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ABSTRACT OF THE DSCILC)SURE 
A Solid-State, modular microWave tranSmitter-receiver 

assembly made up of a large number of tranSmit-receive 
Imodules each having an antenna. Each of the modules 
has functional electronic blocks mounted on both sides 
of a center mounting plate contained Within a hermetic 
ally Sealed package. The module packages generally con 
form to the center mounting plate and are elongated, 
with a greater Width than thickness. The antenna eXtends 
from the front end of the module and connectors eXtend 
from the Irear end. The connectorsare plugged into a rear 
Support Structure and are Iretained in place by a series 
of Tetaining plates fastened by long Screws to the rear 
Support Structure. The Iretaining plates also form the 
ground plane for the antenna array. The antennae are 
arrayed in horizontal rows and vertical columns, and the 
module packages are arranged in Irows extending diago 
Imally of the antenna rows and columns With the edges of 
the packages in each Irow abutting. A cooling fuid duct 
is formed between each adjacent pair of module rows by 
the Wals of the module packages, the Iretaining plates and 
the Irear Support Structure. A manifold and header aS 
Sembly directs cooling fuid in opposite directions 
through alternate cooling fuid ducts. The antenna as 
Sembly of each module provides a hermetically Sealed 
Coupling betWeen the antenna and the interior of the 
package, Supports the dipole elements, and provides im 
pedance and balun transforming, The functional elec 
tronic blocks are easily Secured on the mounting plate 
by Spot Welded brackets and are replaceable. The her 
metically Sealed antenna assembly and coaxial input and 
output connections are connected to microstrip lines With 
in the module by Spot Welded straps of Solid ribbon or 
Woven metal Wire fabric, as are adjacent microstrip lines 
on adjacent abutting functional electronic blockS. Con 
nections are Imade between functional electronic blocks 
on opposite faces of the mounting plate by a Special 
coaxial Structure eXtending through the mounting plate. 

This invention relates generaly to microwave trans 
mitting and and receiving, and more particularly relates 
to Solid-State microWave antenna arrays. 
While the Specific embodiment of the invention de 

Scribed herein is an airborne terrain-following radar, this 
invention is equally applicable to Otherradar Systems, Suich 
as those used for ground Imapping, Search and detection, 
fire control, tracking and navigation, as Well as to micro 
wave transmitting and receiving generally. 
Radar Systems in general, and airborme radar Systems 

in particular, have long Irequired considerable servicing 
and have been Somewhat uneliable because of the many 
mechanical parts, Such as Irotary joints, motors, SynchroS, 
gears and other servo components normally essentially to 
scanning the system, and the magnetrons used for tranS 
Imitting, klystrons used for transmitting and local OScil 
1ator service, and the high power transmit-receive (TR) 
protection devices, for example. It is also dificult to 
achieve high power at higher frequences and the elec 
tronic components mentioned tend to be more unreliable 
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2 
and 1ess practical as the frequency of the transmitted 
and received energy increases. 

In copending U.S. patent applications Ser. No. 397519, 
entitled “Modular Integrated Electronics Radar,” filed 
On behalf of Tom M. Hyltin, Ser. No. 397472, entitled 
“Phased Array Radar Antenna Scan Control,” filed on 
behalf of ILeo A. Chamberlin, Jr., and Ser. No. 397491, 
entitled ‘Integrated Circuit Modular Radar Antenna,” 
filed on behalf of Harry F. Cooke et al., all of which 
were filed on Sept. 18, 1964 and are assigned to the as 
Signee of the present invention, a radar system is de 
Scribed which utilizes a 1arge array of Solid-statemodules. 
Each module is Substantially a complete micorwave trans 
Imitter and Ireceiver. Each module includes the necessary 
circuitry for amplifying Irelatively Iow RF carrier energy 
applied Simlutaneously to all of the modules, and multi 
Iplying the frequency to a higher frequency for tranSmis 
Sion from the antenna. Each module also includes cir 
cuitry for processing high frequency energy reecived by 
the antenna toproduce a lower frequency IFSignal, Which 
is also preamplified. In addition, each module includes 
phase Shifting means for both the transmitted and the re 
ceived energy So that the beam from the fixed antenna 
array can be electronically Scanned. Although an X-band 
module tranSmittingat 9 gHz. (9??109 cycles per Second) 
typically inas a tranSmitting power of only about One 
Watt, when a Very large Inumber of the modules trans 
Imit Simultaineously, the total tranSmitting power is eS 
sentially the sum of the power of al of the modules. 
Arrays having on the order of thouSands of modules are 
practical. 

