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ABSTRACT 
A cavity-backed slot antenna is thought to be one of the most suitable elements for the wireless transmission of microwave 

energy. A design procedure for single fed low profile high performance X-band cavity backed slot antenna is described in this 

paper. The whole antenna including, backed cavity and, feeding element is completely constructed on a single substrate by 

using substrate integrated waveguide (SIW) technique. A single grounded coplanar waveguide (GCPW) is employed as the 

feeding element to excite the TE101 mode in the SIW cavity. An example is presented and the simulation results show 1% 

bandwidth, 5 dBi gain, 18 dB front-to-back ratio and 88.44 % radiation efficiency.   
 

1. INTRODUCTION 

Recently, the demand for low profile, compact and low-

cost antennas with good radiation performance has 

experienced unprecedented development, along with 

growing interest for wireless technology, ranging from 

personal communications and entertainment to homeland 

security, tactical communications, and various other military 

applications. Technologies such as substrate integrated 

waveguide (SIW) allow for the implementation of compact, 

cost-effective waveguide-like structures using standard 

printed circuit board (PCB) techniques. SIW structures 

feature low loss, high quality factor, and can be easily 

integrated with planar circuitry [1].  

Because of the great advantages of slot antennas, such as 

low profile, their conformability to planar or curved 

surfaces, easy integration with planar circuits, and better 

isolation from the feeding networks, they are used to 

develop wireless communication systems and have been 

extensively studied by many researchers [2]. But, due to 

their inherently bidirectional radiation properties, they all 

suffer from low radiation gain. In order to improve the 

radiation performance and eliminate the backside radiation, 

a shallow cavity is placed behind them. A simple short-end 

waveguide is usually served as backed cavity in slot antenna 

[3,4]. In [5], a method for reducing the cavity dimensions of 

a slot antenna backed by a rectangular cavity is presented. 

Conventional cavity backed slot antennas are conventional 

metallic cavity backed slot antennas which make them 

expensive to manufacture and they are still bulky for some 

applications. In order to reduce fabrication complexity and 

facilitate integration with planar circuits, the SIW technique 

is applied to cavity backed slot antenna designs. Antennas 

based on SIW are discussed in [6-9], with most of them  
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being similar to the conventional metallic waveguide slot 

array antennas. A low profile cavity, cavity backed, linearly 

polarized slot antenna using substrate integrated waveguide 

(SIW) technique has been firstly proposed in [10]. The 

entire antenna, including the radiating element, the feeding 

element, and the backed cavity, can be completely fabricated 

on a single layer substrate. 

This paper presents a new SIW cavity-backed slot antenna 

based on the SIW technique combined with grounded 

coplanar waveguide (GCPW) structure. In the proposed 

structure, the properties of the cavity TE101 mode are 

exploited to obtain the smallest possible cavity, and low 

power loss. Furthermore, a designed SIW cavity resonator is 

presented in this paper that can be used in filter, diplexer, 

and oscillator design. 

 

 
Fig. 1. Geometry of the SIW. 

2. SUBSTRATE INTEGRATED 
WAVEGUIDE CAVITY 

The SIWs are rectangular waveguides (RWGs) formed by 

two solid conductor planes, separated by a dielectric 

substrate, with conductor sidewalls emulated by rows of 

metalized through-plated vias [1]. The SIW structure is 

designed by choosing appropriately spaced vias, all with the 

same diameter “D”, to sufficiently support guided wave 

propagation with a minimum of radiation loss. The spacing 

between the vias “b” controls the amount of field leakage 

out of the waveguide. If the vias are spaced too far apart, the 

isolation property of the SIW will be compromised. The 

width of the waveguide “W” is determined by the desired 

cutoff frequency of the dominant mode. To realize the 
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minimum radiation loss as well as the return loss, the 

parameters of vias “D” and “b” should be kept as 
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where λ0 is the free-space wavelength and εr is dielectric 

constant of the substrate. Figure 1 presents the geometric 

parameters for via diameter, via spacing, waveguide 

physical width, and substrate height as: D, b, W, and h, 

respectively. 

