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Description

BACKGROUND

[0001] The present invention relates generally to planar antennas, and more particularly, to a planar antenna radiating
structure having a quasi-scan; frequency-independent driving-point impedance. The planar antenna radiating structure
comprises a parallel-plate waveguide feed comprising a lower ground plane formed on a lower surface thereof, and a
planar array of continuous transverse stub radiators comprising a plurality of transverse slots formed in an upper ground
plane formed on an upper surface of the parallel plate waveguide feed.
[0002] Examples of planar radiating elements include printed patches and slot radiators. Recent innovations in patch
arrays have resulted in significant increases in operating bandwidth. However, broadband patched designs are typically
limited to only about 20 to 30 percent bandwidth. Further, the circuit losses of patch arrays seriously limit their efficiency,
especially in electrically large arrays and/or arrays operating at millimeter-wave frequencies. Slotted waveguide arrays
are planar and have low losses. However, the operating bandwidth is typically limited to less than 15 percent.
[0003] Both types of radiators are essentially resonant structures, exhibiting typical "high-Q" characteristics which
limit

their ultimate frequency bandwidth due to significant reactive components. In addition, both structures exhibit
strong scan-dependent driving-point impedance characteristics due to strong, ill-behaved mutual coupling and potential
surface-wave phenomena.
[0004] A planar antenna radiating structure according to the outset is disclosed in EP 0 536 522 A2. This document
discloses a continuous transverse stub element that forms part of a parallel plate waveguide or transmission line having
first and second parallel terminus plates. The stub element has a stub radiator of predetermined length and heigth
exposed at its outer end, which is a portion of dielectric material that is disposed between the first and second parallel
terminus plates. One embodiment described in this document employs a multi-stage stub element comprising multi-
stages in order to modify coupling and/or broaden frequency bandwidth characteristics of the structure as dictated by
specific electrical and mechanical constraints. This document teaches to form the stub element such that a relatively
wide slot disposed adjacent to the parallel-plate waveguide is followed by a relatively narrow slot distally disposed from
the lower ground plane.
[0005] Another planar antenna radiating struture is for example disclosed in US 5,483,248.
[0006] It is an objective of the present invention to provide for an improved planar antenna radiating structure having
a quasi scan, frequency independent driving point impedance.

SUMMARY OF THE INVENTION

[0007] To meet the above and other objectives, the present invention provides for a multi-stage planar antenna
radiating structure comprising an array of continuous transverse stubs having a stepped configuration arranged in
conducting ground plane(s) of a parallel-plate waveguide to form a planar antenna radiating structure of arbitrary size.
Precise control of the complex reflection coefficient of the aperture over a range of operating frequencies and scan
angles is through appropriate selection of stub length(s), stub height(s), inter-stub spacing parallel-plate separation
and the properties of the dielectric media used for the parallel-plate waveguide and stubs. The driving point, or input
impedance of the array, is made to be nearly constant and real (nonreactive) over a wide range of frequencies by using
broadband matching techniques to compensate for the intrinsic capacitive reactance of the stub/free-space interface.
The intrinsic capacitive susceptance of a stub/free-space interface is discussed found in Marcuvitz. N. (ed.),
"Waveguide Handbook", MIT Radiation Lab. Ser. No. 10, pp. 183-186, McGraw-Hill, New York, 1951.
[0008] The present invention provides for a planar radiating structure with frequency-independent driving-point im-
pedance, which facilitates the realization of compact, true-time-delay antenna apertures for fixed, one-dimensional,
and two-dimensional electronically-scanned arrays. The continuous transverse stub radiators are implemented in the
parallel-plate waveguide, a low-loss TEM transmission line that is nondispersive. Alternatively, the continuous trans-
verse stub radiators may be constructed in an overmoded rectangular waveguide (Tem,0 modes), which normally op-
erates far from cutoff where it is practically nondispersive. The continuous transverse stub radiators may also be used
to produce shaped beams, multiple beams, and may operate in dual-polarization modes and multiple frequency bands.
Key advantages of the present invention include a robust design methodology for low-cost production, ultrawide in-
stantaneous bandwidth, low dissipative losses and direct, well-behaved, continuous H-plane and discrete E-plane scan
capability.
[0009] The continuous transverse stub planar antenna radiating structure of the present invention may be used to
provide a true time delay continuous transverse stub array antenna. The present continuous transverse stub planar
antenna radiating structure was reduced to practice and configured to operate over an operating band from 5.0 to 20.0
GHz.
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[0010] The present invention may be used in multifunctional military systems or high-production commercial products
where a single ultra-wideband aperture replaces several narrowband antennas, such as in a point-to-point digital radio,
or global broadcast satellites (GBS). Also, the cross section of the present invention is invariant in one dimension, and
it may be made using inexpensive, high-volume fabrication techniques such as extrusion processes or plastic injection
molding processes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The various features and advantages of the present invention may be more readily understood with reference
to the following detailed description taken in conjunction with the accompanying drawings, wherein like reference nu-
merals represent like structural elements, and in which:

