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A COMPUTER AIDED DESIGN METHOD FOR OPTIMIZING PHASED-ARRAY ANTENNA
GEOMETRY
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1. INTRODUCTION A new technigue is presented for determining the optimal
face tilt and element packing geometry for a planar, phased-array antenna with
scan limits specified in earth’s coordinates. The technique, although very simple to
implement, is instructive in that it quickly shows, in one display, the relationships
between the required azimuth and elevation scan limits, the element packing
geometry, the grating lobe locations, grating lobe scan boundaries, the maximum
off-axis scan angle, and the array face tilt angle. Previously reported array design
methods insureg that radiating grating lobes could not be formed if the antenna’s
main beam was confined to the design scan area [1], but they did not take
advantage of the irregular shape of the grating lobe scan boundary. The face tilt
angle was chosen to balance the maximum off-axis scan requirement [2]. The
application of the technique described in this paper clearly illustrates that the
previously reported techniques were only optimal for special cases and, in general,
did not minimize the total number of elements.

2. THEQRY From [3] the array factor for a uniformly illuminated, triangularly-

packed array is
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where ky = sin8cosd, ky = sindsing, kyo = sin6oC0Sdo, kyo = sinBesingo, and
the subscript o denotes the scan position of the main beam. An examination of
Equation 1 shows that the second factor on the right side of the equation has
maxima points at

and (2)
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However, when these values are substituted into the first factor on the right side,
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Therefore, the array factor has maxima points only at points where (p +q) is even.
The values of k, and ky where
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represent points on the (ky, ky) plane where the power radiated by all elements in
the array add in phase. The value of k¢ and ky associated with p = q = o, is the
location of the main beam and values for all other p and q terms represent the
location of grating lobes.

Since ky = sinfcosd and ky = sin@sing and 8 = sin-? (ky2 + k 2) , where ¢ is
the off-axis scan angle of the grating lobe, values of k, and ky where (kx2 + k,2) >1
do not represent real radiating far-field angles. The boundary at which’ these
grating lobes form in real space is the unit circle or

kz + kz =1
S (5)
Substituting Equation (2) into Equation (3} yields
(h, + =7+ ?%)3=1
- o (6)

for{(p + q)even.

Equation (6) defines the grating lobe scan boundaries in terms of k(o and kyo
which are the sine-space coordinates of the beam scanning direction and Ax and
which are the spacing between elements in wavelengths. Any value of k,o and kyg
that causes the left side of Equation (6) to become less than unity will result in the
formation of grating lobes at real far-field angles. Equation (4) represents unit
circles centered at the locations of grating lobes in the k¢k, plane when the array
main beam is scanned to broadside (i.e. ks = kyo = 0
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The usefulness of Equation (6) is shown in Figure 1 which is a sine-space plot
with the primary unit circle centered at the origin and the secondary unit circles
centered at the six grating lobes nearest the primary unit circles. The area of the
primary unit circle that is not intersected by secondary unit circles represents the
sine-space over which the main beam can be scanned without the formation of real
grating lobes. The dashed line represents the grating lobe scan boundary.

3. RESULTS Equation (6), along with the required transformations between
earth’s coordinates and array coordinates were implemented on a Personal
Computer to generate the displays like those shown in Figures 2 through 4. The
program isinteractive. Element geometry, scan limits and face tilt are inputed and
the display is generated. The design that requires the fewest number of elements
to support a given required scan boundary (RSB) is the one that minimizes the area
inside the GLB that is outside the RSB. Thisis accomplished by plotting the RSB and
GLB on the same sine-space plot for several different face tilt angles and choosing
the one that provides the best "fit” of the GLB around the RSB. Figure 2 shows a
design in which the tilt angle is chosen to equalize the maximum off-axis scan for
all extreme scan positions and the element geometry is chosen to aillow the array to
scan the cone of angles containing the extreme scan points (i.e., the GLB is tangent
to the circle through the extreme scan points at 6 points). This design obviously
does not minimize the unused area inside the GLB. A design where the tilt angle
remains the same but the GLB is allowed to be tangent to the RSB is shown in Figure
3. Thisreduces the unused area inside the GLB, but it s still not minimized. Finally,
Figure 4 shows the design that minimizes the area inside the GLB. Here the face is
tilted back until the GLB and RSB are tangent at 6 points and therefore the extreme
scan angles are not equalized. This design required 12.5% fewer elements for the
same aperture area and RSB than the first design and 5.0% fewer elements than the
second design.

4. CONCLUSIONS A computer aided design technique has been developed for
guickly designing the geometry of planar phased-array antennas. The array can be

esigned to either minimize the maximum scan losses or to minimize the total
number of array elements. In general, the two designs are not the same. The
technique makes it possible to efficiently use the space inside the GLB by matching
the GLB and RSB as closely as possible even for unusual scan requirements. An
additional advantage of the method is that all the information required to
determine the optimum tilt angle, element geometry, grating lobe position, GL8B,
element area, and scan losses are contained on one single display.
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