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Abstract— A novel design concept of multi-mode filtering
antenna, which is realized by integrating a multi-mode resonato
and an antenna, has been applied to the design of dual-poized
antenna arrays for achieving a compact size and high
performance in terms of broad bandwidth, high frequency
selectivity and outof-band rejection. To verify the concept, a 2x2
array at C-band is designed and fabricated. The stub-loaded
resonator (SLR) is employed as the feed of the antennd@he
resonant characteristics of SLR and patch as well as the coupling
between them are presented. The method of designing the
integrated resonator-patch module is explained. This integrated
design not only removes the need for separated filters and
traditional 50 Q interfaces, but also improves the frequency
response of the moduleA comparison with the traditional patch

array has been made, showing that the proposed design has a

more compact size, wider bandwidth, better frequency selectivity
and out-of-band rejection. Such low-profile light weigh
broadband dual polarized arrays are useful for space-bare
synthetic aperture radar (SAR) and wireless communication
applications. The simulated and measured results agree well,
demonstrating a good performance in terms of impedance
bandwidth, frequency selectivity, isolation, radiation pattern and
antenna gain.

Index Terms— Antenna array, broadband, dual-polarization,
filtering antenna, synthetic aperture radar (SAR), stub-loaded
resonator (SLR).

I. INTRODUCTION
ECENTLY, space-borne synthetic aperture radar (SA

has become increasing important for earth observation d
to its capacity of operation under all weather conditions day ap
night. As a key component of the space-borne SAR system, {
antenna is required to have compact size, light weight, low cog*

low profile, broad bandwidth and high frequency selectivit
Such antennas are also required in terrestrial
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Fig. 1 The RF front-end subsystem: (a) traditionehaecture, (b) single-mode
resonator feeding, (c) proposed dual-mode resonatdinfge

band or triple-band shared aperture arrays were proposed to
reduce the volume and weight of SAR syst&mad antennas
are often realized by adopting stacked parasitic patches with a
large air gap between them [f0]. An H-shaped slot in the

I:ground plane can also increase the bandwidth at the expense of

higher backward radiatiofi1], [12]. An L-probe feeding has

50 been used to compensate the inductance of the patch, so as
improve its bandwidth [13]. These methods can be employed
edesign broadband antennas with a bandwidth ovéib 20

the expense of a large thickness and complex structure of the

VY ntenna
wireless

communication and satellite communications. In [1]-[3], dual

To improve the signal quality and reduce the interferences

from the outef-bands, band-pass filters are required in the RF

front-end systemsUsually, the filter and the antenna are
cascaded, which not only increases the volume, but also
degrades the frequency response due to the mismatch and extra
insertion loss caused by the interconnections between fem
reduce the size of RF front end and achieve high performance
of broad bandwidth and higher frequency selectivity, it is
necessary to employ seamless integration of the filter and the
antenna and eliminate the interface between them [14], [15
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Fig.2 SLR and its equivalent circuit: (a) geometby,odd-mode equivalent, (c) Fig. 3 The configuration of a SLR-patch bandpasg filtae coupling slot is
even-mode equivalent. cut in the ground plane, a layer between the taplenttom layer.

In this paper, a novel design method is proposed by using #@y tuned to generate an operating band equivalent to a
stub loaded resonator (SLR) as the feédhe antenna. The three-pole filter
odd- and even-mode of the SLR and the patch as a resonator ark0 make the integrated filter-antenna system more compact
studied to realize a broadband antenna withw profile, The @ multi-mode resonator-fed antenna is proposed in this paper
coupling between the SLR and the patch is investigated 3@ Shown in Fig. 1 (c). The multi-mode resonator is coupled
control the bandwidthTo verify this design concept, a 2><2W!th the antenn,aeffectlvely .gen_eratlng a multi-mode antenna
antenna array is designed, fabricated and measured Wﬂ;h broad bandwidth and filtering performance.
space-borne SAR applicatiori® better illustrate the merits of B. Study of the SLR and patch

