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selected for simulating diffraction fields since the geometry of the plate REFERENCES
and the ECCD array is symmetrical. [1] H. Miyashita, H. Ohmine, K. Nishizawa, S. Makino, and S. Urasaki,

We investigate the possibility to reduce sidelobes of the ECCD array ~ “Electromagnetically coupled coaxial dipole array antenn&EE
by mounting a finite reflected plate below the array. It is well known Trans. Antennas Propagatol. 47, no. 11, pp. 1716-1725, Nov. 1999.
that dipoles with infinite ground plane can achieve the maximum gain [2] HI- Miyashita, “Sftu]glf_y on agalytical modgling”cnl;?lngtedn_na arrays foéirg.'
f the height of ipoles over the ground is 0.25 wavelength, Extensive  BSmertaon ofefcent desin procedure PR deseraton, Raclo
calculations in this paper have indicated that a finite reflected plate with  2qggg.
an appropriate size can also achieve the same effects for increasing] L.L. Tsai, “A numerical solution for the near and far fields of an annular
gain and reducing sidelobes as an infinite plate. It has been observed ring gégﬁzg?%EtgeCl:ffleg;JZEEE Trans. Antennas Propagatol. AP-20,
from Fig. 5 that t_he height of 0.25 Wavelen.gths actgally aghleves a[él] Ep Yamashitél,Ar?alysis Methods for Electromagnetic Wave Prob-
greatly reduced sidelobes as well as the maximum gain. This is because” |ems  Norwood, MA: Artech House, 1996, Physical Optics by
the diffraction by finite edges of the plate is quite small, compared to Makoto Ando, ch. 4.
reflection from the surface of plate. The total scattering field over the [5] A. K. BhattacharyyaHigh Frequency Electromagnetic Techniques: Re-
above half-space of a finite plate is almost equal to the sum of two  cent Advances and ApplicatiansNew York: Wiley, 1995.
parts, one is from the direct radiation of antennas and the other from
full reflection due to the ground plate. The above results are just desired
for some radars to increase gain and to block ground clutter signals.

Based on the above simulations, we adopt a 22 by 24 planar ECCD
array to the LTR shown in Fig. 6. The LTR is a 1.36-GHz pulse-mod- ] . ) .
ulated monostatic Doppler radar with an active phased array system,Radar Cross Section of Stacked Circular Microstrip
where the antennas consists of two rectangular arrays, they are perpen-  Patches on Anisotropic and Chiral Substrates
dicularly superimposed corresponding to two linear polarization. The
configuration of each array is the same as that mentioned in Section Ill.
The nominal peak power is 2 kW (the maximum average power is 400
W), which is produced by 24 solid state power amplifiers (transmitter ppstract—Galerkin's method in the Hankel transform domain (HTD) is
modules). The LTR has been successfully operated at the Shigaraki bplied to the determination of the radar cross section (RCS) of stacked cir-

radar observatory of Kyoto University for the lower atmosphere obseular microstrip patches fabricated on a two-layered substrate which may
vation. be made of a uniaxial anisotropic dielectric, a magnetized ferrite or a chiral

material. Concerning the case of stacked patches printed on magnetized
ferrites, the results show that substantial RCS reduction can be achieved
V. CONCLUSION inside the tunable frequency band where magnetostatic mode propagation
is allowed. It is also shown that both the frequency and the level of the RCS
An efficient analysis procedure is presented for exactly modeling tpeaks obtained for circular patches fabricated on anisotropic dielectrics or

