
(54) DISTRIBUTIVE MANIFOLD FOR A  MODULAR  ANTENNA                  (71)
We, TEXAS INSTRUMENTS INCORP-  practical as the frequency of the
transmitted  45               ORATED, a Corporation organised according
and received energy increases.               to the laws of the State of
Delaware, United    In U.S. Patent No. 3,345,631 a radar
States of America, of 13500 North Central system is described which
utilizes a large            5 Expressway, Dallas, Texas, United States of
array of solid-state modules. Each module               America, do hereby
declare the invention, is substantially a complete microwave trans- 50
for which we pray that a patent may be  mitter and receiver. Each module
includes               granted to us, and the method by which it the
necessary circuitry for amplifying rela-               is to be performed,
to be particularly des-  tively low RF carrier energy applied simul-
10 cribed in and by the following statement: -   taneously to all of the
modules, and multi-                 This invention relates to a
distributive  plying the frequency to a higher frequency 55
signal system, and more particularly for  for transmission from the
antenna. Each               supplying signals to and receiving signals
module also includes circuitry for processing               from a
plurality of modules including an-  high frequency energy received from
the           15 tenna elements, the system  including a  antenna to
produce a low frequency IF               plurality of submanifolds coupled
to a main  signal, which is also preamplified. In addi- 60
manifold system. As used in this specifica-  tion, each module includes
phase shifting               tion the term module means one of a num-
means for both the transmitted and received               ber of similar
devices, each including an  energy so that the beam from  the fixed
20 antenna element, which can be combined to  antenna array can be
electronically scanned.               form a desired antenna array.
One of the problems encountered in put- 65                 While the
specific embodiment of the in-  ting together a large array of individual
vention described herein is an airborne  building block modules is that of
splitting               terrain following radar, this invention is  one, or
more, low power RF signals into a           25 equally applicable to other
radar systems, large number of lower power RF signals to               such
as those used for ground mapping  be transmitted from the individual
building 70               search and detection, fire control, tracking
blocks. This problem is particularly acute  and navigation, as well as to
microwave   in airborne radar systems wherein the total
transmitting and receiving generally.   package must have a minimum size,
weight,           30   Radar systems in general, and airborne  and
complexity while still meeting good per- radar systems in particular, have
long re-  formance criteria. It is known that a high 75
quired considerable servicing and have been  density configuration, having
on the order               somewhat unreliable because of the many  of four
module connectors per square inch               mechanical parts, such as
rotary joints, is possible in a solid-state radar system. In           35
motors, synchros, gears, and other servo  addition to meeting the
requirements of size,               components normally essential to a
scan-  weight, and complexity, the distributive 80               ning
system.  The magnetrons used for  system must deliver signals to the
individual               transmitting, klystrons used for transmitting
modules that have the same relative phase.               and local
oscillator service in the high power  Finally, a preferred distribution
system must           40 transmit-receive protection devices have also
have the facility of either dividing the trans-               been found
somewhat unreliable. It is also  mitted signal or summing the received sig-
85               difficult to achieve high power at high fre-  nal.
quencies and the system components men-   It is an object of the invention
to provide               tioned tend to be more unreliable and less  such a
system. 
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2       According to the invention there is pro- illustrative of the
invention. Referring to 65     vided a distributive signal system for use
the drawings:     with a plurality of modules alternately radi-   Figure 1
is a schematic of a submanifold     ating and receiving microwave frequency
and main manifold power divider system for  5 signals comprising: a
plurality of submani-  distributing a lower power RF signal to a     folds
each coupled to a respective group of plurality of radio frequency building
block 70     modules of said plurality of modules, each  modules;
submanifold including a divider for distri-  Figure 2 is a schematic of a
submanifold     buting an isolated equal amplitude and  and main manifold
system for summation of 10 equal phase signal to each module of the  a
plurality of IF signals from a plurality     respective group, and a main
manifold  of building block modules;                    75     coupled to
said plurality of submanifolds    Figure 3 is an isometric view of a sub-
having a dividing network for distributing an  manifold for dividing a
signal transmit RF     isolated equal amplitude and equal phase  frequency
signal into four RF frequency 15 signal to each of said plurality of
submani-  signals and combining four IF signals into     folds in response
to a signal in said main  one IF signal;                           80
manifold. The signals distributed by the    Figure 4 is a stripline divider
network     dividing network are isolated from  each  for the submanifold
of Figure 3;     other in the sense that each divided signal  Figure 5 is a
schematic of a split-tee 20  operates substantially independently of any
divider circuit with resistor isolation;     other divided signal (i.e. any
action on one    Figure 6 is a stripline summation net- 85     divided
signal has substantially no reaction  work for the submanifold of Figure 3;
on any other divided signal).                Figure 7 is an isometric view
of a main       In a typical embodiment of the invention, manifold for
thirty-nine submanifolds of the 25  604 RF building blocks are arranged in
a  type shown in Figure 3;     planar array having an octagonal shape.