Cassivi et al. [11] have used a generalized “Boundary 

Integral Resonant Mode Expansion” (BI-RME) method 

combined with the Floquet’s theorem to obtain the 

propagation characteristics of SIW. They have demonstrated 

that the guided-wave characteristics of the SIW are 

equivalent to those of a conventional RWG with an 

equivalent width. They have shown that propagation 

properties of the TE10-like mode in the SIW are very similar 

to the TE10  mode of a rectangular guide. So, the initial size 

of the SIW cavity can be determined by the corresponding 

resonance frequency from [12] for the TE101 dominant 

mode, using the following formula: 
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where Weff and Leff are the equivalent width and length of the 

SIW cavity, they are expressed by: 
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where W and L are real width and length of the SIW cavity. 

D and b are the diameter of the metallic vias and the distance 

between adjacent vias, respectively. c is the speed of light in 

free space. μr and εr are the relative permeability and relative 

permittivity of the dielectric substrate. 

As mentioned in [13], there are three major loss 

mechanisms associated with SIW: dielectric loss, conductor 

loss and radiation loss. The unloaded quality factor of the 

cavity can be approximated by the following equation: 

                           
1 1 1

u c d
Q Q Q

                                  (5)

where the quantities Qc and Qd are given in [14] for a 

rectangular waveguide cavity. Here, Qc is the quality factor 

due to conductor loss, which is determined by using 

effective dimensions of the SIW cavity in those formulas, 

permittivity of the dielectric, and the surface resistance of 

the metal Rs, whereas Qd is the reciprocal to the dielectric 

loss tangent (tan δ). 

The loaded Q-factor (QL) of the SIW cavity is defined as 
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where f0 is the resonance frequency and Δ f3-dB is the 3-dB 

bandwidth. 

3. ANTENNA CONFIGURATION 

Figure 2 shows the layout of the proposed SIW cavity 

backed slot antenna. The proposed antenna is completely 

constructed at a single substrate (RT/Duroid 5880 with 

relative permittivity of 2.2, loss tangent of 0.0009, and 

thickness of 0.787mm). The bottom side of this substrate is 

entirely covered with copper, and two rows of closely 

spaced vias are used to form the SIW cavity side walls. The 

radiating slot is etched in the bottom metal layer. Therefore, 

parasitic radiation generated by feeding network can be 

effectively isolated. To meet the requirement of planar 

integration, a single grounded coplanar waveguide (GCPW), 

which is allocated in the top copper plane, is employed as 

the feeding element, and is extended inside the cavity. A 50 

Ω microstrip line of length “Lms” is coupled to the end of the 

GCPW center conductor. The length “Lc”  is used to convert 

the quasi-TEM of the microstrip line into the TE101 of the 

SIW cavity. As the electric fields of both structures have the 

same orientation and profile, the transition design is easy to 

obtain. 

 

 
Fig. 2. Geometry of the proposed SIW cavity backed slot 

antenna. 

 

Following the design principles described in the previous 

section, the proposed SIW cavity backed slot antenna is 

designed to operate at X-band. Detailed geometrical 

parameters of the proposed SIW cavity backed slot antenna 

are listed in Table 1. 

 

Table 1 Geometrical parameters of the proposed SIW 

cavity backed slot antenna 

Parameter Dim. (mm) Parameter Dim. (mm) 

W 11.31 cL 7 

L 12.21 cg 0.45 

D 0.8 sL 10.4 

S 0.4 sW 0.8 

msW 2.44 sd 4 

msL 5 b 1.53 

cW 2.1   
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4. SIMULATED RESULTS AND ANTENNA 
PERFORMANCE 

The proposed antenna is simulated by using a commercial 

electromagnetic finite-element-based software packages, 

ANSOFT’s High Frequency Structure Simulator (HFSS). 

