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MONOPULSE RADAR ANTENNA ARRAY FEED 
NETWORK 

BACKGROUND OF THE INVENTION 

This invention relates generally to array antennas and 
feed networks therefor, and more particularly to such 
antennas and feeds for use in monopulse radar systems 
providing both sum and difference signals to the asso 
ciated monopulse receivers. 
The particular adaptability of array antennas to 

monopulse radar operation has long been recognized. 
Commonly such antennas comprise a number of indi 
vidual radiation elements such as waveguide slots or di 
poles arranged in ordered array, to form a single linear 
array or a planar array made up of a plurality of stacked 
linear arrays. The signals received by the elements of 
each linear array are combined in a pair of feed net~ 
works which may be of either series feed or corporate 
feed con?guration and which are disposed symmetri 
cally with respect to the antenna boresight to form with 
their associated radiation elements two identical half 
apertures. For monopulse reception the two half aper 
ture signals thus provided are added to each other to 
produce the sum signal output, and subtracted from 
each other to yield a difference signal output constitut 
ing a measure of target angle off boresight in the plane 
of the linear array from which the signal derived. 

In designing an antenna array of this kind for mono 
pulse application the normal objectives are to maxi 
mize the sum beam gain and the difference beam angu 
lar sensitivity, and to minimize the sidelobe levels of 
both the sum and difference beams. With elemental 
feed networks as just described it is not possible to opti 
mize all these performance characteristics simulta 
neously, however, because their interdependence per 
mits the optimization of any one of them only by com 
promise of one or more of the others. 
To avoid the need for such compromise various an 

tenna array feed networks capable of producing inde 
pendent sum and difference excitations have been pro 
posed. For example, U.S. Pat. No. 3,509,577 issued to 
the present applicant describes a tandem series feed 
system providing substantial independence of sum and 
difference excitations, thus enabling design for low 
sidelobes for both sum and difference beams as well as 
good sum beam gain and difference beam angular sen 
sitivity. 
However, the tandem series feed constitutes a more 

elegant solution to the problem of achieving indepen 
dence of sum and difference excitations than is re 
quired to meet the requirements of some applications, 
in which a lesser degree of independence between exci 
tations would be adequate and would represent an ac 
ceptable trade-off against feed complexity. One known 
array feed providing such limited or partial indepen 
dence of sum and difference excitations divides the ele 
ments of each linear array into two or more subarrays 
per half aperture, with partial independence then being 
afforded by the ability to separately control the sum 
and difference power split to each of the subarrays and 
also by control of the number of array elements in 
cluded in each of the subarrays. 
The degree of independence of the sum and differ 

ence excitations obtainable by division of the array into 
subarrays in this manner depends upon the number of 
subarrays into which division is made, but as a practical 
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2 
matter the number must be kept very small in order to 
avoid undesirable complexity of the array feed network 
structure. With even the smallest possible number of 
subarray groupings, i.e., two subarrays per half aper 
ture, suf?cient independence of sum and difference ex 
citations will usually be available to enable acceptable 
degrees of optimization of three of the four perform 
ance characteristics previously mentioned, viz., sum 
beam gain, sum beam slidelobe level, and difference 
beam angular sensitivity. The fourth parameter, the dif 
ference beam sidelobe level, cannot also be brought in 
this way to as low a level as would be desirable, and dif 
ference beam sidelobe level thus remains a potential 
problem for many monopulse radar applications for 
which this form of feed network would otherwise be at 
tractive. 
The present invention is directed to this problem of 

difference beam sidelobe level, and it provides a solu~ 
tion through which a very substantial reduction of dif 
ference beam sidelobe level may be achieved with no 
adverse affect on either the sum beam gain or the sum 
beam sidelobe level, and with little if any affect on the 
difference beam angular sensitivity. The feed network 
modi?cation by which this is'accomplished lends itself 
to application to antenna arrays of both series feed and 
corporate feed types, and is relatively simple and inex 
pensive in implementation and thus adds little to sys 
tem total cost. 

