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Abstract ─ In this paper, a design of a planar, low-

profile, and high gain Fabry-Perot cavity antenna for K- 

band applications is presented. The antenna is consisted 

of a frequency selective surface (FSS) made of a 

circular hole array and a feeding structure made of a 

coupled strip-slitline. The FSS and the slitline both are 

lithographically patterned on a high permittivity substrate 

while the stripline is printed on top of a thin and low 

permittivity substrate. These two substrates are then 

closely appressed each other to form a planar structure. 

The measured results show that the proposed antenna 

has an impedance bandwidth of about 4% (|S11|≤-10 dB), 

a maximum gain of about 10.4 dBi, and a 3-dB gain 

bandwidth of approximately 2.9% at the resonance 

frequency of around 20.8 GHz. The antenna’s compact, 

planar, and lightweight profile, i.e., approximately  

4λo × 4λo × 0.24λo of a free-space wavelength at 21.0 GHz 

makes it promising for a small and efficient source in 

K-band applications. 

 

Index Terms ─ Antennas, Fabry-Perot cavity, leaky-

wave. 

 

I. INTRODUCTION 
In the last years, the idea of using a planar and low-

profile Fabry-Perot (FP) cavity antenna for applications 

demanding easy and cost-effective fabrication have 

received significantly attention because of its number  

of attractive properties, such as low profile, high 

directivity, mechanical robustness, and capability of 

conformal deployment [1-7]. This kind of technique 

with the fully dielectric integration poses two main 

design challenges, particularly for high permittivity 

substrate in order for miniaturization, that are low 

radiation efficiency causing reduced antenna gain and 

narrow 3-dB gain/power bandwidth limiting the uses  

of antenna to wireless communication systems [8-10]. 

In addition, there have few papers considered on  

the common (available) bandwidth in a Fabry-Perot 

resonator antenna. The common bandwidth specification 

is the overlapping frequency range between the 10-dB 

return loss bandwidth and the 3-dB gain bandwidth 

[11].  

In this paper, a Fabry-Perot resonator cavity 

antenna satisfying planar, low profile, high gain, and 

moderate common bandwidth requirements is designed. 

The antenna is consisted of a frequency selective surface 

(FSS) made of a circular hole array and a coupled  

strip-slitline feed. The resonator is formed by the FSS 

and the slitline ground plane. In particular, the cavity 

resonance is efficiently excited by a coupling mechanism 

of a microstrip-substrate integrated waveguide transition 

and thus the high gain characteristic is obtained. 
 

II. ANTENNA DESIGN AND MODELLING 

THE STRUCTURE 
The geometry of the proposed antenna is depicted 

in Fig. 1 with front and top views. The cavity was made 

of a Taconic substrate whose dielectric constant and loss 

tangent are εr1 = 10.2 and tanδ = 0.0035, respectively.  

A leaky-wave open-ended narrow slitline of width Wslit 

and a very thin metallic FSS were lithographically 

patterned both on the top side and bottom side of the 

substrate. Therefore, the cavity is formed by the FSS 

sheet and the ground plane of the slitline and its 

resonance length is determined by the substrate thickness 

of H. The FSS is a bi-periodic 9×9 array of circular 

holes whose hole diameter and periodicity are D and P, 

respectively. In order to excite the cavity resonance, a 

slit-coupled feeding technique with a simple stripline is 

used. The stripline is printed on a thin and very low 

dielectric constant RT/Duroid 5880 substrate whose 

thickness is denoted by T and dielectric constant is  

εr2 = 2.2. The length and width of the stripline are 

designated by Lstrip and Wstrip, respectively. The overall 

dimension of the proposed antenna is A × A × (H+T) mm3. 

The optimized parameters of the antenna were as follows: 

A = 56 mm, H = 3.175 mm, T = 0.254 mm, D = 3.8 mm, 

P = 5.2 mm, Lstrip = 31.1 mm, Wstrip = 0.9 mm, and  

Wslit = 0.3 mm.  
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All electromagnetic simulation is performed using 

CST Microwave Studio which is based on based on the 

finite-integration time-domain (FIT) technique [12]. A 

unit cell model was first employed to evaluate the 

reflection characteristics of the cavity which is formed 

by FSS and the ground plane of the open-ended slitline. 

In this model, a two-Floquet-ports model with magnetic 

and electric boundary conditions enforced along ±x and 

±y. This allows to simulate a normal mode propagation 

for the waveguide configuration. Frequency-domain 

solver with tetrahedral meshes is used in this simulation 

step. Figure 2 shows that the FP cavity mode is excited 

when S11 presents an 1800 reflection phase. The predicted 

resonance frequency of the FP cavity is approximately 

21.3 GHz. At this resonance frequency, the hole is 

efficiently excited, and the field leaked through the 

hole, which contributes to the antenna directivity, is 

maximized. 
 

 
 

Fig. 1. (a) Side and (b) top views of the proposed FPC 

antenna. 

 

II. ANTENNA CHARACTERISTICS 
The antenna characteristic is investigated and 

optimized by using a full three-dimensional structure 

finite size and real shape. In this model, principally 

open with some added space boundaries are used in 

order to accurately calculate the antenna radiation 

patterns. In this simulation, transient time-domain 

solver and a hexahedral mesh scheme is used. This 

approach saves the computation time and resources 

while allows to monitor the radiation performance of 

the antenna in a broad frequency range within one 

simulation run.  
 

 
 

Fig. 2. Reflection characteristic of the FP cavity in the 

unit cell model (inset). 