Fig. 1 illustrates an antenna radiating structure comprising a planar array of continuous transverse stub radiators
having an integral parallel-plate waveguide feed;
Fig. 2a illustrates unit cell of an infinite array of continuous transverse stub radiators;
Fig. 2b illustrates an equivalent circuit for the unit cell of Fig. 2a;
Fig. 3a illustrates the reflection coefficient of the junction reactance versus S/λ0;
Fig. 3a illustrates the phase slope of the junction reactance versus S/λ0;
Fig. 4a illustrates a unit cell of a matched continuous transverse stub radiator;
Fig. 4b illustrates an equivalent circuit of the unit cell of Fig. 4a;
Figs. 5a and 5b illustrate beam scanning using the continuous transverse stub radiator 11;
Fig. 6 illustrates an antenna radiating structure in accordance with the principles of the present invention; and
Fig. 7 illustrates a true-time-delay (corporate) feed structure that may be alternatively used to feed the present
invention.

DETAILED DESCRIPTION

[0012] Referring to the drawing figures, Fig. 1 illustrates an antenna radiating structure 10 comprises a planar array
of air-filled continuous transverse stub radiators 11 coupled to an integral parallel-plate waveguide feed 12. A lower
ground plane 13 is formed on a lower surface of the parallel-plate waveguide feed 12 of arbitrary dielectric composition
opposite to the array of continuous transverse stub radiators 11. The array of continuous transverse stub radiators 11
are formed as transverse slots 14 formed in an upper ground plane 15. The array of continuous transverse stubs 11
are excited, as an example, by traveling or standing parallel-plate waveguide modes produced by the parallel-plate
waveguide feed 12.
[0013] As TEM (or TMm,0) waves propagate in the parallel-plate waveguide feed 12 along the +z direction (the di-
rection of energy propagation), longitudinal electric currents in the upper ground plane 15 are interrupted by the pres-
ence of transverse stubs 11, continuous in the y direction (transverse to the direction of energy propagation). At the
stub/parallel-plate waveguide interface, z-directed displacement currents are excited which in turn excite identical
waveguide modes in the stubs 11 that travel in the +x direction to the end, where they are either reflected or radiated
into free space. An alternative geometry for feeding the planar radiating structure is using direct true time delay feeding
as described in copending Application WO99/00871, entitled "Compact, Ultra-Wideband, Antenna Feed Architecture
Comprising a Multistage/Multilevel Network of Constant Reflection-Coefficient Components", assigned to the assignee
of the present invention.
[0014] The array of stubs 11 has uniform cross section in the y direction (i.e., in the plane of the upper ground plane
15) and is assumed to be infinite in the z direction (the direction of energy propagation). Therefore, the radiating structure
10 may be analyzed using a unit cell 20 shown in Fig. 2a. As shown in Fig. 2a, the width of the stub 11 in the z direction