BRIEF SUMMARY OF THE INVENTION 

In accordance with the invention, a substantial im 
provement in the difference beam sidelobe level in a 
monopulse array antenna is achieved by intercoupling 
one or more of the array elements nearest its center 
through a “meaner” element which effectively oper 
ates to at least partially cancel the difference signals 
coupled to and from those array elements, while divid 
ing the sum signals equally between the array elements 
thus coupled. As a result the antiphased difference ex 
citation of the coupled center element is substantially 
reduced or made zero, thus better conforming the dif 
ference excitation values for those elements to the opti 
mum difference excitation for low difference beam 
sidelobe levels. The equiphased sum excitation of the 
coupled center elements remains unchanged by their 
intercoupling in this manner, so the sum beam pattern 
is not adversely affected thereby. 

BRIEF DESCRIPTION OF THE DRAWINGS’ 

FIG. 1 is an elementary block diagram of an antenna 
array and feed network providing partial independence 
of sum and difference excitations in accordance with ' 
the prior art; 
FIG. 2 is an elementary block diagram of a similar. 

system modi?ed by addition of center element inter 
coupling in accordance with the invention; 
FIGS. 3 and 4 illustrate array factor patterns exem 

plary of systems according to FIGS. 1 and 2, respec 
tively; 
FIG. 5 illustrates difference excitation levels in the 

system of FIG. 2; and 
FIG. 6 is an elementary block diagram of an alterna 

tive embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

With continued reference to the drawings, FIG. 1 il 
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lustrates a prior art monopulse radar antenna array 
with corporate feed, in an arrangement providing par 
tial independence of sum and difference excitations en 
abling improved difference pattern angular sensitivity 
without penalty to sum pattern performance. As 
shown, the system comprises a plurality of radiation el 
ements ll grouped into paired subarrays 13a, 13b, and 
15a, 15b, with the subarrays each comprising a number 
of array elements and being disposed symmetrically 
with respect to the array center. The two subarrays 13a 
and 13b nearest the array center connect through a 
3dB hybrid 17, and the two outer subarrays 15a and 
15b similarly connect through another 3dB hybrid 19, 
to sum and difference couplers 21 and 23. The other 
ports of these couplers connect to sum and difference 
terminals 25 and 27, respectively, or are terminated as 
shown. 

In monopulse operation, the transmitter and the sum 
receiver connect through suitable duplexing means 
(not shown) to the sum terminal 25, and the difference 
receiver connects to the terminal 27. Transmitter pulse 
energy applied at terminal 25 divides in coupler 21 and 
is applied, in predetermined ratios not necessarily 
equal, to the sum terminals of each of the 3dB hybrids 
17 and 19. Here the pulse energy is equally divided in 
each of the hybrids and applied half to each of the two 
subarrays to be supplied through that hybrid, thus ener 
gizing the entire array with a splut of power as between 
the inner subarrays 13a, 13b and the outer subarrays 
15a, 15b which is determined by design of the sum cou 
pler 21. 
On reception, the re?ected signal energy received by 

the inner subarrays 13a and 13b combines in hybrid 17 
to yield both a sum signal which is applied to coupler 
21 and a difference signal which is applied to coupler 
23; re?ected signal energy received by the outer subar 
rays 15a and 15b similarly combines in hybrid 19 to 
yield a sum signal which is applied to coupler 21 and 
a difference signal which is applied to coupler 23. The 
sum signals add in coupler 21 to yield a sum signal out 
put on terminal 25, and the difference signals add in 
coupler 23 to yield a difference signal output on termi 
nal 27. 

