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OVERLAPPING SUBARRAY ARCHITECTURE 

BACKGROUND OF THE DISCLOSURE 

[0001] Electronically scanned arrays (ESAs) may be set 
up With phase shifters servicing array elements and subar 
rays steered by adjustable time delay. Subarray combina 
tions may be in either an analog or digital sense. Digital 
combination alloWs limited scan, multiple full aperture 
beams. Beams may be steered electronically through corre 
sponding settings in both the phase shifters and adjustable 
time delay elements. 

[0002] An exemplary array may be arranged horizontally 
and be horizontally subdivided into a number of horizontally 
adjacent subarrays. The array elements may be arranged 
in,horizontal roWs and vertical columns. All of the subarrays 
typically extend the full vertical height of the array. Hori 
zontally contiguous subarrays do not share elements With 
adjacent, contiguous subarrays. Horizontally overlapping 
subarrays may share elements With adjacent, overlapping 
subarrays. 

[0003] For example, in the case of uniformly-sized sub 
arrays With 50% horizontal overlap, an array Which is 
horizontally adjacent to tWo other arrays Will share the left 
half of its elements With the horizontally adjacent array on 
its left and the right half of its elements With the horizontally 
adjacent subarray on its right. In the area of overlap, the 
arrays overlap throughout the full height of the array. 
Overlapped subarrays may decrease the Width of respective 
subarray beam patterns and may provide some degree of 
grating lobe suppression. 

[0004] Shared-element, overlapping, full-height subarrays 
may be more costly to manufacture and introduce an added 
level of complication to achieve desired calibration of the 
array, in comparison With non-overlapping full-height sub 
arrays. A complex, calibration correction term associated 
With a single array element location may be applied to 
multiple signal paths if the element is shared betWeen tWo 
subarrays. For 50% overlap, for example, tWo signal paths 
may be required. Elemental phase shifters may perform 
electronic beam steering in the vertical orientation along 
With associated array calibration for signals in one of tWo 
subarrays by Which the column of elements is shared. For 
the other subarray, a manifold phase shifter may apply an 
additional calibration setting for the signal path to the other 
subarray. 

[0005] The additional manifold phase shifters required for 
more optimal calibration may increase costs and add com 
plexity to the array architecture. Subarrays With a higher 
percentage of overlap result in a greater number of parallel 
signal paths With a corresponding requirement for additional 
phase shifters to achieve desired levels of calibration. As a 
result, array architecture may be more complex because a 
manifold phase shifter may be required to account for 
differences in signal path for shared-element signal paths in 
adjacent sub-arrays. The use of such overlapped subarrays 
may therefore result in increased complexity Where optimal 
calibration is desired. 

[0006] It may also be desirable to form an elevation 
difference beam. In the case of a full-height array, creating 
an elevation difference beam may add further architectural 
complexity. 
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SUMMARY OF THE DISCLOSURE 

[0007] An embodiment of an electronically scanned array 
antenna includes an array of radiative elements having an 
array height. A plurality of separate subarrays of the radia 
tive elements are provided and comprise a ?rst roW com 
prising a ?rst plurality of subarrays, Wherein subarrays of the 
?rst plurality of subarrays are horizontally non-overlapping 
With one another; and a second roW comprising a second 
plurality of subarrays. The subarrays of the second roW are 
arranged vertically adjacent to the subarrays of the ?rst roW, 
Wherein subarrays of the second plurality of subarrays are 
horizontally non-overlapping With one another. Subarrays of 
the ?rst plurality of subarrays partially overlap respective 
vertically adjacent subarrays of the second plurality of 
subarrays. The radiative elements of the separate subarrays 
are not shared With any other subarray. The subarrays of the 
radiative elements have subarray heights Which are smaller 
than the array height. 

[0008] In another embodiment, a method for suppressing 
grating lobe formation in a steered subarray antenna 
includes applying a ?rst illumination function to a ?rst 
subarray; applying a second illumination function to a 
second subarray; Wherein the ?rst illumination function is 
different from the second illumination function. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] These and other features and advantages of the 
present invention Will become more apparent from the 
folloWing detailed description of an exemplary embodiment 
thereof, as illustrated in the accompanying draWings, in 
Which: 

[0010] FIG. 1 illustrates an exemplary subarray architec 
ture of an electronically scanned array radar. 