is designated "b", while the element-to-element spacing between stubs 11 is designated "S". For broadside operation,
lateral boundaries of the unit cell 20 are considered to be perfect electric conductors (PEC). Alternatively, for non-
broadside operation (E-plane scan), the lateral boundaries are treated as Floquet unit cell boundaries. The symmetrical
change in height of two waveguides (i.e., from "b" of the stub to "S" of free space bounded by the perfect electric
conductors) may be represented by the equivalent circuit shown in Fig. 2b. This equivalent circuit is discussed in
Montgomery, C. G., R. H. Dicke and E. M. Purcell (eds.), "Principles of Microwave Circuits" (MIT Radiation Lab. Ser.
No. 8), pg. 188, McGraw-Hill, New York, 1951, for example.
[0015] Figs. 3a and 3b illustrates that the choice of S determines the amplitude of the reflection coefficient and phase
slope of the junction susceptance. Figs. 3a and 3b show qualitatively how the choice of element-to-element spacing
"S" affects the amplitude of the reflection coefficient and phase slope of the junction susceptance. While operation
near S/λ0 = 1 should be avoided (due to higher-order modes in the z dimension), it is not practical to choose S <<λ0.
The present invention mitigates the problem adding an intermediate matching step 21 (Fig. 4a) between the stub 11
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and free space, thereby matching (by cancellation) both the real and imaginary components of the complex reflection
coefficient over a wide range of frequencies. Similarly, an arbitrary number of intermediate stages may be implemented
in order to generally realize any desired impedance characteristic with respect to frequency and/or scan angle.
[0016] Figs. 4a and 4b illustrate a unit cell 20a and equivalent circuit of a matched continuous transverse stub radiator
11. Fig. 4a shows the unit cell 20a with a intermediate matching step 21, while Fig. 4b shows its equivalent circuit,
consisting of the junction susceptance jB/Ys and the susceptance jB/Ys of the compensating matching step 21.
[0017] Figs. 5a and 5b illustrate beam scanning in the H-plane using the continuous transverse stub radiator 11.
Figs. 5a and 5b show side and end views, respectively, of the continuous transverse stub radiator 11 and illustrate
beam scanning provided thereby. The continuous transverse stub radiator 11 also offers some advantages for wide-
angle beam scanning in the H-plane (i.e., the y direction) due to the continuous nature of its geometry.
[0018] If the wave traveling in the parallel-plate waveguide feed 12 is canted with respect to the y direction of the
continuous transverse stub radiator 11, then the beam will be scanned in the y direction as shown in Fig 5a. If the
continuous transverse stub radiator 11 is comprised of dielectric medium εi > 1 and radiates into free space, where ε0
= 1, then the following relationships apply:

Dividing Equation (1) by Equation (2) yields:

