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continuous refractive index it is necessary to use Fourier smoothing; the A Low-Profile Conical Beam Loop Antenna with an

value F = 100 was used here. (Thorough numerical tests, including Electromagnetically Coupled Feed System
comparison with the exact solution mentioned below as well as conver-
gence tests, have shown that the values of the smoothing parafeter H. Nakano, K. Fujimori, and J. Yamauchi

we used give converged solutions within the error bars quoted.) Table |

shows convergence studies for = 2 andn? = 72. Errors in the table o o ]

(maximum absolute values in the far field) were obtained by compar- Abstract—The radiation characteristics of a low-profile loop antenna are
evaluated using the method of moments (MoM). The loop having a circum-

ison with a much more refined discretizatiafi: = 200, M = 100,  ference of approximately two wavelengths is electromagnetically coupled

N, = 181,andNy = 301 inthe cases” = 2,andF = 200, M = 40, (o a bent feed line and radiates a circularly polarized conical beam. The
N, = 301, andNy = 295 for n? = 72. Near field errors are gener- frequency bandwidth for a 3-dB axial ratio criterion is calculated to be ap-

aIIy larger by a factor of 10. As claimed, our algorithm resolves t °Ximate'g0-3%é°£ aTqa”_tenn% heigdht ofh = 0.064 Wa"?'e”gthﬁ' O"erd
_ (—5) the same bandwidth, the input impedance is approximately 50 ohms an
= 2 configuration with an error of ordei0 ina 13-srun. The the gam is approximately 7 dB.
restart parameter required by GMRES was taken to equal 4 in the case

= 2 and to equal 40 fon? = 72. OH denotes the overhead, and Index Terms—Electromagnetically coupled feed, loop.
NO and NT denote the normalized quantities BQL0>OH/(M - N,.)
NT = 10*(Time — OH)/(Restart lter- A - N,.). In order to insure |
that these tests give an accurate measure of the error we applied the
same procedure to an off-center circle for which an analytical solution!t is well known that a loop antenna is a linearly polarized (LP) radi-
is known. This geometry provides a nontrivial test for our solver sin@ion element [1], [2]. Recent theoretical study has revealed that, when
it involves discontinuities in the refractive index within the domain ofo perturbation elements are added to a one-wavelength circumfer-
integration. Our test circle has radius one and is centered at (2, 0). EBEe loop [3], an LP axial beam can be changed to a circularly polar-
n? = 2 usingM = 10, 20, and 40 our solver yields errors2f—4), ized (CP) axial beam.
3(—5), and4(—6), respectively. Fon? = 72 usingM = 10, 20, and Automobile communication systems often require a CP conical
40 modes we obtained errors3i0), 2(—2), and2(—3), respectively, beam antenna in addition to a CP axial beam antenna. For this require-
in good agreement with the orders of the errors shown in Table |. ment, this letter presents a low-profile loop antenna that radiates a CP
conical beam. For CP conical beam formation, a single perturbation
element is added to a loop whose circumference is approximately two
o ) i ~ wavelengths.
(1 m'eﬂi'rfgﬁgi‘;iﬁeg;pggg fg:;“e”rllegl'O?ZOfptges%afé%Tglgg;b'em N Attention is paid to input impedance matching. To reduce the high-
[2] D. Colton and R. Kresslnverse Acoustic and Electromagnetic Scat!NPut impedance of the conventional loop antenna fed directly from a
tering Theory New York: Springer-Verlag, 1992. coaxial line, an electromagnetically coupled feed system is proposed.

[3] Y.Saadand M. H. Schultz, “"GMRES: A generalized minimal residual af he feed line in this system is not in contact with the loop, leading to
gorithm for solving non-symmetric linear systemSfAM J. Sci. Statist. straightforward impedance matching.
Comput, vol. 7, pp. 856-869, 1986.
[4] P.Zwamborn and P. Van den Berg, “Three dimensional weak form of the
conjugate gradient FFT method for solving scattering problefE&E Il. DISCUSSIONS
Trans. Microwave Theory Techvol. 40, pp. 1757-1766, Sept. 1992.