The simulated return loss (S11) of the proposed antenna is 

shown in Fig. 3, in which dielectric and conductor losses 

have been taken into account. From Fig. 3, we can observe 

that the radiation is only obtained at the required frequency 

(10.86 GHz) which makes the proposed antenna suitable for 

some applications in which highly isolated antenna is 

required for rejecting interference signal at out-band. 

Electric field diagram of the proposed antenna at 10.86 GHz 

is given in Fig. 4. The radiation is generated by TE101 in SIW 

cavity. The maximum electric field strength is at the center 

of the SIW cavity while magnetic fields surround the center 

of the cavity. 

 

 
Fig. 3. Simulated S11 of the proposed SIW cavity backed 

slot antenna. 

 

 
Fig.4. Electric Field Profile of the proposed SIW cavity 

backed slot antenna at 10.86 GHz. 

 

 
Fig. 5. Simulated S11 of the proposed SIW cavity backed 

slot antenna vs. slot length Ls.  

Table 2 Summary of simulated antenna parameters and 

impedance BWs with different slot lengths Ls for 1-Watt 

input power 

 Ls=9.6mm Ls=10mm Ls=10.4mm 

Central 

Frequency (f0) 
11.07 GHz 10.92 GHz 10.86 GHz 

BW% 0.45 0.91 1 

Directivity 2.934 3.233 3.155 

Radiated 

Power (Pr) 
0.764 W 0.8584 W 0.88117 W 

Radiation 

Efficiency (er) 
83.28% 87.64% 88.44% 

 

A slot antenna is usually viewed as an equivalent resonant 

magnetic dipole with its first resonance occurring at a 

frequency corresponding to an overall length of λg/2 (λg is 

the guided wavelength in the slot) [15]. The cavity was 

designed and simulated for a central frequency of 12.2 GHz. 

Once the slot is added, a central frequency of 10.86 GHz and 

an impedance bandwidth of 1% are obtained. The 

impedance bandwidth of the proposed antenna is about 1%, 

which makes it a narrow band antenna. This is a drawback 

of such low profile configuration antennas. In order to 

improve bandwidth some methods can be adopted. The 

impedance bandwidth of the proposed antenna can be 

gradually improved with substrate thickness “h” increasing. 

Some other methods such as slot with inductive or 

capacitive load, and adding matching circuit in feeding 

network can be used to improve bandwidth too [10]. But, it 

is difficult for the proposed antenna have enough bandwidth 

for broadband application because it has unique responding 

mechanism. This unique responding mechanism makes it 

suitable for using in oscillators. 

Figures 5 and 6 show that, the primary parameters that 

affect the performance and the frequency response of the 

antenna are the length and the width of the radiating slot (Ls 

and Ws). So, the radiating slot is an important tuning element 

of the proposed antenna. The simulated antenna parameters 

and impedance BWs with different slot lengths Ls and 

different slot widths Ws are summarized in Tables 2 and 3 

respectively, from which we can observe that Ls and Ws can 
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be used to change operating frequency, directivity, radiation 

efficiency and impedance bandwidth. As demonstrated in 

Fig. 7, any change in the slot position “ds” also will affect 

the antenna performance and the central frequency. 

In Fig. 8, the simulated radiation patterns are shown. The 

far-field radiation patterns of the proposed SIW cavity 

backed slot antenna have been simulated at 10.86 GHz in 

two different cut-planes, which correspond to E-plane (x-z 

plane, φ=00) and H-plane (y-z plane, φ=900) respectively. 

The front- to-back ratio (FTBR) of the proposed antenna is 

about 18 dB.  The proposed antenna has radiation efficiency 

(er) about 88.44 % which is reasonable and suitable for 

using such type of antenna as the resonance element in 

oscillators.   

 

 
Fig. 6. Simulated S11 of the proposed SIW cavity backed 

slot antenna vs. slot widths Ws. 

