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A Tri-Band Low-Profile High-Gain Planar
Antenna using Fabry-Perot Cavity

Fan Qin, Steven Gao, Qi Luo, Gao Wei, Chao Gu, Jiadong Xu, Jianzhou Li, Chunxu Mao, Cha

Wu

Abstract— A tri-band high-gain antenna with a planar
structure and low profile is proposed. The principle of operation
isexplained. It isbased 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 isproduced by combining
the two FSS layers together. Advantages of thistri-band antenna
includes low profile, high gain, easy fabrication and low cost. L ow
profile is achieved by designing the combined FSS layers as an
artificial magnetic conductor (AMC) with a reflection coefficient
having 0° 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 isdesigned and one prototypeisfabricated and tested.

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 antenfids13]. 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 rodis, 2-
printed frequency selective surfaces (FSSs). The operation of
this antenna has been successfully analyzed by a ray optics
theory [14]. A significant enhancement of ante€Rnfirectivity
can be achieved by means of the multiple reflections between
the ground plane and the PRS.

Experimental results agree well with the smulated 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 FSS1
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 hy

at itslowest oper ating frequency, which meansareduction of 30% PEC
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 lin4-3]. 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 . © o
addition, to overcome the radio propagation path losses ove':'%llf1 Resonant cavity formed by a PRS operatingptetbands: (a)f () ;
long distance, especially in higher frequencies, high gain is alé% :
a crucial requirement. Classical antennas such as largd 0 meet the requirements in different applications, various
reflectors [7], waveguide horns [8], dielectrics lenses [9] arfdPCAs have been implemented so, fiacluding wideband
large-scale antenna arrayd(] offer attractive solutions to FPCA [15] low-profile FPCA [16] and dual-band FPCA [17]
achieving high gain performance. However, these techniquéBe cavity height of a conventional FPCA antenna is
are limited in some applications due to their design complexitgpproximately one half wavelength or more, which is too large
bulky size, high cost and/or significant power losses in the feé@ some applications wheedow profile is essential. To reduce
network. Some dual-band high-gain arrays are also reported (1§ height of cavity, an artificial magnetic conductor (AMC)
but they have rather complicated structures. Therefore, itW&s employed as the ground plane, causihg aavity height
necessary to investigatovel solutions to multi-band high-gain [18]. Further reduction of the cavity height was proposed in [19],
antennas with planar structures, low profile, simple feedhere al/60 profile was achieved. More recently, a PRS with
mechanisms and low cost. both properties of high reflection and AMC was employed in
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[20], where the dw-profile was achieved without additional design is also shown in this section. A prototype is fabricated

AMC as the ground plane. and the measured results with simulated ones as comparison are
Dual-band FPCAs also attract many interests. A methdéported in SectiofV. Finally, concluding remarks are given

employing a high impedance surface (HIS) as the ground plaifieSection V

was reported inZ1], where two resonant frequencies were

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

FPCA based on inverted reflection phase gradient of the PRSThis section presents the design principle of the tri-band

was achieved in2]. Similar design was reported in [23]. TwWo FPCA. Figure 1 shows the side view of the proposed tri-band

identical dielectric slabs were applied to generate the inverthigjh-gain antenna. As shown in Fig. 1, there are two FSS layers

reflection phase gradient of PRS for obtaining the resonancgsthe PRS of the proposed antenna. Two resonant cavities with

in two different frequencies in this design. In [24], a duala height of h1 and h2 are formed by the ground plane and the

frequency FPCA was discussed by utilizing the first and secofglver or upper FSS layer, respectivdly/ h,. The principle of

order resonances of the resonant cavity. One limitation of thepe FPCA operating at &nd § is based on the classical theory

dual-band FPCAs mentioned above is that it is difficult tof FPCA as reported in2p]. Assuming the cavity 1 and 2

design two frequencies independently since the two operatirgsonate at fand $, respectively, the FSS 1 is required to have

frequencies are affected by each other. This can be overcosogficient reflection magnitude af &nd be transparent af f

by utilizing a double-layer PRS forming two separated resonafispectively. Likewise, FSS 2 is required to have high reflection

cavities [25] More flexible frequency ratio can be realizedmagnitude at.fand let the electromagnetic wave propagate

using this method. A tri-band FPCA operating at 10.8 GHzeely at f. To achieve tri-band operation, a possible way is to