In order to operateat high frequencies, the individual 
antennae of thearray must be Spaced aboutone-half WaVe 
length apart, which for X-band systems means that the 
antennae are arrayed in horizontal Irows and vertical 
columns with about 0.7 inch Spacing betWeen the IroWS 
and columns. As a Iresult, the frontal area of each mod 
ule must be confined to a square about 0.7 inch on a 
side. Also, it is highly desirable to locate the electronic 
components as close to the antenna as Ipossible, Iparticu 
larly the circuits operating at the higher frequencies. 
Merely obtaining sufficient space within the module to 
mount all the functional hybrid or integrated circuits, 
even though the circuits are highly microminiaturized, 
is a serious problem. Since very large numbers of mod 
ules are required, it will be appreciated that a Very large 
number of relativelly high power devices must be packed 
into a minimun volume, making it dificult to Iprowide 
adequate cooling. 
Also, there are very real problems associated with Sup 

plying high frequency signals to the module, transferring 
the high frequency signals between the various functional 
circuits within the module, transferring high frequency 
energy between the externally mounted Iradiating element 
and the internal circuitry, and getting the high frequency 
signals out of the module while Imaintaining the module 
Ihermetically sealed. Because of the number of compo 
nents, it is also very desirable to be able to replace Imal 
functioning components during fabrication, Irather than 
1ose the entire module. 
This invention is concerned With the structure of the 

array and individual modules required in order to achieve 
1high component density and adequate cooling, ecomonical 
fabrication costs, low maintenance Irequirements, and long 
service 1ife. This is achieved by orienting the modules in 
spaced rows to form cooling fuid ducts between each two 
adjacent rows of modules. The rows of modules are pref 
erably disposed diagonally of the Irows and columns of 
antennaeso thateach module can have a maximum width, 
and thus maximum circuit mounting area for a given 
spacing between the antennae. The mounting area for the 
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circuitsis further increased by a package Ihavinga mount 
ing plate extending between midipoints of a peripheral 
wall with the solid-state functiona1 electronic comaponents 
mounted on both sides of the mounting plate and herneti 
callysealed by a pair oflids. 
The movel features believed characteristic of this inVen 

tion are set forth in the appended claimS. The invention 
itself, however, as well as other objects and advantageS 
thereof, may best be understood by reference to the fol 
1owing detailed description of illustrative embodiments, 
when read in conjunction With the accompanying draW 
ings, wherein: 
FIG. 1 is a front perspective view of a microWave an 

tenna array in accordance With the present invention: 
FIG. 2 is an enlarged front view of a portion of the 

antenna array of FIG. 1: 
FIG. 3 is an exploded perspective view of the parts 

missingfrom the Structureillustratedin FIG. 2: 
FIG. 4 is a Sectional view taken Substantially on lines 

4-4 of FIG. 2: 
FIG. 5 is a Sectional view taken Substantially on 1ines 

5-5of FIG. 2; 
JFIG. 6 is an isometric View of an IRIF module of the 

array of FIG. 1: 
FIG.7isa sideview of the module of FIG. 6: 
FIG. 8 is a sectional view taken Substantially on Iines 

8-8 of FIG. 7: 
FIG. 9isamedge view ofthe module of FIG. 6: 
FIG. 10 is a front end view of the module of FIG. 6: 
FIG. 11 is a rear end view of the module of FIG. 6: 
FIG. 12 is a Somewhat Schematic front view of the an 

tenna array of FIG. 1 With a portion of the structure 
removed to better illustrate certain aspects of the inven 
tion; 
FIG. 13 is a Side view of the Structure Shown in FIG. 

12: 
FIG. 14 is a rear WieW of the Structure Shown in FIG. 

12: 
FIG. 15 is a Somewhat Schematic layout of the func 

tional integrated and hybrid circuits mounted in one halif 
of the module of FIG. 6; 
FIG. 16 is a Somewhat Schematic layout of the func 

tional integrated and hybrid circuits mounted in the other 
halfof the module of FIG. 6: 
FIG. 17 is a sectional view taken substantially on Jines 

17-17 of FIG. 16: 
FIG. 18 is a perspective view of the antenna assembly 

of the module of FIG. 6; 
FIG. 19 is a Sectional View taken Substantially on Ilines 

19-19 of FIG. 18: 
FIG. 20 is an enlarged view of a portion of FIG. 19: 
FIG. 21 is a sectional view taken substantially on lines 

21-21 of FIG. 20: 
IFIGS. 22A and 22Bare Somewhat Schematic isometric 

views illustrating alternative means for mounting the in 
tegrated and hybrid circuits Within the module of FIG. 6: 
FIG. 23 is a Somewhat Schematic isometric view il 

1ustrating how the microwave circuits on adjacent sub 
strates maybeinterconnected: and 
FIG. 24 is a Sectional view illustrating the manner in 

Which the microWave circuits formed on Substrates mount 
ed in the diferent compartments of the module of FIG. 6 
Imaybe interconnected. 

