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BUTLER sUBMATRIX FEED FOR A LINEA 
ARRAY 

BACKGROUND OF THE INVENTION 
Butler matrices and associated feed systems have 

long been employed as an effective means for elec 
tronically scanning a linear array. The Butler matrix is a 
lossless passive network having N inputs and N outputs, 
where N is usually some power of 2. The inputs are iso 
lated from one another, and a signal into a single input 
results in a set of currents of equal amplitude on all the 
outputs with a linear phase progression across this 
linear array. Thus, each of the N input ports give rise to 
an independent directive beam. The construction of a 
large Butler matrix becomes extremely difficult and 
linear arrays having more than 64 elements are very un 
common. Also the mechanical and electrical tolerances 
become very stringent as the order of the matrix in 
creases. Furthermore, for large networks, the number 
of transmission line corners, bends, and cross-overs en 
countered in fabrication become a prime source of 
system error. Hence, matrices of orders greater than 64 
(2) are very expensive and are considered high risk 
components. 
When a single Butler matrix of order N is employed 

in a beam forming and scanning network for a linear 
array it generates N beams in the space defined by-90° 
< 0 <--90'; where the scan angle 8 = 0 is broadside to 
the array. Since the effective aperture of an array is 
proportional to the factor cos 8, large values of 80 
> (T/4 provide very poor antenna performance. In 
fact, most linear arrays do not scan beyond it 45°. 
Hence, because these beams are normally dropped, sel 
dom is the full capability of a single Butler matrix feed 
system utilized. 

Therefore, with the above disadvantages in mind, I 
have developed a simplified feed system to replace the 
beam forming Butler matrix in a linear array. The 
system herein may replace the large complicated Butler 
matrix used in the linear array described in "Institute of 
Radio Engineers' Vol. PGAG Ap-9, 1961, pp 
154-161, by J. Shelton and K. Kelleher. 

sUMMARY OF THE INVENTION 
The beam forming and scanning function of a single 

Butler matrix is replaced by a network of two or more 
lower order matrices so as to result in an equivalent 
network for driving a linear or planar array. This 
system appreciably reduces the amount of circuitry 
from that required in the prior art in exchange for a 
more limited scanning sector. Also, the system allows 
departure from the standard linear array having a 
number of elements equal to the order of the Butler 
matrix. Here the number of antenna elements equals 
the product of the number of submatrices "in parallel" 
times the order of the matrices. Therefore a number of 
N elements, not merely restricted to N = 2", is now 
possible. Also this instant Butler submatrix beam form 
ing network system inherently has less complex design 
layouts and fewer general fabrication problems. 

OBJECTS OF THE INVENTION 

An object of the present invention is to provide a 
comparable yet more reliable linear array beam form 
ing and scanning network employing two or more Bu 
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2 
tler matrices, of the same order in lieu of a single 
matrix. 

Another object of the present invention is to provide 
a linear array with a Butler submatrix beam forming 
and scanning network which results in substantial 
savings in the cost of system components and hard 
Wale 

A further object of this invention is to provide an N 
element linear array which need not necessarily be a 
multiplier of 2". 
Another object of the present invention is to limit the 

space coverage to approximately a 45 scan such that 
every beam which is generated is usable. 
Another object of the present invention is to provide 

a feed network for a linear array which is economical 
and offers an appreciable savings in circuitry and hard 
ware in exchange for the present inefficient 180' sector 
coverage offered by the prior art. 
Other objects, advantages and novel features of the 

invention will become readily apparent from the fol 
lowing detailed description of the invention when con 
sidered in conjunction with the accompanying 
drawings wherein: 

THE DRAWINGS 

FIG. , prior art, depicts a linear array driven by the 
well known (NXN). Butler matrix. 

FIG. 2 shows the linear array driven by a number of 
lower order submatrices, and particular method of in 
terconnection between the linear array and the outputs 
of the submatrices. 