11.3 GHz and 12.2 GHz was proposeddfi][ whereasingle combine the two FSS layers together as the PRS to obtain the

dielectric layer coated with two same periodic slot arrays on itisird resonance based on this dual-band FPCA, as shown in

two sides was employed in this desigio the best of our Fig.1 (c).

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 08

fabrication and measurement results.
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Fig. 2 The structures of the two FSS structures: (ajtsire: 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 cosfThe PRS is formed using two BS
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 band$he working
principle is described. The middle angh frequencies are
realized based on the two separated FP resonant cavities formed I A A T A
by the lower and upper FSS layers, respectively. For the low Fre“”e(";’)‘s”z’
frequency, it is aChle_Ved by _the two FSS layers together in th@ 3 the reflection coefficients of the two FS&g:structure 1; (b) structure 2
same resonant cavity. This combined FSS-layers has the

property of AMC and it can produc@ =flection phase in low The unit cells of the FSS in our design are shown in Flg 2.
frequency band, resulting in a low cavity profile.They are printed on one side of 0.8 mm thick dielectric substrate
Approximately 30% reduction in cavity height is achievedvith £&=3.55. Two structures are selected as the candidates of
compared with other conventional FPCAsother advantage the two FSS layers. Structure 1 consists of two metallic rings,
of this antenna is that it can achieve triple-band performanas shown in Fig. 2(a). The length of the outer ring is set as L
with a large frequency ratio, which is often difficult to beand the inner one isLrespectively. The width of the outer and
obtained by dual-band or multi-band array antennas. inner rings are Sand S, respectively. The structure 2 is formed
The paper is organized into the following sections. Thgy a ring slot with the length ofsland width of § which is
working principle and the design of the two FSSs are describgown in Fig. 2 (b). Both of these two structures have tine sa
in Sectionll. In Sectionlll, the performance of the tri-band periodicity P

FPCA is simulated with parametric study. The feed antennarg study the reflection coefficient of each FSS structure, full-
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wave simulations (CTS Microwave Studio) with thecavities work at the first order resonant length (N=0). In this
consideration of periodic boundary is employed. The calculatedse, the FPCA owns the smallest resonant length. The structure
reflection coefficient is shown in Fig. 3 (a) and (b). It can b#& is mounted on the top of the second structure with calculated
seen that the electromagnetic wave can pass through taeity heightsh;=16 mm and b=9.9 mm. For the option 2, the
structure 1 freely at 14.5 GHz and it is fully reflected by the orsructure 1 keeps working at the first order resonant and the
at 10.5 GHz. Meanwhile, a ‘zero magnitude’ at 9.5 GHz and a  structure 2 is changed to work at the second order resonant,
sufficient reflection at 14.5 GHz are obtained by the structusehose cavity height is varied te420.3 mm (N=1). In this case,
2, respectively.According to the working principle introduced the structure 2 is on the top of the structure 1. It should leelnot
above, dual-band FPCA operating at 9.5 GHz (the cavithiat both of the two options can operate dual-band FPCA at 9.6
formed by structure 1 and ground plane) and 14.6 GHz (tHz and 14.5 GHz.
cavity formed by structure 2 and ground plane) can be achievedAs mentioned above, the keyo achiee tri-band
using these two FSS structures. performance for FPCA in Figure 1 is to fiadthird resonance
The reflection phases of structure 1 and 2 at 9.6 GHz and14f§) based on the combined two FSS layers. The possibility of
are 17C and 461° which is equivalent to 190and 199, the third resonance in these two options are investigated as
respectively The heights of the FP cavities formed by structurdllowing. Fig. 5 (a) and (b) present the simulated reflection