[0011] FIG. 2 illustrates a simpli?ed block diagram of an 
exemplary column of array elements. FIG. 2A is a simpli 
?ed block diagram illustrating an embodiment in Which the 
respective subarrays in the top and bottom halves of the 
array are summed together, 

[0012] FIG. 3 illustrates a simpli?ed block diagram of an 
array element With a T/R module. 

[0013] FIG. 4 illustrates an exemplary array With subar 
rays With subarrays With effective non-equal extents. 

[0014] FIGS. 5A-5B illustrate exemplary embodiments of 
difference partitioning of an array With subarrays. FIG. 5C 
schematically illustrates a monopulse difference circuitry for 
forming elevation or azimuth difference beams. 

[0015] FIGS. 6A-6C illustrate exemplary embodiments of 
difference partitioning of arrays With subarrays. 

[0016] FIG. 7 illustrates an exemplary method of applying 
dissimilar tapers to subarrays of an array. 

[0017] FIG. 8 illustrates an exemplary far ?eld response 
of subarrays having dissimilar tapers applied to them. 

DETAILED DESCRIPTION OF THE 
DISCLOSURE 

[0018] Exemplary embodiments of electronically scanned 
arrays, subarrays and array architectures are illustrated in 
FIGS. 1-8. In the folloWing descriptions, the size, orienta 
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tion and dimensions of the arrays, the size, orientation, 
dimensions and numbers of subarrays and subarray discrete 
radiative elements Within those subarrays are used for con 
venience and by Way of example only. The array radiative 
elements may be connected to transmit/receive modules 
(T/R modules). The exemplary embodiments discussed are 
suitable for horizontal and/or vertical extension in terms of 
the number of subarray discrete elements or radiative ele 
ments and in terms of the number, size, orientation, con 
?guration and dimensions of the individual subarray ele 
ments, subarrays and the overall array. 

[0019] Exemplary embodiments may provide a more 
readily calibrated and/or simpli?ed array architecture for 
overlapped subarrays With off-frequency or limited multiple 
beam scan grating lobe locations and methods for producing 
such subarrays. FIG. 1 illustrates an exemplary embodiment 
of an array architecture for an electronically scanned array 
(ESA) 100 of radiative elements 6. The array 100 has ?ve 
subarrays 1-5 arranged in a Abrick@ overlap formation. 

[0020] In an exemplary embodiment, the subarrays are 
con?gured to have a vertical extent less than the full height 
H of the overall array. In the embodiment of FIG. 1, the 
subarrays are separate from one another, in that they do not 
share elements in common With other arrays. The subarrays 
1-5 are arranged in tWo horizontal roWs. In an exemplary 
embodiment, the upper roW comprises separate subarrays 1, 
3, 5 arranged in a non-horizontally overlapping fashion, one 
adjacent to the next. A loWer roW comprises separate sub 
arrays 2, 4, arranged in a horizontally non-overlapping 
fashion, one adjacent to the next. In an exemplary embodi 
ment, the top roW is vertically non-overlapping With the 
loWer roW, in that all of the elements of the upper subarrays 
are above all of the elements of the loWer subarrays. 

[0021] In an exemplary embodiment, the subarrays 1, 3, 5 
of the upper roW partially overlap horizontally, i.e. along the 
X axis in this example, With the respective subarrays 2, 4 of 
the loWer roW. The upper subarrays partially overlap With 
the loWer subarrays in the sense that some of the elements 
of the upper arrays fall in the same horizontal region along 
the horizontal axis as some of the elements of correspond 
ing, respective subarrays. In an exemplary embodiment, the 
subarrays are contiguous With neighboring subarrays, in that 
the spacing betWeen the separate, adjacent subarrays is 
similar to the spacing of individual elements Within the 
various subarrays. 
[0022] Subarrays 1 and 2 are shoWn With an exemplary 
four by eight arrangement of individual elements 6. Subar 
rays 3, 4 and 5 may have similar arrangements of elements. 
The number of elements in an array may typically range 
betWeen tens of elements to tens of thousands of elements, 
or even hundreds of thousands of elements, depending on 
the application. The number of elements in a subarray may 
be the number of elements in the array divided by the 
number of subarrays. For an exemplary embodiment, the 
subarrays may have at least a statistically signi?cant num 
ber, something like tens of elements. Each subarray in this 
embodiment has 50% horizontal overlap With vertically 
adjacent and contiguous subarrays. Adjacent subarrays do 
not share array elements Within the region of horizontal 
overlap. In other Words, each radiative element contributes 
to only one subarray. 

