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A Simple Low-Cost Shared-Aperture Dual-
Band Dual-Polarized High Gain Antenna for
Synthetic Aperture Radars

F. Qin, S.Gao, Member, IEEE, Q.Luo, Member, IEEEM@&o, C.Gu,
G. Wei, J. Xu, JLi, C. Wu, K. Zheng and S. Zheng, Member, IEEE

Abstract—This paper proposes a novel shared-aperture dual-
band dual-polarized high-gain antenna for applications in
synthetic aperture radars (SAR). One critical challenge in the
design of high-gain SAR antenna is the feed network which is
usually complicated, bulky, heavy and lossy, in particulaif the
SAR system is required to operate at multiple frequency bands
and orthogonal polarizations, as a number of large-size, lossyefe
networks at multiple layers are needed to cover all the frequegc
bands and each polarization, respectively. To reduce the
complexity and cost of SAR antennas, a dual-band dual-polarized
high-gain Fabry-Perot (FP) resonate antenna is designed and
applied to shared-aperture SAR antenna application for the %
time. A novel double-layer FSS is proposed as the Partially
Reflective Surface (PRS) for the FP resonate cavity with realized
dual-band performance. The units of this double-layer FSS ara
quasi-star patch and a square slot printed on the upper- ah
lower-layer substrate, respectively. The resonate frequency (full
reflection) and 'zero' reflection magnitude of this proposed quasi-
star patch can be controlled by adjusting its parameters easily,
which leads to high flexibility for deigning dual-band FP antennas.
A novel dual-band dual-polarized feed source for FP antennis
also proposed by using a compact sparse array at higher ban
interleaved with one radiating element at lower band. To verify
the concept, a C/X dual-band dual-polarized SAR antenna is
designed and a prototype is developed and measured. Measdr
results have a good agreement with the simulated ones, which
shows that a peak gain of 16.3 dBi ah1938 dBi is obtained at
lower- and upper-bands, respectively. High isolation (25 dB) is
also achieved at both bands. Compared to traditional dual-band
dual-polarized SAR antennas with high gain, the proposed
antenna has achieved a significant reduction in the complexity,
mass, loss and cost of the feed network, which is particularly
important for space-borne SAR systems.

Index Tertms—antenna, SAR antenna, Dual-band, dual-
polarization, high gain, Fabry-Perot

. INTRODUCTION
HE IMPORTANCE of radar observations for civilian

remote sensing and Earth observation has increasé

of synthetic aperture radar (SAR). As a key component in SAR
system, the antenna is required to operate at multiple frequency
bands and dual polarizations with high isolation between
orthogonal polarization ports [1]. Multi-band operation can
provide finer resolution scanning, better penetration and
reflection data from various scatters. Dual-polarized antenna is
a good solution to enhance the information congerit can
provide both of co-polar and cross-polar scattering data. SAR
antenna is usually a bulky, heavy and expensive component in
the SAR systems. For space-borne SAR system, it is critical to
reduce the complexity, size, mass and cost of SAR antenna
while achieving the capability of multi-band operation, dual
polarizations and high gain. These are conflicting requirements
in current SAR antennas, unfortunately.

Dual-band dual-polarized (DBDP) antenna arraggebeen
used in many space-borne SAR systems. For instance, in the
shuttle imaging radar (SIR-C) system [2], two frequencies (L-
band and C-band) and dual-polarization were used; however,
the L-band and C-band antennas did not share the same
aperture, which resulted in large and bulky structure and would
not be compatible with currently operated space platforms. In
practice, it is desirable to design a single antenna which can
integrate with a spacecraft using minimum size and cost. Due
to this reason, shared-aperture dual-band dual-polarized
antenna for future SAR applications becomes an attractive and
promising topic [3-9]One of the most popular techniques for
designing the share-aperture DBDP antennas is uaing
perforated structe. L band microstrip patches operating at
1.275 GHz and C band patches operating at 5.3 GHz were
integrated in one aperture with a frequency ratio of 4.16:1 [3]
The cross polarization levels below -25 dB were obtained with
100MHz bandwidthat each band in this design. Another
example was reported in [4h order to share the same aperture,
a 2x2 L-band elements were integrated with an array of 12x16
fpand elements to meet the requirement of shared-aperture