IReferring now to the draWings, a microWave antenna 
array constructed in accordance With the present inven 
tion is indicated generally by the reference numeral 10. 
The particular antenna array 10 herein described and il 
Iustrated is a Solid-State, electronically Scanned airborne 
1radar System of the type described in the above-referenced 
U.S. Ipatent applications. In Such a system, a very large 
Inumber of Very Small modules 12, asshown in FIG. 6, are 
aSSembled in an array with the antennae of the modules 
diSposed in a common plane. IEach of the modules is es 
Sentially a Separate microwave transmitter-receiver which 
includes Solid-state Circuitry for amplifying a relatively 
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1ow frequency RF carrier signal, which can be more easily 
handled, then multiplying the freguency of the RF sigal 
Several times before it is radiated fron the antenna during 
a transinit cycle. IDuring the receive cycle, the high fre 
quency RF signal is mixed With a local oScillator Signal 
to produce an IF Signal Which is amplified before leaV 
ing the module, In addition, each module contains phase 
Shift Circuitry for both the transmit and receive cycles in 
Order to electronically Scan the beam from the fixed an 
tenna array. For other applications, however, Such as 
ImicroWave relayapplications, the modules may only trans 
Imit, or only receive, or may not utilize the phase Shift 
InetWorks for beam Steering. This invention is concerned 
Iprimarily with the Structure of the modules rather than 
the electronic function of the modules. 
Each of the modules 12 has a metal package with op 

posite front and rear end walls 14 and 16 which define 
a length, Opposite edge Walls 18 and 20 which define a 
Width, and opposite Side Walls 22 and 24 which define a 
thickness. The opposite end walls I4 and 16and opposite 
edge Walls 18 and 20 are integrally formed and are of 
the Same height, the height corresponding essentially to 
the thickneSS Of the module package. A center mounting 
plate 26 extends between midipoints of the opposite edge 
Walls 18 and 20 and the opposite end walls 14 and 16 
and is preferably integral with the side walls to achieve 
the best possible heat transfer between the mounting plate 
and the Walls. Walls 14, 16, 18 and 20 provide a continu 
OuS Wal Which extends around the periphery of the center 
Friounting plate 26, is normal to the plate 26 and extends 
beyond both of the opposite surfaces of the plate 26, thus 
forming an integral body having a pair of oppositely fac 
ing, ?pen topped chambers indicated generally by the 
Teference numerals 28 and 30. The chambers 28 and 30 
are hermetically sealed by Iids 32 and 34 which may be 
Stitch Welded or Soldered around their entireperiphery to 
the edges of the Walls 14, 16, 18 and 20. The two lids 
32 and 34 and the four walls 14, 16, 18 and 20 then 
form a hermetically Sealed package. 
An antenna assembly, indicated generally by the ref 

erence muneral 40, eXtends through and projects from the 
front Wall 14 and is hermetically sealed therewith. A pair 
?f hermetically Sealed coaxial connectors 42 and 44 ex 
tend through and project from the rear end wal1 16 to 
prowide high frequency connectionsto the circuits 1ocated 
Within chambers 28 and 30 and are also hermetically 
Sealed, The connectors 42 and 44 are the male halives of 
a Conventional plug-in type connector. Similarly, eight 
1OW frequency or D.C. male connectors 46extend through 
a Ceramic block 48 and provide D.C. connections to the 
interior of the module.The ceramic block 48ishermetical 
y Sealed to the end Wall 16 and is hermetically sealed 
around each of the connectors 46. It wil1 be noted that 
One Of the COaxial connectors and four of the D.C. con 
InectOTS eXtend into each of the chambers 28 and 30. Am 
indexing pin 50 also protrudes from rear end wal 16 
to insure that the otherwise symmetrical package is in 
Serted in the proper manner in the femalereceptacle for 
the connectors 42, 44 and 46. A pair of essentially semi 
Circular grooves 52 and 54 extend the 1ength of the edge 
Walls 18 and 20, respectively. A forward facing, recessed 
Shoulder 56 is formed around the periphery of the front 
face 14 by machining for purposes which will hereafter 
become evident. 

Each Of the modules 12 is plugged into a female re 
ceptacle carried by a rear support structure indicated gen 
erally by the reference numeral 60 in FIGS. 4 and 5. The 
Tear Support Structure 60 includes a support plate 62 which 
is coextensive With the octagonal housing asillustrated 
in FIG. 12. At each position where a module 12 is to 
be plugged in, the Support Structure 60 provides a D.C. 
Socket 64 for the eight low frequency connectors 46, a 
Ipair Of female Coaxial Sockets 66 and 68 for the male 
Coaxial connectors 42 and 44, and a bore 70 for the in 
dexing pin 50. The D.C. Sockets 64 are mounted on a 
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ID.C. Wiring board 72 and eXtend through an opening in 
Support plate 62 to a point eSSentially fush With the front 
face of plate 62. The coaxial sockets 66 and 68 aremount 
ed on an RF Sub-manifold 74 and eXtend through the 
ID.C. wiring board 72 and partially through the support 
plate 62. 
When the modules 12 are plugged into the socket car 