1 and2 can be estimated by the following equation coefficient of the combined-FSS layer in the case of option 1
3 2 and 2, respectively. The ideal phase making the cavity resonate
h=—(@prs + 1) +3XN,N =0,1,2... (1) 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
Ih] (cavity 1) (cavity 2) hy s (cavity 1) (cavity 2) h, can satisfy the resonant condition at this frequency. Thus, the
pEC PEC third resonance can be found in option 2. Moreover, the

where h is the cavity heightjs the wavelength of the operating
frequencyg,, is the reflection phase of the PRS anid the
reflection phase of the ground plane.

reflection magnitude of the combined FSS (over 0.8) is large
(@) (b) . . . )
enough as well, causing a high gain performance at this
Fig. 4 two options of the dual-band performance: (&ipapl; (b) option 2 frequency. The estimated cavity height @fi$116 mm and the
whole cavity height is 20.3 mm, which is approximately /3
at 51 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.

Magnitude
Phase (deg)

Ill. FINITE-SIZE TRIPLE-BAND FPCA

A Performance of the Triple-band

Frequency (GHz) 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
- magnitude on the performance of FPCA, the parameters of the cavity

et = - =phase 100

height (h and h) 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 11x11,
7x7 and 5x5 unitdn C, X and Ku bands are employed,
respectively.

Fig. 6 $iows 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 aslécreases withoh
_ _ _ _ unchanged as well as imcreases with keeping.hThis is due

Fig.4 shows the two possible options for forming the twg, the reason that the reflection phase of the combined FSS,
separated FP cavities: the option 1 is that both of the tghich mainly determines the characteristic of FPCA, is

Magnitude
Phase (deg)

Frequency (GHz)

(b)
Fig. 5 Reflection coefficients of the combined-F&g:option 1; (b) option 2
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impacted by the both two FSS layers. To better explain theB. Effect of Physical Size oARPCA ’s Directivity

reason, Fig. 7 plots the parametric study of the spacing betweerrhe calculated directivity with different numbeifithe FSSs’
the two FSS layers. The magnitude of the combined FSS aafiits in three bands is shown in Fig. (a), (b) and (c),
maintain at a high value. The resonant frequency of thiespectively. It is predicted thabe directivity increase with
combined-FSS, where the zero reflection phase occurs, moeghancing the dimension of the combined FSS. It increases
to lower frequency with the increase of the spacing, causing thhem 11.2 dBi to 14.9 dBi when the units grow from 9x9 to
reflection phase varies with the variation ebinh, and leading 13x13 in C-band. This value is increased by 3.2 dB when the
to the variation of the operating resonant frequency in C bandnits increase from 7x7 to 11x11 in X-bakdhile, when keep
Since the other two resonant frequencies are determinedipgreasing the units, little enhancement of the directivity occurs
the cavity 1 and 2, respectively, the performance of the X-baiiiKu band. This is because the aperture of the combined FSSs
resonance (9.6 GHz) and Ku-band resonance (14.6 GHz)isdarge enough for the Ku-band and the reflected wave from the
mainly impacted by hand h, respectively, as shown in Fig. 6edges of superstrat@as little contribution to antenna’s
(b) and (c). The resonances (X and Ku bands) move to low@rectivity. It should be noted that the 3-dB directivity radiation
frequency with the increase of the cavity heights, which keepécrease as the aperture increases since more non-uniform filed

consistent with our expectation.

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;, &
conventional FPCA, although highdirectivity 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.
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printed on the top side of the ground plane’s substrate, including
: i a 1x2 power divider and two 1x2 power divideespectively.
‘ Ka-band feeding  X-band feeding To achieve in-phase excitation in the Ku-band areay8(°
\/ e'e'“e"\f / element phase difference is designed in the-band feed network.

