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[57] ABSTRACT 

A unitary antenna comprising two different arrays. The 
?rst is a group of waveguide antenna elements in alter 
nately displaced rows forming a triangular grid struc 
ture and the second is another group of waveguide an 
tenna elements forming a triangular grid structure 
within the ?rst grid structure. The two groups of ele 
ments are dielectrically loaded, are polarized to radiate 
orthogonally to each other, and are designed to radiate 
at different frquency bands. 

5 Claims, 2 Drawing Figures 
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DUAL-BAND ARRAY ANTENNA 

STATEMENT OF GOVERNMENT INTEREST 

The invention described herein may be manufac 
tured and used by or for The Government of the United 
States of America for governmental purposes without 
the payment of any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

This invention relates to array antennas and espe 
cially to array antennas which can be used effectively 
on more than one frequency band. 
Modern ships of the US. fleet are loaded down with 

radar equipment which operates at various frequency 
bands in the microwave spectrum. Each radar set has 
its own antenna which takes up space on the masts. It 
would obviously be advantageous if a single antenna 
could be utilized for more than one set and more than 
one frequency band, since the number of antennas 
could then be reduced. Another advantage is that large 
apertures can be used at all the frequencies even on 
small ships. 

BRIEF SUMMARY OF THE INVENTION 

The objects and advantages of the present invention 
are accomplished by interleaving two arrays of wave 
guide antenna elements, the elements being dielectri 
cally loaded and each array being polarized orthogo 
nally to the other so that each array is effectively iso 
lated from the radiation of the other. 
An object of this invention is to provide a dual-band, 

unitary, radar array antenna. 
Other objects, advantages and novel features of the 

invention will become apparent from the follwong de 
tailed description of the invention when considered in 
conjunction with the accompanying drawings wherein: 

BRIEF DESCRIPTION OF THE FIGURE 

FIG. 1 is a schematic illustration of an embodiment 
of the invention; and 
FIG. 2 is a diagram illustrating typical end dimen 

sions for the waveguide antenna elements. 

DETAILED DESCRIPTION 

The range of frequencies used at S-band is centered 
at a frequency nominally three times that of the L-band 
center frequency. Thus nine S-band radiators are to be 
placed in the same space as a single L-band radiator. In 
the design of the aperture of the dual~band array, the 
element spacings for both frequency bands have been 
chosen such that no grating lobes are formed in visible 
space (for normal shipboard coverage). 
The spacing of the radiating elements in a planar 

array is constrained by the required scanning coverage 
of the array. For both arrays of the dual-band aperture 
to be completely filled, it is necessary to move the high 
er-frequency elements apart and to make them as small 
as practical. This makes area available for the lower 
frequency elements. The maximum element spacing 
without grating lobes in visible space is achievable with 
a triangular grid configuration. The element spacings 
are given by 
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(1) 

where 

sin? 1 sin2 \[1 

4 
1 

i1; = maximum azimuth scan angle, 
-r = tilt angle of the array, 
Ep= maximum positive elevation angle, 
d,_.= horizontal element spacing, 
d,,= vertical element spacing. 
It is assumed that each of four shipboard arrays 

would cover i50° in azimuth (normal shipboard cover 
age) to allow overlap between arrays. Furthermore the 
array face would be tilted back about 15° to allow cov 
erage at high elevation angles. Using these coverage an 
gles cil1=50°, E,,=90°, and -r=l5°) in Eqs. (1) and (2), 
, it is found that dI=O.627A and d,,=0.509A, which are 
the maximum element spacings. Element spacings less 
than 0.627A and/or 0509A may be chosen and no grat 
ing lobe peaks will enter visible space for the given scan 
coverage. If a 1],, less than (1509A is chosen, the d, 
calculated by Eq. (2) will be greater then 0627A, but 
the grating-lobe criterion still holds because d_r is a 
function of d". - 
Open-ended waveguides have advantages as radiat 

ing elements for both: bands: there is no problem of 
shading of one set of radiators by the other, radiators 
of both bands may be dielectrically loaded to reduce 
their size, and the radiators can be oriented to radiate 
orthogonal polarization and thus ‘enhance the isolation 
between frequency bands. 
The preceding considerations have led to the dual 

band grid con?guration shown in FIG. 1. Both the S 
band and L-band radiators l0 and 12, respectively, are 
dielectrically loaded (i.e., the interior of each wave 
guide is ?lled with dielectric material) to reduce their 
size. In addition the L-band radiators are double 
ridged. The S-band radiators are formed by loading 
standard C-band waveguide with a material 14 having 
a dielectric constant e-——4.0. The L-band elements are 
loaded with the same ( =4.0) material and positioned 
so as to radiate orthogonally to the S-band elements. 
Furthermore, the element spacings, d_,_-=0.635)t and 
d,,=0.476)\, satisfy Eqs. (1) and (2) such that scan cov 
erage of a quadrant of a hemisphere can be achieved 
without grating lobes. 