[0023] In the exemplary embodiment of FIG. 1, for 
example, the odd-numbered subarrays 1, 3, 5 are arranged 
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horizontally and located vertically above the horizontally 
arranged and even-numbered subarrays 2, 4. Odd-numbered 
subarrays 1, 3 and 5 each have a 50% horizontal overlap 
With respective vertically adjacent even-numbered subarrays 
2, 2 and 4, and 4. 

[0024] FIG. 2 is a functional block diagram depicting an 
exemplary array column 101 of eight array elements 11-14, 
21-24 With feed/combiner manifolds 110, 210 in an exem 
plary embodiment of an BSA. The column represents a 
vertical column of array elements in a region of horizontal 
overlap of an odd-numbered sub-array and an even-num 
bered subarray in an exemplary ESA 100 With a Abrick@ 
overlap structure such as the one illustrated in FIG. 1. The 
four upper elements 11-14 are part of an odd-numbered 
sub-array and the four loWer elements 21-24 are part of a 
vertically adjacent even-numbered subarray. For example, 
the four upper elements 11-14 may represent four elements 
from sub-array 1 in FIG. 1 and the four loWer elements 
21-24 may represent four elements from sub-array 2 of FIG. 
1. FIG>2 shoWs an exemplary summation of an array 
element column. The column corresponds to a column 
located along the vertical line a in FIG. 1. 

[0025] In the exemplary ESA of FIG. 2, the array ele 
ments are summed up in a both horizontal and vertical sense 
over the top/bottom halves of the overall array. 

[0026] In an exemplary active array embodiment, each 
radiative element is connected to a corresponding T/R 
module. Thus, in the example array column of FIG. 2, the 
respective elements 11-14 and 21-24 are connected to a 
respective T/R module 111, 121,131, 141, 211, 221, 231, 
241. FIG. 3 illustrates an exemplary embodiment of an array 
radiative element 11 With a T/R module 111. Received 
energy from element 11 is passed through circulator 130 to 
the receive channel comprising a receive attenuator 113, a 
receive phase shifter 112 and a loW noise ampli?er 114, to 
the receive array manifold 110. A controller 3 may provide 
poWer control signals to the loW noise ampli?er 114. The 
T/R module may also comprise a transmit channel compris 
ing a transmit poWer ampli?er 114', a transmit attenuator 
113' and a transmit phase shifter 112'. A transmit array 
manifold 110' is connected to the input of the transmit 
channel. The controller may provide poWer control signals 
to the poWer ampli?er 114'. In an exemplary embodiment, 
the receive manifold 110 and the transmit manifold 110' may 
comprise the same manifold. 

[0027] Referring again to FIG. 2, the subarray elements 
11-14, together With other elements of the subarray (not 
shoWn in FIG. 2) are coupled to a horizontal manifold 110 
and a time delay circuit 120, and to a subarray I/O port 122. 
Subarray elements 21-24 are coupled to a horizontal mani 
fold 210 and a time delay circuit 220, and to a subarray I/O 
port 222. 

[0028] In the exemplary array architecture of FIG. 2, in 
Which individual elements are not shared betWeen subarrays, 
the elements may be summed up in a both horizontal and 
vertical sense over the top/bottom halves of the overall array 
by manifolds 110, 210. Subarray elements in the top half of 
the array may be combined, and subarray elements in the 
bottom half of the array may be combined. Signals from the 
sums of these halves then feed the associated time delay 
circuits 120, 220. FIG. 2A illustrates such an embodiment, 
Wherein the elements in a given subarray in the top half are 
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combined by a combiner, e.g. combiner circuit 108 and in 
turn the subarrays in the top half of the array are summed 
together by a combiner circuit 110A to provide a top half 
subarray port 1228. The elements in a given subarray in the 
bottom half are combined by a combiner, e.g. combiner 
circuit 208 and in turn the subarrays in the bottom half of the 
array are summed together by a combiner circuit 210A to 
provide a bottom half subarray port 2228. The amount of 
brick overlap is set by the choice of columns to be included 
in the various horizontal summations. 

[0029] Complex (phase and gain) calibration corrections 
applied to phase shifter and attenuator settings apply to 
unique signal paths. These calibration corrections may be 
calculated as part of the initial antenna calibration. These 
corrections may be optimal. This exemplary brick overlap 
embodiment may have about a tWo-fold loss advantage over 
a full-height overlap array of similar dimensions, due to the 
absence of a poWer divider. 