considerably in the last decade, which motives the developmd&feriaced layout is another way for designs of aperture-shared
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DBDP antennas. An example was reported in [5], where
interlaced patches with diploes were designEtis antenna
operated at S- and X-bands and achieved an isolation (between
two polarizations) over 22 dB for both bands. Although these
shared-aperture SAR antennas can achieve high gain and high
isolation between polarization ports at each frequency band, it
is very challenging to design the feed network of SAR antennas.
Usually a number of large-size feed networks at multiple layers
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band FP antennas. For instance, an electromagnetic band gap
(EBG) superstrate consisting of triple-layer dielectric
cylindrical rods was employed in one dual-band design [16].
Two operating bands were obtained by the insertion of defect
rods in the EBG structure. However, this design needPa 3-
EBG structure, which complicates its fabrication. Another

—

() method of realizing dual-band is based on the inverted
reflection phase gradient of PRS. A dual-band FP antenna using
single-resonant and single layer PRS was reported in [17]. This
work used the positive gradient of the reflection phase versus

z frequency curve of the PRS occurred around the resonate
V\‘\¢/k( V\‘\¢/4/v frequency to satisfy the resonate condition at two frequencies
—_— — Similar design was reported in [18two plain unprinted
X (b) identical dielectric slabs were applied to generate the inverted
Fig.1. Principle of Dual-band operation: () opergat lower band; () reflection phase gradient of PRS. One drawback of this method
operating at higher band . . . .
is that it cannot control the two frequencies independently.
are required for one multi-band dual-polar. SAR antenna, ash\then the lower frequency is Changed, the upper frequency is
separate feed network, is needed for operation at a singlganged as well. Moreover, designing two frequencies avith
polarization at each frequency band, which causes higdrge frequency ratio using this method is difficult. The concept
complexity, bulky size, high mass and high fabrication cost @f artificial magnetic conductor (AMC) can be applied as the
SAR antennasAlso it is difficult to accommodate these feedground plane instead of a metal ground plane to achieve dual-
networks due to their bulky sizes and limited space availald@nd characteristigd9]. Only one layer PRS is needed using
between antenna elements. The mutual coupling amongst th@§e method. However, an additional AMC has to be designed,
feed networks and the antenna elements cause deterioratiogygfch increases antenna's complexity. More importantly, it is
the antenna performance, thus these mutual coupling effeglfficult to print the feed network on the same substrate with
need to be minimized during the SAR antenna designs whiglMC if a small array is needed as the primary source. Another
makes the SAR antenna design a very challenging task. jigthod for dual-band FP antennas is to use a double-layer FSS
addition, to achieve efficient coupling from the feed network tguperstrate as the PRS. The cavity height and distance between
specific feed port, it usually requires a large number of vias e two layers are appropriately selected, two separated FP
blind vias for inter-connections amongst different Iayers WhiChgsonate cavities are formed and dual-band operation is
leads to complexity and high cost of fabrication. For SARxpected using this method. For instareoeouble-layer of the
applications, especially in low-cost small satellitd$)][ a same printed dipoles were introduced as the PRS to enhance the
simple, low-cost shared-aperture dual-band dual-poltarizgjain of a microstrip patch antenagtwo bands with orthogonal
high-gain SAR antenna is required. The objective of this wollqear polarization Z0]. In this antenna, the lower and upper
is to fill this gap. bands were designed as vertical and horizontal polarization,
This paper presents our work on the designadBDP  respectively. However, it cannot achieve dual-polarizatains
shared-aperture antenna with high gain and simple feggth bands due to the asymmetrical structure of the dipoles
structure and low cost for SAR applications. To reduce thginted in each layer.
complexity and size of feed networks in SAR antennas, theThis paper reports the detailed design and implementation of
concept of Fabry-Perot (FP) cavity antenna is employed hege simple, low-cost shared-aperture dual-band dual-polarized
A FP antenna generally comprises a simple primary sourfgjh-gain SAR antenna. Compared to conventional multi-band
placed in the cavity formed between a partially reflectivdual-polarized SAR antennas, it achieves a significant
surface (PRS) and a fully reflective ground plane [11]. Whemreduction in complexity, mass and fabrication cost. FP antenna
the space between these two plates is about integer times of lmlfpplied to designs of shared-aperture dual-band dual-
wavelength, the forward radiation can be enhanced remarkapRiarized high-gain SAR antenna. The method of double-layer
by means of in-phase bouncing. Studies on Frequency SelecfiySs creating each band separately is used in this paper. We
Surface (FSS) structures promote the deve'opment of Fboose this method is due to the reason that it can control the
antennas in recent yearslost of 2-D FP resonate antennas ar@V0 frequencies separately. Thus two typical frequencies (5.3
based on FSS [12-15], which also behave as PRS at the antéaig and 9.6 GHz) used in SAR application with large
operating frequencies. The advantages of FSS are simplicifgduency ratio (1.8:1) can be achieved. There is also no AMC
low cost, ease of fabrication and mounting. It is also easy 8ed¢d in this design. Hence we can design the dual-band dual-
change their properties, such as the reflection magnitude caa_mzedhfele:dsgetwc_)rk gn onﬁ side of gro(ljjr;d plar|1e. In our
phase, by optimizing the parameters of the HFSantennas esign, the S printed on the upper- and lower-layer are a