GND
] [—

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
o - 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
130x100 mri This dimension is approximately 2.81.7 ) at

5.2 GHz, 4.2x3.2 ) at 9.6 GHz and 6.4x4.9\ 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.

C. Feed Antenna The simulated return losses of the proposed antenna are

In our design, the estimated frequencies are 5 GHz, 9.6 GEOWn in Fig. 10, with the calculated results of the FPCA fed
and 14.6 GHz, respectively. The maximum frequency rat®y Simple patch in each band as comparison. The simulgged S
reaches approximately 3:1. It is a challenging task to achieP§/0W -10 dB is from 5.0 GHz t0 5.5 GHz, 9.67 GHz 10 9.9 GHz
three resonances in a FPCA with such a large frequency rafi@d 14.45 GHz to 15.9 GHz when the cavity is excited by the
For example, the dimension of the aperture reach&gle patch. A slight wider impedance matching is obtained
approximately 5.8 wx5.8 M at 14.6 GHz if the size of the when the feed network is integrated with the feed units, where
aperture is selected as 2 Acx2 Ac at 5.0 GHz. This aperture is the S, below -10 dB is wider than approximately 100 MHz in

large for higher frequency, which may worse the 3-dB radiatigh Pand and 90 MHz in Ku band, respectively.

180° phase difference

-

Fig. 9 The configuration of the feed unit and feedys

performance caused by non-uniform field distribution as study TABLE |

in previous section. However, it is small for lower frequency, DESIGNED PARAMTERS OF THE FEED UNITS
leading to limited diregtivity enhan(_:ement. To solve thi's Feed units | Wi (mm) | Lz (mm) L2 (mm) h (mm)
problem, a sparse array instead of a single feeding antenna imX—c,zq 112 14.6 16.3 2
and Ku bands can be employed since it can obtain more uniform x_pand 112 82 9 2
aperture illumination [27]. Moreover, by using sparse arrays, Ku-band 1.12 4.7 5.7 1

thinning of the array elements can result in a simpler feed . . N
9 y P The computed directivity curves are plotted in Fig. 11. It can

structure while still avoiding grating lobes. In addition, for : N . .
triple-band antenna with the shared-aperture, the phase cenihﬁ bserved that the maximum directivitylg6 dBi, 21.3 dBi
P W pert P and 22.4 dBi are predicted aP%5Hz, 9.7 GHz and 14.6 GHz,

of these three frequencies are desirable to be same. . .
Considered the above demands, the feed antenna compcf?é ectively. Table 2 shows the features of the overall design

of a C-band patch, 1x2 X-band patch array and Redand and the FPCA fed by simple patch in different apertures. Due

patch array is designed. The configuration of the feed unit atncfjthe larger aperture and more uniform aperture illumination

. ; L2 ) . aused by the sparse arrays, a higher directivity as well as the
array with f‘?ed netw_ork Is shown in Fig. 9._The microstrip patq diation )l:/)andwi%th are ob>t/ained i?l X and Ku bgnds. It should
with parasitic patch is employed as the unit of the feed antenngs., ,ve q that the peak directivity of the overall design in C band
Rogers 4003C#, = 3.55) with a thickness of 0.508 mm is js |ower than the previous one in Sectibr(A). That is because

chosen as the substrate. A driven patch is excited by coaxjg aperture of the overall design (10x13 units) is smaller than

cable. This patch is printed on the top side of the dielectrjge one in that section, whose aperture consists of 13x13 units.
substrate of the ground plane. An air space is generated by the

driven patch and a parasitic patch with the height.ef The
dimensions of the feeding unit are based on the operating
frequencies. The designed parameters of the feed units are
shown in Table.l

To make the phase center consistent in C, X and Ku bands,
the feed units are carefully arrangethe 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 antenrthas, 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
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Fig. 11 Simulated directivity of the proposed antenn

TABLE 1l
Performance features of the overall design and the FRBE€RBy simple patch

Frequency (GHz)
Fig. 10 Simulated S11of the proposed antenna fed by sirgtdh@nd array

IV. EXPERIMENTAL RESULTS

Based on the discussion above, a prototype is fabricated agerating

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

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, y
respectively. The overall profile of this antenna is 21 mm,
which is approximately 1/3 A 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 approximatel
since its relative permittivity is similar to air. They are also
modeled and taken into consideration during the design proces
of simulation. The lateral dimension of the antenna is of the
same size of the FSS layers, which is 130 mmx100 mm.