Equation (4) shows that for the special case of εi = ε0, the impedance ratio of stub to free space is independent of scan
angle.
[0019] E-plane scanning is treated by assuming that the array geometry is infinite in both the y and z directions. This
allows Floquet's Theorem to be used, and it is only necessary to consider the field within the unit cell 20. The perfect
electric conductor walls are replaced with periodic boundary conditions (Floquet unit cell boundaries). The complex
reflection coefficient at the aperture, which is a function of frequency, E-plane scan angle, H-plane scan angle and the
geometry of the array of continuous transverse stub radiators 11, may then be readily computed using a modal matching
technique and is also found to be well-behaved with respect to both frequency and scan angle due to the strong and
constant mutual coupling between the stub radiators 11.
[0020] In the case of multiple intermediate stages, the previously described equations and susceptance terms, and/
or Floquet's theorem, may be employed to compute the scan-dependent characteristic impedance Zn and scan angle
θn for each stage, whereby conventional circuit analysis may be employed to predict both the frequency and scan-
dependence of the ensemble radiating structure.
[0021] Referring now to Fig. 6, it illustrates an antenna radiating structure 30 in accordance with the principles of the
present invention. The antenna radiating structure 30 comprises a planar array of continuous transverse stub radiators
11a coupled to a parallel-plate waveguide feed 12. A lower ground plane 13 is formed on a lower surface of the parallel-
plate waveguide feed 12 opposite to the array of continuous transverse stub radiators 11a. The array of continuous
transverse stub radiators 11a are formed as stepped transverse slots 14a formed in an upper ground plane 15. The
stepped transverse slots 14a comprise a lower relatively narrow slot 22a disposed adjacent to the parallel-plate
waveguide feed 12 and an upper relatively wide slot 22b disposed adjacent to a radiating aperture (i.e., distal from the
lower ground plane 13) of the antenna radiating structure 30. The array of continuous transverse stubs 11a are excited,
as an example, by traveling or standing parallel-plate waveguide modes produced by the parallel-plate waveguide feed
12.
[0022] Referring now to Fig. 7, it illustrates an alternative feed structure 40 which may be used to feed the present
(radiator) invention in a true-time-delay structure. More specifically, Fig. 7 shows an embodiment of a true-time-delay
ultra-wideband corporate feed architecture 40 comprising an eight-way, true-time-delay corporate feed 40 fabricated
using a low-loss microwave dielectric such as Rexolite®. Dielectric components are bonded together, then the surfaces
are metalized with an RF conductor such as silver or aluminum. to form a parallel-plate waveguide feed structure.

Zb = Zbd Secθi (1)

ZS = ZS0 Secθ0, (2)

(ε0)1/2 Sin θ0 = (εi)
1/2 Sin (θi)] (3)

ZbZS = Zb1/ZS0 [(1 - εi/ε0) Sin2 θi) / (1- Sin2 θi)]
1/2 (4)
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Three levels (level 1, level 2, level 3) of the corporate feed architecture 10 are shown in Fig. 7. This feed structure 40
is described in detail in the above identified copending patent application entitled "Compact, Ultra-Wideband, Antenna
Feed Architecture Comprising a Multistage/Multilevel Network of Constant Reflection-Coefficient Components".

Claims

1. A planar antenna radiating structure (30) having a quasi-scan, frequency-independent driving-point impedance,
said structure (30) comprising

a parallel-plate waveguide feed (12) comprising a lower ground plane (13) formed on a lower surface thereof;
and
a planar array of continuous transverse stub radiators (11a) comprising a plurality of transverse stepped slots
(14a) formed in an upper ground plane (15) formed on an upper surface of the parallel-plate waveguide feed,
characterized in that each of the stepped slots comprises a lower relatively narrow slot (22a) disposed ad-
jacent to the parallel-plate waveguide feed (12) and an upper relatively wide slot (22b) distally disposed from
the lower ground plane.

2. The structure (30) of claim 1, characterized in that a plurality of sequential stages effectively cancel the sus-
ceptance of the radiating structure and provides for a predetermined arbitrary, substantially real, reflection coeffi-
cient over a wide range of operating frequencies for the radiating structure.

3. The structure (30) of claim 1, characterized in that the array of continuous transverse stubs (11a) are excited by
traveling waveguide modes generated by the parallel-plate waveguide feed (12).

4. The structure (30) of claim 1, characterized in that the array of continuous transverse stubs (11a) are excited by
standing parallel-plate waveguide modes generated by the parallel-plate waveguide feed (12).

5. The structure (30) of claim 1, characterized in that the array of continuous transverse stubs (11a) are excited by
a direct true-time-delay corporate feed.

