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Abstract— In this paper, a design of Fabry-Pérot Cavity antenna 
at millimiter-waves frequencies is investigated. Four Fabry-Pérot 
cavity antennas, covered by different Frequency Selective 
Surfaces, are discussed which are fabricated on a Quartz disk to 
guarantee mechanical stability and also for ease of fabrication, 
probing and measurement. A planar feed, a slot dipole fed by a 
coplanar waveguide, is also designed to excite the cavities. 
Prototypes have been designed and fabricated at central 
frequencies in frequency range of 42 to 46 GHz with various 
gains; however the same design can be adopted at higher 
frequencies.  Full-wave simulations, done by Ansys HFSS, are 
verified with measurement results. 

Keywords-Fabry-Pérot Cavity antenna; Frequency Selective 
Surface (FSS), Quartz substrate, single-feed, MilliMeter-
Wave(MMW) frequencies 

I.  INTRODUCTION 
Leaky-Wave (LW) antenna concept was used by Von 

Trentini in [1], by using a Partially Reflective Surface (PRS) to 
improve the radiation pattern of a patch antenna. However, this 
concept has been deeply investigated in previous works [2-4]. 
In [2, 3], LW antennas covered by thin Frequency Selective 
Surfaces (FSS) made of periodic metallic patches or slots, were 
studied. Later, in a detailed work by Lovat et al [4], 
fundamental properties of broadside radiation pattern of 
uniform LW antennas were investigated. A highly-directive 
Electromagnetic Band-Gap (EBG) resonator antenna covered 
by a FSS superstrate, fed by a patch antenna, was proposed in 
[5]. In [6], a FPC antenna, covered by multi-layer dielectric 
susperstrate and fed by a 4-element sparse-array patch antenna, 
was used for array thinning.   

Recently, the attention of antenna designers has been 
focused to find an optimized antenna design for MilliMeter-
Wave (MMW) applications. In [7], a low-profile directive 
quasi-planar FPC antenna fed by a 4-element patch array was 
designed and fabricated for 60 GHz wireless system. In [8], a 
planar FPC antenna covered by a metallic thick FSS layer 
made of periodic slots, with the maximum gain of 20 dB, was 
introduced for a 60 GHz system which was followed by [9], by 
introducing a new wideband model for a thick FSS for future 
MMW design of FPC antenna and its applications. In [10], 
using Electromagnetic BandGap (EBG) structures, a low-
profile directive FPC antenna was proposed at 100 GHz. Most 

recently, A MMW FPC antenna with peak radiation gain of 17 
dB at 42.8 GHz was introduced in [11].  

In this paper, it will be shown that FPC antennas are a 
viable solution for high-gain low-loss antenna design at MMW 
frequencies. First, the design procedure of this antenna is 
investigated, and then full-wave simulation results, carried out 
by Ansys HFSS, for the designed FPC antennas on Quartz are 
compared to measurement results.  

II. THEORETICAL DESIGN OF THE ANTENNA 
In this part, theoretical design of a FPC antenna covered by 

a very thin FSS layer is investigated. A very thin FSS layer 
with the thickness much smaller than the wavelength at the 
operational frequency, can be modeled as a pure imaginary 
admittance ( bjYYL

ˆ
0= ) [2-4], as shown in Fig. 1, presenting 

the Transmission Line (TL) model of a FPC antenna covered 
by a thin FSS  
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Figure 1.  Transmission Line (TL) model for a FPC antenna covered by a thin 

FSS 

where 1
0 0 0 0Z Y μ ε−= = , rrZZ εμ0= , 

rrk εεμμω 00=  and h is the resonance height of the 
antenna.  
    At the resonance frequency of the antenna, the total 
imaginary admittance ( ) ( )( )khbYB rrtot cotˆ

0 με−=  

calculated just above the cavity, at z h+= , at the interface of 
the FSS layer and the cavity (Fig.1) vanishes, which means 
that the resonance height of the cavity h is given by 
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where rrr εμη = , 00εμωopopk = and opω  is the 

operational (central) radian frequency of the antenna. The 
peak radiation gain of antenna is related to b̂ value at the 

central frequency of the antenna [2-4] (the larger b̂ is the 
higher the reflectivity of the FSS, hence the higher the peak 
radiation gain of the antenna is). 

The value of b̂  modeling the FSS can be found as 
following. A unit-cell of the FSS surrounded by periodic 
boundaries is simulated, in HFSS, modeling an infinite-size 
FSS (extended along xy-plane). Then by illuminating the FSS 
by a plane-wave and calculating the scattering parameters, the 
two-port network modeling the FSS can be found using which, 
for a very thin FSS, b̂ can be found at a desired frequency.  

III. COMPARISON BETWEEN FULL-WAVE SIMULATION 
RESULTS AND THE MEASUREMENTS 

The designed antennas are fabricated on a Quartz disk with 
permittivity value of 3.975 and a negligible dielectric loss 
tangent value (less than 0.001) [12]. The conducting layers are 
made of a thin layer of gold (3-4 m).  