Feed Aperture Peak 3-dB radiation
antenna (units) directivity bandwidth

(dBi) (%)
single 13x13 14.8 15.7
single 10x13 14.6 13.8
single 11x11 21.2 5.2
1x2 array 10x13 21.8 7.3
Ku single 7x7 17.5 2.1
2x2 array 10x13 22.3 2.4

(b)
Fig. 12 The prototype of the proposed antenna:h@whole antenna; (b) the
feed antenna
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Moreover, a lower cross polarization over 35 dB is obtained as

well.
2 a0 Due to the symmetric configuration of the FSS structure, the
vt 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
—— simulated different polarization. For instance, if a circularly polarized
.30 " 1 " 1 " " 1 1 1 " 1 " H . . . ._
n6 a8 50 52 54 56 58 80 antenna is uged as the fegd, the radiation of this tri-band FPCA
0 will also be circularly polarized.
—~ 14
m =
S Q I
: S 12
N £
8 10
measured - L
—— simulated g sl
30 T = I —O— measured
92 94 96 98 100 102 104 g & . L - simulated
0 5.0 5.1 5.2 5.3 5.4 5.5 5.6
% -10 % 20 - /O/ =0~ o
b = \
© L
D S 16 Y
—— measured 8 o \
— simulated N —o— measured
= 12 -
-30 . L : L . L o simulated
14.0 14.5 15.0 15.5 16.0 4 L L A7 A
9.2 9.4 9.6 98 100 102 104
Frequency (GHz) —~
Fig. 13 Measured and simulated S parameters (Soliddashed line) -\% 20
Fig. 13 shows the calculated and measured reflection -5
coefficients of the proposed antenna. It can be found that this 5 16
antenna works well in C, X and Ku bands as our expectation. & A
The measured:gbelow -10 dB is from 5.1 GHz to 5.5 GHz, < / —Oo—measured| |
9.6 GHz to 10.2 GHz and 14.4 GHz to 16.0 GHz with the & L | l==—simulated
impedance bandwidth of 7.5%, 6.1% and 10.5% respectively. 14.2 14.4 14.6 14.8 15.0

Some difference exists between the simulated and measured

Frequency (GHz)

results, mainly due to the inaccuracies during the antenpg 14 measured and simulated realized gain (Swle tashed line)

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 theg
electrical aperture of upper frequency is larger than the one of ";'

lower frequency. The measured peak gain occurs at 5.2 GHz,2

9.7 GHz and 14.6 GHz, reaching 14.2 dBi, 18.9 dBi and 19. 8 3 )

dBi, respectively. Compared with the simulated values, around *
0.5 dB, 0.8 dB and.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 radlatlonC>
patterns in E- and H- planes in the proposed three bands hav@
been tested. All the measured results have a good agreemerft
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.

E-plane
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—— measured cross-pol
— simulated co-pol
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Fig. 15 Measured and simulated radiation patternaBbz
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0 = pend —— measured co-pol prototype gives measured peak gain of 14.2 dBi, 18.9 dBi and
] :giijztrsggg?sz[pol 19.8 dBi at 5.25Hz, 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 belowl® dBin the three operating
bands This proposed antenna has obtained promising
A performance such a®w-profile, tri-band large frequency
ratio, very simple feed network, easy fabrication and low-cost.