far field of ECCD element. One of its advantages is that one need §6iral materials may be substantially different from those obtained when
handle infinite integrals raised [1] for the process is based on PodkPstrate anisotropy or substrate chirality are ignored.
lington type of formulation that only involves closed form of Green’s Index Terms—Anisotropic media, chiral media, ferrites, microstrip an-
functions in free space. This allows the proposed analysis procesd€fi1as. scattering.
this paper to be easily applied to various ECCD elements with different
lengths and radii of circular pipe. Owing to its advantages of simply
constructed and clear physical meanings, the procedure in this paper,
compared to available methods from other literatures, can also be morélthough the standard configuration for a microstrip antenna in-
easily applied in engineering. volves one single conductor patch, two stacked conductor patches are
The equivalent model derived from the analysis for the ECCD eléometimes employed for obtaining either dual-frequency operation [1]
ment can result in the simplification for the computation of the radiatid?f increased bandwidth operation [1], [2]. Concerning the topic of scat-
pattern of the ECCD under some special conditions, and therefore &é&fing from microstrip antennas, we should say that as the radar cross
increase computation efficiency. section (RCS) of military platforms is reduced by geometrical shaping
It is fully novel configuration in the ECCD application to mount a8nd the use of composite radar absorbing materials, the scattering from
large ECCD planar array over a finite metallic reflected plate with @€ antennas mounted on such structures may give the most impor-
suitable height so as to achieve reduced radiation sidelobes of af@jt contribution to the overall RCS. Bearing in mind that microstrip
antenna. The uniform physical theory of diffraction, being hybrid witRntennas are very suitable for use on aircraft vehicles owing to their
the proposed method for the ECCD element, has handled successfiijt weight and conformability, different results were published in the
the scattered far field of this system, the proposed height for ECSt for the RCS of single microstrip antennas both on conventional
array antenna over the plate is practical useful. isotropic dielectric substrates [3] and nonconventional substrates with
The proposed ECCD array configuration in the LTR is only a start féliélectric and magnetic anisotropy [4], [5]. The feeding and radiation
ECCD array application. Authors believe that the related configuration
can also be expected to application in other fields, such as based statiqfanuscript received September 28, 2001; revised January 28, 2002. This
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Incident eoey and the permeability tensor will be taken as that shown in [8, eq.

. Z wave (2)] (the elements of the permeability tensor can be obtained in terms of
Circular the gyromagnetic ratig = 1.759 - 10'! C/Kg, the saturation magne-
patches Air tization of the ferrite material/;, the internal bias magnetic fielll,

> and the linewidthA A as explained in [9]). Finally, if the substrate of
y Fig. 1 is a chiral material, this material will be assumed to be a Pasteur

medium [10] with permittivityeg e, permeabilityuo 1. and dimension-
less chiral parametaer... Inside this chiral material, the constitutive re-
lations among the four vector quantitiBs B, E, andH will be those
shown in [8, eqgs. (3) and (4)].

IIl. SOLUTION METHOD

Let us assume that a TEM plane wave travelling through the air in-
cides on the stacked patches of Fig. 1. The incident wave will be both
reflected by the two-layered substrate and scattered by the two metallic
circular patches. If the total tangential electric field on every patch
(sum of the tangential electric fields of the incident wave, the reflected
wave and the scattered wave) is obliged to be zero, a set of two electric
field integral equations (EFIEs) for the induced current densities on the
patches is obtained. In order to solve these two EFIEs, in the current
paper the authors have expressed the unknown current densities on the
patches in cylindrical coordinates, = ji(p, ¢)(i = 1,2), as Fourier
series of the cylindrical coordinategiven by

—+ oo

b . em ¢
®) ilpo)= 3 Qe
Fig. 1. Side (a) and top (b) views of two stacked circular microstrip patches m=—oc
fabricated on a two-layered substrate which may be made of a uniaxial +oo
anisotropic dielectric, a magnetized ferrite or a chiral material. A plane wave - (m p+ M ) M (1= 1.2). 1
whose direction of propagation makes an ar@jlevith the z axis incides on m;x Jip(P)b+ e (p)® ( 2. @)

the stacked circular patches.