Figure 8 is a stripline divider network for 90     Each individual building
block has two RF  the main manifold of Figure 7;     connectors located on
the side opposite of   Figures 9 and 10 are stripline weighted     the
actual radiating antenna elements. The  signal summation networks for the
main 30 total array is divided into four quarter-  manifold of Figure 7;
sections with each section divided into    Figure 11 is a chart showing
power ratios 95     thirty - nine subgroups.  Thirty - four of  for a
typical quarter section main manifold;     the subgroups in each section
are con- and     nected to four building block modules    Figure 12 is a
cross section showing the 35 and  the  remaining  five  connected  to
interconnection of a submanifold to a main     only three building block
modules. The  manifold.                                    100     five
subgroups having only three modules    Referring to Figure 1, there is
shown a     include a dummy termination at two con-  part of a system for
the transmit operation     nectors. Each group of four RF building  of a
microwave antenna consisting of a 40  block modules is electrically tied
together  plurality of individual modules.  A  high     in a two-by-two
unit square array by means  frequency transmit signal from a generating 105
of a submanifold  stripline construction. source (not shown) is connected
to a four-     These submanifolds are electrically con-  way stripline
power dividing network 11     nected together through a quarter-section
which simply divides the signal from  the 45 primary feed circuit. The
quarter sections  generating unit into four equal amplitude,     are in
turn connected together in a mono-  in-phase signals respectively coupled
to four 110     pulse comparator and S-band (1.55 to 5.20 separate main
manifolds 12, 13, 14, and     GHz) four-way power divider section.     16.
The main manifold networks are also       A distributive manifold system
accordin  of a stripline construction and function to 50  to the invention
can employ a plurality of further divide  the input signal from  the
substantially identical submanifolds to re-  generating unit into
thirty-nine equal ampli- 115     substantially identical submanifolds to
re-  tude and identical phase signals. Referring     duce the high density
of the radio, frequency  specifically to to the main manifold 12, one of
building block connectors to a much lower  its thirty-nine out signal
supplies a sub-       density configuration  of connectors which 55  are
easily handled in a less complex main  manifold 17 and another supplied a
sub-        manifold distributive circuit. The use of     submanifolds
which are substantially identi-  signals from the main manifold 12 are
simi-     cal in construction reduces considerably the  larly connected to
submanifold units, not     energy expended in manufacturing, testing,
folds 13, 14, and 16 is similarly provided to 



60 and maintenance.                            feed  thirty-nine
individual submanifold 125       A  more complete understanding of the
units.     invention and its advantages will be appar-    The submanif old
unit 17 divides the signal     ent from the following description in con-
from the main manifold 12 into four equal     junction with the
accompanying drawings  amplitude, in-phase signals respectively con-
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3      nected to  the transmit connector (not folds of one quadrant being
coupled to the     shown) of building block modules 19, 21, summing network
of the main manifold for     22, and 23. Similarly, the submanifold 18
that quadrant. For quadrant B, the sub-     divides its input signal four
ways into four manifolds are coupled to the summing net-  5 equal
amplitude, in-phase signals respec- work of the main manifold 13. For quad-
70     tively connected to the transmit connector rants C and D the
submanifolds are respec-     (not shown) of building block modules 24,
tively connected to the summing network of     26, and 27. Depending on the
particular the main manifolds 14 and 16. Since it is     configuration of
the overall antenna array, desirable to minimize the side lobes of the 10
some of the output signals from particular received energy wave, the main
manifold 75     submanifold units, such as submanifold 18, units contain a
weighted arrangement of     will not be connected to an RF building
stripline circuitry to add a particular weight-     block. In such cases,
the unused output ing factor to each of its thirty-nine input     signal
must be connected to a dummy load, signals. This will be explained more
fully 15 such as load 28 connected to the submani- later in the
description.           80     fold 18.
The combined weighted signals from the       Each of the building block
modules, such  main manifolds 12 and 13 are coupled to a     as module 19,
is essentially a separate micro- standard hybrid tee circuit 29 wherein
they     wave transmit-receiver which includes solid- are combined and
transmitted to a direc- 20 state circuitry for amplifying a relatively
tional coupler 31. From  the directional 85     low frequency RF carrier
signal which can  coupler 31 the signals from the main mani-     be more
easily handled, and then multiply- folds for quadrants A and B are
transmitted     ing the frequency of the RF signal several through a phase
adjusting circuit 32 and an     times before it is radiated from  the an-
amplitude adjustment circuit 33. Output 25 tenna during a transmit cycle.