. uasi-star patch anda square loop, respectively. A
atiracted lots of aftentions and they have been deployedc aracteristics of this quasi-star patch is that it can easily control

_several wireless communl_cat|on s_ys_tems and radar apphcauqﬁé full and 'zero' reflection magnitude by adjusting its outline
in recent decades due to its promising advantages. size and smkarms' sizes. This characteristic is very important
Many FP antennas have been reported, including duglyg yseful for designing dual-band FP antennas. A single slot-
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D= (1+R)/(1R) (2
I & J where R is the magnitude of the PRS reflection coefficient.
o i’ When a PEC ground plane is applieg%7), (1) can be
¢ N rearranged as
o ou=dmh/cxt+ (2k-1)m, k=0,#1,#2 ©)
a P
= The principle of obtaining dual-band performance relies on
LI v engineering the reflection phase of the PRS to achieve resonate
|?3>| Wy conditions at two frequencieBased on this princip)elouble-
— * layer FSS is needed as shown in Fig.1. The upper- and lower
() (b) FSS form a FP resonate cavity with ground plane operating at
Fig.2. Unit cell of two-layer PRS: (a) upper layé) lower layer lower- and upper-band, respectivelyach FSS also should
10 R 0 — have frequency selection performance: when this antenna is
o 08 s ‘\ L oo / working at lower frequency, namely the FP cavity formed by
s \ s 1 upper-FSS and GND, the lower-FSS should act as free space
%’ g " " and let the electromagnetic wave go through it freely at lower
§ \ g ot frequencyas shown in Fig.1 (a). When this antenna is working
g o Coaemm > T o oradeismm g NN at upper band, the upper-FSS should allow higher frequency
o ——at=18mm \\/ o —a3=asmm [ > electromagnetic wave go through freely, as shown in Fig.1 (b).
S feeychn Frequency (G * Italso should be noted that this double-FSS layer not only needs
() (b) frequency selection performance but also enough large
Fig.3. Reflection magnitude of the upper-FSS reflection magnitude at the frequency each band is operating
" s R according to equation (2). In brjef order to design the dual-
Q ook ST el P band FP antenna, the upper-FSS needs high reflection
EEA i £ N magnitude and band-pass performance at lower and upper
z \ - / = \\.. / frequencies. The lower-FSS needs band-pass and high
§ : VAT ;; a G et reflection magnitude performance at lower and upper
EONL mammEel /) uEm | frequencies.
T T S S T s S S R e B. Design of FSS
Frequency (GHz) Frequency (GHz)
(a) (b) FSSs have two kinds of metallic patterns: one is patch type,
Fig.4. Transmission magnitude of the lower-FSS such as dipole and loop. They are designed to reflect the