[0030] In an exemplary embodiment, a “brick” overlap 
con?guration With non-full-height subarrays may result in a 
far ?eld pattern characteristic similar to that achieved by a 
similar degree of overlap in an array With full-height over 
lap. The “brick” overlap con?guration may achieve this 
result Without additional manifold phase shifters, thereby 
simplifying the architecture and reducing manufacture costs 
Where more optimal calibration is desired. 

[0031] Sub-array “brick” overlap may be used in conjunc 
tion With digital element disable control to alter overall full 
array combined pattern characteristics. The overall array 
extent may be reduced by disabling certain array elements. 
The elements may be disabled by removing poWer from the 
transmit an/or receive ampli?er. Individual elements may be 
disabled by removing the poWer from the poWer ampli?er 
113' and/or the loW noise ampli?er 113 (FIG. 2) 

[0032] FIG. 4 illustrates an exemplary embodiment of an 
array With ?ve subarrays 1-5, the upper subarrays 1, 3, 5 
overlapping 50% With vertically contiguous subarrays 2, 4. 
The overall array extent, With all elements being used, is 48 
lambda, Where lambda is the Wavelength of a frequency of 
array operation, typically a center frequency in an operating 
band. In this exemplary embodiment, the overall array 
extent has been reduced from 48 lambda to 43 lambda, by 
disabling certain elements in the array, from the outside 
edges in one example. The fractional subarray siZes are 69% 
for subarrays 1 and 5, 81% for subarrays 2 and 4, and 100% 
for subarray 3. The non-equal extent subarrays are all 
uniformly illuminated, and the elements Within each subar 
ray are combined equally to form subarray signals, Which 
are in turn combined equally. The effective overall extent of 
the array has been reduced to 43 lambda. The dissimilar 
siZed sub-arrays may cause subarray pattern nulls to occur in 
multiple, different subarray far-?eld pattern locations. The 
multiple nulls introduced by placing non-uniform subarray 
siZing over a grating lobe spatial location may cause a 
desired grating lobe cancellation. The subarray siZes can be 
determined to position concentrations of subarray nulls in 
spatial regions Where overall array grating lobes tend to 
form. This sort of consideration may be included as part of 
an array physical portioning as Well as part of the overall 
electronic control ?exibility. 

[0033] “Brick” overlap architecture can also be con?gured 
to support monopulse di?ference partitioning, in Which an 
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aperture is separated into equal halves in a particular orien 
tation. A difference beam may be formed by subtracting the 
signals, one half from the other. This is in contrast to sum 
beam formation Where the signals from the tWo aperture 
halves are added. For amounts of overlap that give an even 
number of horiZontal bands (eg 50%, 75%) overlap, a 
difference elevation beam can be achieved by subtracting 
top subarrays from the bottom. In FIG. 5A, for example, the 
difference elevation beam can be achieved by partitioning a 
six subarray array horiZontally and subtracting the sum of 
the top subarrays 1, 2, 3 from the sum of the bottom 
subarrays, 4, 5, 6. Similarly, a difference aZimuth beam can 
be formed on a left half minus right half basis for an even 
number of subarrays. In FIG. 5B, for example, di?ference 
aZimuth beam is formed by subtracting the sum of the left 
subarrays 1, 2, 4 from the sum of the right subarrays 3, 5, 6. 
FIG. 5C schematically illustrates a monopulse di?ference 
circuitry 250 for forming a difference signal from, in the case 
of the embodiment of FIG. 5A, a difference elevation beam 
by subtracting the signal contributions from the left half of 
the array from those of the right half, or in the case of the 
embodiment of FIG. SE, a difference aZimuth beam by 
subtracting the signal contributions from the top half of the 
array from those of the bottom half. 