Iried by Support Structure 60, the modules arearrayed as 
illustrated in FIGS. 2 and 12. It Will be Inoted from FIG. 
2 that the antenna assemblies 40 are arrayed in orthogo 
Imally disposed horizontal rows and vertical columns with 
the center-to-center spacing approximately one-half waye 
1ength, which at 9 gHz. is approximately 0.7 inch. How 
ever, the modules 2 are arrayed in Irows extending di 
agonally of the Irows and columns of the antenna assem 
blies 40, and are disposed in Substantially edge abutting 
relationship as best Seen in FIG. 12. Since the width of 
each module is Substantially greater than the thickness, 
the Irows of modules 12 are spaced apart and the Side 
Walls of the modules in each adjacent pair of Irows form 
the opposite Side Wals of cooling fuid ducts 80in and 
80). The ducts 80z and 80) are identical but are desig 
Imated by diferent reference characters for purposes which 
Wilhereafterbecome more evident. 
The modules I2 are secured in place in their respective 

Sockets by means of a plurality of H-shaped clamp plates 
82, as best Shown in FIG. 3. Each plate 82 is formed from 
Imetal and has an electrically conductive sealing gasket 
84 over its rear face. The total thickness of each plate 82 
is equal to the distance the Shoulder 56 is recessed from : 
the front surface of the front end wal 14. Each plate 82 
has a marrow center Section 82n which is adapted to fit 
over the Shoulders 56 at the adjacent ends of two adja 
cent modules. A relatively long screw 86 passes through 
each center Section 82n and extends back through the 
IpaSSageway formed by the adjacent Semicircular grooves 
52 and 54 of the twoadjacent modules and is threaded 
into the Support plate 62, as shown in FIGS. 4 and 5. 
The ends 82) of the plates 82 extend over the adjacent 
ductS 80i and 80) and engage the Shoulders 56 of the 
Imodules in the two adjacent rows. Thus, a single plate 
82 engages and Secures four modules in place, and con 
Verserly each module is secured in place by four plates 
and four Screws. Edges 82c of the plates extend into 
engagement With the corresponding edges 82c of the ad 
jacent plates So that the combination of plates 82 pro 
Vides a complete front Wal for the cooling fuid ducts. It 
Will be noted that plates 82 and the Support plate 62 form 
the other two opposite Side Walls of the cooling fuid 
ducts 80i and 80). The gasket material 84 prevents ex 
cessive leakage of the cooling fuid. In addition, the front 
surfaces of the plates 82 are coplanar with the front sur 
faces of the end Walls 14 and the combined Surface acts 
as the ground plane for the antenna array. The conduc 
tive gasket material 84 insures good electrical contact be 
tween the plates and the modules. 

Referring once again to FIGS. 12, 13 and 14, a cool 
ing fuid header 88z Supplies Cooling fuid, typically am 
bient air, under pressure to ducts 80z through inlet 
ports 9011, and exhausts cooling fuid from ducts 80) 
through exhaust ports 921. Similarly, a header 88) sup 
plies cooling fuid under pressure to ducts 80) through 
input ports 90) and exhausts the cooling fuid from ducts 
80i through exhaust ports 921. The ports 90i and 921 
and 90) and 92) are formed by plates 95i and 95) 
which extend between the rear Support plate 60 and a 
front plate 94 (see FIG. 13) which is coplanar with the 
Iretainer plates 82 (See FIG. 3) and which therefore pro 
vides a continuation of the ground plane. Mounting 
holes 93 are provided in plate 94 to Support the device. 
Plates 97 and 99 may eXtend around the remaining 
peripheries of plates 60 and 94. A pair of Imanifolds 
96in and 96) extend around the rear surface of the rear 
Support plate 60. Manifold 961 communicates with inlet 
ports 90i through openings 98i in plate 60, and mani 
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fold 96) communicates with inlet ports 90) through open 
ings 98)implate 60. 

Thus, it Will be noted that cooling fuid passes through 
Imanifold 961, openings 981, input ports 90n, ducts 80i, 
and exhausts through ports 92a, and passes through mani 
fold 96), openings 98), input ports 90), ducts 80), and 
exits through eXhaust ports 92). As a result, the cooling 
fluid filows in opposite directions in the ducts on either 
Side Of any One row of modules 12. The modules 12 ad 
jacent the headers 881 and 88) Will therefore have rela 
tively cool fuid flowing by one face and relatively warm 
fuid flowing by the other face, while the modules gener 
ally centered between the headers will have cooling fuid 
at an intermediate temperature flowing over both faces. 
AS a reSult, the Inet cooling efect upon al modules is 
StibStantially the Same So that all modules are maintained 
at Substantiallythe Sametemperature. 
The antenna assembly 4() is iustrated in detail in 