coupled patch antenna [21, 22] operating at C band is empm)@gctrom_agn_etic wave at its resonate frequency. The other is slot
as the lower frequency feed antenna. This C-band patchy®& which is a complementary structure of patch-type FSS,
surrounded by a 2x2 sparse feed array operating at X band. gych as grid Iatt_lce and square slot. This type has the band-pass
of the feed antennas are fed by two orthogonal ports to generfgéformance at its resonate frequerinyour proposed antenna,
dual-polarizations. All the design is implemented with the EN? Patch-type and a slot-type FSSs are designed to be the upper-
software CST Microwave Studio. To validate the concept, @d lower-layer of the double-layer FSS, respectively.
prototype is fabricated and measured. A novel patch-type FSS is studied to act as upper-leg&
This paper is organized as follows: In sectigmletails of the The conf|gur_at|on of th|§ FSSis shown in Fig.2 (a). Itis a quasi-
structure of PRS are given, and the antenna design methodsSi# Patch with the period of P. The colors of gray and yellow
also explained. In section Ill, the analysis of parameiers are the copper conductor and substrate, respectively. Four small

reported. The simulation and measurement results are show®fif's are connected and placed around a square patch printed in
sectionlV. Finally, a conclusiofis given in section V. the center on the substrate. The dimension of the outline of this

FSSis &y xa;. The size of the center square patchyisaa and
the length of the outside of the arms is The space between
the two arms is set as.& he reflection coefficient of this FSS
A Principle of Dual-band Operation is investigated and plotted in Fig.B. shows that a ‘zero’
An analysis of FP antenna can be realized using ray theofgflection magnitude occurs at upper frequency with a high
According to the analysis in [11], the maximum directivityreflection magnitude at lower frequency. The dimension of

II. DUAL-BAND PRSDESIGN

occurs at broadside when the equation (1) is satisfied, outline (a) mainly determines the resonate frequency as shown
in Fig.3 (a). The resonate frequency changes from 7.0 GHz to
prt u-2n/% % 2h=2kn, k=20,%1,42 1) 6.0 GHz with the variation ofg@rom 16 mm to 18 mm. The

where g and g are the reflection phase of PRS and groun‘&ero’reﬂection magnitude at upper frequency is decided by the

plane, respectively. h is the distance between the PRS and Qﬁéameter of (§ as show in F|g.3.(b). There is little |‘nflue’nce
on the resonate frequency whenisachanged. But the ‘zero

groun_d plane. The directivity enhancement contributed by tpgﬂection magnitude moves to lower frequency aimereases.
PRS is theoretically It can be found that this quasi-star patch alltavsontrol the
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Fig.6. The transmission using image theory Fig.7. (a) the structure of coupled patch; (b) the ovestallcture of the

proposed antenna
high reflection magnitude abwer band and ‘zero’ reflection

magnitude at higher band easily by adjusting the values of a !n order to check the possibility of dual-band perfo.rmance
and a. This means that the specific reflection or transmissiof 9 the .double-laly.er FSS as the PRS, the co.mputat_lon of the
magnitude of this proposed FSS at specific frequencies can{fgrsmission poeﬁ|C|ent using image theory is carrled_ out.
obtained by changing these parameters. This characteristid T89€ theory is done_ by eI|m|nat|_ng the grqund and adding its
quite important and useful for the design of lower-band in tH8'a9€ on_the other 5|de._ Accordlng to the image theory, there
dual-band EP antennas. should exist total transmission coefficient at resonate frequenc
A simple square slot is designed for lower-FSS as shown‘f‘ﬁ'en such a structure is held above the ground plane. It can be