It can be seen that the elements of the array are in a 
triangular grid con?guration if attention is focused on 
the typical S-band elements ll, l3, 15, for example. 
The interleaved L-band elements 12 are also ar 

ranged in a triangular grid con?guration, alternate rows 
being displaced to the right or the left. Each L-band el 
ement extends from an S-band element in one row to 
an S-band element in a row twice removed from it; 
thus, counting the topmost row of S-band elements in 
FIG. 1 as row 1, the L-band elements extend from the 
bottom of row 1 to the top of row 3. The L-band ele 
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ments are also I-shaped to ?t between the S-band ele 
ments in row 2. 
The triangular grid arrangement permits the same 

space coverage with fewer array elements than a rect 
angular grid arrangement. 
The element spacings of FIG. 1 were chosen to insure 

that no grating lobes exist in visible space at the center 
frequencies. At the upper end of an 8 percent band 
(1.3 or 3.9 GHz) a grating lobe just enters visible space. 
Even though the grating lobe enters visible space at 
these frequencies, the element pattern will probably 
not be broad enough to allow the grating lobe to have 
an appreciable amplitude. 
Some of typical dimensions that may be employed 

are indicated in FIGS. 1 and 2. The array may, for ex 
ample, consist of nine L-band and 110 S-band radiators 
l2 and 10, respectively. The physical center 22 of the 
array is marked by a circled cross. The L-band ele 
ments are physically longer than the S-band elements 
to allow a sidewall coax-to-waveguide transition. The 
dielectric material used to load the waveguides has a 
styrene base and a dielectric constant of 4.0. 
The array is scanned electronically; the necessary 

scanning equipment is well-known and therefore will 
not be described herein. 

Isolation between frequency bands is provided by uti 
lizing orthogonal polarization for the radiation of the 
two groups of elements. Interaction between the two 
groups of elements is quite low so that either time 
sharing or simultaneous operation is possible. 

In FIG. 2, one of the S-band elements 10 and one of 
the L-band elements are shown and typical dimensions 
for the loaded elements are shown. The loading, of 
course, allows the dimensions of the elements to be less 
than those of elements which are unloaded. This pro 
vides a saving in space. 
Obviously many modi?cations and variations of the 

present invention are possible in the light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
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practiced otherwise than as specifically described. 
What is claimed and desired to be secured by Letters 

Patent of the United States ls: 
1. An array antenna comprising, in combination: 
a plurality of ?rst rectangular antenna elements de‘ 
signed to radiate efficiently at a ?rst predetermined 
frequency band, said elements being arranged in 
rows wherein alternate rows are displaced laterally 
from each other so that a triangular grid structure 
is formed; and ' 

a plurality of second antenna elements designed to 
radiate efficiently at a second predetermined fre 
quency band which is different from the ?rst, said 
elements being arranged in rows and alternate rows 
being displaced from each other so that a triangular 
grid structure is formed, wherein each second ele 
ment extends between a ?rst element in one row 
and a ?rst element in a row twice removed from 

said one row, 
said group of second antenna elements being inter 
leaved among said elements of the ?rst group, 

the radiation from said ?rst group of antenna ele~ 
ments being polarized orthogonally with respect to 
the radiation from said second group of antenna 
elements. 

2. An array antenna as in claim I, wherein said an 
tenna elements are formed from waveguide sections, all 
said antenna waveguide elements being dielectrically 
loaded by dielectric material which is placed within 
each waveguide element. 

3. An array antenna as in claim 1, wherein both 
groups of antenna elements are symmetrical with re 
spect to the center of said array antenna. 

4. An array antenna as in claim 1, wherein the spac 
ing of the antenna elements is such that no grating 
lobes are formed in visible space. 

5. An array antenna as in claim 1, wherein each sec 
ond antenna element is I-shaped. 

* * * * * 