FIGS. 18 and 19. The antenna assembly 40 is comprised 
of a tubular Sleeve 150, a center conductor i52, a ce 
Iramic disk 154, and a pair of antenna elements 156 
and 158. The ceramic disk 154 is hermetically sealed 
within the end of the tubular sleeve 50 and also around 
the end of the center conductor 152 by vacuum-tight hard 
Solder SealS. The diameter of the input portion 1521 
Of the Center conductor is selected relative to the diam 
eter of the adjacent portion of the tubular sleeve 150 so 
as to provide a coaxial transmission Iine having a fifty 
Ohn Characteristic impedance. The center conductor has 
portionS 152) and 152c of enlarged diameter for trans 
forming the fifty-ohn characteristic impedance to the 
COmplex impedance required by the radiating elements 
156 and 158 when positioned in the antenna array. The 
Sleeve 150 is split into halves 150a and 150) to provide 
a ballin transformation fron the unbalanced coaxial 
tranSmission System to the balanced transmission system 
Tequired to feed energy to the radiating elements 156 and 
158. The Slits 160 which separate the sleeve 150 into 
halves are approximately one quarter wavelength 1ong. 
Antenna element 156issecured in one of thesleeve halves 
501 by a hard Solder connection, and antenna element 
158 is Simply a continuation of the center conductor 152, 
but is also connected in a slot 162 by a hard solder con 
nection. The antenna elements 156 and i58 are disposed 
One quarter Wavelength from the ground plane. Thus, the 
antenna aSSembly 40 provides a hermetically sealed co 
axial connection through the wall i4 of the module pack 
age, prOVides an impedance transformer for matching 
the Standard fifty-ohm characteristic inputimpedance of 
the microstrip transmission of the internal circuit to the 
Compleximpedance required for the antenna, provides a 
balun transformer to convert from the unbalanced co 
axial input to the balanced dipole antenna, and mechani 
Cally Supports the radiating elements 156 and 158 ap 
proximately one quarter Wavelength above the surface 
Of the end Wal 14, Which forms a portion of the ground 
plane forthe antenna array. 
The modules 12 may house, for example, the electronic 

Circuitry described in copending U.S. patent application 
Ser. No. 606,427, entitled “Transmit-Receive Module for 
X-Band Phased Array Radar System,” fied on behalf of 
Tom M. Hyltin and assigned to the assignee of the pres 
ent inWention. All of the functional blocks within the 
Imodule are either hybrid circuits, in which case micro 
Strip tranSmission lines and discrete semiconductor com 
pOnentS aTe mounted On a Ceramic Substrate, or mono 
lithic integrated circuits, in which case the active compo 
Iments are forned in a Semiconductor substrate which also 
acts as the dielectric for the microstrip transmission 1ines. 
A typical layout for these circuits is shown in FIGS. 
15-17. 
During the transmit cycle a 225 gHz. carrier signal is 

applied through input coaxial connector 44 and is trans 
fierred by a Strap 109 to a microstrip transmission Iine 
(not shown) on interconnector chip 110 and through 
interconnection strap 112 to an S-band preamplifier 113. 
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The output of the preamplifier 113 is coupled by Strap 
114 to the input of a duplexer Switch 115 Which, dur 
ing the transmit cycle, directs the Signal through Strap 
116 to a transmit phase shifter 117. The output of the 
transmit phase shifter 117is connected by Strap 118 to a 
microstrip transmission line 119 on the receive multiplier 
120, which in turnis connected by Strap 121 to microstrip 
transmission line 122 on an interconnect chip 123. ILine 
122 is coupled by feed through connector 124 to a micro 
strip transmission Iine 125 on micromodulator 126, and 
by strap 127 to the input of a power amplifier 128. The 
output of power amplifier 128 is connected by strap 129 
to a transmit multiplier 130, whic increases the fre 
quency to 9.0 gHz. The RF frequency Signal is then 
applied by strap 131 to a TR Switch 132 which, during 
the transmit cycle, directs the energy to the Center con 
ductor 152 of the antenna assembly 40 by Way of a Strap 
connector 133. 

During the receive cycle, a 2.125 gHz, Signal is ap 
plied to input coaxial connector 44 and is passed through 
strap coupling 112 to the S-band preamplifier, Strap cou 
pling 114 to the duplexer, and Strap Coupling 134 to a 
receive phase shifter 135. The output of the receive phase 
shifter is applied by strap coupling 136 to the receive 
multiplier 120 which increases the frequency to 8.5 gHz. 
The output of multiplier 120is connected by feed through 
connection 137 to a mixer 138. Also during the receive 
cycle, the TR switch connects the antenna to the mixer 
138 where the 9.0 gHz. energy received by the antenna 
is mixed with the 8.5 gHz. local oScillator Signal pro 
duced by multiplier 120 to derive a 500 mHz. IF Signal. 
The IF signa1 is applied by way of strap connector 139 
to IF preamplifier 140. The output of the IF preampli 
fier is connected by strap connector 141 to a microstrip 
transmission line 142 on the micromodulator 126, Which 
in turn is connected by strap connector 143 to a micro 
strip transmission ine 144 on interconnector chip 145. 
The microstrip transmission line 144 is then connected 
to the output coaXial connector 42 by Strap Connector 
146. 
The micromodulator 126 produces the high current 