Fig.2 (b). The width and the inner length of this slot are set geen thatitetransmission coefficient through the cavity is close
wi and d. As the slot has band-pass performance, th 0 dB at the frequencies of the FP cavity resonance as shown

transmission coefficient instead of reflection coefficient i&! F19-6 As the height of cavity increases, these two resonate

studied in Fig.4. It can be observed that the resonate freque ézquenmes move to '°W.ef frequencies, which have a goo_d
is mainly controlled by the length of the slot as shown in Fig.qt eement with the equ_athn (2). Thu;, the resonat_e frequen_ues
(a). The resonate frequency moves to lower frequency with tﬁgnalsq b.e tuped by adjusting the he|g_ht of the cavity. The h'gh
increase of d There is little influence on the resonate frequenc yansmission 1S entlrely due to FP cavity resonance. The pawty
when the width of slot is varied. However, this paramet fflClgnFIy radiates with a narrow beam, formmg a_high-
influences the bandwidth of band-pass. The reflectio rectivity FP resonate antenna at these frequencies.
magnitude decreases with the increase cdtwipper band as
shown in Fig.4 (b), which can be used to adjust the reflection

magnitude at X-band. A Antenna Configuration
Fig.5 shows the optimized results of reflection coefficient The overall antenna structure is shown in FigThe

of these two FSSs structures. The reflection magnitude of foposed PRS consisting of the double-layer FSS designed in

guasi-staf=SSis around 0.9 at 5.3 GHz with the value belo ion Il i h | ith th .
0.1 at 9.6 GHz, which means a high reflection and transmissisgeig;]c:gf hlzr:go;nted above the ground plane with the cavity

are obtainedn lower and higher frequencies, respectively. Atr@

I1l. DUAL-BAND DUAL-POLARIZED HIGH GAIN ANTENNA

. s an integral part of the resonator antenna, the feed antenna
the same time, these values are around 0.85 at 9.6 GHz gralp

i i tantol t ’ i . S I
below 0.1 at 5.3 GHz. The reflection phase of each FSS Iayegt? S an importantoe on antenna s periormance. SEVera

| lculated. which b dt timate th v hei es of antennas have been reported as the excitation d? the F
aiso caiculated, which can be used o estimate the cavity et nng - such as patches and dipoles. In this design, slot
for each band based on the equation (1).

coupled patch anteniigchosen and a novel feed antenna using
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0 § \/ ‘ i v VLN Y PRS and in turn received by any adjacent array element. In
! —Sparse arrdy order to study the isolation between the inter-elements, two
Y| | T Eeeme ATy i PRS single-polarized elements placed in the FP resonate cavity were
B P e e e e P S A 90 T simulated with the variation of.d’he dimension of PRS is
Angle (deg) chosen as 140x140 mm consisting of 6x6 PRS units. Fig.8
Fig.9. Normalized Radiation patterns of spare arratyi and without PRS shows the isolation of slot-coupled elements in the resonate
cavity. It monotonically increasesthe inter-element distance
creases for a given dimension of PRS. The isolation is below
.5 dB when the space is 20 mm. This values drops tacrou
5 dB with d=40 mm. The isolation keeps increasing as d
reass.

Gain (dBi)

=S
H

-20

Pattern (dB)

a compact-size sparse array at higher band interleaved with
radiating element at lower band is proposed and designed in
FP antenna due to its low profileay feeding and stable
broadside radiation. Using slot coupled patch antenna allows:
print the feed network an th? p_ther S'de. of the GND, which The space between inter-elements should be enough large
provides more space and flexibility to design the fegd networgCcording to the analysis in order to obtain an acceptable
The structure of the slot-coupled patch antenna is shown.

Fig.7 (a). The patch is coupled with the feed line through tvdga)latlon Here, @50 mm (1.6%0 at 9.6 GH2) is chosen. In this

rthogonal 'H' slots in the around plane. Th tch i Chse, the X-band feed array can be seen as a sparse array. It is
19r mo?r? %NDSbO Sn ire grou implane{t hﬁ] pictwsrlf'?acﬁ ealistic in practice using such a sparse array due to high