DETALED DESCRIPTION OF THE INVENTION 

Referring to FIG. 1, N element linear array 10 of the 
prior art is shown with its associated (NXN) Butler 
matrix 12. The N element array usually consists of 
equally spaced horns, dipoles, or possibly other linear 
arrays and are arranged along a common line. 
Although a linear array is shown, it should be un 
derstood that the element configuration could form a 
planar array wherein a number of linear arrays such as 
array 10 are disposed in columns. There are only a few 
requirements regarding the actual physical placement 
of a particular antenna, and the well known antenna 
placement principles control. As is well known in the 
prior art, interconnecting RF lines which connect the 
individual antenna element to an output terminal of the 
single Butler matrix must be of a prescribed length 
which maintains a uniform phase relationship between 
the array 10 and the single Butler matrix 12. 
As previously mentioned, a Butler matrix 12 is a loss 

less passive network having N inputs and N outputs 
where N is usually some power of 2. The inputs are iso 
lated from each other and a signal into any particular 
beam terminal input results in currents of equal am 
plitude on all the outputs with phase varying linearly 
across the elements. Therefore, if a unit voltage is ap 
plied to beam terminal -- N12 a directional beam will 
be generated in the furthermost scan position 8 
direction where 8 = Sin (N-1/N). Similarly, if a 
unit voltage is applied to input mode terminal - N12), 
a beam will be generated in the 8-val direction. The N 
beam terminals as shown in FIG. 1 can be used inde 
pendently or connected together in different combina 
tions so as to establish an amplitude taper illumination 
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on the radiating aperture or to obtain simultaneous 
beams. This system described above is well known in 
the prior art and is set forth in detail in U. S. Pat. No. 
3,255,450 issued to Jesse L. Butler. Also, it should be 
noted that the gain of the system shown in FIG. 1 drops 5 
off substantially for beam scans greater than 6 = 45. 
This is due to a decrease of the effective aperture by a 
factor cos 0. These beams have little value in most ap 
plications and result from the higher aperture current 
modes. Therefore the scanning sector is effectively 1 
limited to 0s-45°. As a result the single Butler matrix 
feed system is inefficient since all the inputs are not 
used. Hence the matrix 12 becomes unnecessarily large 
and as I have discovered may be replaced by a number 
of smaller order Butler matrices. 

Referring to FIG. 2 a number of Butler submatrices 
such as 20, 22, 24 and 26 are shown. All the matrices 
are of the same order (e.g., all CXC) and are concep 
tually identical to Butler matrix 12 except that in a 20 
similar system, the matrices of FIG. 2 are of much 
lower order. Because of the fact that a number of lower 
order Butler matrices are used in lieu of a larger order 
matrix the matrices 20, 22, 24 and 26 are designated as 
submatrices SM, SM2 ... SM-, and SMs, respective- 25 
ly. The order C of the submatrix times the number of 
individual matrices B equals the number of radiators N 
in the array 10. As a result one is not restricted to a 
power of 2 number of radiators as was required in the 
prior art. It should be noted that each output port of 30 
each submatrix is connected to one of the radiators in 
the array 10 by a transmission line which maintains the 
relative phase between the output ports and the radia 
to S. 

Using the principles of geometrical optics, it can be 
easily shown that the element spacing and the phase 
differences between adjacent elements determines a 
wave front at a particular angle with respect to the ar 
ray. Thus, when the elements of the array 10 are fixed 
the angle of the wave front will be substantially deter 
mined by the phase distribution across the array. A par 
ticular linear phase progression is established by 
providing a unit voltage to one of C beam inputs 36. 