During the  signals from the main manifolds 14 and 16 90     receive cycle,
the high frequency RF signal are similarly coupled to a standard hybrid
is moved with a local oscillator signal to  tee circuit 34 wherein they are
combined     produce an IF signal which is amplified  and transmitted to a
directional coupler 36.     before leaving the building block module. From
the directional coupler 36 the IF sig- 30 In addition, each module contains
phase  nals from  quadrants C and D  are fed 95     shift circuitry for
both the transmit and  through a phase adjusting circuit 37 and an
receive cycles in order to electronically scan  amplitude adjustment
circuit 38. The prop-     the beam from the fixed antenna array.  erly
phase adjusted and amplitude corrected       Referring to Figure 2, there
is shown that signals from quadrants A and B and from 35 part of a
microwave radar system in oper- quadrants C and D are combined in a 100
ation during the receive cycle of the build- hybrid tee circuit 39 wherein
is generated a     ing block modules.  The building block  sum and
difference IF signal for a receiver-     modules 19, 21, 22 and 23 each
generates processor circuit (not shown). The sum     an IF frequency signal
which is coupled to  output of the hybrid tee circuit 39 is phase 40 the
summing network of the submanifold  adjusted by means of a circuit 41, and
the 105     17. Similarly, the building block modules difference output of
the circuit 39 is simi-     24, 26 and 27 generate IF signals coupled
larly phase adjusted in a circuit 42 and given     to the summing network
of the submanifold  a 90[err] phase shift in a phase shifting circuit
18. In a typical antenna array there are 43. 45  604 building block modules
each generating   Briefly then, the main manifolds each in- 110     an IF
signal on the same power level. For cludes a transmit network which divides
an     purpose of control, the 604 building blocks input signal thirty-nine
ways and a summing     are divided into quadrants A, B, C, and D. network
which combines thirty-nine IF sig-     One quadrant of the antenna array
then  nals through a weighted arrangement of 50 includes 151 building block
modules all of stripline circuitry. Submanifolds connected 115     which,
in groups of four, are connected to  to the main manifolds also include a
trans-     a submanifold, such as submanifold 17, in  mit network which
divides an input signal     groups of four. Thus, all the building block
four ways and a summing network which     modules in quadrant A between No.
A-1  combines four IF signals into one signal. 



:55 (module 19) to No. A-151 (module 27) are   Referring to Figure 3, there
is shown a 120     connected to submanifolds in groups of four. submanifold
including couplers 44, 46, 47,     Quadrant A includes thirty-nine submani-
and 48 each housing a coax connector for     folds, including submanifolds
17 and 18, connecting an RF transmit signal to a build-     which function
to combine their four IF  ing block module during the transmitting 60 input
signals into one signal which is coupled  operation. Also shown are
couplers 49, 51, 125     to the summing network of the main mani- 52, and
53 each housing a coax connector     fold 12. The building block modules of
for receiving an IF signal from a building     quadrants B, C, and D are
similarly con- block module during the receive operation.     nected in
groups of four to one of the  Thus, one building block module is con- 65
thirty-nine submanifolds, all the submani- nected to a sumanifold by means
of a coax 130        4                                         1,222,662
4      connector in each of couplers 44 and 49, a  puts; in this case it is
1: 1. A good match     second building block module is connected  between
the input and output ports is     by means of a coax connector in each of
possible with 20-30 db of isolation be-     couplers 46 and 51, a third
building block  tween output ports. At S-band frequencies  5 module is
connected by means of a coax  the insertion loss of a split-tee divider is
70     connector in each of couplers 47 and 52, about .1 to .2 db.     and
a fourth building block module is con-   Referring to Figure 5, there is
shown a     nected to the submanifold by means of a  split-tee power
divider consisting of a     a coax connector in each of couplers 48
quarter wavelength line for each of two 10 and 53. Each of the couplers 44,
etc. is  output sections 55 and 60 and a quarter 75     attached to a first
compression plate 54.  wavelength line 65 in the input section joined
The four RF signal coax connectors are  by high impedance quarter
wavelength sec-     attached to the RF stripline network on a  tions 70 and
75. Although only two output     circuit board 56. Similarly, if the IF
signal lines are shown, it is possible to have an 15 coax connectors are
attached to the IF strip-  N-way power divider, the theory of opera- 80
line network on a circuit board 57, spaced  tion of the N-way divider being
the same as     from  the board 56 by means of a com-  that of the
split-tee divider. A two resistor     pression plate 58. An input signal is
fed  series network having a common floating     to the RF stripline
network on the circuit point P is connected between the output 20 board 56
by means of a coax connector  sections 55 and 60. The split-tee configura-
85     mounted at right angles thereto and housed  tion shown in Figure 5
is capable of split-     in a coupler 59 attached to a compression  ting
the input power equally (or unequally     plate 58. The combined IF signal
from the  if so required in other applications) between     building block
modules is transmitted from  the output ports with zero theoretical inser-
25 the submanifold through a coax connector  tion loss, the maximum
attainable ratio of 90     attached to the stripline network of the
highest output power to the lowest output     board 57 and mounted in a
coupler 62  power being dependent on the number of     attached to the
compression plate 61. For  outputs and on the maximum and minimum     a
typical system  of 604 building block  available line impedances. For
conditions 30 modules, there are 156 identical submani-  where the input
power is to be split evenly 95     folds of the type shown in Figure 3 and
among the output ports, the quarter wave-     described above.