. INTRODUCTION

REFERENCES

Fig. 1 shows the configuration and coordinate system of a low-pro-
file loop antenna. The loop is made of a thin wire of ragiu$he loop
of circumferenc&’, backed by a conducting ground plane, has a pertur-
bation element of lengthh L at pointb. The distance from the ground
plane to the loop section (antenna height) and the angle made by the
x axis with lineo’-b (perturbation angle) are designatedhaand o,
respectively. The loop is supported by a dielectric material of relative
permittivity =,-.

The feed system consists of a bent wire-d of radiusp », which
is electromagnetically coupled to the loop (EM-coupled feed). The
curved section of the feed wired is parallel to the loop and located
justunder the loop. The vertical sectipr- and the parallel sectiorrd
have lengths oL, and L ., respectively.

Throughout this letter, the following parameters are chosen to be as
follows: p = 0.003\; = 0.6 mm, . = 0.064)\, = 12.8 mm, s, =~ 1
(honeycomb material is used for a spacer), @nd= 0.0031A\, = 0.62
mm, where\, (=200 mm) is the wavelength at a design frequency of
fo = 1.5 GHz.

The loop circumference, perturbation element length, and bent wire
length are initially chosen to b€ = 2\o, AL = 0.025 C, andLv +
Ly = Xo/4, respectively. Then these values are optimized such that
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Fig. 1. Configuration and coordinate system.
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Fig. 2. Current distribution.

the antenna radiates a circularly polarized wave with an antenna input
impedance of 50 ohms at the design frequeficyresulting inC' =
1.986A0, AL = 0.05Xg, and(Lv, L) = (0.023\o, 0.226)¢). For
confirmation of the analysis, experimental results are obtainef) fer

1.5 GHz, using these configuration parameters.

The method of moments (MoM) is used to obtain the current dis-
tribution. The theoretical radiation pattern, axial ratio, gain, and input
impedance are evaluated on the basis of the obtained current distribu-
tion. Note that the ground plane in Fig. 1 is assumed to be of infinite
extent.

Fig. 2 shows the theoretical current distribution at frequeficy
where the perturbation angle, is chosen to b&0°/4 = 22.5°. A
traveling-wave current flows along the loop section. The amplitude of
the currenI| (I = I, + jI,) is almost constant. The discontinuity _

of the current at point is due to the perturbation element. Note that'd >

Kirchihoff’s current law is satisfied at branch point
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Fig. 3. Radiation pattern in the = 0° plane.
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The traveling current yields CP radiation. A right-hand CP wave is Fig. 3 shows the theoretical radiation patternfatin the ¢ = 0°
obtained withp, = 90°/44+90°n (n = 0, 1, 2, 3),and aleft-hand CP plane, whereZr (solid line) andE';, (dashed line) are the intensities of

wave is obtained witkp, = 90°(3/4) + 90°n (n = 0, 1, 2, 3). The
rotational sense alternates with an angle period bf #bthe following
discussion, the perturbation anglgis fixed to beg, = 90° /4.
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the right- and left-hand CP waves, respectively. The copolar component
(E'r) has a maximum value in tile= 34° direction and the variation
in Er atf = 34° as a function of azimuth angleis very small (less
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than 1.1 dB). That is, a CP conical beam is formed. Note that the cros$ Coupled Surface-Volume Integral Equation Approach
polarization componenf;,) atd = 34° as afunction ofazimuthangle for the Calculation of Electromagnetic Scattering from

¢ is very small, leading to good axial ratios of less than 2.2 dB. Composite Metallic and Material Targets
The frequency response for the axial ratio in the directtony) =
(34°, 0°) is shown in Fig. 4, together with the gain. The frequency C. C. Luand W. C. Chew

bandwidth for a 3-dB axial ratio criterion is calculated to be approxi-

mately 0.5%. The gain within the same bandwidth is almost constant
(approximately 7 dB). Abstract—A coupled surface-volume integral equation approach is pre-