In designing an array providing partial independence 
of sum and difference excitations as in FIG. 1, the usual 
procedure is to choose the element excitation and sum 
beam coupler values so that the sum beam will have the 
desired gain and sidelobe characteristics. The differ 
ence beam coupler value, and the number N, of radia 
tion elements 11 to be included in each of the inner 
subarrays 13a and 1312, then are determined so as to 
maximize the difference beam angular sensitivity. Of 
course, another parameter which may be adjusted for 
optimization of the difference beam angular sensitivity 
is the number of subarrays into which the array is di 
vided, though unless this number is kept quite small 
much of the attractive simplicity of the basic feed net 
work is lost. 
The remaining performance characteristic which 

array design formulation in accordance with the fore 
going does not satisfactorily optimize for many mono 
pulse applications is difference beam sidelobe level. As 
shown by the factor patterns for a representative such 
array in FIG. 3, the difference beam sidelobes are much 
higher than the sum beam sidelobes, with the peak sum 
sidelobes being below —-25dB while the peak difference 
sidelobes are down only -l7.7dB in this particular ex 
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4 
ample, which is an undesirably high sidelobe level in 
many cases. 

Referring now to FIG. 2, there is shown a monopulse 
array like that of FIG. 1 except that it embodies center 
element intercoupling so as to yield substantial im 
provement in difference beam sidelobe level in accor 
dance with the invention. As in FIG. 1, the radiation el 
ements l 1 which are further designated R1 — R24 in FIG. 
2, are again grouped into four subarrays. These subar 
rays are connected through hybrids 17 and 19, and 
couplers 21 and 23, to the sum and difference terminals 
25 and 27 as previously described. Also as described, 
the radiation elements 11 of the outer subarrays 15a 
and 15b are fed through a conventional corporate feed 
arrangement comprising couplers C, - C20, but the feed 
network for the inner subarray elements is modi?ed to 
provide intercoupling of the two center elements of the 
array through a pair of 3dB couplers 29 and 31. As 
shown, coupler 29 has its 3dB terminals connected to 
the centermost radiation elements R, and R13, its differ 
ence port connected to a terminating load, and its sum 
port connected to the sum port of coupler 31, which 
has its 3dB ports then connected into a corporate feed 
network otherwise similar to the subarray networks 13a 
and 13b of FIG. 1. 
The operation of these couplers 29 and 31 is to can 

cel the difference signal energy which is coupled 
through them, and to add and then divide the sum sig 
nal energy equally between their two inputs and out 
puts, in both directions of signal energy ?ow. The cou 
plers thus function as a “meaner” of signal energy cou 
pled to and from the centermost radiation elements 11, 
the effect being to leave unchanged the equiphased 
sum excitation while cancelling the antiphased differ 
ence excitation. 
The improvement in difference beam sidelobe level 

accomplished by this modi?cation is illustrated in FIG. 
4, which depicts factor patterns for an array like that 
of FIG. 1 except for the modi?cation just described, 
and shows the difference beam peak sidelobe level to 
have been dropped to approximately —21.9dB, for a 
net improvement of about 4dB. There may in some 
cases be some accompanying reduction in angular sen 
sitivity but in general this is negligible in amount, being 
only about 0.07dB in the case of the particular array 
being described, and such slight angular sensitivity loss 
is far more than offset by the improvement achieved in 
difference beam sidelobe level. 
The reason for the pattern improvement thus ob 

tained can be explained in several different ways. For 
present purposes it appears sufficient to note that the 
effective cancellation of the difference beam excitation 
of the centermost elements better conforms the overall 
difference beam excitation to that required for opti 
mum difference beam sidelobe level. This is illustrated 
in FIG. 5, in which the optimum difference excitation 
is shown by the solid line curve, and element weights 
for the array of FIGS. 1 and 2 are shown as small circles 
above the corresponding radiation element numbers. 
As indicated, the difference excitation for the center 
most elements, the elements numbered R1 and R13 in 
the drawings, is reduced from its normal value to zero 
by the feed network modi?cation just described, and 
the result of this change is better conformance of the 
effective difference excitations for the elements to the 
optimum excitation curve shown in FIG. 5. 
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To complete the description of the speci?c exem 
plary embodiment of which FIGS. 3, 4 and 5 are illus 
trative. the following tabulation is given of coupler val 
ues and sum and di?‘erence weights used in this system: 