pulses defining the transmit cycle Which are required to 
operate power amplifier 128 and Switch duplexer 115 
and TR switch 132. Choke 147 improves the operation 
of mixer 138. A mumber of D.C. connections are illus 
trated on the drawings but will not be discussed in de 
tail because they do not present an interconnection prob 
Iem and are mot an advance in the art. In general, the 
ID.C. connections are made to the ID.C. inputs 46 by 
ball bonded jumper wires, and al connections between 
strip conductors on the Various Substrates can also be 
Imade by bal bonded jumper Wires. 

Since all circuits are mounted on the body of the pack 
age and interconnected to the antenna assembly of the 
various connectors before the lids 32 and 34 are sealed 
in place, the circuit can easily be tested after it is as 
sembled. Because ofthelarge number offunctional blocks, 
it ishighty desirable to be able to Ireplace one or more 
faulty circuits after the entire module is assembled and 
tested, Irather than discarding all of the circuits if any 
one circuit is bad. IBy mounting the circuits on the center 
mounting plate 26 using the bracket indicated generally 
by the reference numeral 170 in FIG. 22A, rather than 
by the conventional method of Soldering the circuits in 
place, the faulty modules can be removed and replaced 
afterthe entire module hasbeentested asa unit. 
The bracket 170 is comprised of a thin metal plate 172, 

0.001 inch thick nicket foil, for example, which is Sub 
stantially coextensive with the center mounting plate 26. 
A number of straps 178 are cut from the foil and bent 
upwardly as shown in dotted outlineat 178z. The straps 
178 are located at points Spaced around the peripheries 
of the Warious circuits, represented by circuit 174 in FIG. 
22A, to be mounted by the bracket 170. Where it is 
desirable to place two circuits in closely abutting rela 
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tionship, the straps 178 may be received in notches cut 
in the sides of the circuits, or may even extend through 
holes cut through the circuits. The straps 178 extend up 
wardly from the plate 172 a distance Substantially greater 
than the thickness of the circuits to be mounted. A large 
number of tongue-like spring members 175 are also cut 
from the plate 172 and bent upwardy at an ange of ap 
proximately 45° or Slightly less. The Spring memberS 
175 are disposed generally uniformily over the entire base 
pate 172. The base pate 172 is resistively spot welded to 
the mounting plate 26 at a number of points 176 gen 
erallyspaced uniformily overits entirearea. 
The circuit 174 is placed in its proper position over 

the base plate 172 and between the appropriate StrapS 
178, then is forced downwardly to compress the spring 
members 175 back into the plane of the base plate 172. 
The straps 178 are then bent over metalized pads 177 
on the surface of the circuit. The pads 177 may be very 
thin Vacuum deposited gold films, for example. The Straps 
178 are then welded to the pads 177 using a split tip or 
gap resistance Welder 179. The resulting weld is adequate 
to hold the circuit in place, but can be broken to Iremove 
a faulty circuit without damaging bracket 170. The faulty 
circuit Can then be replaced in the Same Imanner. 
The spring members 175 insure good thermal and 

electrical contact between the circuits and the mounting 
plate 26 because the Springs bias the base plate against 
the mounting plate 26 and are therselves biased against 
the metallized ground plane on the bottom Surface of the 
CircuitS. 
An altermative method for Securing the circuit in posi 

tion on the bracket 170 is illustrated in FIG. 22B. IRather 
than bending the straps 178 over the edge of the circuit 
and Welding it to the pads 177 as shown in FIG. 22A, 
a gusset 181 may be welded to each of the straps. The 
guSSets 181 may be formed from the Samesheet mate 
Irial as the bracket 170. Each gusset has a first fange 
portion 181z Which engages the top of the circuit and 
a Second fiange portion 181) Which is disposed ata Iright 
angle to the first portion and is spot welded to the Ire 
Spective strap 178 at a point 182 above the top of the 
Circuit. The Welds 182 can also be broken to Iremove a 
faulty circuit without diamaging bracket 170 and the cir 
Cuit replaced. 
The center conductor 152 of the antenna assembly 40 