length lines 55 and 60 (and sometimes the       Referring to Figure 4,
there is shown  quarter wavelength line 65) are deleted. The     the
stripline RF network of the circuit board  resistors may be any physical
form compat- 35 56 including split-tee dividers 63, 64, and 66, ible with
the mechanical configuration of 100     An RF signal connected to the 50
ohm trans-  the stripline network. It has been found that     mission line
67 from a main manifold is  miniature composition resistors can be used
divided into two equal amplitude in phase  for frequencies as high as the
S-band.     signals at the split-tee divider 63. One-   Since the split-tee
divider is a reciprocal 40  quarter wavelength striplines 68 and 69 trans-
device, it is also capable of operating as a 105     mit the divided RF
signal to the split-tee  power summer. If each output part is ener-
dividers 64 and 66, respectively. The split- gized with unequal amplitude
signals and     tee dividers 64 and 66 again divide the RF  the divider is
designed for an equal power     signal into two equal amplitude in-phase
sig- split, the input signal will then be weighted 45 nals which are fed
through quarter wave-  according to the power split when used as a 110
length striplines to the coax connectors. divider and the unused power will
be ab-     For purposes of isolation between adja-  sorbed in the isolation
resistors. If each     cent building block modules, small resistors  output
port is energized with the exact sig- 



71, 72 and 73 are connected to the quarter  nal that would be produced if
the device 50 wavelength striplines. These resistors are  were operated as
a divider, all the power 115     bridged across the output of each two-way
from the two input signals (fed into sections     power divider.
55 and 60) would be delivered to the output       The split-tee power
dividers 63, 64 and 66, port (section 65). Referring to Figure 6,     when
constructed in stripline configuration, there is shown three split-tee
power dividers 55 are simple compact broad band devices cap- (summers) 74,
76 and 77 for combining the 120     able of providing two isolated,
in-phase and  IF signals fed to the coax connectors of the     equal
amplitude outputs. A detained explana-  couplers 49, 51, 52, and 53. These
signals     tion of the split-tee power divider is found  are combined into
one IF signal at the     in the technical article by L. I. Parad and
summer 77. Isolation resistors 78, 79, and 81 60 R. L  Moynihan, entitled
"Split-tee Power  are provided across the inputs of each power 125
Divider", in the January 1965 issue of IRE  summer to provide electrical
isolation should     Transactions on Microwave Theory and  a malfunction
occur in an adjacent build-     Techniques. Briefly, a single split-tee
power  ing block module. One-quarter wavelength     divider delivers two
equal phase outputs  striplines connect the IF signals at the 65 having a
specified power ratio between out- input ports to the split-tee summers 74
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5      76. Similarly, one-quarter wavelength strip-  and 102, the five
split-tee dividers being     lines connect the output of the summers 74
substantially the same as those described     and 76 to the split-tee
summer 77.       previously with reference to Figure 4. The       The
stripline connectors on the RF circuit output sections themselves are in
turn, con- 5 board 56 and IF circuit board 57 are formed  nected to other
split-tee dividers. Thus, the 70     by any of the many well-known printed
ten RF signals are further split into twenty     circuit techniques. For
example, a desired  equal amplitude RF signals by means of     stripline
pattern is drawn several times over-  split-tee dividers 103-112 inclusive.