this novel integrated design, a traditional cascaded filter-To demonstrate the design concepEig.1 (c), a stub loaded
antenna subsystems also built for comparison. The resultsresonator (SLR) is adopted. As shown in Fig. 2 (a), the SLR is a
demonstrate that the integrated design has much improwggal-mode resonator with two independently controllable
performance in terms of broadband impedance matching, higfsonant modes. Due to the symmetric of the SLR, it can be
frequency selectivity, ports isolation, antenna gains, crossalyzed using thedd and even-mode method [16]. Fig. 2 (b)
polarization discrimination (XPD) and radiation efficiency. (c) present the equivalent circuits of tleldmode and
This paper is organized as follow. Section Il introduces theven-mode, respectively. When tbhdd-mode is excited, the
front-end systems evolution and proposed design methodologgltage at the middle of the SLR is zero and the SLR is shorted
Section Ill presents antenna design of dual polarized SLR-fétere, as depicted in Fig. 2(b). When the even-mode is excited
antenna element and array. Section IV highlights tH&e symmetrical plane can be viewed asnagnetic wall,
advantages of the integrated design over the traditio,ﬁquivalent to an open circuit, as depicted in Fig. 2(c). Thg input
cascaded design through comparison. Section V presents fR@edance of the odd-mode and even-mode can be derived as

measured results followed by conclusion. 7 = jz,tanp (. /2) )
in,odd — 1 a

Il. DESIGNMETHODOLOGY Z =] 4 2

in,even
A Evolution of the front-end tanf(, /2+l,)

It is well known that the RF front-end of advanced wirelesghere Z is the characteristic impedance of the horizontal
systems are required to have compact size, low cost amécrostrip line in Fig. 2(a), and is the propagation constant.
multiple functions. Fig. 1(a) presents the traditiona¥vhen the input impedance, becomes infinite, thedd-mode
architecture of RF front-endwhere the filter and antenna are@nd even-mode resonaféheir resonant frequencies are
designed separately and cascaded WithQ interfaces and c

matching networksFig. 1(b) shows an integrated filtering fgg=—"""7— )

antenna, where the separated matching network is eliminated 2><|a><a/86ﬁ

and the filter and the antenna are integrated seamlessly. The

antenna radiator serves as the last resonator of the filter and the _ (o 4
resonators feed into the radiator through coupling. The  ‘even™ )
; . 2x (1, 12+1,)x /& o

single-mode resonators and the antenna radiator are synchrono- a €
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Fig. 5 The change of the resonant frequencies of thetste in Fig. 3 with:h.  Fig. 7 The variation of the coupling coefficienttvihe length of the slot.

where, e is the effective dielectric constant, c is the speed of Fig. 5 shows that the odd- and even-mode resonant

light. It isd observed tfr]?m ©) and (4) t?)at thetod”d—éngdet ar}’fjequencies vary with the total lengths of SLRIt is observed
even-mode resonant Irequencies can be controlied by NG the influence on the odd-modes is more significant than

the lengths of the stubs. that of the even-mode. Fig. 6 shows the resonant modes vary
To examine the coupling between the SLR and the patch, h the stub lengths] It is observed that the even-mode

two-port circuit composed of a SLR and a patch on differenf .
layers is constructed, as shown in Fig. 3. Rogers 4of@sonant frequency: fshifts to lower frequency when |

substrates witla dielectric constant of 3.55 and loss tangent dficréases, whereas theahd { keep unchanged. Therefore, the
0.0027 is used in the design. The SLR is printed on the bottdfi€e resonant frequencies can be controlled independently by
layer of the lower substrate withthickness of 0.813 mm and tuning the dimensionsf the patch and SLR. As a result, the
the patch is printed on the top layer of the upper substrate witbandwidth can be controlled.

thickness of 1.52%nm. The resonator in Fig. 2 is folded for The coupling strength between the SLR and the patch also
compactness, as characterized by the two sectiorasd L, has a significant influence on the bandwidth of the filtering
respectively in Fig. 3The SLR is coupled with the patchantenna. The coupling can be controlled by the length and
through a slot in the ground plane with the dimensiorf1  width of the slot in the ground. The coupling coefficient can be
mm and W.=0.3 mm. The dimension of the square pageth! extracted using [1]7

is about half wavelengtlat the operating frequency. By f2_§2
adjusting the coupling between the SLR and the patch, a pass S (5)
band with three transmission modes can be obtained, as shown ! sz + fi 2

in Fig. 4. It is observed that the odd- and even-mode

frequencies;fand $ of the SLR are located at both sides of thavhere f is the resonant frequency of the SLR andk fthe
patch resonant frequency fo changes with the length ofeh resonant frequencies of the patch, respectively. Using full-wave
patch patch
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Fig. 8 The variation of the coupling coefficienttivihe width of the slot.