-10 4

-20 4

Radiation (dB)

— 77— =
-150 -120 -90 -60 -30 0 30 60 90 120 150

ACKNOWLEDGMENT
— measured co-pol

:g:qﬁ:{:é’;fsgpol The authors thank the project of 'DIFFERENT' funded by EC
P FP7 (grant number: 6069923). Thank to Mr. Simon Jakes at the

20 University of Kent for antenna fabrication.

30+ REFERENCES

A\ N, /\ R N D . ¥ [1] W. Imbriale, S. Gao and L. Boccia (eds), Space
60 30 0 30 6 90 120 150 Antenna Handbook, John Wiley & Sons, UK, May

Angle (deg) 2012
Fig. 16 Measured and simulated radiation patternabBiz [2] A. Pal, A. Mehta, D. Mirshekar-Syahkal, P. Deo, &hdNakano, "Dual-
0 Band Low-Profile Capacitively Coupled Beam-SteezaBhjuare-Loop
E-plane —— measured co-pol Antenna," Antennas and Propagation, IEEE Transactiongab. 62, pp.
—— measured cross-pol 1204_1211' 2014.

— simulated co-pol [3] M.Magsood, S. Gao, T. W. Brown, M. Unwin, R. De W& Steenwijk,
J. Xu, and C. I. Underwood, "Low-cost dual-band cadyl polarized
switched-beam array for global navigation satelljgtam," IEEE Trans.

Antennas Propag, vol. 62, pp. 1975-1982, 2014.
[4] Abutarboush, Hattan F., et al. "Compact printed rpaitd antenna with
independent setting suitable for fixed and reconéible wireless
communication systems." Antennas and Propagation, IEEEdctons

Radiation (dB)

a0+ 2
4150 -120  -90

Radiation (dB)

450 120 90 60 30 0 30 60 90 120 150 0n60.8 (2012): 3867-3874. _ _
[5] Anguera, Jaume, et al. "Dual-frequency broadband-sthchicrostrip
0 antenna using a reactive loading and a fractal-shapsliating

—— measured co-pol

— measured cross-pol edge." IEEE Antennas and Wireless Propagation Lett€29®7): 309-

-10 4 —— simulated co-pol 312.

[6] Cao,Y.F., S. W. Cheung, and T. I. Yuk. "A MultitthSlot Antenna for
GPS/WIMAX/WLAN Systems." Antennas and Propagation, |EEE
Transactions on 63.3 (2015): 952-958.

[7] Luo, Qi, et al. "Design and Analysis of a Reflectaldmyng Slot Antenna

-30 4 Elements for Ka-band SatCdhAntennas and Propagation, IEEE

1 Transactions on 63.4 (2015): 1365-1374.

-20

Radiation (dB)

40 Y S U SN O SN SN SO ST JNNN SN N ¥ [8] Aboserwal, Nafati, Constantine Balanis, and Craig RcBer. "Conical
-150 -120 90 60 -30 0 30 60 90 120 150 horn: Gain and amplitude patterns." Antennas and Bedjom, IEEE
Angle (deg) Transactions on 61.7 (2013): 3427-3433.

[9] Yurduseven, Ozan, et al. "Parametric analysis of erheémispherical
dielectric lenses fed by a broadband connected afagaky-wave
slots." [ET Microwaves, Antennas & Propagation 9.7 (2064):-617.

V. CONCLUSION [10] Ye, S., Geng, J., Liang, X., Jay Guo, Y., & Jin, R. @01 Compact

. . . . . Dual-Band Orthogonal Circularly Polarized Antennaray With
A Iow—proflle tri-band FPCA operating In C/X Ku bands is Disparate Elements.Antennas and Propagation, |EEE Transactio

presented. The working principle of this antenna is explained. on, 63(4), 1359-1364
Two FSS layers are employed as the PRS, which consist ofil Moustafa, L., and B. Jecko. "EBG structure with witidect band for
ring slot and two rings on the upper and lower layers, broadband cavity antenna applications." Antennas andelés's
. . . Lo Propagation Letters, IEEE 7 (2008): 693-696.
respectlvely. The high d'reCt'_V!t'eS in X-band and Ku band ar[?2] Orr, Robert, George Goussetis, and Vincent Fusco. "Dééaghod for
attributed to the separate cavities formed by the lower and upper Circularly Polarized FabrPerot Cavity Antennas.” Antennas and
FSS layers, respectively and the third resonance is based on thePropagation, IEEE Transactions on 62.1 (2014): 19-26. _
combined FSS layer. The profile of this proposed antennalis! Wang. Naizhi, et al. "Wideband fabry-perot resonaiutenna with two
. complementary FSS layers." Antennas and Propagation, IEEE