Fur,     size and reduced by photographic process  ther signal splitting is
accomplished by means 10 which results in a negative of the desired  of
split-tee dividers coupled to the twenty 75     configuration having the
proper dimensions.  output ports of the dividers 103-112. The     An
electrically conductive surface, lamin-  end result is that the input
signal transmitted     ated to an insulation board, is exposed  to the
five-way divider 96 is subdivided into     through the negative; all
undesired areas are  forty equal amplitude RF  signals each 15 etched away
leaving a conductive surface  coupled to the input coax connector of a 80
of the desired size and pattern. In a typical submanifold. In a 604 module
array, only     embodiment, the stripline boards are 1/32  thirty-nine
submanifolds are connected to     inch thick dielectric material such as
glass  a section; thus, one of the forty outputs has     cloth coated with
polytetrafluoroethylene  a stripline termination (not shown). Isola- 20
and the compression plates are 1/10 inch  tion resistors similar to those
described in  85     thick aluminum plates.                     connection
with Figure 4 are required be-       Referring to Figure 7, there is shown
a  tween the two output ports of each split-     main manifold, such as
manifold 12, con-  tee divider. To avoid undue complication     sisting of
three levels of stripline circuitry, of Figure 8, these resistors are shown
as 25  two levels for the IF signals and one for  small rectangularly
shaped blocks, such as 90     the RF.  A circuit board 82 contains the
blocks 113 and 114, for example. The strip-     RF stripline circuitry and
circuit boards  line circuitry of the network shown in Figure     83 and 84
contain the IF stripline circuitry. 8 can be formed by any of the
well-known     The circuit board 82 is mounted between  techniques such as
described previously. The 30 compression plates 86 and 87; the circuit
input lines to the various split-tee dividers 95     board 83 is mounted
between compression  are fifty ohm impedance lines-and the some-     plates
87 and 88; and the circuit board  what narrower striplines coupled to the
tee     84 is mounted between compression plates  itself are about 70.7 ohm
impedance strip-     88 and 89. Mounted upon the compression  lines. 35
plate 86 are thirty-nine couplers, such as    Referring to Figure 9, there
is shown the 100     coupler 91, each housing a coax connector  circuit
board 83 including an amplitude     attached at right angles to the output
ports  weighting circuit consisting of striplines 116,     of striplines of
the circuit board 82. Simi-  117, and  118. Most  of  the  thirty-
larly, thirty-nine couplers, such as coupler nine IF  signals from  the
submanifolds 40  92, each housing a coax connector, are  are  coupled  to
either two  or three- 105     attached at right angles to the input ports
way  summers  on  the  circuit  board 



of either the circuit board 83 or the circuit 83. For example, two IF
signals from     board 84. One RF coax connector and one  different
submanifolds are coupled to the     IF coax connector mate with the corres-
striplines 119 and 121 of a two-way summer 45  ponding connector on a
submanifold, such  122. Three IF signals from  separate sub- 110      as
submanifold 17, as was described with  manifolds are coupled to striplines
123, 124,      reference to Figure 3. The thirty-nine RF  and 126 of a
three-way summer 127. The      signals transmitted from  the coax con-
signal at the two-way summer 122 is fur-      nectors are the result of
dividing an RF  ther summed with two other such signals in 50 signal
connected to the board 82 through  a three-way summer 128. The signals from
115      an input coax connector (not shown). The  the three-way summers
127 and 128 are      thirty-nine IF signals connected to the main
transmitted through the stripline network      manifold are summed, after
appropriate  of the circuit board 83 to striplines 129 and      weighing of
each signal, into a single IF  131, respectively, of the circuit board 84
55 output at an output coax connector (also not shown in Figure 10. The sum
of the weighted 120      shown).                                    signals
on the striplines 116, 117, and 118        Referring to Figure 8, there is
shown the  is also transmitted through the circuit board     stripline
circuitry for the circuit board 82  83 to a stripline 132 of the circuit
board 84.     including a five-way divider 96. The five  The stripline 132
is tied to an amplitude 60  output signals from  the divider 96 are
weighting circuit including striplines 133 125      coupled to fifty ohm
impedance transmis-  and 134. A third amplitude weighting circuit      sion
lines by means of quarter wavelength  includes the striplines 136, 137, and
138      impedance matching networks. These five  which function as a
three-way summer con-      RF signals are split into ten signals by  nected
to the stripline 134. All three ampli- 65 means of split-tee dividers 97,
98, 99, 101, tude weighting circuits are modifications 130         6
1,222,662                                         6      of the split-tee
divider discussed with re- tude weighting circuit terminating on the
ference to Figure 6. Amplitude weighting  stripline 134. The stripline 134
is part of     is effected by means of variable width trans- the two-way
summer shown in Figure 10     mission lines, wider striplines conducting
which also includes the stripline 133. The  5 more power to the summation
junction than  IF signal on the stripline 133 is the result of 70     the
narrower lines. Thus, referring to Figure  amplitude tapering of signals on
the strip-     9, the stripline 116 conducts more power lines 116, 117, and
118. A signal on strip-     to the summing junction than the stripline
line 116 is the result of combining three     118. Again, isolation
resistors are provided  IF signals on an equal weight basis from 10 between
each of the IF signals coupled to  three submanifolds. A  signal on
stripline 75     a split-tee summer such as summer 122. To  117 is the
result of combining two IF signals     avoid complicating the drawing,
these re-  from submanifolds, also on an equal weight     sistors are shown
as rectangular areas such  basis. The IF signal on stripline 118 is     as
area 139.                               directly coupled from the
submanifold to 15   The final summation of the IF input sig-  the amplitude
tapering circuit. This signal 80     nals is performed by means of a power
is the only one so coupled. The signals on     divider coupler including
closely spaced  striplines 133 and 134 are summed in ac-     stripline
conductors 141 and 142, as shown  cordance with the ratios shown in Figure
11     in Figure 10. Because the ratio of the  and fed to the stripline 141
of the power 20 power signals is greater than 10 to 1, the  divider
coupler, this coupler being arranged  85     final amplitude weighting
network consists  to provide a coupling between striplines     of a power
divider coupler. Variable width  141 and 142 which is 18.63 db down on
stripline split-tee summers are limited to  the power on line 141.