In order to establish a particular linear phase 45 
progression across the linear array 10, while employing 
a number of Butler submatrices in lieu of the single Bu 
tler matrix, a particular method of element intercon 
nection must be maintained. As shown in FIG. 2, the 
first terminal of each submatrix is connected across the 50 
array 10 from left to right until the first terminal of sub 
matrix B (26) is connected to element B of the array. . 
The (B+ 1) element of the linear array 10 is connected 
to the second terminal of the first submatrix 20, and the 
second terminal of each subsequent terminal of each 55 
submatrix is sequentially connected from left to right 
until the second terminal of the last submatrix B (26) is 
connected to terminal 2B (not shown). This method of 
interconnection continues across the array until the last 
terminal C of the last submatrix B is connected to the 
last antenna element N of the linear array 10. The con 
nections may be made with RF lines of prescribed elec 
trical length to maintain the established phase proper 
ties. 

Each Butler submatrix has C number of beam ter 
minals. Typically for a (4 x 4) order Butler submatrix 
which is used to drive a linear array there are four par 
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4. 
ticular beam terminals which may be designated as 1, 2, 
-1, and -2. In order to have each of the (BC) beam 
terminals correspond to an independent directional 
beam, the N linear phase progressions must be 
established across the array. This may be accomplished 
by using submatrix B as a reference and inserting fixed 
phase shifts in each of the C input ports of the remain 
ing (B-1) submatrices. As shown in FIG. 2, the phase 
shifters 27 may typically be a fixed line length 29. The 
phase insertion of any particular phase shifter is deter 
mined by: 

(SM-B) (2k-1) at br=ac = w - 

where K is the particular beam terminal under con 
sideration, SM is the particular submatrix board, B is 
the total number of submatrices and N is the number of 
radiators in the array. 

FIG. 2 shows the submatrices connected to power 
dividers 35. Similar beam terminals from the set of B 
submatrices are connected to a common power divider. 
For example, considering power divider 28, the first 
submatrix input terminal of each of the submatrices 20, 
22, 24, and 26 are connected thereto. Similarly all the 
second beam terminals of each of the Butler matrices 
are connected to power divider 30. Therefore, C 
number of B-way power dividers are responsible for the 
proper current distribution. 
When the far field radiation patterns of the device of 

FIG. 2 is compared to the prior art in FIG. 1, it can be 
seen that the conventionally fed array has a greater 
number of independent beams available. However, 
these additional beams are the ones directed farthest 
away from broad side, and since the sector coverage for 
most linear arrays is less than 45, the loss of these 
beams is inconsequential. 

Obviously, many modifications 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 
practiced otherwise than as specifically described. 
What is claimed and desired to be secured by Letters 

Patent of the United States is: 
1. In a beam forming and scanning network for a 

linear array of antennas, each antenna being connected 
to an output of multibeam network means, a plurality 
of the input means of said multibeam means being seri 
ally coupled to fixed phase shifters and power dividers, 
the improvement comprising: 
a plurality of discrete Butler matrices employed as 

said multibeam network means between the anten 
nas and fixed phase shifters. 

2. In a beam forming and scanning network for a 
linear array of N antennas, each antenna being con 
nected to an output terminal of multibeam network 
means, a plurality of input beam terminal means of said 
multibeam network means being serially coupled to 
fixed phase shifters and power dividers, the improve 
ment comprising: 
B number of (C X C) order discrete Butler sub 

matrices having C number of outputs employed as 
said multibeam network means between the anten 
nas and fixed phase shifters wherein BN = N. 

3. The device as claimed in claim 2 wherein the first 
terminal of each submatrix is sequentially connected 
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across the linear array until the first terminal of sub- B-1 sets of prescribed line lengths for establishing a 
matrix B is connected to terminal B of the array and, phase: 

the B + 1 element of the array is connected to the (SM,-B) (2k-1) 
second terminal of the first submatrix and; = c-1 v 4 

the second terminal of each subsequent submatrix is 5 
sequentially connected until the second terminal where k is the particular beam terminal of said mu 
of submatrix is connected to array element 2B; and tibeam means, and SM, is the particular submatrix 

until the C terminal of submatrix B is connected to means. 
array element N. 5. The device as claimed in claim 2 wherein: 

4. The device as claimed in claim 2 wherein the fixed 10 Bequals 2. 
phase shifter comprises: 
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