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Abstract— A tri-band high-gain antenna with a planar 

structure and low profile is proposed. The principle of operation 

is explained. It is based on Fary-Perot cavity antenna (FPCA) with 

two frequency selective surface (FSS) layers. Two different 

resonant frequencies are generated by the two resonant cavities 

formed by the ground plane and each of the two FSS layers, 

respectively. A third resonant frequency is produced by combining 

the two FSS layers together. Advantages of this tri-band antenna 

includes low profile, high gain, easy fabrication and low cost. Low 

profile is achieved by designing the combined FSS layers as an 

artificial magnetic conductor (AMC) with a reflection coefficient 

having 0o phase shift and high magnitude. In addition, a large 

frequency ratio, which is often a problem for multiband array 

antennas, can be achieved here. To verify this concept, a C/X/Ku 

band FPCA is designed and one prototype is fabricated and tested. 

Experimental results agree well with the simulated results. High 

gain performance with good impedance matching in three bands 

is obtained, which reaches a peak gain of 14.2 dBi at 5.2 GHz, 18.9 

dBi at 9.6 GHz and 19.8 dBi at 14.7 GHz, respectively. The overall 

height of antenna is only 20.2 mm, which is about 1/3 wavelength 

at its lowest operating frequency, which means a reduction of 30% 

compared to the height of traditional FPCA antenna.  

 
Index Terms—Antenna, low-profile, tri-band, high gain, Fabry-

Perot, partially reflective surface, array 

I. INTRODUCTION 

HE antennas and arrays which have high gain and can 

operate over multiple frequency bands are of significant 

interest to wireless industries, due to the large numbers of 

antennas required to satisfy the requirements of various 

wireless systems at different frequency bands  such as 

synthetic-aperture radars, satellite communications, Global 

Navigation Satellite Systems (GNSS),  terrestrial mobile 

communications and deep-space links [1-3]. Several 

technologies have been used to realize multiband antennas 

including multi-patch microstrip structure [4], stacked 

microstrip antenna [5] and multiband slot antenna [6], etc.  In 

addition, to overcome the radio propagation path losses over a 

long distance, especially in higher frequencies, high gain is also 

a crucial requirement. Classical antennas such as large 

reflectors [7], waveguide horns [8], dielectrics lenses [9] and 

large-scale antenna arrays [10] offer attractive solutions to 

achieving high gain performance. However, these techniques 

are limited in some applications due to their design complexity, 

bulky size, high cost and/or significant power losses in the feed 

network. Some dual-band high-gain arrays are also reported [1] 

but they have rather complicated structures. Therefore, it is 

necessary to investigate novel solutions to multi-band high-gain 

antennas with planar structures, low profile, simple feed 

mechanisms and low cost. 

FPCA has been widely investigated in recent years due to its 

high gain, fabrication simplicity, simple feed system and low-

cost compared with traditional high-gain antennas [11-13]. A 

FPCA antenna typically consists of a primary feed antenna 

located in a resonant cavity formed between a perfect reflector 

and a partially reflective surface (PRS) , which is usually 

constructed by a dielectric superstrate or a periodic surface, 

such as 1-D dielectric slabs, 2-D dielectric grids and rods, 2-D 

printed frequency selective surfaces (FSSs). The operation of 

this antenna has been successfully analyzed by a ray optics 

theory [14]. A significant enhancement of antenna’s directivity 

can be achieved by means of the multiple reflections between 

the ground plane and the PRS. 

h1

FSS1

PEC
 

(a) 

PEC

h2

FSS2
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AMC
-FSS
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Fig. 1 Resonant cavity formed by a PRS operating in triple-bands: (a) f1; (b) f2; 

(c) f3 

To meet the requirements in different applications, various 

FPCAs have been implemented so far, including wideband 

FPCA [15], low-profile FPCA [16] and dual-band FPCA [17]. 