summing signals having relatively low power   Referring to Figure 12, there
is shown 25 ratios. The total IF signal from the main  in section a
submanifold coupled to a por- 90     manifold of Figure 7 is connected to a
hy-  tion of a main manifold. A coax connector     brid tee by means of a
coax connector  145 is attached at right angles to a strip-     attached to
the stripline 141 at point 145, line of the circuit board 56 which is actu-
as shown in Figure 10.                     ally a sandwich of two
insulating boards. 30   Referring to Figure 11, there is shown a  Also
attached to this stripline is a coax 95     line diagram of the thirty-nine
input signals  connector 146 in mating contact with a coax     to the IF
section of the manifold of Figure  connector 147 of the main manifold. A
coax     7. The numbers appearing on each of the  connector 148 is fastened
to a stripline     lines represent power ratios. Referring to  of the
circuit board 57 which is a sandwich 



35 the upper portion of the drawing, the first of two insulating boards on
either side of 100     four signals are combined in a four-way  the
conductive stripline. Also fastened to     summer on an equal weight, i.e.
power ratio, the stripline of the board 57 is a coax con-     basis.
Similarly, the next three signals are  nector 149 in engagement with a coax
con-     combined in a three-way summer also on  nector 151 of the main
manifold IF section. 40 an equal weight basis. The next four sig- The
compression plate 54 is bolted to the 105     nals, like the first four,
are combined in a  pressure plate 58 by means of a machine     four-way
summer, such as summer 143 of  screw 152 and by a similar arrangement, a
Figure 10, on an equal weight basis. The machine screw 153 bolts the
compression     three combined signals from the first eleven  plate 61 in
position with respect to the plate 45  IF input signals are themselves
combined on  58.                                      110     an equal
weight basis in a three-way summer    The coax connector 147 is coupled to
the     that is connected to the stripline 142 of the  stripline of the
circuit board 82 which is     power divider coupler. IF signals from the  a
sandwich of two insulating boards on either     next thirteen submanifolds
are combined  side of the conductive stripline. The RF 50 on an equal
weight basis in two-, three-, signal to the main manifold is transmitted by
115      and four-way summers; the sum total is  means of a coax connector
154 extending      transmitted on the stripline 136. Of the next through
the IF section and fastened to the      seven IF input signals from the
submani-  stripline of the circuit board 82. For the      folds, one signal
is summed as transmitted  IF section shown, the coax connector 151 55
from-a submanifold on an equal weight basis  is fastened to the stripline
of the circuit 120      with the sum total of two other IF input board 84
passing through the circuit board      signals and the other four are
summed in  83. The circuit boards 83 and 84 are inter-      groups of two
on an equal weight basis, connected by means of a two-part connector
the combined signal being transmitted over  156. The plates 86 and 87 are
bolted to-  60 the stripline 138. The signal on stripline  gether by means
of a machine screw 157 125      137 of the three line amplitude weighting
and the plates 88 and 89 are bolted together      circuit shown in Figure
10 is a combina- by means of a machine screw 158. The      tion of two
relatively high weighted IF input overall main manifold assembly is bolted
signals. The signals on the striplines 136, together by means of a machine
screw 159.  65  137, and 138 are combined in the ampli-  In a typical
embodiment of the invention, the 130       7
1,222,662                                        7      submanifolds are
approximately 1.4 inches   3. A  system  as set forth in claim  2, 65
square by 0.4 inch thick and weigh approxi-  wherein the power dividers of
said submani-      mately 0.12 lb. per unit. The total weight of folds are
arranged for operation at one      four main manifolds and 156 submanifolds
frequency and the power summers of said   5  is on the order of about
forty-three pounds  submanifolds are arranged for operation at      for an
antenna array of 604 building block  another frequency.
