 GHz, and 33.545 GHz, with blue 

indicating weaker magnetic field intensity and red 

showing stronger signals. Prominent peaks near slots in 

inflow and amplitude indicate focused electrical current 

in these areas. The maximum current flow along slots 

occurs at 31.552 GHz, and this current distribution 

ensures minimal loss and maximal radiation efficiency at 

that frequency. Moreover, the current distribution 

resonance frequencies exhibit higher intensities around 

the circular structure’s edges, a typical characteristic of 
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patch antennas due to fringing field effects. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Fig. 10. Surface Current Distribution of SIW-PS3 

antenna (a) 26.066 GHz (b) 31.552 GHz (c) 33.545 GHz. 

 

4.5 Comparison of S-Parameter Plots of Different 

Antenna Designs 

Fig. 11 illustrates a comparative analysis of the reflection 

coefficients for various antenna configurations, including 

the basic patch, PS1, PS2, PS3, and SIW-PS3 designs 

across a frequency range from 20 GHz to 36 GHz. The 

basic patch antenna (red dotted line) exhibits a significant 

return loss at 33.2 GHz. PS1, featuring a single circular 

slot, shows limited effectiveness with a resonance at 

26.75 GHz and a -21.5 dB return loss. PS2, incorporating 

two concentric ring slots, demonstrates modest 

improvement, resonating at 26.775 GHz and 34.576 

GHz. PS3 slightly enhances the return loss at both 

resonant frequencies compared to PS2. However, the 

SIW-PS3 design, represented by the black line, combines 

three ring slots with an SIW configuration and exhibits 

the lowest return loss, indicating superior performance 

across multiple frequencies compared to other 

configurations. It exhibits reflection coefficients below -

10 dB at multiple points, indicating enhanced impedance 

matching and lower reflection across a broader frequency 

spectrum. 

 

  

 

 

 

 

 

 

 

 

 
 

Fig. 11. S-Parameter measurements for different antenna 

designs. 

 

Table 2 presents a performance comparison of four 

antenna designs: PS1, PS2, PS3, and SIW-PS3. The 

comparison covers critical metrics, including operating 

frequency, S11 parameters, bandwidth, and gain. Among 

these, SIW-PS3 demonstrates superior overall 

performance. It operates at multiple frequencies (26.067 

GHz, 31.552 GHz, and 33.543 GHz), offers the widest 

bandwidth at 2.458 GHz, and achieves a significant gain 

of 8.072 dB. These characteristics suggest that SIW-PS3 

outperforms the other designs across the measured 

parameters. 

 

Table 2. Comparison between PS1, PS2, PS3 and SIW-

PS3 antenna performance 

Design 

Type 

Operating 

Frequency

(GHz) 

Return 

loss(dB) 

Bandwid

th (GHz) 
Gain(dB) 

  PS1 26.752 -21.536 1.372 6.97 

  PS2 
26.775 -21.564 1.316 7.82 

34.545 -12.473 0.997 7.26 

   PS3 
26.768 -22.925 1.352 8 

34.736 -14.067 1.655 7.66 

SIW-PS3 

26.067 -31.981 2.458 8.07 

31.552 -50.038 0.57 7.67 

33.543 -22.052 0.817 6.39 

 

4.6 Comparison of VSWR Plots for Best Impedance 

Matching  

The Voltage Standing Wave Ratio (VSWR) measures the 

ratio of reflected incident waves, which shows how well 

an antenna transfers power.  Lower values suggest better 

impedance matching and less signal reflection. Fig. 12 

shows VSWR measurements for five antenna designs 

(Basic Patch, PS1, PS2, PS3, and SIW-PS3) across 

frequencies from 20 GHz to 36 GHz. The SIW-PS3 

design (solid black line) shows the most stable and lowest 

VSWR among the five antennas, indicating the best 

impedance matching and efficient power transfer 

compared to others. PS1 (red) and basic patch (blue) 

designs exhibit the highest VSWR peaks at 22.5 GHz and 

23.13 GHz (9.74), respectively, indicating poor 

performance. PS2 (purple dotted line) and PS3 (magenta 

dotted line) demonstrate patterns but with lower peak 

VSWR values compared to Basic Patch and PS1. It is 

concluded that the SIW-PS3 antenna exhibits superior 

performance, maintaining consistently low and stable 

VSWR values across the entire frequency range. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12. Comparison of VSWR for Basic Patch, PS1, 

PS2, PS3, and SIW-PS3 antenna. 
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4.7 Directivity Analysis for Radiation Pattern 