The cavity height of a conventional FPCA antenna is 

approximately one half wavelength or more, which is too large 

for some applications where a low profile is essential. To reduce 

the height of cavity, an artificial magnetic conductor (AMC) 

was employed as the ground plane, causing a λ/4 cavity height 

[18]. Further reduction of the cavity height was proposed in [19], 

where a λ/60 profile was achieved. More recently, a PRS with 

both properties of high reflection and AMC was employed in 
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[20], where the low-profile was achieved without additional 

AMC as the ground plane.  

Dual-band FPCAs also attract many interests. A method 

employing a high impedance surface (HIS) as the ground plane 

was reported in [21], where two resonant frequencies were 

generated to achieve dual-band performance. A dual-band 

FPCA based on inverted reflection phase gradient of the PRS 

was achieved in [22]. Similar design was reported in [23]. Two  

identical dielectric slabs were applied to generate the inverted 

reflection phase gradient of PRS for obtaining the resonances 

in two different frequencies in this design. In [24], a dual-

frequency FPCA was discussed by utilizing the first and second 

order resonances of the resonant cavity. One limitation of these 

dual-band FPCAs mentioned above is that it is difficult to 

design two frequencies independently since the two operating 

frequencies are affected by each other. This  can be overcome 

by utilizing a double-layer PRS forming two separated resonant 

cavities [25]. More flexible frequency ratio can be realized 

using this method. A tri-band FPCA operating at 10.8 GHz, 

11.3 GHz and 12.2 GHz was proposed in [26], where a single 

dielectric layer coated with two same periodic slot arrays on its 

two sides was employed in this design. To the best of our 

knowledge, this is the only one public report about tri-band 

FPCA so far. However, only simulation results of this tri-band 

FPCA was given in [26] without any validation of results by 

fabrication and measurement results.  

P

L3

s3

L1

s1L2

s2

 

                                  (a)                                                (b) 

Fig. 2 The structures of the two FSS structures: (a) structure 1; (b) structure 2 

This paper presents our research work on tri-band high-gain 

FPCA antenna with low profile, planar structure, easy 

fabrication and low cost. The PRS is formed using two FSS 

layers with double-ring array and ring-slot array printed on one 

side of the two dielectric layers. Remarkable enhancement of 

antenna’s directivity is obtained in three bands. The working 

principle is described. The middle and up frequencies are 

realized based on the two separated FP resonant cavities formed 

by the lower and upper FSS layers, respectively. For the low 

frequency, it is achieved by the two FSS layers together in the 

same resonant cavity. This combined FSS-layers has the 

property of AMC and it can produce 0o reflection phase in low 

frequency band, resulting in a low cavity profile. 

Approximately 30% reduction in cavity height is achieved 

compared with other conventional FPCAs. Another advantage 

of this antenna is that it can achieve triple-band performance 

with a large frequency ratio, which is often difficult to be 

obtained by dual-band or multi-band array antennas.  

The paper is organized into the following sections. The 

working principle and the design of the two FSSs are described 

in Section II. In Section III, the performance of the tri-band 

FPCA is simulated with parametric study. The feed antenna 

design is also shown in this section. A prototype is fabricated 

and the measured results with simulated ones as comparison are 

reported in Section IV. Finally, concluding remarks are given 

in Section V.  

II. DESIGN PRINCIPLE 

This section presents the design principle of the tri-band 

FPCA. Figure 1 shows the side view of the proposed tri-band 

high-gain antenna. As shown in Fig. 1, there are two FSS layers 

as the PRS of the proposed antenna. Two resonant  cavities with 

a height of h1 and h2 are formed by the ground plane and the 

lower or upper FSS layer, respectively. h1 / h2. The principle of 

the FPCA operating at f1 and f2 is based on the classical theory 

of FPCA as reported in [25].  Assuming the cavity 1 and 2 

resonate at f1 and f2, respectively, the FSS 1 is required to have 

sufficient reflection magnitude at f1 and be transparent at f2, 

respectively. Likewise, FSS 2 is required to have high reflection 

magnitude at f2 and let the electromagnetic wave propagate 

freely at f1. To achieve tri-band operation, a possible way is to 

combine the two FSS layers together as the PRS to obtain the 

third resonance based on this dual-band FPCA, as shown in 

Fig.1 (c).  