[0034] For con?gurations Where an odd number of parti 
tions exist in either vertical or horizontal orientation, 
monopulse di?ferencing can still occur by disabling center 
subarrays or using portions of them. In the embodiment of 
FIG. 6A, for example, a seven subarray array is partitioned 
horiZontally by disabling subarray 6, and subtracting the 
sum of the signal contributions from left half, subarrays 1, 
2, 5, from the sum of the signal contributions from the right 
half, subarrays 3, 4, 7. Similarly, FIG. 6B illustrates an 
exemplary horiZontal partitioning scheme for a seven sub 
array array in Which the sum of contributions from the left 
half 1, 2, 5 and the left half of 6 (6a) are subtracted from the 
sum of contributions from the right half, 3, 4, 7 and the right 
half of 6 (6b). Elevation partitioning in an odd-numbered 
array can be accomplished by disabling one of the subarrays 
on Whichever one of the top half or bottom half has the most 
subarrays. In the embodiment of FIG. 6C, for example, the 
sum of the signal contributions from subarrays 1, 2, 3 are 
subtracted from the sum of the signal contributions from the 
bottom subarrays 5, 6 and 7, With the elements in subarray 
4 disabled. 

[0035] Exemplary embodiments of an ESA provide over 
lapped subarray architecture With simpli?ed beamformer 
features. These embodiments may also provide ?exibility in 
tuning subarray length and may be readily scalable to a 
variety of subarray siZes and con?gurations With varying 
degrees of overlap. The number of subarrays in the exem 
plary embodiments illustrated here are not exclusive. The 
subarray architecture is suitable to scaling to any arbitrary 
length, height, con?guration and degree of subarray overlap. 
The particular embodiments of partitioning illustrated herein 
are exemplary only. 

[0036] In further exemplary embodiments, grating lobe 
suppression may be accomplished With digital control rather 
than ?xed by array/subarray physical architecture, design 
and/or fabrication. In an exemplary embodiment, changing 
aperture illuminations as a function of BSA beam displace 
ment may be used for tailored grating lobe suppression. The 
tailored grating lobe suppression may be used at Wider ESA 
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scan positions and may be more desirable at Wider ESA scan 
angles. This allows aperture illuminations offering greater 
system sensitivity to be used for beam positions of modest 
ESA beam displacement. Depending on aperture illumina 
tion functions involved, and system operation, system sen 
sitivity improvements associated With this technique can be 
shoWn. 

[0037] Dynamic taper adjustment of an active electroni 
cally scanned array (ESA) may mitigate the onset of overall 
combined array pattern grating lobes that may result from 
operational conditions Which are stressing, in the sense that 
array performance is limited by far-?eld radiation pattern 
grating lobe formation. These stressing operational condi 
tions are typically the o?f-set frequency condition presented 
by Wide instantaneous bandWidth operation and by limited, 
scan multiple beam formation. The magnitude of the grating 
lobe formation resulting from either of these stressing con 
ditions changes depending on ESA scan position and array/ 
subarray con?guration. 
[0038] Uniform aperture illumination provides radiation 
pattern sidelobes With equal null-to-null Width. Mainlobe 
null-to-null Width is tWice that of the sidelobes. Pattern nulls 
in an overall full array combined beam may be set, in part, 
by the subarray pattern nulls. Using dissimilar subarray 
tapers places nulls in multiple locations. Null locations may 
be predicted or determined for grating lobe suppression, and 
tapers adjustment of subarray tapers can be dynamically 
made With an active ESA that cancels o?f-frequency induced 
full array grating lobes. 
[0039] Aperture tapers are used to reduce peak radiation 
pattern sidelobes. These tapers typically reduce the excita 
tion toWard aperture edges. Along With reduced sidelobes 
comes a broadened mainlobe With reduced directive gain. 
Di?ferent taper families distort sidelobe null-to-null spacing 
in di?ferent Ways. The phrase “taper families” in this context 
traditionally applies to mathematically related adjustment of 
array element excitation for purposes of adjusting array 
far-?eld pattern characteristics. These mathematically 
related characteristics typically shoWed up as using the same 
set of equations/optimizations With a di?ferent set of input 
constants. A taper family is typically distinguished by a 
particular name. A short list of examples of traditional taper 
families is as folloWs: Taylor, Blackman, Hamming, Han 
ning, Tukey. Traditional taper families have tended to focus 
on amplitude-only element excitation adjustment. More 
modern tapers tend to adjust the full complex (phase and 
gain) characteristics of array elements, eg by assorted 
optimiZation based on mathematics. 

[0040] Even more modern techniques tend to employ all 
of the above and also include computer optimiZations. Some 
families o?fer comparatively constant sidelobe null-to-null 
Width. Other families o?fer non-uniform sidelobe Widths 
Which can vary as a function of angle aWay from mainlobe. 

