UC Irvine
UC Irvine Previously Published Works

Title
High-gain omnidirectional radiation patterns from a metal strip grating leaky-wave antenna

Permalink
https://escholarship.org/uc/item/6tf4s250

ISBN
9781424408771

Authors

Lovat, G
Burghignoli, P
Capolino, F

Publication Date
2007-06-01

DOI
10.1109/aps.2007.4396869

Copyright Information

This work is made available under the terms of a Creative Commons Attribution License,
availalbe at https://creativecommons.org/licenses/by/4.0/

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/6tf4s250
https://escholarship.org/uc/item/6tf4s250#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

High-Gain Omnidirectional Radiation Patterns from a
Metal Strip Grating Leaky-Wave Antenna

Giampiero Lovat'"", Paolo Burghignoli®, Filippo Capolino®,
DavidR. J ackson(4), and Donald R. Wilton®

(1) “La Sapienza” University of Rome, Italy, Department of Electrical Engineering
(2) “La Sapienza” University of Rome, Italy, Department of Electronic Engineering
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Introduction

The metal strip grating (MSG), i.e., a periodic planar arrangement of parallel
metal strips of infinite length and infinitesimal thickness, is a canonical periodic
structure that finds many applications in electromagnetic radiating and
waveguiding devices. In particular, by placing a MSG above a ground plane, and
possibly inserting a dielectric slab in between, a simple but effective leaky-wave
antenna can be designed, as first proposed by Honey in the 1950s [1] and then
studied by different authors with many variations [2,3].

Recently, the possibility to achieve highly directive radiation from simple sources
embedded in grounded slabs made of artificial materials has been investigated and
related to the excitation of leaky waves [4,5]. Furthermore, in [5] the radiation of
almost-omnidirectional pencil beams pointing at broadside or conical beams
scanned off broadside has been reported for a grounded wire-medium slab excited
by a dipole source. This has been explained in terms of the excitation of a
cylindrical leaky wave having isotropic propagation features as a consequence of
the spatial dispersion of the homogenized medium.

In this work we aim at showing that highly directive but nearly omnidirectional
beams are obtained by employing a grounded slab made of an ordinary
homogeneous material (air is used here) covered with a MSG and excited by a
horizontal electric dipole source. An approximate homogenized network
representation of the MSG, which takes into account its spatially dispersive
nature, allows us to analytically prove that the wavenumber of the dominant leaky
wave is independent of the azimuthal propagation angle. As a result, the radiated
beam is almost omnidirectional, as confirmed by rigorous simulations of the
actual periodic structure performed with the method of moments.

Transverse Equivalent Network and Isotropic Modal Propagation
The structure considered here, i.e., a MSG placed in air above a perfectly

conducting ground plane and excited by a horizontal electric dipole parallel to the
strip axis (x direction) at a height /4, above the ground plane, is shown in Fig. 1(a)
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together with the relevant geometrical and physical parameters. By a customary
application of reciprocity theorem, the far field radiated in the (6, ¢) direction can
be evaluated by determining the electric field E, produced at the source location
by a plane wave impinging on the structure from the same direction. Since the

dipole is directed parallel to the z axis and the strips are embedded in a
homogeneous medium (air), a purely TM, field is excited.
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Fig. 1 — (a) Metal strip grating (MSG) above a ground plane, excited by a horizontal electric
dipole parallel to the strip axis, with the relevant physical and geometrical parameters; also shown
is a uniform plane wave incident from the direction (6, @), used in the calculation of the far field
radiated by the dipole based on reciprocity. (b) Transverse equivalent network for the problems of
plane-wave incidence or of modal propagation at arbitrary angles (TM, polarization).

Assuming that the period d of the MSG is much smaller than the free-space
wavelength Ao =2m/ky, the effect of the higher-order Floquet modes can be
lumped into a single shunt equivalent susceptance Bs, as shown in Fig. 1(b)
(where k_=—k,sinfcos¢). An approximate expression for Bs can be derived
from the generalized Sakurai-Vainshtein-Sivov boundary condition for the
averaged fields of the zero-th order space harmonic (see [7]) and is

Bs(kxako)zz_” al
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where 77, is the characteristic impedance of free space. The susceptance in (1)

depends on both the frequency and the spatial wavenumber £, i.e., it is both
temporally and spatially dispersive. A more involved expression for Bs can be
found in the Waveguide Handbook for the case &, =0, i.e. ¢=90° (see [7], p. 286).