Bearing in mind (1), the two original EFIEsS have been written
properties of microstrip antennas fabricated on chiral substrates havethe HTD in order to obtain an infinite set of decoupled
also been analyzed in detail [6], but the study of the scattering fropairs of equations for the Hankel transforms §f (p) and
this type of antennas is a topic which has not received much attgi-(p)(m = ...,—1,0,1,...). Each decoupled pair of
tion. In this paper the authors apply Galerkin’s method in the Hanketjuations has been solved by applying Galerkin’s method
transform domain (HTD) [7], [8] to the determination of the RCS oin the HTD as in [7]. The basis functions foj;”,(p) and
unloaded stacked circular microstrip patch antennas fabricated op/a(p)(i = 1,2;m = ...,—-1,0,1,...) have been chosen to
two-layered substrate which may be made of a uniaxial anisotropic tie those shown in [8, egs. (10)—(13)]. Once the different functions
electric, a magnetized ferrite or a chiral material. Although the topi¢” (p) of (1) have been calculated, the far zone scattered electric field
of the scattering from isolated microstrip patches has been extensivVBf(r, 8, ) has been computed in terms of the Hankel transforms
treated [3]-[5], to the authors’ knowledge, this is the first paper dealing ji"(p) by applying the stationary phase method (see [7, egs.
with the determination of the RCS of stacked microstrip patches fab(®23) and (24)]), and the different components of the monostatic

cated on complex materials. RCSoiv(u,v = 8,¢) of the circular patch of Fig. 1 (relating the
v component of the scattered electric field and thecomponent
Il. PROBLEM GEOMETRY of the incident electric field) have been determined in terms of

ElL(r.6 = 6,0 = ).

Fig. 1 shows the side and top views of two stacked circular microstrip
patches of radii; anda2 placed above a ground plane. The revolution
axis of the two circular patches is assumed to be:tlais of Fig. 1.

The circular metallic patches and the ground plane are assumed to bk order to check the validity of the algorithm described in Section 11,
perfect electric conductors (PEC) of negligible thickness. The substratd=ig. 2 our numerical results for the RCS of stacked circular patches
is assumed to be made of two layers of the same material which inffabricated on a isotropic dielectric substrate are compared with the re-
itely extend along the andy coordinates. The material of the two-lay-sults obtained by means of the electromagnetic simulator “ensemble.”
ered substrate is chosen among three different possibilities: a uniaxdalod agreement exists between the two sets of results. The resonant
anisotropic dielectric, a normally biased ferrite and a chiral materidtequencies indicated by the arrows of Fig. 2 have been obtained by
In case the substrate is a uniaxial anisotropic dielectric [4], it will bmeans of an extension of the method reported in [7]. Note that the res-
assumed that its permeabilitysis and its permittivity tensor is of the onances appear in pairs in accordance with the fact that the stacked
form shown in [8, eq. (1)] (i.e, the elements of the permittivity tensgratches represent a system of coupled resonators. The results of Fig. 2
can be obtained in terms of transverse and axial relative permittivitits the RCS of stacked circular patches have not only been compared
e; ande.). In case the substrate is a magnetized ferrite, it will be awdth the results supplied by “ensemble” but also with those obtained
sumed that the ferrite is magnetically saturated, and that the bias matyen the lower patch is absent. It can be seen that the results for the
netic field of the ferrite is directed along theaxis of Fig. 1. For that isolated upper patch match pretty well those obtained for the stacked
particular case, the permittivity of the ferrite material will be taken gsatches, except in the neighborhood of the resonances related to the

IV. NUMERICAL RESULTS
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Fig. 2. Monostatic RCS component;;,’ of stacked circular microstrip
patches versus frequend¥;(= 63°,a, = 7.1 mm,a, = 7.25 mm). The
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substrate chosen is an isotropic dielecthc & 0.7874 mm, e, = 2.2).
Our results for stacked patches (solid lines) are compared with those obtai
by means of ensemble (dotted lines), and with our results for the case wh 3
the lower patch is absent (dashed line). The vertical arrows locate the resor -30 =
frequencies of the stacked patches. —_ 3]
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Fig. 4. Monostatic RCS components;” (a) andoy’; (b) of stacked circular
microstrip patches versus frequen@; (= 60°, a; = 6.25 mm,a, =
6.5 mm). The substrate is taken to be a ferrite matetal & 1.27 mm,
6 8 10 12 14 16 18 20 22 €; = 15) which can be unmagnetiz§d\f, = H, = AH = 0) or

frequency (GHz) magnetized o M, = 0.065 T, uo Hy = 0.1 T, uoAH = 0.004 T).
MMR is the acronym for the magnetostatic mode region.
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Fig. 3. Monostatic RCS component,), of stacked circular microstrip
patches versus frequencg,( = 60°,a;, = 5 mm,a, = 5.1 mm).