toh d € the b ¥ta Ia 'giFA N kpti af g ne % S sidelobe level (SLL) caused by the large space. While, when the
etc ed on % Od o.rgthay(?rho ma;} el €an entna pr;avtlhe afw %posed PRS is added, not only directivity but also SLL of the
;?]?:m?;;z cc?r?st\rmcted as gh(;N no'i Fge()?mi’; ryA %-bar? d ea arse array can be improved [23]. A comparison of normalized
. ! u wn in Fig.7 (b). P iation patterns between the sparse array and the one with
IS placgd in the center_ of the ground plane. A 2x2 antenna ar S is investigated in Fig.9. It can be found that the SLL of
ggzgt'%ges\f eé nb?r:]: ;f-t?;?]((:jedelz:r?gr?g tihse Scé'tb:gg dp?;g&' arse array without PRS is only -3dB. A great improvement of
network is printed on the other side of the substrate. There ihe SLL is obtained when the PRS is applied, whose value

)
four ports for H-pol and V-paht two frequency bands in this Heerease to aroundsdB.

e . This phenomenon can be explained by the E-field
fged network. The X-banq radiating elgmgnts are fed Wnthstribution of the spare array with and without PRS shown in
signals with 180 phase differencescontributing to further

mprovement of the cross-polarization levels Fig.10 For the spare array, the strongest E-field occurs on the
P P : surface of each patch. Due to the large space between each
B. Performance of Proposed Antenna at X band elemant, it is difficult to form a uniform E-filed distribution on

As described above, a 2x2 antenna array operating at X bé% effective aperture, resulting in a I_arge SLL. W_hen the PRS
is employed as the primary source. It is necessary to analySisemployed, the phase and amplitude of E-filed become
how the inter-element isolation and radiation characteristitgiform on the surface of PRS at the resonate condition. In this
dependon the inter-element spack can be expected that the @€, the radiation patterns of spare array with PRS are
inter-element isolation in resonator cavity tends to be low@enerated by the PRS with uniform E-filed instead of the spare
than conventional antenna arrays because the EM-waRig2Y itself. That is why a great improvement including
produced by any of the array elements can be reflected from ff{gctivity and SLL is obtained when a PRS is applied.
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(b)
Fig.12. E-filed in the cavity; (a) 5.3 GHz; (b) 93z

C. Effect of physical size on antensdzain

FP antenna can be considered as a leaky wave antenna where
the leaky wave propagate toward the edges of PRS and produce
radiating current distribution on the surface of PRS. Increasing
the dimension of PRS means larger radiating aperture, which (b)
can lead to higher directivity. Meanwhile, a smaller size is _
preferable in the application of space-borne SAR. In thfﬁg.13 (a) photograph of the fabricated DBDP FReian&; (b) feed network of

. . - . the proposed antenna
section, the study on the PRS sizcarried out. Fig.11

illustrates the calculated gain as a function of frequency with 0
different numbers of PRS units, where the dimension of PRS i\_\\ i~ =T
varies from 80x80 mi(4x4 units) to 200200 mi(10x10 TN A 2 : .\\ N7
units). In order to study the effects more suitably, the gain is @ LW 7 \ \/
absolute gain in the broadside direction and the loss caused by % 204 ‘l 1 1\
impedance mismatching is not included. It is revealed from 5 PR '-‘v;r"-‘\. W
Fig.11 that the gain increases with an increasing number of PRS § -30 - -,_,g_‘v " measured S11
units, which agrees with our expectation. A peak gain of 15.2 hs —— measured $22 —
dBi and 18.9 dBi occurat C- and X-band, respectivelwhen 40 e L fod
4x4 PRS units are used. Then it increases by 2.1 dB, 4 dB and - -simulated S22 ;¥ - L
4.7 dB when the number of PRS units increases to 6x6, 8x8 and 50 oo Smusted S21f |- H
10x10 at C bandrhis value is increased by 1.8 dB, 2.5 dB and 50 52 54 56 58 60 90 92 94 96 98 100
32 dB at X band, respectively. The simulation results _ ers of th F’eq”e”dCV (C;HZ)
simultaneous show that enhancing the dimension of PRS more 1024, S paramelers atihe proposed antenna
than 8x8 units has a little enhancement on the ajdhrese two e
bands. This is because the dimensions of the PRS substrate 20 =
layer is big enough and the reflected wave from the edges of 18 Pl \
PRS has little contribution to antenna’s gain. In addition, it can _ il f/ N
affect 3dB gain bandwidth after a certain size of PRS although g*L AN
a higher gain is possible. It is due to the reason that durng t g™ N
design of the PRS, it is assumed that the PRS has a normal 2 12 AN
incident angle. It gives a good approximation if the size of the % 0 —— measurement (H-pol) |
PRS is moderate compared to the height of the cavity, so the « L eerement
incident angle effect can be ignored. However, with larger size 8 — - fs;r::l:rt]ig; ﬁ\!{po”
of the PRS, the angle of the incident wave cannot be ignored 6 ]
otherwise phase errors can affect the overall radiation pattern 52 53 54 55 56 92 94 96 98 100
and cause the decrease of 3-dB gain bandwidth. Frequency (GHz)
Fig.15. Realized gain of the proposed antenna
IV." SIMULATION AND MEASUREMENT substrate of Rogers 4003€,=3.55) with the thickness of 0.8