70      modules. Power variation among the thirty-   4. A system as set
forth in claim 2 or      nine outputs of a main manifold is on the  3,
wherein the power dividers and power      order of  .5 db with an insertion
loss  summers of said submanifolds comprise a  10 of about 1.5 db; input
VSWR is less than  plurality of split-tee power dividers.      1.3 to 1.0.
A  further reduction in size   5. A  system  as set forth in claim 4, 75
and weight is considered possible by using  wherein each of said
submanifolds is coupled      microstrip transmisison line rather than the
to four of said plurality of modules and      stripline as described;
however, such an  includes three interconnected split-tee power  15
approach would undoubtedly require greater  dividers and three split-tee
power summers.      attention to shielding.                      6. A
system as set forth in any preced- 80         Another possible modification
is to re-  ing claim, wherein said main manifold is      place the
composition isolator resistors in  further provided with a summing network
the split-tee power dividers with a deposited  combining and weighting the
isolated equal  20  resistance material. The deposited resist-  amplitude
and equal phase signals received      ance material would allow  the
stripline  from said submanifolds.                85      boards to lie
substantially flat whereas the    7. A  system  as set forth in claim  6,
composition resistor requires some finite  wherein said dividing network
and said sum-      amount of space. Because of the versatility  ming
network of said main manifold are  25  of the distribution system
described, applica-  arranged for operation at different frequen-      tion
to large or small arrays is a relatively  cies.
90      simple manner as has already been indi-   8. A system as set forth
in claim 6 or 7,      cated. For a planar array of several thousand
wherein the main manifold summing net-      modules, it is merely necessary
to add more  work includes amplitude weighting sum-  30  submanifolds.
Although the overall width of ming junctions. 



the manifold would increase, the depth   9. A  system  as set forth in
claim  8, 95       would remain the same, or increase by only  wherein the
summing network of said main       one or two levels.
manifold includes three amplitude weighted         While only one
embodiment of the inven-  N-way power summers and one power  35  tion,
together with modifications thereof, divider coupler.       has been
described in detail herein and    10. A system as set forth in any preced-
100       shown in the accompanying drawings, it will ing claim, wherein
the dividing network of       be evident that various further modifications
said main manifold includes a five-way       are possible in the
arrangement and con- divider and a plurality of split-tee power  40
struction of its components without depart-  dividers coupled thereto.
ing from the scope of the invention.       11. A  system  as set forth in
any of 105                                                  claims 1 to 9,
wherein the dividing network         WHAT WE CLAIM IS: -
of said main manifold includes an isolated         1. A distributive signal
system for use  N-way divider and a plurality of split-tee       with a
plurality of modules alternately radi-  power dividers connected thereto.
45  ating and receiving microwave frequency    12. A system as set forth in
any preced- 110       signals comprising: a plurality of submani-  ing
claim, wherein each said submanifold       folds each coupled to a
respective group of  comprises a first circuit board having a       modules
of said plurality of modules, each  power distribution network including at
least       submanifold including a divider for distri-  one power divider
for distributing isolated  50 buting an isolated equal amplitude and equal
signals of equal amplitude and equal phase 115       phase signal to each
module of the respec-  to each module of the respective group of       tive
group, and a main manifold coupled  modules, a second circuit board having
a       to said plurality of submanifolds having a  power summation
network including at       dividing network for distributing an iso-  least
one power summer for combining iso-   55  lated equal amplitude and equal
phase sig-  lated signals of equal amplitude and equal 120       nal to
each of said plurality of submani-  phase received from each module of the
folds in response to a signal in said main  respective said group and a
plurality of       manifold.                                  connectors
attached to said circuit boards         2. A  system  as set forth in claim
1, to couple said power divider and summer to  60 wherein each submanifold
further includes a  the modules included in the the respective 125
power summer for combining into one signal group and to a transmitting and
receiving       the isolated equal amplitude and equal phase  system.