 

Figures 3 (a)-(c) shows the boresight gain 

characteristic with respect to the design parameters 

such as substrate cavity dimensions and number of hole 

in the FSS array, respectively. In general, the increases 

in the thickness and the lateral size of the substrate lead 

to a linear shift in the frequency. Besides, the boresight 

gain profile of the antenna in the variation of the 

substrate lateral size was altered along with the 

frequency shift, which behaved differently compared 

with the cases having substrate thickness variation. This 

behavior is attributed to the truncation effect resulting 

from the finite lateral dimension of the substrate [13]. 

The number of holes also affected the effective 

permittivity of the cavity. As seen in Fig. 3 (c), when 

the number of holes in the array changed from 1 × 1 to 

2 × 2 to 3 × 3 to 4 × 4, that is, while fixing the lateral 

size 𝐴, the gain profile changed, particularly in the 

lower frequency region, and the frequency occurring 

maximum gain slightly decreased. In general, more 

number of holes in the array resulted in a larger effective 

aperture and thus enhancing the antenna gain. From 

these results, it can be seen that the Taconic substrate 

dimensions contributed to the effective permittivity of 

the cavity, and consequently determined the resonance 

condition to obtain maximum boresight gain of the 

antenna. Therefore, such changes on these parameters 

caused an out-of-resonance condition in both the cavity 

and the FSS, thereby reducing the beam collimation or 

the antenna boresight gain. 
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Fig. 3. Antenna gain characteristics with respect to: (a) 

Taconic substrate thickness H, (b) lateral size A for both 

substrates, and (c) number of circular holes in the array. 

 

The electric field distributions along the stripline 

(𝑥𝑧-plane) and along the leaky-wave slitline (𝑦𝑧-plane) 

have been calculated and described in Fig. 4. The results 

show that, at the resonance frequency of 20.8 GHz, 

radiation is minimized at the edges of the substrate  

and in the back side of the antenna. This observation, 

thereby, verifies the directional beam pattern of the 

proposed antenna. In other words, this demonstrates 

that the Fabry-Perot cavity made of Taconic substrate 

the FSS hole array and was effectively excited by the 

slit-coupled feeding structure while avoiding unwanted 

back-side-radiation across a broad frequency range. 

 

 
 

Fig. 4. E-field distributions at 20.8 GHz in: (a) xz-plane 

and (b) yz-plane of the optimized antenna. 

 

III. MEASUREMENT RESULTS 
The photograph of the fabricated antenna is shown 

in Fig. 5 with top, bottom, and side views. Figure 6 

shows the results of |S11| and boresight gain as a  

  
 (a) 

  
(b) 
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function of frequency in a comparison between the 

simulation and measurement. The E8362C Agilent PNA 

Microwave Network Analyzer was used to measure the 

|S11| of the fabricated antenna. Generally, the measured 

|S11| and boresight gain were close to the simulated 

ones. The approximate 0.1 GHz downward shifts of the 

measured |S11| and boresight gain in comparison to the 

simulated ones were observed which were mainly due 

to the tolerance of the dielectric constant of the Taconic 

substrate, i.e., specified as 10.2 ± 0.5, and the tiny  

gap between the two closely appressed substrates, i.e., 

Duroid and Taconic substrates. The measured impedance 

bandwidth for |S11| ≤ -10 dB was about 0.9 GHz  

(20.6–21.5 GHz), which is approximately 4% fractional 

bandwidth at the 21.0 GHz center frequency. The 

antenna produced a measured maximum gain of about 

10.4 dBi at 20.8 GHz. The achieved 3-dB gain bandwidth 

of the measured antenna was about 0.6 GHz, i.e., from 

20.5 GHz to 21.1 GHz, corresponding to approximately 

2.9% at the center frequency of 20.8 GHz. From these 

results, the proposed antenna obtained an approximate 

of 2.4% (20.6–21.1 GHz) common (available) bandwidth 

which is improved compared to the previously reported 

[10].  

 

  
 

Fig. 5. Photographs of the fabricated antenna with: (a) 

top, (b) bottom, and (c) side views. 

 

Figure 7 plots the measured radiation patterns in 

two principle planes at three selected frequencies within 

the 3-dB gain bandwidth of the antenna. The yz-plane 

presented symmetry radiation patterns whereas the xz-

plane presented asymmetry radiation pattern which is 

due to the feeding configuration. The main beams in the 

xz-plane became narrower remarkably as increasing the 

frequency, whereas those in the yz-plane were almost 

the yz-plane indicates the traveling-wave effect of the 

open-ended slitline. Generally, it is obvious that the 

unchanged. Such stability of the main beam pattern in 

proposed antenna produced good radiation characteristics 

that are good beam collimation, clean main beam, and 

low side lobes levels. 
 

  
 

Fig. 6. (a) Reflection coefficient |S11|, and (b) boresight 

gain of the proposed antenna. 
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Fig. 7. Measured radiation patterns of the proposed 

antenna at different frequencies: (a) 20.6 GHz, (b)  

20.8 GHz, and (c) 21.0 GHz. 

 

VI. CONCLUSION 
In this paper, we present a Fabry-Perot cavity 

antenna for K-band applications. The antenna presents 

its planar, low-profile, high gain, and improved common 

bandwidth characteristics. The results indicate that the 

strip-coupled-slitline feeding structure effectively excited 

the resonance of the substrate cavity. The antenna 

obtained good radiation patterns over the entire the  

3-dB gain frequency bandwidth. In particular, the 

common (available) bandwidth is improved. The study 

shows that the performance of such planar Fabry-Perot 

resonator antenna can be improved by properly designing 

the feeding structure besides carefully modifying and 

optimizing of the FSS geometry [14].  
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