TABLE I 

Coupler dB 
Cl, Cll 3.0l 
C2, C12 3.0l 
C3, C13 3.01 
C4. C14 3.0l 
C5, C15 3.01 
C6. C16 3.01 
C7, C17 3.30 
C8, C18 3.20 
C9, C19 4.00 
C10, C20 5.50 
ZCoupler 21 4.30 
ACoupler 23 6.00 

TABLE II 

Element 
Number Sum Weights Delta Weights 
R‘. Rn 1.000 0.632 (without intercoupling) 

0.000 (after intercoupling) 
R2. RH 1.000 0.632 
R3. Rm 0.937 0593 
R,. R", 0.937 0.593 
R,, R" 0.761 L080 
Re, R", 0.76] 1.080 
R, R" 0.566 0.803 
R“ R," 0.566 0.803 
R”, R2, 0.390 0.553 
Rm. R2, 0.390 0.554 
R". Ru 0.244 0.347 
R". RH 0244 0.347 

In FIG. 2 only the centermost radiation element of 
each half aperture is shown intercoupled through the 
“meaner" network. In some cases, particularly with 
very large arrays, it may be desirable to couple two or 
more of the radiation elements of each half aperture 
through the “meaner” network, where to do so would 
better conform the difference excitation to the opti 
mum for that speci?c array. Also, if the array contains 
an odd number of radiation elements rather than an 
even number as illustrated, a conventional three-way 
divider may be substituted for the coupler 29 with each 
of its three branch ports connected to one of the three 
centermost radiation elements. 
Other options in applying the pattern improvement 

technique of this invention include the substitution of 
other types of intercoupling networks for the particular 
two-hybrid network 29-31 shown. As explained, this 
network functions simply to cancel the difference sig 
nal energy and to “mean” the sum signal energy pass 
ing either way between its input and output ports, so 
other known devices such, for example, as the so-called 
split T hybrid which may be arranged to function in the 
same general manner may be substituted. For some ap 
plications it may be preferable that the intercoupling 
network only partially cancel the center element differ 
ence signal energy, rather than reduce it to zero as in 
the embodiment of FIG. 2. Partial cancellation may in 
such cases enable signi?cant reductions in difference 
beam sidelobe level while affecting angular sensitivity 
to a still smaller extent than with complete cancellation 
as previously described. 
A system incorporating center element intercoupling 

thus modi?ed is shown in FIG. 6, in which the system 
illustrated is otherwise like that of FIG. 2. Here the 
"meaner” network 29-31 has the right-hand 3dB 
branch of its coupler 29 connected to couple half the 
signal energy to and from the pair (R1, R2) of radiation 
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6 
elements 11 nearest the array center on its right-hand 
side, such coupling being accomplished through a sec 
ond “meaner“ network 33-35 connected for operation 
in the same manner as previously described for net 
work 29-31. The left-hand branch of coupler 29 cou 
ples in like manner through a third such “meaner” net 
work 37-39 to the left-hand pair (R13, R1,) of array ele 
ments 11 nearest the array center. 

In operation, the sum pattern again remains essen 
tially unchanged, because sum signal energy propagat 
ing through the combined “meaner” network 29-39 is 
not signi?cantly affected thereby. Signal energy re 
ceived by elements R1 and R2 is summed in coupler 33, 
then divided by coupler 35 with one half the sum signal 
energy being transmitted directly to coupler C22 and 
the other half being transmitted thereto through the 
“meaner” network 29-31. Sum signal energy is simi 
larly coupled through networks 37-39 and 29-31 from 
array elements R13 and RM to coupler C21. 