only 1/3 wavelength at lower frequency. Compared with &  14n5actions on62.5 (2014): 2463-2471.
conventional FPCA, the reduction of 30% of the antenna profij€4] Trentini, Giswalt Von. "Partially reflecting sheatrays." Antennas and
is achieved. This antenna also achieves a high frequency ratio Propagation, IRE Transactions on 4.4 (1956): 666-671. _
approximately 3:1. To illuminate the cavity more uniformly, 4151 Wang, Naizhi, et al. "Wideband Fabferot Resonator Antenna With

. Two Layers of Dielectric Superstrates." Antennas and [éfise
C-band patch antenna surround by a simple 1x2 sparse X-band p,,agation Letters, IEEE 14 (2015): 229-232.
antenna array and 2x2 sparse Ku-band antenna array is apgli€d sun, Yong, et al. "Subwavelength substrate-integrbry-Pérot cavity
as the primary sourcé prototype is fabricated and measured.  antennas using artificial magnetic conductor.” AnteramaPropagation,
The experimental results have validated the design concept and 'EEE Transactions on 60.1 (2012): 36-

indicate that tri-band gain enhancement can be achidved

Fig. 17 Measured and simulated radiation patterns.&tGHz



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLELICK HERE TO EDIT) < 9

[17] Zeb, Basit Ali, Nasiha Nikolic, and Karu P. Esselle.H#&gh-Gain Dual-
Band EBG Resonator Antenna with Circular Polarizatidmtennas and
Wireless Propagation Letters, IEEE 14 (2015): 108-111.

[18] Ourir, A., A. De Lustrac, and -M. Lourtioz. "Optimization of
metamaterial based subwavelength cavities for ultraconttissttive
antennas." Microwave and optical technology lett&42 (2006): 2573-
2577.

[19] Ourir, A., A. De Lustrac, and J. M. Lourtioz. "Alletamaterial-based
subwavelength cavities for ultra-thin directive ami@s" Appl. Phys.
Lett 88: 084103t.

[20] Ghasemi, Abdorasoul, et al. "High Beam Steering in Fab#yot Leaky-
Wave Antennas." Antennas and Wireless PropagationrketteEE 12
(2013): 261-264.

[21] Pirhadi, Abbas, et al. "Design of compact dual banc hdgective
electromagnetic bandgap (EBG) resonator antenna uaitificial
magnetic conductor.” Antennas and Propagation, |IEEE s@mions
on 55.6 (2007): 1682-1690.

[22] Ge, Yuehe, Karu P. Esselle, and Trevor S. Bird. "A oetb design dual-
band, high-directivity EBG resonator antennas usimglsiresonant,
single-layer partially reflective surfaces." ProgresElactromagnetics
Research C13 (2010): 245-257.

[23] Zeb, Basit Ali, et al. "A simple dual-band electromagnéiand gap
resonator antenna based on inverted reflection phiadesgt.” Antennas
and Propagation, IEEE Transactions on 60.10 (2012): 4529-

[24] Meng, Fanji, and Satish Sharma. "A Dual-Band High GRésonant
Cavity Antenna with A Single Layer Superstrate."12D

[25] Moghadas, Hamid, Mojgan Daneshmand, and Pedram MouAalial-
band high-gain resonant cavity antenna with orthagon
polarizations." Antennas and Wireless Propagation isstttEEE 10
(2011): 1220-1223.

[26] Ge, Yuehe, and Can Wang. "A tri-band Fabry-Pergttgdor antenna
gain enhancement." Antennas and Propagation Sociggrnational
Symposium (APSURSI), 2013 IEEE. IEEE, 2013.

[27] Gardelli, Renato, Matteo Albani, and Filippo Capoli "Array thinning
by using antennas in a Fabry-Perot cavity for gain
enhancement." Antennas and Propagation, |IEEE Transaaiobg.7
(2006): 1979-1990.