  
(a) 

 
(b) 

Fig. 3 the reflection coefficients of the two FSSs: (a) structure 1; (b) structure 2 

    The unit cells of the FSS in our design are shown in Fig. 2. 

They are printed on one side of 0.8 mm thick dielectric substrate 

with Ɛr=3.55. Two structures are selected as the candidates of 

the two FSS layers. Structure 1 consists of two metallic rings, 

as shown in Fig. 2(a). The length of the outer ring is set as L1 

and the inner one is L2, respectively. The width of the outer and 

inner rings are S1 and S2, respectively. The structure 2 is formed 

by a ring slot with the length of L3 and width of S3, which is 

shown in Fig. 2 (b). Both of these two structures have the same 

periodicity P.  

To study the reflection coefficient of each FSS structure, full-
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wave simulations (CTS Microwave Studio) with the 

consideration of periodic boundary is employed. The calculated 

reflection coefficient is shown in Fig. 3 (a) and (b). It can be 

seen that the electromagnetic wave can pass through the 

structure 1 freely at 14.5 GHz and it is fully reflected by the one 

at 10.5 GHz. Meanwhile, a ‘zero magnitude’ at 9.5 GHz and a 

sufficient reflection at 14.5 GHz are obtained by the structure 

2, respectively.  According to the working principle introduced 

above, dual-band FPCA operating at 9.5 GHz (the cavity 

formed by structure 1 and ground plane) and 14.6 GHz (the 

cavity formed by structure 2 and ground plane) can be achieved 

using these two FSS structures.  

    The reflection phases of structure 1 and 2 at 9.6 GHz and14.5 

are -170o and -161o, which is equivalent to 190o and 199o, 

respectively. The heights of the FP cavities formed by structure 

1 and 2 can be estimated by the following equation 

ℎ =
𝜆

4𝜋
(𝜑𝑝𝑟𝑠 + 𝜋) +

𝜆

2
× 𝑁, 𝑁 = 0,1,2 …   (1) 

where h is the cavity height, λ is the wavelength of the operating 

frequency, 𝜑𝑝𝑟𝑠 is the reflection phase of the PRS and π is the 

reflection phase of the ground plane.  

h1 (cavity 1)

PEC

h1 (cavity 1)

PEC

(cavity 2) h2  (cavity 2) h2

 

        (a)                                                         (b) 

Fig. 4 two options of the dual-band performance: (a) option 1; (b) option 2 
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(b) 

Fig. 5 Reflection coefficients of the combined-FSS: (a) option 1; (b) option 2  

Fig.4 shows the two possible options for forming the two 

separated FP cavities: the option 1 is that both of the two 

cavities work at the first order resonant length (N=0). In this 

case, the FPCA owns the smallest resonant length. The structure 

1 is mounted on the top of the second structure with calculated 

cavity heights: h1=16 mm and h2=9.9 mm. For the option 2, the 

structure 1 keeps working at the first order resonant and the 

structure 2 is changed to work at the second order resonant, 

whose cavity height is varied to h2=20.3 mm (N=1). In this case, 

the structure 2 is on the top of the structure 1. It should be noted 

that both of the two options can operate dual-band FPCA at 9.6 

GHz and 14.5 GHz. 