Substantially all the difference signal content of sig 
nals receivedby the two radiation elements of each 
array element pair R1, R2 and R13, R1, is cancelled by 
operation of the couplers 33 and 37 to which these 
pairs respectively connect. The sum signal outputs of 
couplers 33 and 37 are transmitted to couplers 35 and 
39, respectively, and there each is split with half the sig 
nal energy being applied directly to coupler C21 or 
C22 and half applied thereto through the “meaner" 
network. These half-level signals for the left- and right 
hand array element pairs which are applied to network 
29-31 have their difference content cancelled thereby, 
but the difference content of the half-level signals ap~ 
plied directly to couplers C21 and C22 is preserved and 
is factored accordingly into the difference signal output 
through couplers C23 and C24, hybrid 17 and A cou 
pler 23. 
The net result is that the amplitude of the difference 

signal for the two centermost pairs of array elements 
R1, R2 and R13, R14 is reduced by one-half its normal 
value, rather than cancelled completely as in the em 
bodiment of FIG. 2. Such reduction in amplitude of the 
difference excitation applies on transmit as well as re 
ceive, by reason of the reciprocity theorem, and again 
is accomplished without signi?cant affect on the sum 
excitation. 
While the invention has been shown and described as 

applied to a system in which the array feed network is 
of corporate type, it will be appreciated that the inven 
tion is applicable as well to systems utilizing series feed 
of the array elements. Also, while the invention has 
been described in its application to systems providing 
partial independence of the sum and difference excita— 
tions, it may be applied to advantage even in systems 
not affording this capability. In such systems, in which 
the array half apertures would not be further subdi 
vided, one or more of the centermost elements of each 
half aperture would be intercoupled through a 
“meaner” network just as described hereinbefore. 
These and many other modi?cations of the exem 

plary embodiment of the invention described will occur 
to those skilled in the art and it therefore should be un 
derstood that the appended claims are intended to 
cover all such modi?cations as fall within the true spirit 
and scope of the invention. - 
What is claimed is: 
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1. For use in a monopulse transmitting and receiving 
system, an array antenna and feed network comprising: 

a. a plurality of radiation elements ordered in linear 
array; 

b. feed means connecting said radiating elements to 
form at least two pairs of subarrays with the subar» 
ray pairs symmetrically disposed with respect to 
the center of the array; 

c. hybrid junction means having sum and difference 
signal ports, said hybrid junctions being respec 
tively coupled to each of said subarrays to provide 
sum and difference signal modes respectively at 
said sum and difference signal ports; 

d. sum signal coupler means and difference signal 
coupler means respectively connected to the sum 
signal ports and difference signal ports of said hy 
brid junctions for sum signal input to the array and 
sum and difference signal output therefrom; and 

15 

e. a “meaner” element intercoupling one or more of 20 
the centermost of said radiation elements on one 
side of the array with a like number of the center 
most elements on the other side thereof, said 
“meaner" element being operative to cancel the 
difference signal energy transmitted therethrough 
and to divide the sum signal energy equally be 
tween the' radiation elements intercoupled there 
through. 

2. An array antenna system providing sum-and 
difference monopulse transmission, comprising: 

a. a plurality of radiation elements ordered in linear 
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8 
array; 

b. feed means connecting said radiating elements to 
form two half apertures disposed one on each side 
of the array center; 

c. sum and difference signal coupler means con 
nected to said feed means for sum signal input to 
the array and sum and difference output therefrom; 
and 

d. a “meaner” network intercoupling said feed means 
and a plurality of said radiation elements including 
at least one of the centermost of said radiation ele 
ments on one side of the array with a like number 
on the other, said “meaner” network comprising 
?rst coupler means wherein the radiation element 
sum and difference signal intercoupling is such as 
to at least partially cancel the antiphased differ 
ence signals and to add the equiphased sum signals, 
and second coupler means wherein the equiphased 
sum signals thus added in said ?rst coupler means 
are divided to yield a corresponding plurality of 
sum signals, whereby the antiphased difference ex 
citation of the array center elements is at least par 
tially cancelled while the equiphased sum excita 
tion thereof is maintained substantially unchanged. 

3. An array antenna system as de?ned in claim 2 
wherein said “meaner" network is connected to two of 
said centermost radiation elements on each side of the 
array and operates to reduce by one-half the amplitude 
of the difference excitation for those elements. 

* * * * * 