signals received from each module of the    13. A system as set forth in
claim 12,       respective group.                          wherein said
power distribution network in-
1,222,662                                        7     submanifolds are
approximately 1.4 inches   3. A system  as set forth in claim 2, 65
square by 0.4 inch thick and weigh approxi- wherein the power dividers of
said submani-     mately 0.12 lb. per unit. The total weight of  folds are
arranged for operation at one     four main manifolds and 156 submanifolds
frequency and the power summers of said  5  is on the order of about
forty-three pounds  submanifolds are arranged for operation at     for an
antenna array of 604 building block  another frequency.                  70
modules. Power variation among the thirty-   4. A system as set forth in
claim 2 or     nine outputs of a main manifold is on the  3, wherein the
power dividers and power     order of  .5 db with an insertion loss
summers of said submanifolds comprise a 10 of about 1.5 db; input VSWR is
less than  plurality of split-tee power dividers.     1.3 to 1.0. A
further reduction in size   5. A  system  as set forth in claim 4, 75
and weight is considered possible by using  wherein each of said
submanifolds is coupled     microstrip transmisison line rather than the
to four of said plurality of modules and     stripline as described;
however, such an  includes three interconnected split-tee power 15 approach
would undoubtedly require greater  dividers and three split-tee power
summers.     attention to shielding.                      6. A system as
set forth in any preced- 80       Another possible modification is to re-
ing claim, wherein said main manifold is     place the composition isolator
resistors in  further provided with a summing network     the split-tee
power dividers with a deposited  combining and weighting the isolated equal
20  resistance material. The deposited resist-  amplitude and equal phase
signals received     ance material would allow  the stripline  from said
submanifolds.               85     boards to lie substantially flat whereas
the    7. A  system as set forth in claim  6,     composition resistor
requires some finite  wherein said dividing network and said sum-
amount of space. Because of the versatility  ming network of said main
manifold are 25 of the distribution system described, applica-  arranged
for operation at different frequen-     tion to large or small arrays is a
relatively  cies.                                 90 



simple manner as has already been indi-   8. A system as set forth in claim
6 or 7,     cated. For a planar array of several thousand  wherein the main
manifold summing net-     modules, it is merely necessary to add more  work
includes amplitude weighting sum- 30  submanifolds. Although the overall
width of ming junctions.     the manifold would increase, the depth   9. A
system  as set forth in claim  8, 95     would remain the same, or increase
by only  wherein the summing network of said main     one or two levels.
manifold includes three amplitude weighted       While only one embodiment
of the inven- N-way power summers and one power 35 tion, together with
modifications thereof, divider coupler.     has been described in detail
herein and    10. A system as set forth in any preced- 100     shown in the
accompanying drawings, it will ing claim, wherein the dividing network of
be evident that various further modifications  said main manifold includes
a five-way     are possible in the arrangement and con- divider and a
plurality of split-tee power 40  struction of its components without
depart-  dividers coupled thereto.     ing from the scope of the invention.
11. A  system  as set forth in any of 105
claims 1 to 9, wherein the dividing network       WHAT WE CLAIM IS:-
of said main manifold includes an isolated       1. A distributive signal
system for use  N-way divider and a plurality of split-tee     with a
plurality of modules alternately radi- power dividers connected thereto. 45
ating and receiving microwave frequency    12. A system as set forth in any
preced- 110     signals comprising: a plurality of submani-  ing claim,
wherein each said submanifold     folds each coupled to a respective group
of  comprises a first circuit board having a     modules of said plurality
of modules, each  power distribution network including at least
submanifold including a divider for distri-  one power divider for
distributing isolated 50  buting an isolated equal amplitude and equal
signals of equal amplitude and equal phase 115     phase signal to each
module of the respec-  to each module of the respective group of     tive
group, and a main manifold coupled  modules, a second circuit board having
a     to said plurality of submanifolds having a  power summation network
including at     dividing network for distributing an iso-  least one power
summer for combining iso- 55  lated equal amplitude and equal phase sig-
lated signals of equal amplitude and equal 120     nal to each of said
plurality of submani-  phase received from  each module of the     folds in
response to a signal in said main  respective said group and a plurality of
manifold.                                  connectors attached to said
circuit boards       2. A  system as set forth in claim  1, to couple said
power divider and summer to 60 wherein each submanifold further includes a
the modules included in the the respective 125     power summer for
combining into one signal group and to a transmitting and receiving     the
isolated equal amplitude and equal phase  system.     signals received from
each module of the    13. A system as set forth in claim 12,     respective
group.                          wherein said power distribution network in-
8                                         1,222,662      cludes a plurality
of split-tee power dividers  bution network is arranged for operation  15
and said power summation network includes  at one frequency and said power
summa-     a plurality of split-tee power summers.    tion network is
arranged for operation at       14. A system  as set forth in claim  13,
another frequency. 5  wherein said power distribution and power    17. A
distributive  manifold  for  a     summation  networks each  include  three
modular antenna substantially as herein des- 20     split-tee circuits.
cribed with reference to the accompanying       15. A  system  as set forth
in any of  drawings.     claims 12 to 14, wherein said power distri- 10
bution and power summation networks com-              ABEL & IMRAY,
prise quarter wavelength striplines and iso-       Chartered Patent Agents,
lation resistors.                                   Northumberland House,
16. A  system  as set forth in any of             303-306 High Holborn,
claims 12 to 15, wherein said power distri-             London, W.C1.
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