The dispersion equation for TM, modes propagating at an arbitrary angle ¢ along
the structure can be obtained by enforcing the condition of resonance on the
transverse network in Fig. 1(b), where now k, =k, cos¢ and k, = B - jo is the

modal wavenumber (which is complex for leaky modes). Assuming that &, (and

hence k,,) is not a function of angle ¢, it is required that the functional
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dependence on k, exhibited by Bs and Y, be the same in order to have a

solution that does not depend on ¢. It is seen from (1) that this is indeed the case.
This proves that the wavenumber of a TM, mode does not depend on its
azimuthal direction of propagation, i.e., modal propagation is omnidirectional. As
shown next, the radiation from such an omnidirectional cylindrical TM, leaky
waves excited by a dipole source is also omnidirectional.

Numerical Results

In this section numerical results are given for the radiation pattern of the structure
shown in Fig. 1(a), calculated by reciprocity. In particular, a comparison is
presented between the approximate model based on a homogenization of the
MSG and its representation through an equivalent temporally and spatially
dispersive susceptance (see Eq. (1)) and a full-wave analysis based on the method
of moments. The latter uses a periodic Green’s function to enforce the electric
field integral equation on the strip conductor in a unit cell of the structure. The
periodic Green’s function is accelerated by using the Ewald method.

In Fig. 2 radiation patterns are shown for a structure as in Fig. 1(a) with d = 1
mm, w = 0.5 mm, 2 = 7.439 mm (this value for # maximizes the power density
radiated at broadside at /= 20 GHz [8]), and s = //2 at two different frequencies,
/=20 GHz and f = 20.5 GHz. In both cases, very good agreement is seen between
the homogenized and full-wave results.

At f= 20 GHz an almost omnidirectional pencil beam pointing at broadside is
obtained (see Fig. 2(a)). By increasing the frequency, the pattern scans and an
omnidirectional conical beam is obtained (see Fig. 2(b), where the scan angle is
approximately 13°). In both cases the far field is mainly due to the dominant TM;,
leaky wave whose radiation is almost omnidirectional, as expected.

Conclusion

Radiation features of a horizontal electric dipole placed between a metal strip
grating and a perfectly conducting ground plane have been investigated; in
particular, approximate results obtained by representing the grating through an
equivalent homogenized surface impedance and full-wave results obtained with
the method of moments have been presented. Both models show that by properly
designing the structure, narrow omnidirectional pencil beams pointing at
broadside can be obtained as well as narrow omnidirectional conical beams
pointing at some scan angle. This is due to the excitation of a weakly-attenuated
cylindrical leaky wave, TM with respect to the strip direction, whose wavenumber
is independent of the azimuthal propagation angle thanks to the spatially-
dispersive nature of the equivalent surface impedance of the metal strip grating.
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Fig. 2 — Normalized radiation patterns for a horizontal electric dipole between a ground plane and
a MSG as in Fig. 1(a), at (a) f= 20 GHz and (b) /= 20.5 GHz. Parameters: d =1 mm, a = 0.5 mm,
h="7.439 mm, hs= h/2.

References

[17 R. Honey, “A flush-mounted leaky-wave antenna with predictable patterns,” [EEE Trans.
Antennas Propagat., vol. AP-7,n. 4, pp. 320 — 329, Oct. 1959.

[2] K. L. Klohn, R. E. Horn, H. Jacobs, and E. Freibergs, “Silicon waveguide frequency scanning
linear array antenna,” IEEE Trans. Microwave Theory Tech., vol. MTT-26, n. 10, pp. 764 —
773, Oct. 1978.

[3] M. Guglielmi and G. Boccalone, “A novel theory for dielectric-inset waveguide leaky-wave
antennas,” IEEE Trans. Antennas Propagat., vol. 39, n. 4, pp. 497 — 504, Apr. 1991.

[4] G. Lovat, P. Burghignoli, F. Capolino, D. R. Jackson, and D. R. Wilton, “Analysis of
directive radiation from a line source in a metamaterial slab with low permittivity,” /IEEE
Trans. Antennas Propagat., vol. 54, pp. 1017 — 1030, Mar. 2006.

[5] P. Burghignoli, G. Lovat, F. Capolino, D. R. Jackson, and D. R. Wilton, “3D Directive
Radiation from a Horizontal Dipole Embedded in a Homogenized Grounded Wire-Medium
Slab,” Digest 2006 IEEE AP-S Int. Symp., Albuquerque (NM), July 9-14 2006, pp. 2989 —
2992.

[6] F. H. Bellamine and E. F. Kuester, “Guided waves along a metal grating on the surface of a
grounded dielectric slab,” IEEE Trans. Microwave Theory Tech., vol. 42, n. 7, pp. 1190 —
1197, Oct. 1978.

[7] N. Marcuvitz, Waveguide Handbook. Stevenage: IEE, 1986.

[8] G. Lovat, P. Burghignoli, and D. R. Jackson, “Fundamental properties and optimization of
broadside radiation from uniform leaky-wave antennas,” IEEE Trans. Antennas Propagat.,
vol. 54, pp. 1442 — 1452, May 2006.

5800