As mentioned above, the key to achieve  tri-band 

performance for FPCA in Figure 1 is to find a  third resonance 

(f3) based on the combined two FSS layers. The possibility of 

the third resonance in these two options are investigated as 

following. Fig. 5 (a) and (b) present the simulated reflection 

coefficient of the combined-FSS layer in the case of option 1 

and 2, respectively. The ideal phase making the cavity resonate 

is plotted for finding the third resonance. It can be observed that 

there is no intersection between the reflection phase of the 

combined FSS and the ideal phase in option 1, which means the 

third resonant frequency cannot happen in this case. For the 

option 2, the reflection phase has the property of AMC, which 

can produce the zero reflection phase at around 5 GHz. An 

intersection between the reflection of the combined FSS and 

ideal phase occurs at 5.1 GHz, which means this combined FSS 

can satisfy the resonant condition at this frequency. Thus, the 

third resonance can be found in option 2. Moreover, the 

reflection magnitude of the combined FSS (over 0.8) is large 

enough as well, causing a high gain performance at this 

frequency. The estimated cavity height of h1 is 16 mm and the 

whole cavity height is 20.3 mm, which is approximately 1/3 λ 

at 5.1 GHz. Compared with a conventional FPCA whose cavity 

height is around half wavelength, a great reduction of the cavity 

height is obtained. Consequently, three resonances occurring in 

one FPCA with a low-profile is achieved theoretically utilizing 

the two combined FSS layers in the case of option 2.  

III. FINITE-SIZE TRIPLE-BAND FPCA 

A. Performance of the Triple-band  

To demonstrate the performance of the triple-band FPCA, the 

antenna’s directivity in three operating bands is investigated 

separately. In addition, since the height of cavity height effects 

on the performance of FPCA, the parameters of the cavity 

height (h1 and h2) is carefully studied as well. A simple patch 

antenna placed in the center of the ground plane is modeled to 

feed the FP cavity. The two FSS layers consisting of 11×11, 

7×7 and 5×5 units in C, X and Ku bands are employed, 

respectively.  

Fig. 6 shows the FPCA’s directivity with different cavity 

heights in three bands. It is revealed that the high directivities 

are obtained in C, X and Ku bands by employing the proposed 

two FSS layers. The C-band resonant frequency is impacted by 

both of the two cavity heights as shown in Fig.6 (a). Its 

resonance moves to lower frequency as h1 decreases with h2 

unchanged as well as h2 increases with keeping h1. This is due 

to the reason that the reflection phase of the combined FSS, 

which mainly determines the characteristic of FPCA, is 
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impacted by the both two FSS layers. To better explain the 

reason, Fig. 7 plots the parametric study of the spacing between 

the two FSS layers. The magnitude of the combined FSS can 

maintain at a high value. The resonant frequency of this 

combined-FSS, where the zero reflection phase occurs, moves 

to lower frequency with the increase of the spacing, causing the 

reflection phase varies with the variation of h1 or h2 and leading 

to the variation of the operating resonant frequency in C band. 

Since the other two resonant frequencies are determined by 

the cavity 1 and 2, respectively, the performance of the X-band 

resonance (9.6 GHz) and Ku-band resonance (14.6 GHz) is 

mainly impacted by h1 and h2, respectively, as shown in Fig. 6 

(b) and (c). The resonances (X and Ku bands) move to lower 

frequency with the increase of the cavity heights, which keeps 

consistent with our expectation.  

 
Fig. 6 Directivities in C, X and Ku bands with different cavity heights  

 

   (a)                                                              (b) 

Fig. 7 Reflection coefficients of the combined-FSS with different spaicing: (a) 

reflection phase; (b) reflection magnitude  

B. Effect of Physical Size on FPCA’s Directivity 

The calculated directivity with different numbers of the FSSs’ 

units in three bands is shown in Fig. 8 (a), (b) and (c), 

respectively. It is predicted that the directivity increase with 

enhancing the dimension of the combined FSS. It increases 

from 11.2 dBi to 14.9 dBi when the units grow from 9×9 to 

13×13 in C-band. This value is increased by 3.2 dB when the 

units increase from 7×7 to 11×11 in X-band. While, when keep 

increasing the units, little enhancement of the directivity occurs 

in Ku band. This is because the aperture of the combined FSSs 

is large enough for the Ku-band and the reflected wave from the 

edges of superstrate has little contribution to antenna’s 

directivity. It should be noted that the 3-dB directivity radiation 

decrease as the aperture increases since more non-uniform filed 

distribution occurs on larger aperture, which deteriorate the 3-

dB radiation bandwidth. This phenomenon also can be expected 

in C and X bands if the units keep growing. Thus, for a 

conventional FPCA, although higher directivity can be obtained 

using larger aperture, it deteriorates 3-dB radiation bandwidth. 