In this section, a finite-size antenna structure has be#rmm. A finite lateral size of the double layer FSS with dimension
simulated based on the optimized designs obtained in th&140x140 mrfA(6x6 unit3 is chosenwhich is about 2.5 A at
previous section. Measurements of a prototype of the proposed GHz and 4.5 A at 9.6 GHz, respectively. Although a larger
double-layer DBDP FP antenna are also presented. dimension can lead to higher gain, a smaller size and better 3-

The structure has been formed using the optimized doub®8 bandwidth is more desirable in practice application. The
layer FSS as the proposed PRS placed in front of a grouneights of the dual-band cavitjés and h, are optimizedo 31
plane. The feed antennas are located in the FP cavity sharningh and 10.8 mm, respectively. This double-layer PRS is made
the same apertur&he spaebetween each radiating elemént from 0787 mm Rogers 588Q¢,=2.2) and it is held by six
X-band feed array is chosen %% mm, which has shown high hexagonal nylon spacers placed around the corners of ground
isolation. The feed antennas and network are etched on the plane to support the suspended PRS layer and create the depth
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Fig.16. Measured rediation patterns at 5.3 GHz¢apl in E-plane; (b) H- Fig.17. Measured rediation patterns at 5.3 GHz:H¢@pl in E-plane; (b) H-
pol in H-plane; (c) V-pol in E-plane; (d) V-pol l-plane pol in H-plane; (c) V-pol in E-plane; (d) V-pol l-plane

formed by the top layer of PRS and ground plane. The bottom
of the air cavity. They are also modeled and taken into accouayer acts like free space for E-filed in this case. When this
in the numerical simulation. antenna is working at 9.6 GHz, the bottom layer of PRS and the
An analysis of the E- field distributions in the FP resonatground plane forms a FP resonate cavity to enhance the gain
cavity is carried out to better understand the radiaticand the E-filed can spread through the upper frequency freely.
mechanism of this antenna shown in Fig.12. As our expect The pictures of a prototype are shown in Fig.13. The
when this antenna is working at 5.3 GHz, the resonate cavitysitnulated and measured S parameters of this proposed antenna
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are shown in Fig.14. At C band, the 10-dB return-loss for Hsingle slot-coupled patch operating at C band with dual
polarization is from 5.25 GHz to 5.65 GHz from the simulategolarizations are employed as the primary source. The
results and 5.28 GHz to 5.64 GHz from the measured resultsaximum realized gain of this antenna can achieve 16.2 dBi for
For V-polarization, this value is from 5.2 GHz to 5.63 GHz anHi-pol, 16.3 dBi for V-pokt C band and 19.8 dBi for H-pol and
5.28 GHz to 5.63 GHz, respectively. At X band, the simdlatel9.7 dBi for V-polat X band. Compared to the conventional
10-dB return-loss is wider than 600 MHz from 9.4 GHz for bothlual-band dual-polarized aperture-shared SAR anterthas
polarizations. The measured results have a good agreement \ithposed antenna has achieved promising performance with
the simulated values. Due to the orthogdffalconstruction of  very simple feed network arehy fabrication. Such a simple
coupled slots, a good isolation is achieved, which is better thiam-cost SAR antenna is very useful foowkcost small
25 dB and 35 dB at lower- and upper-band, respectively satellites.

