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CROSS-MODE REFLECTOR FOR TIE FRONT ELEIVENT 
OF AN ARRAY ANTENNA 

BACKGROUND OF THE INVENTION 

This invention is directed to the ?eld of radar elements, par 
ticularly to the emitting front element of a phase-array radar. 
It is necessary to have a circular aperture for the front element 
so as to obtain good broadband performance. This is also 
necessary to obtain a better scan performance. The circular 
design is also the easiest shape for achieving the hard, ?ush 1 
design made necessary in a nuclear environment. This en 
vironment also makes necessary the use of a ceramic window 
in the circular aperture. When an uncompensated circular 
front element array is scanned in the skew planes, the cross 
TE-ll mode can be excited in the elements by mutual 
coupling. The power in the cross-mode will be re?ected inside 
the elements and reradiated. Since the normal and the cross 
TE-ll modes will in general differ in phase, elliptical polariza 
tion will result. The best way to solve this cross-mode problem 
would be to make the aperture of the element a slot with the 
narrow dimension below cutoff to the cross-mode. Since the 
design and tactical conditions will not allow this, there is a 
need for the present invention which uses circular aperture 
front elements with a dimension below cutoff but modi?ed so 
that they look like a slot in terms of polarization performance. 

SUMMARY OF THE INVENTION 

This invention is directed towards the modi?cation of the 
front element of a phase-array radar so that the beam radiated 
from the array remains essentially linearly polarized even 
through the front elements have circular apertures. The 
radiating front elements each consist of a full-wave loop and a 
ceramic window enclosed in a circular waveguide shell. The 
window is located in the aperture plane of the array. The input 
power to the element is provided by a coaxial connector. One 
side of the full-wave radiating loop is fastened to the coaxial 
connector and the other side is connected to the base (?oor) 
of the element. The ceramic disc is mounted in the waveguide 
shell at the front. A resonant cross-mode re?ector is fastened 
to the window. Ground-plane contacts are provided to give 
electrical continuity between the elements. A mounting ?ange 
is used to bolt the element to the array structure. In order to 
obtain peak-power capacity, the cross-mode re?ector has all 
its corners rounded and its ends are spherical and bent away 
from the dielectric window. The cross-mode re?ector acts as a 
short circuit to any cross-polarized radiation, while having lit 
tle effect on the normal mode impedance. Radiated polariza 
tion from the array of the circular elements having the cross 
mode re?ectors present will be similar to the radiation of a 
magnetic dipole, or a narrow slot with its narrow dimension 
below cutoff at the frequency of operation. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 schematically illustrates the circular-hole array ele 
- ment, partially cut away, in relationship with other elements in 

the array; and 
FIG. 2 illustrates the circular-hole array element, partially 

cut away, in greater detail. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

H6. 1 shows the array elements 1 to all be circular 
waveguide cavities 2 which are excited by full-wave loops 3. 
The elements are positioned and supported by a metal ground 
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plane 5 such that the apertures of the elements are all located 
in a single plane. Each element is provided with a cross-mode 
re?ector 7 shown as a resonant straight bar of conducting 
material in FIG. 1. The cross-mode re?ector 7 is brazed to the 
dielectric window 9. FIG. 2 shows the structure of the ele 
ments in greater detail. The full-wave exciter loop 3 and the 
beryllia ceramic dielectric window 9 are enclosed in a circular 
waveguide shell 12. The full-wave loop excites a TE-ll mode 
in the element. The waveguide shell 12 has two sections; each 

0 having a different diameter. This is done for impedance 
matching. A 50-ohm coaxial line, not shown, is connected to 
the coaxial connector 14 to provide input power for the 
exciter loop 3. One side of the loop is connected to the coaxial 
connector and the other side to the base or ?oor of the ele 
ment. The window is brazed to the waveguide shell at the 
front. A cross-mode re?ector 16 of a different shape than that 
shown in FIG. I is brazed to the rear of the window. Ground~ 
plane contacts 18 serve to support the element and provide 
electrical continuity by contact between the elements when 
mounted in the array structure (not shown) by mounting 
?ange 20 and bolts on the array structure (not shown). 
The cross mode reflector 16 is incorporated in the elements 

so that the beam radiated from the array of the radar remains 
essentially linearly polarized, independent of scanning. This is 
accomplished even though the dimensions of the circular 
waveguide shell 12 are comparable with the operating 
wavelength. The waveguide shell is made large so to have 
broadband performance. The resonant cross-mode re?ector 
presents a short circuit at the aperture to the cross-mode 
radiation. The re?ector is positioned at a right angle to the full 
wave loop 3 so as to have little effect on the normal mode 
radiation. All of the comers of the re?ector are rounded, and 
the ends of bar 16 are spherical and bent away from the 
dielectric window 9. This shape provides the best peak-power 
capacity of the array. A possible speci?c con?guration of the 
cross mode re?ector would be a bar with its middle third 
brazed to the window and each of its end thirds bent at a 15° 
angle from the window but still in the plane at right angles to 
the full wave loop. 

I claim: 
l. A radiation waveguide emitting element having a circular 

waveguide cavity and circular aperture with dimensions in all 
directions comparable with the wavelength of emitted radia 
tion; and a re?ecting bar located in the aperture so as to short 
circuit any cross-mode radiation emissions. 

2. A radiation emitting element as set forth in claim 1, 
wherein a dielectric window is secured in said aperture and 
said re?ecting bar is elongated and secured to one surface of 
said dielectric window. 

3. An element as set forth in claim 2, wherein said re?ecting 
bar has its corners rounded, and its ends are spherical and 
bent away from the aperture. 

4. An element as set forth in claim 3, wherein the circular 
waveguide is a shell of two sections having different diameters; 
a dielectric window brazed to the shell so as to be located in 
the aperture; a full-wave radiating loop; a coaxial connector 
connected through said shell to the full-wave radiating loop; 
and said re?ecting bar being a cross-mode re?ector which is 
brazed to the dielectric window inside the shell and at a right 
angle to the full-wave radiating loop. 

5. An element as set forth in claim 2 wherein a plurality of 
such elements make up front elements of a phased-array 
radar; and the radiation emitted therefrom is linear polarized. 
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