On the other hand, small aperture has limited directivity 

enhancement. The combined FSSs consisting of suitable units 

is necessary based on the consideration of the whole 

performance in three bands. 

 
Fig. 8 Directivities in C, X and Ku bands with different units of combined 

FSS  
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Fig. 9 The configuration of the feed unit and feed arrays 

C. Feed Antenna 

In our design, the estimated frequencies are 5 GHz, 9.6 GHz 

and 14.6 GHz, respectively. The maximum frequency ratio 

reaches approximately 3:1. It is a challenging task to achieve 

three resonances in a FPCA with such a large frequency ratio. 

For example, the dimension of the aperture reaches 

approximately 5.8 λku×5.8 λku at 14.6 GHz if the size of the 

aperture is selected as 2 λc×2 λc at 5.0 GHz. This aperture is 

large for higher frequency, which may worse the 3-dB radiation 

performance caused by non-uniform field distribution as study 

in previous section. However, it is small for lower frequency, 

leading to limited directivity enhancement. To solve this 

problem, a sparse array instead of a single feeding antenna in X 

and Ku bands can be employed since it can obtain more uniform 

aperture illumination [27]. Moreover, by using sparse arrays, 

thinning of the array elements can result in a simpler feed 

structure while still avoiding grating lobes. In addition, for a 

triple-band antenna with the shared-aperture, the phase centers 

of these three frequencies are desirable to be same.  

Considered the above demands, the feed antenna composed 

of a C-band patch, 1×2 X-band patch array and 2×2 Ku-band 

patch array is designed. The configuration of the feed unit and 

array with feed network is shown in Fig. 9. The microstrip patch 

with parasitic patch is employed as the unit of the feed antennas. 

Rogers 4003C (Ɛ𝑟 = 3.55) with a thickness of 0.508 mm is 

chosen as the substrate. A driven patch is excited by coaxial 

cable. This patch is printed on the top side of the dielectric 

substrate of the ground plane. An air space is generated by the 

driven patch and a parasitic patch with the height of hair. The 

dimensions of the feeding unit are based on the operating 

frequencies. The designed parameters of the feed units are 

shown in Table I.  

To make the phase center consistent in C, X and Ku bands, 

the feed units are carefully arranged. The C-band patch is 

placed in the center of the ground plane. Two X-band antennas 

are mounted on the right and left side of the C-band one with 

the distance of 40 mm. Four Ku-band units are around the C-

band patch. The spacing between each unit of the Ku-band feed 

array is 40 mm along x-direction and 20 mm along y-direction, 

respectively. To excite these antennas, the feed line of the C-

band antenna is connected with the coaxial cable. The feed 

networks for X-band and Ku-band feed arrays are designed and 

printed on the top side of the ground plane’s substrate, including 

a 1×2 power divider and two 1×2 power dividers, respectively. 

To achieve in-phase excitation in the Ku-band array, a 180o 

phase difference is designed in the Ku-band feed network. 

D. Computed Results 

The tri-band FPCA is carried out by combining the proposed 

two FSS layers with the feed antennas. The entire model is 

calculated by using the EM software CST Microwave studio. 

The combined FSS layers consist of 13 units in x-direction and 

10 units in y-direction, respectively, with the lateral size of 

130×100 mm2. This dimension is approximately 2.3 λ×1.7 λ at 

5.2 GHz, 4.2 λ×3.2 λ at 9.6 GHz and 6.4 λ×4.9 λ at 14.6 GHz, 

respectively. The size is chosen based on considering a practical 

design with edge effects, gain performance at the two 

frequencies and low-cost as well.  