Comparison  

Fig. 13 displays directivity in decibels (dB) of four 

antenna designs (PS1, PS2, PS3, and SIW-PS3) across a 

frequency range of 20 to 36 GHz. The SIW-PS3 design, 

represented by the black line, shows the highest overall 

directivity, peaking at 10.2 dB at 26.066 GHz. PS1, PS2, 

and PS3 designs, shown in blue, red, and pink, 

respectively, exhibit similar patterns with directivity 

values generally fluctuating between 4 and 8 dB.  All four 

designs show fluctuations in directivity as the frequency 

increases, with multiple peaks and troughs throughout the 

measured range. The SIW-PS3 antenna performs better 

than the others in most cases, especially between 24 and 

28 GHz, where it sends out signals more strongly in one 

direction. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. Comparison of directivity for PS1, PS2, PS3, and 

SIW-PS3 antenna. 

 

4.8 Comparison with Previous Studies 

In this section, we compare our proposed antenna with 

other recent advancements in SIW antenna design by 

highlighting the improvements made in our study, as 

summarized in Table 3. Recent advancements in SIW 

antenna design have shown promising results for K and 

Ka-band applications, with several studies focusing on 

enhancing bandwidth (BW), gain, and radiation 

efficiency (RE) for these frequency ranges.  

 

For instance, Y. Mahmood Hussein et al. (2020) [23] 

conducted a comparative study between a microstrip 

antenna and an SIW microstrip antenna. Their simulation 

results demonstrated that the SIW antenna, using a Roger 

RT 5880 substrate with a thickness of 0.508 mm, 

outperformed the conventional microstrip patch antenna 

at 28 GHz regarding return loss and radiation pattern. 

However, despite the superior performance, the gain of 

6.4 dB was deemed insufficient for K and Ka-band 

applications, highlighting the need for further 

improvements. 

Similarly, Almuhsan and Salim (2019) [24] proposed a 

Ka-band circular patch antenna operating at 30.74 GHz. 

Their design, while impressive, faced challenges in 

achieving adequate gain for effective Ka-band satellite 

communications. This underscores the need for our 

proposed solution. 

Hadi et al. (2020) [25] developed a dual-band circular 

patch antenna on FR-4 substrate, resonating at 22.45 GHz 

and 25 GHz. This design achieved bandwidths of 1.20 

GHz and 1.50 GHz for the two bands, respectively, with 

peak gains of 6.14 dB and 4.72 dB. The antenna exhibited 

good matching characteristics, with return losses of -

22.454 dB and -25.106 dB. However, a significant 

drawback of this design was the relatively low gain, 

particularly the 4.72 dB peak gain at 25 GHz, which may 

not be sufficient for applications requiring higher signal 

strength and long-range communication. 

In contrast, our study presents a compact triple-band SIW 

antenna for K and Ka-band applications. Operating at 

26.06, 31.06, and 33.54 GHz, it achieves wide 

bandwidths and high gains across the three bands. The 

antenna’s exceptional radiation efficiency significantly 

improves over previous designs, instilling confidence in 

its potential for K and Ka-band applications. 

Table 3. Performance comparison with previous studies 

Ref. 

Freque

ncy 

(GHz) 

Overall 

antenna 

size(mm) 

BW 

(GHZ) 

Gain 

(dB) 

Max 

RE 

(%) 

[23] 28 12×12×0.5 1.3 6.4 83.4 

[24] 30.74 20×15×0.6    1.176 5.88 76.56 

[25] 
22.45, 

25 

20×15×1.5 1.2, 

1.5 

6.14,

4.72 
66.3 

This 

work 

26.06, 

31.06, 

33.54 

20×15×1.5

75 

2.45, 

0.57, 

0.82 

8, 

7.6, 

6.4 

93 

 

5. CONCLUSION 

This study demonstrates the value of SIW technology in 

enhancing antenna bandwidth and gain through the 

analysis of four distinct structures. The optimized SIW-

PS3 design achieves triple-band operation with 

resonances at 26.067 GHz, 31.552 GHz, and 33.545 GHz, 

covering crucial portions of both K-band and Ka-band 

spectra. SIW-PS3 significantly outperforms its 

predecessors (PS1, PS2, and PS3) in terms of reflection 

coefficient, VSWR, and radiation pattern characteristics. 

The proposed SIW-PS3 antenna’s superior performance, 

featuring omnidirectional radiation, high gain, and multi-

frequency operation in the K/Ka-band, makes it an ideal 

candidate for satellite and radar systems as well as multi-

technology wireless devices, meeting market demands 

for versatile and high-performance antennas in these 

frequency ranges. For future approaches, the proposed 

SIW-PS3 antenna will be fabricated and tested 

experimentally to verify its performance metrics and 

compare them with simulated results. 
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