Patentansprüche

1. Flächenantennen-Strahlerstruktur (30) mit einer quasi-schwenkenden frequenzunabhängigen Eingangsimpe-
danz, wobei die Struktur (30) aufweist

eine Parallelplatten-Wellenleiter-Einspeisung (12) mit ei-ner unteren Horizontalebene (13), die auf einer un-
teren Oberfläche davon ausgebildet ist; und
einer planaren Anordnung von durchgehenden quer verlaufenden Stichleitungs-Strahlern (11a), die eine Viel-
zahl von quer verlaufenden gestuften Schlitzen (14a) aufweisen, die in einer oberen Horizontalebene (15)
ausgebildet sind, die in einer oberen Oberfläche der Parallelplatten-Wellenleiter-Einspeisung ausgebildet ist,
dadurch gekennzeichnet, daß jede der gestuften Schlitze einen unteren relativ schmalen Schlitz (22a), der
benachbart zu der Parallelplatten-Wellenleiter-Einspeisung (12) angeordnet ist, und einen oberen relativ brei-
ten Schlitz (22b) aufweist, der gegenüber der unteren Horizontalebene distal angeordnet ist.

2. Struktur (30) nach Anspruch 1, dadurch gekennzeichnet, daß eine Vielzahl von aufeinanderfolgenden Stufen
wirksam die Suszeptanz der Strahlerstruktur auslöschen und einen bestimmten beliebigen im wesentlichen realen
Reflexionskoeffizienten über einen breiten Bereich von Arbeitsfrequenzen der Strahlerstruktur liefert.

3. Struktur (30) nach Anspruch 1, dadurch gekennzeichnet, daß das Array von durchgehenden quer verlaufenden
Stichleitungen (11a) durch wandernde Wellenleiter-Moden angeregt wird, die von der Parallelplatten-Wellenleiter-
Einspeisung (12) erzeugt werden.

4. Struktur (30) nach Anspruch 1, dadurch gekennzeichnet, daß das Array von durchgehenden quer verlaufenden
Stichleitungen (11a) durch stehende Parallelplatten-Wellenleiter-Moden angeregt wird, die von der Parallelplatten-
Wellenleiter-Einspeisung (12) erzeugt werden.
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5. Struktur (30) nach Anspruch 1, dadurch gekennzeichnet, daß das Array von durchgehenden quer verlaufenden
Stichleitungen (11a) von einer direkten Echtzeit-Verzögerungs-Gemeinschaftseinspeisung angeregt wird.

Revendications

1. Structure rayonnante d'antenne à groupement plan (30), à impédance directe indépendante de la fréquence et à
quasi-balayage, ladite structure (30) comprenant

une alimentation en guides d'ondes à plaques parallèles (12) comprenant un plan de base inférieur (13) formé
sur une surface inférieure de celle-ci; et
un groupement plan de radiateurs à tronçons transversaux continus (11a) comprenant une pluralité de fentes
transversales étagées (14a) formées dans un plan de base supérieur (15) formé sur une surface supérieure
de l'alimentation en guides d'ondes à plaques parallèles, caractérisée en ce que chacune des fentes étagées
comprend une fente inférieure relativement étroite (22a) disposée de manière adjacente à l'alimentation en
guides d'ondes à plaques parallèles (12) et une fente supérieure relativement large (22b) disposée à distance
du plan de base inférieur.

2. Structure (30) selon la revendication 1, caractérisée en ce qu'une pluralité d'étages séquentiels annulent effica-
cement la susceptance de la structure rayonnante et fournit à la structure rayonnante un coefficient de réflexion
prédéterminé arbitraire et substantiellement réel sur une large gamme de fréquences de fonctionnement.

3. Structure (30) selon la revendication 1, caractérisée en ce que le groupement de tronçons transversaux continus
(11a) est excité par des modes de guides d'ondes progressives générés par l'alimentation en guides d'ondes à
plaques parallèles (12).

4. Structure (30) selon la revendication 1, caractérisée en ce que le groupement de tronçons transversaux continus
(11a) est excité par des modes stationnaires de guides d'ondes à plaques parallèles générés par l'alimentation
en guides d'ondes à plaques parallèles (12).

5. Structure (30) selon la revendication 1, caractérisée en ce que le groupement de tronçons transversaux continus
(11a) est excité par une alimentation directe en temps réel de l'installation.
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