The cavity is excited by a planar feed as shown in Fig. 2. 
The feeding structure is made of three parts; the Back-Gap 
(BG) structure for ease of probing with the length of 300 m, 
the 50 Ohm CPW line (WCPW = 200 m and Gap = 50 m) and 
a magnetic dipole (slot) with width of WFeed = 300 m. The 
length of dipole, LFeed, is selected equal to 1.22 mm for the low-
gain FPC antenna (the third antenna in Fig. 3 which resonates 
at lower frequency with respect to the other ones, which will be 
discussed later) and 1.12 mm for all other antennas.  
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Figure 2.  Feeding structure of the antenna 

 The top and bottom views of the fabricated antennas on a 
Quartz disk, is shown in Fig.3. It can be seen that, there are 
four different antennas with separate feeding lines at the 
bottom of the substrate for each cavity. It has to be mentioned 
that the small pieces around the four antennas (on the top view 
of the antenna) are the TRL calibration kits which were used in 
the measurement process of the reflection coefficient of the 
fabricated antennas. 

First antenna is a dual-polarized antenna covered by a FSS 
made of circular slots (with radius of 0.6 mm)  and fed by two 
vertical feeding structures which resonates at approximately 
44.6 GHz with maximum gain of around 15.6 dB. The second 
antenna is single-polarized FPC antenna covered by thin FSS 
made of periodic rectangular slots (with slot dimensions of 
0.5×1 mm) with maximum gain of approximately 19.6 dB at 
around 45.8 GHz. The third and forth antennas are covered by 
thin FSS layers made of periodic slots (with dimensions of  
0.4×1.4 mm and 0.5×1.2 mm, respectively)  with maximum 
gains of 9.3 and 15 dB resonating at 43.4 GHz and 44.6 GHz, 
respectively.  

All four antennas are fabricated on the same Quartz disk, 
the central frequencies of each antenna is selected in order to 
achieve the same resonance height for all four antennas equal 
to the standard thickness of 1.5875 mm [12]. 

However, in this paper, only results achieved for third and 
forth mentioned antennas will be shown and discussed. 

 
Figure 3.  Top and bttom views of the fabricated antennas on a Quartz disk. 

Fig. 4 shows the measuring configuration used to measure 
the reflection coefficient of the antennas. The antennas were 
probed from behind facing toward absorbers to avoid any type 
of environmental impacts on the measured results. 

The radiation pattern of the fabricated antennas was 
measured using a standard horn antenna (The horn is 
connected to a rotating mechanical arm to measure the 2D 
radiation patterns of the antennas.)  

The radiation pattern of the antennas is calculated by 
measuring the power transfer ratio (S21) between the receiver 
(antenna under the test with the gain of G (to be measured)) 
and transmitter antenna (The standard horn antenna with 
known gain of Gh) using 

 
2

2
21

4=
λ
πd

SGGh   (2) 

 
where d is the distance between the receiver and the transmitter 
and  is the wavelength at the measuring frequency.  

Fig. 5 shows the magnitude of the reflection coefficient of 
the third antenna (9.3 dB gain at 43.4 GHz). The comparison is 
made between the simulation results done by HFSS and the 
measurement results.  

Fig. 6 shows radiation patterns of the low-gain antenna 
(#3), in yz-plane, at different frequencies, a comparison 
between the simulation and measurement results. 
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Figure 4.  Measuring the reflction coeffcient of the antennas shown in Fig. 3. 

 
Figure 5.  The reflection coeeficent of the antenna (#3), a comparison 

between the simualtion and measurement results. 

42.8 GHz 43 GHz

43.3 GHz

44 GHz43.5 GHz
 

Figure 6.  The normalized gain pattern of the antenna (#3) for different  
angles in yz-plane, a compariosn between simulaion and measurement results. 

On other hand, Fig. 7 and Fig. 8 show the magnitude of the 
reflection coefficient and radiation patterns (in yz-plane) of the 
forth antenna (15 dB gain at 44.6 GHz), respectively. The 
comparison is made between the simulation results done by 
HFSS and the measurement results.  

The reflection coefficient of the forth antenna shows 
another resonance at approximately 45.5 GHz, as shown in 
Fig.7; the first resonance of reflection coefficient of the antenna 
is due to the cavity resonance and the second one is due to 
resonance of the magnetic dipole (The magnetic dipole 
resonates at 45.5 GHz while the cavity resonates at 44.6 GHz).  

 
Figure 7.  The reflection coeeficent of the antenna (#4), a comparison 

between the simualtion and measurement results. 

44.4 GHz 44.6 GHz

44.8 GHz 45 GHz

 
Figure 8.  The normalized gain pattern of the antenna (#4) for different  

angles in yz-plane, a compariosn between simulaion and measurement results. 

It can be seen that, there is a good match between the 
simulation results and measurements as expected, showing that 
this type of antenna can be designed and fabricated at MMW 
frequencies. 

CONCLUSION  
In this paper, a new design of FPC antenna fed by a planar 

structure is introduced and investigated at MMW frequency. 
Quartz has been selected for the cavity material of the designed 
FPC antennas which shows very negligible loss at designed 
frequency and also simplifies the fabrication and measurement 
process. The measurement results show a very good agreement 
with the simulation results backing-up the feasibility of this 
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type of antenna at MMW frequency. In the future works, FPC 
antenna concept will be used to propose more efficient 
antennas especially at higher MMW frequencies. 
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