Fig.15 indicates the simulated and measured realized gain of
this antenna. The measured gain is found by the gain ACKNOWLEDGMENT
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known gain. It is illustrated that the realized gain at X band EP? (grant number: 6069923). Thank to Mr. Simon Jakes at the

higher than the one at C band as the electrical aperture of uPg fversity of Kent for antenna fabricationhhankto Prof. Raed

frequency is larger than the one of lower band. The measure 4 alhameed at the Universit -
; . : Abd- y of Bradford for assisting the
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reaching 16 dBi and 163 dBi, respectivelyAt X band, both
of the peak gain in dual-polarizations occur at 9.6 GHz, which
are 19.8 dBi in H-pol and 19.7 dBi in V-pol, respectively. , _
Comparedo the results, around 1 dB gain loss occurring at ¥ \(/)Vr}lﬁ{elrﬂg::l;' zsdlgao' and L. Boccia, Space antdvamacbook: Wiley
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from 5.22 GHz to 5.48 GHz (4.8%) in V-pol at C band. This  Transactions on, vol. 33, pp. 829-839, 1995. _
values reach 7.2% in H-pol and 7.8% inpgtat X band. In L. L. Shatai, W. A. Chamma, M. Barakat, P. C. Stadid, and G. Seguin,
. Dual-band dual-polarized perforated microstrip anten for SAR
order to ShOW how much the enhancement of gain can b? applications,” IEEE Trans. Antennas Propag, vol. 48, pfa6&000.
obtaired using the proposed PRS, the gain of feed antennag4ls D. M. Pozar and S. D. Targonski, "A shared-apertural-tiand dual-
also presented as the reference in Fig.15. It can be observed thatgg?rlizsid ngigiostrip array," IEEE Trans. Antennas Propag,49, pp.
the gain has dramatically improvement, which increases Péf % Qu,é. Zhon‘g’ Y. Zhang, and W. Wang, "DesignrofséX dual-band
around 10 dB and 9 dat lower- and upper- band after the dual-polarized microstrip antenna array for SAR agpions,"
proposed PRS is introduced. Microwaves, Antennas & Propagation, IET, vol. 1, §p3-517, 2007.
The far-field radiation patterns of the proposed antenna dpe T. D. Sudikila and T. E. Gilles., “Design and Manufacturing of a Dual-
measured in an indoor anechoic chamber. In our measurement band, Dualpolarized and Dual Fed Perforated Array Patch Antenna Pair”,
L ) . " PIERS Proceedings, Moscow, Russia, August 19, 2012
the co-polar and cross-polar radiation patterns in E- and Pokuls, R., Uhg J., Pozar, D.M.: ‘Dual-frequency and dual-polarization
planeat C bandin two polarizations have been tested with the  microstrip antennas for SAR applications’, IEEE Trans. Antennas
operating frequencies of 5.3, 5.35, 5.4, 5.45, 5.5 GkizX Propag., 1998, 46, (9), pp. 128296 .
band, the radiation patteros the operating frequencies from[8] Shi-Gang Zhou, Peng-Khiang Tan, THnatChio, “Wideband, low
profile P- and Ku-band shared aperture antenna high isolation and
9.4 GHz to 9.9 GHz are r_neasured. All the_ measured results low crosspolarisation”, IET Microw. Antennas Propag., 2013, 7, (4), pp.
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; ; ; ; ; antenna for z cellular systems,” rans. Antennas
are plotted in Fig.16 and_ Fig.17, respectively, with the Propag., vol. 51, no. 8, pp. 193840, Aug. 2003,
simulated results as comparison. It can be found that the peaj{ s Gao, et al., Antennas for modern small satellites, IEEEnAateand
radiation happens in the broadside direction at these two Propagation Magazine, Vol. 51, Issue 4, Nov. 20094056
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