The simulated return losses of the proposed antenna are 

shown in Fig. 10, with the calculated results of the FPCA fed 

by simple patch in each band as comparison. The simulated S11 

below -10 dB is from 5.0 GHz to 5.5 GHz, 9.67 GHz to 9.9 GHz 

and 14.45 GHz to 15.9 GHz when the cavity is excited by the 

single patch. A slight wider impedance matching is obtained 

when the feed network is integrated with the feed units, where 

the S11 below -10 dB is wider than approximately 100 MHz in 

X band and 90 MHz in Ku band, respectively.   

TABLE I 

DESIGNED PARAMTERS OF THE FEED UNITS 

Feed units W1 (mm) L1 (mm) L2 (mm) h (mm) 

C-band 1.12 14.6 16.3 4 

X-band 1.12 8.2 9 2 

Ku-band 1.12 4.7 5.7 1 

The computed directivity curves are plotted in Fig. 11. It can 

be observed that the maximum directivity of 13.6 dBi, 21.3 dBi 

and 22.4 dBi are predicted at 5.2 GHz, 9.7 GHz and 14.6 GHz, 

respectively. Table 2 shows the features of the overall design 

and the FPCA fed by simple patch in different apertures. Due 

to the larger aperture and more uniform aperture illumination 

caused by the sparse arrays, a higher directivity as well as the 

radiation bandwidth are obtained in X and Ku bands. It should 

be noted that the peak directivity of the overall design in C band 

is lower than the previous one in Section III (A). That is because 

the aperture of the overall design (10×13 units) is smaller than 

the one in that section, whose aperture consists of 13×13 units.  
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Fig. 10 Simulated S11of the proposed antenna fed by single patch and array 

IV. EXPERIMENTAL RESULTS 

Based on the discussion above, a prototype is fabricated as 

shown in Fig. 12. Four hexagonal nylon spacers are placed at 

four corners to support the suspended the two FSS layers and 

create an air-gap of 3.9 mm between the two FSS layers and 

18.2 mm between the ground plane and the lower FSS layer, 

respectively. The overall profile of this antenna is 21 mm, 

which is approximately 1/3 λ at 5.2 GHz. Around 30% 

reduction of the cavity profile is obtained compared with a 

conventional FPCA. The feed units in C, X and Ku bands are 

supported by the foams with the thickness of 4mm, 2 mm and 

1 mm, respectively. This foam can be seen as air approximately 

since its relative permittivity is similar to air. They are also 

modeled and taken into consideration during the design process 

of simulation. The lateral dimension of the antenna is of the 

same size of the FSS layers, which is 130 mm×100 mm.  

 
Fig. 11 Simulated directivity of the proposed antenna  

TABLE II 

Performance features of the overall design and the FPCA fed by simple patch 

Operating 

band 

Feed 

antenna 

Aperture 

(units) 

Peak 

directivity 

(dBi) 

3-dB radiation 

bandwidth 

  (%) 

C single 13×13 14.8 15.7 

single 10×13 14.6 13.8 

X single 11×11 21.2 5.2 

1×2 array 10×13 21.8 7.3 

Ku single 7×7 17.5 2.1 

2×2 array 10×13 22.3 2.4 

 

  
     (a)                                                            (b) 

Fig. 12 The prototype of the proposed antenna: (a) the whole antenna; (b) the 

feed antenna 
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Fig. 13 Measured and simulated S parameters (Solid line; dashed line) 

Fig. 13 shows the calculated and measured reflection 

coefficients of the proposed antenna. It can be found that this 

antenna works well in C, X and Ku bands as our expectation. 

The measured S11 below -10 dB is from 5.1 GHz to 5.5 GHz, 

9.6 GHz to 10.2 GHz and 14.4 GHz to 16.0 GHz with the 

impedance bandwidth of 7.5%, 6.1% and 10.5% respectively. 