The substrate is taken to be either isotropic P.B.A. (= 1.27 mm, Onthe RCS values of the stacked patches increases as the frequency
€, = €. = 3.4) or anisotropic P.B.N.X = 1.27 mm,e, = 5.12, increases.
e. = 3.4).

= In Fig. 4 (a) and (b) the authors present results for the RCS
componentssgy and oy of stacked circular microstrip patches
lower patch. These latter resonances present very large quality feadricated on a ferrite substrate. Note that as the ferrite is magnetized,
tors and can be identified as very large peaks in the RCS curvestlwdre is a whole frequency intenl8 GHz < f < 3.4 GHz where
the stacked patches. the two components of the RCS stay belewb5 dBsm. This is

In Fig. 3 results are plotted for the copolarized RCS compongiit based on the fact that the stacked microstrip patches fabricated on
of stacked circular microstrip patches fabricated on an anisotropic diagnetized ferrite substrate cannot resonate in the frequency band
electric substrate (pyrolitic boron nitride). The cross-polarized comw~yHo /27 < f < poyy/Ho(Ho + M,)/27 (denoted as MMR
ponentogy is zero as it happens in the isotropic case (see Fig. 2). im the figures) owing to the propagation of an infinite number of
Fig. 3 the results obtained for the RCS of patches on an anisotropic sofagnetostatic volume-wave modes along the conductor-backed ferrite
strate are compared with the results that would be obtained if dielectslab supporting the two stacked patches (see Fig. 3 of [8]). Thus, the
anisotropy were neglected. It can be checked that the differences tesults of Fig.4 (a) and (b) indicate that microstrip patches fabricated
tween the anisotropic resonant peaks and the isotropic resonant peakéerrite substrates present a whole frequency band with very low
are around 7% in the case of resonances related to the upper patchyahees of RCS which can be tuned by adjusting the magnitude of the
around 2% in the case of resonances related to the lower patch, wHicds magnetic fieldd .
indicates that the effect of anisotropy is more pronounced in the formern Fig. 5 (a) and (b) the results obtained for the RCS compomnsgtits
resonances than in the latter resonances. Note that in Fig. 3 the differds;; of stacked circular microstrip patches fabricated on chiral sub-
ences between the shapes of the two RCS curves (including the levedto@ites are compared with the results obtained for the stacked patches
the RCS peaks) become more relevant as the frequency increaseswisn the chiral parameter is set to zero. Fig.5 (a) shows that the differ-
pecially, beyond 11 GHz), which implies that the effect of anisotropgnces between the frequencies of the RCS peaks obtained in the chiral
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lower patch are in the chiral case around 14 dBsm above those related
to resonances of the upper patch. All this indicates that the effect of

substrate chirality on the RCS values of stacked microstrip patches is
much more pronounced in the resonances related to the lower patch
than in those related to the upper patch.

V. CONCLUSION

Galerkin’s method in the HTD has been used for the numerical deter-
mination of the RCS of stacked circular microstrip patches fabricated
on atwo-layered substrate which may be made of a uniaxial anisotropic
dielectric, a magnetized ferrite or a chiral material. Concerning the RCS
values of patches fabricated on anisotropic dielectrics and chiral media,
the results show that whereas substrate dielectric anisotropy has a more
pronounced effect on the resonances related to the upper patch than on
the resonances related to the lower patch, substrate chirality has just the
opposite effect. In the case of stacked patches fabricated on ferrite sub-
strates, the results obtained show that substantial RCS reduction can be
achieved in a whole frequency band, and that this frequency band can
be adjusted by varying the bias magnetic field of the ferrite substrates.
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