Fig. 9 The configuration of SLR-fed dual polariztenna element.

Table 1: Parameters of the filtering antenmamj

L1 L2 L3 L4 L5 L6
30 14 5.9 8.4 7.4 6.8
w1 W2 D H1 H2

0.3 0.2 14 0.813 1.525
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Fig. 11 The variation of the bandwidth wiL.

the top layer is fed by the SLR in the bottom layer via the slot in
the ground plane in the middle layer. The antenna and the
feeding network are printed on two substrates of Rogers 4003
with the thickness of 525 mm and 0.83 mm, respectively.

The two slots in the ground plane are placed perpendicular to

simulation, fand fcan be obtained and the coupling coefficienéach other to reduce the coupling between the two

can be calculated.

polarizaions. Different from the traditional aperture coupled

Fig. 7 shows that the simulated coupling coefficient betwedratch antenna using the microstrip line, the patch in this design
the SLR and patch varies with the lengths of the slot. It is coupledto a resonator. The SLR in positioned in relative to
observed that the coupling coefficient increases when tithe slot in such a way as to obtain strong magnetic coupling
length increases. Similatlywhen the width of the slot increasesbetween them. In order to realize a wideband performance, the
a stronger coupling can also be observed, as depicted in. Figo8d- and even-mode of the SLR are placed at both sides of the

In this designl6 = 6.8 mm andV1 = 0.3 mm are chosen.

[ll. DUAL-POLARIZED ANTENNA ARRAY DESIGN

A. SLR-fed antenna element

resonant frequency of the patch. The simulation were
performed using High Frequency Simulation Software (HFSS)
and the optimized parameters are presented in Table 1. It should
be noted that the thicknes$ the whole module is 2.338 mm
with two substrates, which is much lower than the previous

Fig. 9 shows the configuration of one dual—polarizatio?‘"Orkinthe references [1]-[13].

integrated filtering-antenna element. The radiating element on

For the SLR-fed antenna, the bandwidth can be controlled by
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Fig. 13 The prototype of the 2x2 dual polarizatRirR-fed array: (a) top layer Fig. 15 The S11 comparison between four devices: L fiter, the parch
(b) bottom layer. array, the cascaded filter-antenna and the intediéiter-antenna.

tuning the dimension of the SLR or the coupling strength

between the SLR and the patch. Fig. 10 shows that theyyy, COMPARISONWITH CONVENTIONAL DESIGN
. oo .
bandwidth of the antenna vary with different lengths of the sl To better illustrate the merits of the integrated filter-antenna

It is observed that the first and the second resonant frequenc, . " . . )

separate wheh6 increases, resulting in a wider bandwidthdes'gn’ a traditional cascaded filter-antenna module is built and

Similarly, when the width\1 increases, the coupling strengthcompared} as Sh‘?WF‘ [ AL it 1ees @i genera_llty, Y

and bandwidth also increase, as shown in Fig. 11. one polarization is _|mpler_nented. The bandpass filter and th(_—:t
' patch array are designed independently and then cascaded with

B. SLR-fed 2x2 dual-polarized array the 50 Q interface. The bandpass filter is composed of the

Fig. 12 shows the layout of the 2x2 dual polarization antenidual-mode SLR. The four-element patch array is directly fed by
array fed by SLRs for the SAR applicatiofite array works in & T-shape four-way power divider via coupling sldtse input

C-band with the central frequency of 5.2 GHz. The spaciriMPedance of the antenna arraysis as 50 Q. Firstly, it is
between the elements is 30 MM53 Xo). For X-direction evident that the size of this cascaded structure is larger than the

integrated structure in Fig. 12

polarization (excitation from port 1), a four-way T-shaped . ; : '
power divider is used to feed the SLRs. For Y-direction Fig. 15 compares the impedance bandwidth of the SLR,filter