Some difference exists between the simulated and measured 

results, mainly due to the inaccuracies during the antenna 

fabrication and assembly.  

 The realized gain of this prototype is found by the gain 

comparison method, using a standard gain horn antenna with 

known gain, which is shown in Fig. 14. The gain at upper 

frequency is higher than the one at lower frequency since the 

electrical aperture of upper frequency is larger than the one of  

lower frequency. The measured peak gain occurs at 5.2 GHz, 

9.7 GHz and 14.6 GHz, reaching 14.2 dBi, 18.9 dBi and 19.8 

dBi, respectively. Compared with the simulated values, around 

0.5 dB, 0.8 dB and 1.2 dB gain loss occurring in C, X and Ku 

bands is attributed to fabrication tolerances and cable loss when 

this antenna was tested. The measured 3-dB gain bandwidth 

reaches approximately 12%, 7.2% and 2.3% in C, X and Ku 

bands, respectively. 

The radiation patterns were measured in anechoic chamber. 

In our measurement, the co-polar and cross-polar radiation 

patterns in E- and H- planes in the proposed three bands have 

been tested. All the measured results have a good agreement 

with the computed radiation patterns. The radiation patterns at 

5.2 GHz, 9.6 GHz and 14.6 GHz are plotted in Fig. 15, Fig. 16 

and Fig. 17, respectively, with the simulated results as 

comparison. It can be found that the peak radiation occurs in the 

broadside direction at these three frequencies. The sidelobe 

lower than -15 dB obtained in the whole operating frequencies. 

Moreover, a lower cross polarization over 35 dB is obtained as 

well. 

Due to the symmetric configuration of the FSS structure, the 

polarization of this antenna can keep consistent with that of the 

feeding antenna, which implies that this radiation characteristic 

can easily altered by employing a feeding antenna with a 

different polarization. For instance, if a circularly polarized 

antenna is used as the feed, the radiation of this tri-band FPCA 

will also be circularly polarized. 

 
Fig. 14 Measured and simulated realized gain (Solid line; dashed line) 

 

 
Fig. 15 Measured and simulated radiation patterns at 5.2 GHz 
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Fig. 16 Measured and simulated radiation patterns at 9.6 GHz 

 
Fig. 17 Measured and simulated radiation patterns at 14.6 GHz 

V. CONCLUSION 

A low-profile tri-band FPCA operating in C/X Ku bands is 

presented. The working principle of this antenna is explained. 

Two FSS layers are employed as the PRS, which consist of a 

ring slot and two rings on the upper and lower layers, 

respectively. The high directivities in X-band and Ku band are 

attributed to the separate cavities formed by the lower and upper 

FSS layers, respectively and the third resonance is based on the 

combined FSS layer. The profile of this proposed antenna is 

only 1/3 wavelength at lower frequency. Compared with a 

conventional FPCA, the reduction of 30% of the antenna profile 

is achieved. This antenna also achieves a high frequency ratio 

approximately 3:1. To illuminate the cavity more uniformly, a 

C-band patch antenna surround by a simple 1×2 sparse X-band 

antenna array and 2×2 sparse Ku-band antenna array is applied 

as the primary source. A prototype is fabricated and measured. 

The experimental results have validated the design concept and 

indicate that tri-band gain enhancement can be achieved. The 

prototype gives measured peak gain of 14.2 dBi, 18.9 dBi and 

19.8 dBi at 5.2 GHz, 9.6 GHz and 14.6 GHz, respectively, with 

the 3-dB gain bandwidth of 12%, 7.2% and 2.3%. The gain 

bandwidth can be well covered by the impedance bandwidth for 

the reflection coefficient below -10 dB in the three operating 

bands. This proposed antenna has obtained promising 

performance such as low-profile, tri-band, large frequency 

ratio, very simple feed network, easy fabrication and low-cost. 
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