[0041] Applying di?ferent tapers to di?ferent ones of the 
subarrays may be combined to produce a resultant far-?eld 
pattern that demonstrates very irregular null spacing. If 
di?ferent tapers are chosen to provide densely spaced nulls in 
the region of undesired grating lobe formation, grating lobe 
cancellation may result. Thus tapers from various families 
can be selected to provide grating lobe cancellation in 
desired locations. 

[0042] Tapers may be determined to have even and closely 
spaced far ?eld null locations in regions Where grating lobe 
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suppression is desired. The closely spaced nulls provide 
grating lobe cancellation. The dissimilar Weights may be 
arranged in the overall aperture such that loWer sidelobe 
Weights are closer to the edge of the aperture. 

[0043] Tapers for use in certain, expected operational 
conditions may be pre-determined to have even and closely 
spaced far ?eld null locations in regions Where grating lobe 
formation is expected and Where grating lobe suppression 
Will be desired. A digital library of expected operational 
conditions and respective families of tapers With desirable 
grating lobe suppression characteristics may be stored in 
memory of a controller. 

[0044] FIG. 7 illustrates an exemplary method 300 of 
applying dissimilar tapers. If the antenna operational mode 
is stressed at 301, then a controller determines Whether the 
delta frequency or beam displacement is beyond a grating 
lobe limit at 302. If it is not (303), then the antenna is used 
at 304 Without sidelobe dissimilar tapers. If it is, then the 
controller applies loWer sidelobe dissimilar tapers at 305 
before using the antenna 304. 

[0045] In a typical implementation, the method of FIG. 7 
may be applied to antenna architectures that are stressed in 
a predetermined Way. This Would typically be the case for 
Wider ESA scan angles With a relatively large instantaneous 
bandWidth or multiple receive beam formation. The process 
may employ predetermined tapers or equations in softWare 
With coef?cients that are adjusted based on operating con 
ditions. This is really a matter of implementation of possibly 
synergistic approaches, e.g. selecting lookup tables or equa 
tions With programmable inputs, or both. 

[0046] The adjustment may be made Whenever grating 
lobe suppression is required. For example, When ESA beam 
positions are near array broadside, loW loss tapers may be 
selected Where grating lobe suppression concerns may be 
minimiZed. The beam displacement may not be beyond the 
grating lobe limit and the antenna may be used Without 
applying loWer sidelobe dissimilar tapers. As scan angles are 
increased, and o?f-frequency grating lobes increase, subar 
ray tapers may be adjusted to place nulls at undesirable 
grating lobe locations. The beam displacement or frequency 
di?ference may be beyond the grating lobe limit and dis 
similar sidelobe tapers may be applied. Typically it is knoWn 
ahead of time When an adjustment may be required. Whether 
or not it is actually required depends on the environment that 
the radar is operated in; conditions such as clutter charac 
teristics, and additional outside interference also come into 
play. Improvement bene?ts due to application of the adjust 
ment techniques may be observed in some applications by 
enabling and disabling these techniques. The techniques can 
be used in conjunction With other interference cancellation 
techniques. 

[0047] FIG. 8 illustrates far ?eld patterns and array factor 
from exemplary subarray of an array, With the subarrays 
having di?ferent tapers applied to them. In this exemplary 
embodiment, the array has ?ve full-height, 50%overlap 
subarrays With an aperture of 48 Wavelength extent. The 
subarray tapers shoWn are a —20, —30, —40 dB Taylor 
Weights, and shoW e?fects of subarray null Width increase 
With increasing taper. The example tapers Were chosen for 
convenience and are not meant to imply an optimal taper 
selection. Examination of the ?rst and second subarray 
pattern null locations shoWs numerous nulls in the vicinity 
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of the ?rst array factor lobe repeat (Where kx approximately 
equals about 10.1). A —30 dB Taylor Weight is used on each 
of the 5 subarrays. 

[0048] Additionally, a —40 dB Taylor Weight is placed 
across the 5 subarray beam ports. Optimal tapers for this 
technique tend to place nulls at each grating lobe location. 
Further, the optimal taper set may include adjustable sub 
array null location While maintaining regular subarray null 
to-null spacing. Regular subarray null-to-null spacing alloWs 
the same null determined grating lobe cancellation effect for 
each of the periodic full array grating lobes. 