Imay be connected to the output of the TR switch 132 
using the Structure illustrated in FIGS. 20 and 21. The 
Center.conductor 152 of the antenna assembly extends 
beyond the inner edge 14z of the front end wall 14 and 
into a Slot 190 formed in the center mounting plate 26. 
Since the center conductor 152 has a diameter approxi 
Imately equal to the thickness of the mounting plate 26, 
the Surface of the center conductor 152 is essentially co 
planar With the Surface of the mounting plate 26. How 
eVer, the Substrate on which the TR switch 132 is formed 
iSalmost as thick as the nounting plate 26 and is rest 
ing on the bracket 172. Therefore, the microstrip trans 
Imission line 192, Which is the output of the TR switch 
and Which eXtends to the edge of the substrate upon 
which the TR Switch is formed, is not only spaced from 
the end of the center conductor 152, but is also spaced 
Substantially above the plane of the center conductor. 
Ihus, any interconnection between the coaxial transmis 
Sion Iline and the microstrip transmission Iine wil1 tend 
to Create an impedance discontinuity due to the change 
fron a Ceramic dielectric to air and back to ceramic and 
due to the change in planes. Such an impedance discon 
tinuity can refiect an intolerable amount of energy, par 
ticularly at 9 gHz. 
In accordance With this invention, however, the center 

Conductor 152 can be connected to the microstrip trans 
Imission line 192 by a metal strap 133. The metal strap 
is preferably Solid metal ribbon, but can also be woven 
Wie inesh. The Solid metal ribbon can be resistively 
Welded to the coaxial center conductor 152 and to the 
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Imicrostrip line 192. In order to compensate for the di 
electric and geometric discontinuities of the intercon 
nection, the width of thestrap 133 is increased to provide 
Substantially the Same characteristic impedance. For eX 
ample, When connecting the coaxial transmission line 
from the antenna assembly 40, Which has a fifty ohm 
Characteristic impedance, to a microstrip transmissionline, 
also having a fifty ohm characteristic impedance, the 
strap 133 should beabout 0.045 inch wide. Thiscompares 
With a width of 0.020 inch Irequired for the microStrip 
transmission line to provide a fifty ohm characteristic im 
Ipediance when using a ceramic substrate 0.020 inch thick. 
The Woven Wire fabric is not as mechanically Stable as 

the Solid metal Iribbon, but has the advantage of being 
easily Welded to the center conductor and to the strip 
tranSmission line using a heated tool having a Very Smal 
tip to press the Wire fabric against the center conductor 
and microstrip line. 

It Wil be Inoted from FIGS. 15 and 16 that the entire 
Surfaces of the mounting plate 26 are Substantially cov 
ered by functional circuit blocksand interconnector chips, 
the interconnector chips merely providing the microstrip 
tranSmission lines Inecessary to interconnect the circuits 
and the Coaxial Connectors extending through the end 
Wall. The circuit blocksand interconnector chips al have 
the Same thickness and a metallized ground plane on the 
bottom face. Microstrip transmission Ilines are formed by 
Strip Conductors on the top Surface of the Substrate and the 
ground Iplane. The characteristic impedance of the micro 
strip transmission lines is determined by the thickness and 
dielectric properties ofthe Substrate material and the width 
of the Strip conductors, and these variables are custom 
arily Selected to produce a tranSmission Iine having a 
fifty ohm characteristic impedance. Since all of the sub 
strates have Substantially the Same thickness, the micro 
Strip tranSmission Ilines carrying the high frequency sig 
Imals can be interconnected by connector straps as de 
scribed in connection with FIGS. 15 and 16. For example, 
connector strap 131 which connects the output of the 
transmit multiplier 130 to the TR switch 132 may be 
formed as shown in FIG. 23. The microstrip transmission 
1ine 202 on the duplexer switch, 132 extends to the edge 
of the circuit block. A microstrip transmission Iline 208 
eXtends to the edge of the multiplier circuit block 130 and 
is aligned With the microstrip transmission 1ine 202 on the 
TR switch. A strap of gold wire mesh 131 bridges the gap 
between the adjacent circuit blocks and extends over the 
adjacent ends of the microstrip transmission Iines 202 
and 208. The strapis welded to the transmission Iines by 
using the tip of a heated tool to press the Wire mesh 
against the respective microstrip tranSmission ines to 
form Iocalized welds 209. Alternatively, a solid meta1 
Iribbon may be substituted for the wire mesh strapand 
Welded using the Split tip Iresistive Welder illustrated in 
FIG, 22A. 
The dielectric discontinuity resulting from the change 

from ceramic to air at the gap which must necessarily 
exist between the adjacent substrates may be compen 
Sated by increasing the width of the strap 131 in order 
to maintain the Same characteristic impedance and thus 
eliminate impediance discontinuities which Would refiect 
an intolerable amount of high frequency energy, How 
ever, forvery close spacing between the circuit blocks, the 
strap may be the Same width as the microstrip transmis 
Sion lines. 
In accordance with anotheraspect of this invention, the 