 
Table3 Summary of simulated antenna parameters and 

impedance BWs with different slot widths Ws for 1-Watt 

input power 

 =0.4mmsW =0.8mmsW =1.2mmsW 

Central 

Frequency (f0) 
10.81 GHz 10.86 GHz 10.97 GHz 

BW% 0.82 1 1.42 

Directivity 3.126 3.155 3.365 

Radiated 

Power (Pr) 
0.82971W 0.88117 W 0.83835 W 

Radiation 

Efficiency (er) 
87.33% 88.44% 84.65% 

 

 
Fig. 7. Simulated S11 of the proposed SIW cavity backed 

slot antenna vs. slot position ds. 

 

It should be noted from the simulated radiation 

performance of the proposed structure that its radiation 

performance is better than the radiation performance of 

conventional cavity backed antenna [3] with its profile 

greatly reduced. Its radiation performances are far better 

than that of conventional patch and slot antennas with the 

same low profile. Using the SIW cavity in our proposed 

antenna provides a very low profile as well as suppression of 

the surface wave and the backward radiation. Also, power 

leakage is greatly reduced, and edge diffraction effect is 

effectively suppressed. So, the radiation performance of the 

proposed antenna such as directivity, gain, FTBR, and 

radiation efficiency is evidently improved.  
 

 
Fig. 8. Simulated radiation patterns of the proposed SIW 

cavity backed slot antenna in E-plane and H-plane at 

f0=10.86GHz. 

5. SUBSTRATE INTEGRATED 
WAVEGUIDE CAVITY RESONATOR  

The SIW cavity resonator can be used in filter, diplexer, 

and oscillator design [16-19].  The proposed SIW cavity 

backed slot antenna can be considered as a resonator if the 

structure in Fig. 2 is modified to two port or two fed SIW 
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cavity. As shown in Fig. 9, two GCPWs are employed as the 

feeding elements in the top copper plane. Each center 

conductor of the GCPW is coupled to 50 Ω microstrip lines 

of length “Lms”. The final dimensions of the geometric 

parameters chosen for the design of the developed SIW 

cavity resonator are listed in Table 4.  

 
Fig. 9. Geometry of the proposed SIW cavity resonator. 

 
Table 4 The Final dimensions of the geometrical 

parameters of the developed SIW cavity resonator. 

Parameter Dim. (mm) Parameter Dim. (mm) 

W 11.31 1cL 7 

L 12.21 Lc2 4 

D 0.8 sL 10.4 

S 0.4 sW 0.8 

msW 2.44 sd 4 

msL 5 b 1.53 

cW 2.1 cg 0.45 

 

After adding the second feeding element to the proposed 

antenna, the central frequency and the return loss (S11) have 

been affected as demonstrated in Fig. 10. So, the tuning 

length “ds” is changed from 4mm to 3mm to keep the return 

loss in good level.  
 

 

Fig. 10. Simulated S11 of the developed SIW cavity 

resonator vs. slot position ds. 

 

Simulation results of the developed SIW cavity resonator 

are presented in Figs. 11 and 12, in which dielectric and 

conductor losses have been taken into account. Figure 11 

shows the simulated return loss “S11” from which we 

observe that the radiation is only obtained at the resonant 

frequency (10.4 GHz). Fig. 12 shows an insertion loss “S21” 

level of 2.65dB. Also, HFSS simulation results show an 

impedance BW of 2.13%, a gain of 4 dBi, a directivity of 

2.75, and a radiation efficiency of 84%. 

 

 
Fig. 11. Simulated S11 of the proposed SIW cavity backed 

slot antenna. 

 
Fig. 12. Simulated S21 of the proposed SIW cavity backed 

slot antenna. 

6. CONCLUSION 

A low profile high performance X-band SIW cavity 

backed slot antenna has been proposed. The proposed 

antenna is designed using ANSOFT's HFSS tool. The 

simulated antenna has 1% bandwidth and keeps high 

radiation performance of conventional cavity backed 

antenna such as high gain, high directivity, and high FTBR. 

It still has advantages of conventional planar antennas such 

as low profile, light weight, good conformability and 

integration with planar circuit. It can be easily fabricated by 

ordinary single layer PCB process with very low cost. It can 

be easily modified to a SIW cavity resonator to be used in 

filter, diplexer, and oscillator design. 
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