o L the standalone patch array, the cascaded filter-antenna and the
polarlzat.|o'n (e>$C|tat|on from port 2an outef-phase T-shaped integrated filter-antenna. As c&e seen, the traditional patch
power divider is adopted to feed the SLRs. The®lfiase oy hag 4 -10 dB bandwidth of only 150 MHz, mainly due to
difference is achieveby extending one branch of transmissiory, o harrowband nature of the patch. Fig also shows the
lines by half of a guided wavelength (i.e. 17.8 mm). Thégiandalone SLR filter has thé®drder characteristics with two
out-of-phase power divider here is used to improve the cropgjes and a bandwidth of 350 MHz. For the cascaded module,
polarization discrimination (XPD) [18]. Quarter-wavelengtfthe overall bandwidth is largely limited by the narrowband
impedance transformer is used for impedance matching. Tcomponent which is the patch array in the design. This is
size of the 2x2 array is 60 mm x60 mm with a thickness evident shown from Fig. 15 that a bandwidth of only 170 MHz
2.338 mm. Fig. 13 shows the top and bottom layers of thfor the cascaded filter-antenna is achieved. This is much
prototype array. smaller than the integrated design, which exhibits a bandwidth
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Fig. 17 The simulated and measured isolation betwesiwo ports.

(b) ¢ =90°

Fig. 18 The normalized simulated and measerednd cross-polarization

; . radiation patternat5.2 GHz when port 1 is excited: @)0°% (b) ¢ =90.
of 470 MHz. What is more, the unmatched bandwidth between

the patch array and the filter introduces unexpected degradation

of performance due to multiple reflections (as shown at 4.989h frequency selectivity and oof-band rejection. The small

GHz). In contrast, for the integrated design proposed in thdifference between the simulated and measured resultsecan

work, not only the size of subsystem is reduced, but also tplributed to fabrication errorgig. 17 shows the simulated and

bandwidth and frequency selectivity are improved. The mudReasured isolation between the two ports. The measured

enhanced bandwidth results from the coupling between tif@lation is better than 32 dB between the two ports. This

narrowband patch and dual-mode filten &ddition, the indicates the coupling between the SLRs in the two

integrated filter-antenna shows sharp transition from the Polarizations is weak.

operation band to the rejection bang.shown in Fig. 15, at5.6  Fig. 18 shows the normalized simulated and measured co-

GHz, 8 % above the central frequency, thei§-3 dB for the and cross-polarization radiation patterns of the array in two

traditional patch, but only -0.5 dB for the SLR-fed array. Therthogonal planes at 5.2 GHz when port 1 is excited and the

bandwidth is improved Signiﬁcanﬂy from3% to 91 %. port 2 is terminated witta 50 Q load. The simulated and
measured results agree well with each other, exhibiting a
maximum radiation in the broadside. The cross polarization
discrimination is ove0 dB in XOZ plane ¢ =0° and YOZ

V. RESULTSAND DISCUSSION plane ¢ =909).

The simulated and measured 8nd S, of the 2x2 SLR-fed Fig. 19 shows the simulated and measured normalized
antenna array are presented in Fig. [k6is observed that radiation patterns in ¢ =0°and¢ =90°planes at 5.2 GHz when
measured results agree well with the simulations, showingpart 2 is excited whereas the port 1 is terminated wiih Q
broadband performance from 4.96 GHz #8&GHz (fractional 10ad. The antenna exhibits a similarly radiation patterns as port
bandwidth =10%).Three reflection zeros located at 5, 5.25 afdexcitation. The main polarization is in y-axis direction veith
5.45 GHz can be identified inSand $,. The results exhibits a cross polarization discrimination over 22 dB in the two orthog-
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20 30 improving the bandwidth and frequency selectivity. To verify
: the design concept, a 2x2 dual polarization SLR-fed antenna
-301 array at C-band is designed, fabricated and tested. The realized
40 270 90 array achieved a 10% impedance matching bandwidth and
% much enhanced frequency selectivity. In the proposed design,
el : the coupling coefficient and bandwidth can be controlled
204 0 FREA VN Compared with the traditional cascaded design of a filter and an
10 L. antenna, this highly integrated design has the advantages of
more compact sizewider bandwidth increased frequency

selectivity and flatter gain response. The measurement results
have verified the design conceftuch low-profile broadband
dual-polarized arrays are useful for space-borne SAR
(b) =90 applications. This concept can be extended to larger-size

Fig. 19 The normalized simulated and measured co- ass-polarization dual-polarized arrays such as 4x4 or 16x16 arrays.
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