feed through connectors 124 and 137 (see FIGS. 15 
and 16), for example, Imay be constructed asshown in the 
detailed Sectional view of FIG. 24. A hole 220 is bored 
through the central mounting plate 26. The bore 220 
Imay be located immediately adjacent the edge of the 
two Substrates to be Connected, asilustrated by the rela 
tionship of the bore to substrate 222, or may pass through 
both substrates, as illustrated by the relationship of the 
bore to Substrate 224, or Imay be a combination of the 
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Irelationships as actually illustrated in FIG. 24. The Sub 
Strates 222 and 224 may be mounted on the mounting 
plate 26 using the brackets 170 as illustrated. The micro 
Strip transmission lines to be interconnected, for exam 
ple Strip line 226 on Substrate 222 and strip line 228 on 
substrate 224, eXtend to points immediately adjacent the 
bore 22(). 
An insulating Sleeve 230, preferably made of quartz, is 

coated With a metallized film 231 around its mid portion, 
but is not coated adjacent the ends. The sleeve is then 
inserted in the bore 220. A wire conductor 232 passes 
through the insulating sleeve 230 and the opposite ends 
are fiattened at 232n and 232) until they are approxi 
Imately the Same width as the strip lines 226 and 228. 
The fiat portions of the conductor 232 are bent over the 
Strip lines and Spot Welded using an electric gap welder 
as previously described. 
USing a trial and error procedure, the characteristic 

impediance of the feed through connector can beadjusted 
by Varying the length of the metallized film 231 on the 
insulating Sleeve 230, orthe diameter of wire 232 adjusted, 
until any inpedance discontinuity is reduced to an ac 
ceptable level for a given installation. 
Although preferred embodiments of the invention have 

been describedin detail, itisto be understood that various 
Changes, Substitutions and alterations can be made there 
in Without departing from the spiritand scope of the in 
Vention as defined bythe appended claims. 
Whatis claimedis: 
1. In a microWave System, the combination of: 
a plurality of electronic modules; 
a dipole and antenna diagonally projecting from one 
end ofeach module: and 

Support means securing the modules in a plurality of 
Spaced parallel module rows, the modules in each 
TOW being in adjacent relation such that each two 
adjacent TOWS Of modules form two opposite side 
Wals of a cooling fuid duct, and said antennae ar 
Irayed With Said dipoles defining a piurality of spaced 
Iparalel antenna Irows, Said antenna rows beingat an 
acute angle With IreSpect to said module rows. 

2. The combination defined in claim, 1 wherein: the 
Support means includes Structure adjacent opopsite ends 
of the modules Which forms the otehr twoopposite side 
Walls of the cooling fuid ducts. 

3. The combination defined in claim, 1 wherein: 
each module has electrical connector means disposed 

at the end of the module opposite the antenna, and 
the Support means includes a mating electrical con 

InectOT Ineans for the electrical connector meanson 
each of the modules. 

4. The Combination defined in claim 1, wherein each 
Imodule CompriSeS: 
a body having Walls forming the opposite edgesand op 

Iposite ends of the module and a center plate ex 
tending between midipoints of at Ileast two of the 
Opposite Walls to form a pair of oppositely facing 
Open-topped chambers, 

a lid covering each of the chambers and sealed around 
its periphery to the Walls, the two Iids forming the 
Sides of the package, and 

Semiconductor circuits mounted on the center plate 
Within each ofthe chambers. 

5. The combination defined in claim, 1 further char 
acterized by header means for directing a cooling fuid 
through the Cooling fuid ducts to cool the modules. 

6. The combination defined in claim, 5 wherein the 
header means directs the cooling fuid in the opposite di 
rection through adjacent ducts whereby the cooling fuid 
will flow in opposite directions along the opopsite sides 
of the modules in each Irow. 

7. In a modular electronic System, the combination of: 
a plurality of electronic modules each having an elec 

trical connectormeansatone end: 
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Support means including a mating electrical connector IReferences Cifed 
mean for each module Securing the modules in a UNITED STATES IPATENTS 
plurality of Spaced rows, the modules in each Irow 
being in adjacent relationship Such that each two 238868 3/939 Sacy -------------- 317-120 
adjacent Irows of modules form two opposite Side 3,041,605 6/1962 Goodwin et al. L_____ 343-854 
Walls of a cooling fuid duct, the Support means 5 319899 8/1963 Bamet ------------ 317-100 
including Structureadjacent the opposite ends of the 3,386.092 5/1968 Hyltin L.L_________ 343-854 
modules forming the other two opposite Side Walls -- -- of the cooling fiuid ducts: and ROBERTA. O"ILEARY, Primary Examiner 

Imeans for directing cooling fuid in opposite directions Il 0 C.SUKAILO, Assistant IEXaminer 
through alternate cooling fuid ducts whereby the 
cooling fuid fioWing on opposite Sides of each Irow U.S. Cl, XI.R. 
of modules Will be foWing in opposite directions. 319-100: 343-854 