. . . - _ p . sented for the calculation of electromagnetic scattering from conducting
The behavior of the input impedancg, = Ri, + jXi., as a objects coated with materials. Free-space Green’s function is used in the

function of frequency is shown in Fig. 5. For comparison, the inp@rmulation of both integral equations. In the method of moments (MoM)
impedance when the loop is directly fed from a coaxial line (designateedlution to the integral equations, the target is discretized using triangular

as the direct feed), as shown in the inset in Fig. 5, is also presentedaliches for conducting surfaces and tetrahedral cells for dielectric volume.

is found that the high-input impedance for the direct feed is reducg‘&neral roof-top basis functions are used to expand the surface and volume
rrents, respectively. This approach is applicable to inhomogeneous ma-

. . . G
to 50 ohms using the EM-coupled feed, by which the antenna is eaqgjym coating, and, because of the use of free-space Green'’s function, it can
matched to a commercially available coaxial line. be easily accelerated using fast solvers such as the multilevel fast multipole
algorithm.
IIl. CONCLUSION

A low-profile loop antenna (antenna height= 0.064\¢), whose I INTRODUCTION

circumference is approximately two wavelengths, has been analyzedecently, advance in fast algorithms for computational electromag-
using the MoM. This loop has a single perturbation element. It is foumetics demonstrated great potential to solve scattering problems with
that the loop radiates a circularly polarized conical beam with a gaiealistic targets. However, significant reduction of computational com-
of approximately 7 dB over a frequency bandwidth of approximatelylexity has been achieved for scattering problems with conducting tar-
0.5%. It is also found that the EM-coupled feed leads to an inpgets only. To expand the capability of fast solvers to include material

impedance of 50 ohms. or material coated targets, it is necessary to investigate solvers that
can model material-coated targets. This is the motivation for the cou-
ACKNOWLEDGMENT pled integral-equation approach presented in this letter. It should be

. . . pointed out that scattering calculation for composite conducting and di-

The autholrs woulq like to thar.1k V. Shkawrytko for his assistance | qtric objects has been studied previously [1]-[4] using coupled sur-
the preparation of this manuscript. face-integral equations and coupled surface- and volume-integral equa-

tions [5]. However, [5] used pulse-basis functions and applies to rect-

REFERENCES angular shaped objects. In this letter, we present a similar formulation
[1] R. C. JohnsonAntenna Engineering HandbooBrd ed. New York: but with general roof-top basis function expansion and the tetrahedron
McGraw-Hill, 1993, ch. 5. discretization of the dielectrics. Hence, the approach from this letter

[2] H.Nakano, S.R. Kerner, and N. G. Alexopoulos, “The moment methaghsjicable to arbitrarily shaped objects. In the following formulation,
solution for printed wire antennas of arbitrary configuratiolffEE the ti factor i (it di d
Trans. Antennas Propagatcol. 36, pp. 1667—1674, 1988. e time factor igxp{—iwt} and is suppressed.
[3] H.Nakano, “A numerical approach to line antennas printed on dielectric
materials,”"Computer Physics Communrol. 68, pp. 441-450, 1991. Il. FORMULATIONS

The problem is to calculate electromagnetic scattering from mate-
rial-coated objects. The incident wave induces surface cugrerdan
the conducting surfacg of the objects, and also induces volume cur-
rent.Jv in the dielectric regioi¥ . The total scattered field is the super-
position of radiations from the surface current and volume current. Let
the radiation from/ ¢ and.J, be E<™® andE'$°®, respectively, then

Bt = i;u,ub/ 5(7‘, 7)o Jadr, a=SorV 1)

whereG = (T + VV/k2) exp{iky|F — 7|} /4x|[F — 7| is the 3-D
dyadic Green'’s function, and, is the wavenumber for the background
media. The surface integral equation is formed based on the boundary
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