[0049] FIG. 8 shoWs non-equal sidelobe null Widths for an 
individual Weighted subarray pattern. That is, sidelobe nulls 
are more closely spaced in the mainlobe vicinity. Further 
aWay from the mainlobe, the nulls are more Widely spaced. 
These more Widely spaced null positions tend to fall at the 
same locations even across dissimilar Taylor Weights. This 
similarity of dissimilar Taylor Weight null locations lessens 
grating lobe suppression in regions far from the mainlobe. 

[0050] Exemplary subarray Weights may be, subarray 1 
and 5, —40 dB Taylor; subarrays 2 and 4-30 dB Taylor; and 
subarray 3, —30 dB Taylor. Additionally, a —40 dB Taylor 
Weight may be applied at the subarray ports. The effects of 
pattern nulling described earlier can be seen in the vicinity 
of kx=0.575. 

[0051] An exemplary taper selection for a seven subarray 
per array con?guration is the folloWing, Where taper No 4 
corresponds to the loWest subarray sidelobe levels, and taper 
No 1 corresponds to uniform illumination: 

[0052] Subarray No: 1234567 

[0053] Taper No: 4321234 

[0054] Choice of other Weight families With different null 
spacings across the full far ?eld pattern improves grating 
lobe suppression in regions far from the mainlobe as Well as 
close in. The Weight families used are selected by comparing 
the null locations associated With the Weights With the 
locations of grating lobes. 

[0055] Electronic subarray extent control can be used in 
conjunction With subarray electronic taper control to provide 
multiple degrees of freedom in grating lobe control. This 
grating lobe control is useful for either Wide instantaneous 
bandWidth, off-frequency, or limited scan multiple beam 
operation. It can be employed dynamically as the need 
arises. Using a subarray Abrick@ overlap architecture may 
simplify the architecture, thereby reducing costs of manu 
facture, and provide a more readily calibrated array. 

[0056] In an exemplary embodiment, dynamic taper 
adjustment control may also be applied to horizontally 
overlapping, vertically separate, adjacent and/or contiguous 
subarrays. 

[0057] It is understood that the above-described embodi 
ments are merely illustrative of the possible speci?c embodi 
ments Which may represent principles of the present inven 
tion. Other arrangements may readily be devised in 
accordance With these principles by those skilled in the art 
Without departing from the scope and spirit of the invention. 
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1. An electronically scanned array antenna comprising: 

an array of radiative elements, said array having an array 
height; 

a plurality of separate subarrays of said radiative ele 
ments, Wherein the plurality of separate subarrays com 
prises at least a ?rst subarray and a second subarray, 
Wherein said ?rst subarray and said second subarray 
have subarray heights Which are smaller than said array 
height, said ?rst subarray is vertically non-overlapping 
With the second subarray, said ?rst subarray partially 
horizontally overlaps the second subarray, and said 
radiative elements of said separate subarrays are not 
shared With any other subarray. 

2. The antenna of claim 1, Wherein: 

the plurality of separate subarrays of elements further 
comprises a third subarray, Wherein the ?rst subarray is 
horizontally non-overlapping With the third subarray 
and the ?rst and third subarrays are arranged in a ?rst 
roW of subarrays; and Wherein 

the ?rst and third subarrays are vertically non-overlapping 
With the second subarray and the second subarray 
partially horizontally overlaps the ?rst and third sub 
arrays. 

3. The antenna of claim 1, Wherein the plurality of 
separate subarrays of elements comprises: 

a ?rst roW comprising a ?rst plurality of subarrays, 
Wherein subarrays of the ?rst plurality of subarrays are 
horizontally non-overlapping With one another; 

a second roW arranged vertically adjacent to the ?rst roW 
and comprising a second plurality of subarrays, 
Wherein subarrays of the second plurality of subarrays 
are horizontally non-overlapping With one another, and 
Wherein subarrays of the ?rst plurality of subarrays 
partially overlap respective vertically adjacent subar 
rays of the second plurality of subarrays. 

4. The antenna of claim 1, Wherein said subarray height 
are about one half said array height. 

5. The antenna of claim 4, Wherein said ?rst subarray 
partially horizontally overlaps 50% of said second subauray. 

6. An electronically scanned array antenna comprising: 

an array of radiative elements, said array having an array 
height and an array Width; 

a plurality of separate subarrays of said radiative ele 
ments, comprising a ?rst roW comprising a ?rst plural 
ity of subarrays, Wherein subarrays of the ?rst plurality 
of subarrays are horizontally non-overlapping With one 
another, and a second roW comprising a second plural 
ity of subarrays, said second roW arranged vertically 
adjacent to the ?rst roW Wherein subarrays of the 
second plurality of subarrays are horizontally non 
overlapping With one another, and 

Wherein subarrays of the ?rst plurality of subarrays par 
tially overlap respective vertically adjacent subarrays 
of the second plurality of subarrays, and said radiative 
elements of said separate subarrays are not shared With 
any other subarray, and 

said plurality of separate subarrays of said radiative 
elements have subarray heights Which are smaller than 
said array height. 
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7. The antenna of claim 6, wherein said subarray heights 
are about one half said array height. 

8. The antenna of claim 7, Wherein said subarrays of said 
?st roW each overlap 50% of a vertically adjacent subarray 
of said second roW. 

9. An electronically scanned array antenna comprising: 

an array of radiative elements, said array having an array 
height and an array Width; 

a plurality of separate subarrays of said radiative ele 
ments, said plurality of subarrays having subarray 
heights Which are smaller than said array height and 
comprising a ?rst roW comprising a ?rst plurality of 
subarrays, Wherein subarrays of the ?rst plurality of 
subarrays are horizontally non-overlapping With one 
another, and a second roW comprising a second plural 
ity of subarrays, said second roW arranged vertically 
adjacent to the ?rst roW Wherein subarrays of the 
second plurality of subarrays are horizontally non 
overlapping With one another, and 

Wherein subarrays of the ?rst plurality of subarrays par 
tially overlap respective vertically adjacent subarrays 
of the second plurality of subarrays, and said radiative 
elements of said separate subarrays are not shared With 
any other subarray, 

a plurality of combiner manifolds, one for each subarray, 
each manifold coupled to the radiative elements of a 
corresponding subarray to provide a subarray signal at 
a subarray port during a receive mode. 

10. The antenna of claim 9, Wherein said subarray heights 
are about one half said array height. 

11. The antenna of claim 9, Wherein said subarrays of said 
?rst roW each overlap 50% of a vertically adjacent subarray 
of said second roW. 

12. The antenna of claim 9, further comprising a 
monopulse elevation difference circuitry for generating a 
difference signal representing a difference betWeen a sum of 
signals received at said subarray ports of said manifolds for 
said ?rst roW and a sum of signals received at said subarray 
ports of said manifolds for said second roW. 

13. The antenna of claim 9, further comprising a 
monopulse-azimuth difference circuitry for generating a 
difference signal representing a difference betWeen a sum of 
signals received at said subarray ports of said manifolds for 
a ?rst group of said subarrays disposed on a ?rst side of an 
array vertical center axis and a sum of signals received at 
said subarray ports of said manifolds for a second group of 
said subarrays disposed on a second side of the array vertical 
center axis. 
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14. The antenna of claim 9, further comprising: 

an ampli?er coupled to each radiative element; 

an array controller for selectively controlling an on/olf 
state of each of said ampli?ers to selectively disable 
one or more of said ampli?ers to alter array combined 
pattern characteristics. 

15. The antenna of claim 14, Wherein each of said 
radiative elements Which have not been disabled are uni 
formly illuminated. 

16. The antenna of claim 9, further comprising: 

a set of active transmit/received (T/R) modules, a respec 
tive one of the T/R modules coupled to each radiative 
element; 

an array controller for controlling operation of the set of 
T/R modules to apply a ?rst illumination function to a 
?rst subarray and to apply a second illumination func 
tion to a second subarray, Wherein the ?rst illumination 
function is different from said second illumination 
function. 

17. The antenna of claim 16, Wherein the ?rst and second 
illumination functions place closely spaced far ?eld null 
locations in regions Where grating lobe suppression is 
desired. 

18. (canceled) 
19. (canceled) 
20. (canceled) 
21. An electronically scanned array radar system, com 

prising: 

a controller With a memory; 

a set of parameters identifying an operating condition 
under Which undesirable grating lobes Will form, the 
list of parameters being stored in memory; 

an array With a plurality of subarrays; 

a set of families of tapers associated With respective 
subarrays, at least a ?rst taper of the family of tapers 
being different from a second taper of the family of 
tapers, each taper creating nulls in the far ?eld response 
of their respective subarray the nulls being in the 
vicinity of grating lobes Which form in the operating 
condition, the set of tapers being stored in the memory. 

22. The electronically scanned array radar system of claim 
21, Wherein the controller applies the family of tapers to the 
subarrays When the operating conditions are met. 

* * * * * 


