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[5 7] ABSTRACT 

A coupling device for electrically connecting a strip 
transmission line to another transmission line, said de 
vice comprising a conductive shell having pressure 
means for forming electrically smooth connections 
with the ground planes of the strip transmission line 
and aperture means for permitting the center conduc 
tor of the strip transmission line to extend insulatingly 
into the shell, and a center pin symmetrically disposed 
in the shell and having means for electrically contacting 
the center conductor of the strip transmission line. 

10 Claims, 4 Drawing Figures 



3 PATENTED szr ' 4 ms J57, ‘272 
SHEEI 1 0F 2 





3,757,272 
1 

STRIP TRANSMISSION LINE COUPLER 

BACKGROUND OF THE INVENTION 

This invention relates generally to electrical connec 
tors, and is concerned more particularly with a cou 
pling device for electrically connecting a strip transmis 
sion line to another transmission line. 
A strip transmission line generally comprises a center 

strip conductor sandwiched between two, compara 
tively wide, dielectric panels which have their broad 
outer surfaces clad with conductive material to form 
spaced opposing ground planes. The center strip con 
ductor advantageously may be formed on the inner 
broad surface of one of the panels by utilizing printed 
circuit techniques. Then, the inner broad surfaces of 
both panels may be clamped together thereby position 
ing the center strip conductor symmetrically between 
the ground planes. The resulting compact structure, 
among other advantages, makes the strip transmission 
line especially suitable for transmitting microwave fre 
quencies, such as in the one-to-ten gigahertz range, for 
example. When transmitting microwave energy, a strip 
transmission line generally is operated in the TEM 
mode whereby the microwave signals follow the center 
conductor while passing longitudinally between the op 
posing surfaces of the ground planes. 
A strip transmission line may be energized by micro 

wave signals emanating from another transmission line 
having a dissimilar structure, such as a coaxial type 
transmission line, for example. Furthermore, output 
signals from the strip transmission line may be fed to 
the input of a third transmission line, such as another 
strip transmission line, for example. Thus, there are nu 
merous occasions where a microwave coupling device 
or connector is required to establish a low-loss, transi 
tional junction between a strip transmission line and 
another transmission line. However, if the transitional 
junction constitutes a variation in ‘line impedance 
where re?ected waves are generated, standing waves 
may be set up which have an adverse effect on the volt 
age standing wave ratio (USWR) and result in a corre 
sponding loss of power in the line. Also, the transitional 
junction may excite higher propagation modes which 
tend to transmit microwave energy away from the cen 
ter conductor thereby draining power from the line. 
Therefore, in order to reduce power losses in the mi 
crowave connector or coupling device, variations in 
line impedance should be minimized at the transitional 
junction and propagation modes higher than the domi— 
nant mode should be suppressed as close to the junc 
tion as possible. 

it has been the practice to connect a strip transmis 
sion line electrically to another transmission line by 
means of a coaxial type connector having a center pin 
terminal which extends insulatingly through one of the 
panels to contact the center conductor of the strip 
transmission line. The connector usually is provided 
with a concentric outer conductor having a radial 
?ange which interfaces with one of the ground planes 
of the strip transmission line. However, an undesirable 
feature of this connection is that the other ground 
plane generally is connected to the radial ?ange by 
means of cylindrical array of closely spaced screws 
which extend through both panels of the strip transmis 
sion line to threadingly engage respective tapped holes 
in the radial ?ange. These screws serve the dual pur 
pose of attaching the coaxial type connector to the strip 

2 
transmission line and suppressing any higher propaga 
tion modes generated at the junction by shorting them 
to ground. 

Unfortunately, the cylindrical array of screws for 
each coaxial type connector requires a great deal of 
time to install. Not only are the screws relatively small 
in size and spaced rather closely together but each 
screw must be torqued substantially the same amount 
as the other screws in the cylindrical array in order to 
avoid compressing the ground planes more in one area 
than in another area and thereby introducing localized 
variations in line impedance at the junction. Further 
,more, when interconnecting two strip transmission 
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lines, each of the transmission lines first must be pro 
vided with a respective coaxial-type connector, as de 
scribed. Then, the coaxial-type connectors generally 
are coupled electrically to one another by means of a 
coaxial-type nipple. However, the resulting excessive 
spacing between the two strip transmission lines is not 
compatible with the relatively compact structures of 
these transmission lines. 
Thus, a de?nite need exists for a coupling device 

which readily connects a strip transmission line to an 
other transmission line in a compact manner, without 
introducing objectionable variations in the USWR, and 
which effectively suppresses any higher propagation 
modes generated at the junction. 

SUMMARY OF THE INVENTION 

Accordingly, the foregoing objectives are achieved 
by this invention which provides a coupling device for 
electrically connecting a strip transmission line to an 
other transmission line. This coupling device comprises 
a center pin and a symmetrically spaced, conductive 
shell having a cylindrical wall wherein an open-ended 
slot extends longitudinally from one end of the shell 
and having adjacent the other end an outwardly ex 
tending annular ?ange. The center pin ‘of the coupling 
device has one end disposed in electrical contact with 
a terminal end portion of the center strip conductor 
and extends insulatingly through aligned apertures in 
one of the panels and the contiguous ground plane to 
protrude longitudinally from the strip transmission line. 
Symmetrically disposed with respect to a terminal 

end portion of the center strip conductor are mutually 
aligned, horseshoe-shaped slots in the respective 
ground planes and panels of the strip transmission line. 
The slotted portion of the conductive shell extends lon 
gitudinally through the aligned horseshoe-shaped slots 
such that the annular ?ange of the coupling device 
abuts the adjacent ground plane and the slotted end 
portion of the conductive shell protrudes from the op 
posing ground plane of the strip transmission line. This 
protruding end portion of the shell is engaged by a cy 
lindrical fastening device which, in cooperation with 
the annular ?ange, exerts a uniform annular pressure 
on the interposed ground planes, thereby avoiding the 
localized variations in line impedance introduced by 
screw-type fastening devices. Since the conductive 
shell is connected to ground and provides a cylindrical 
cavity wherein a transitional junction is established be 
tween the center conductor of the strip transmission 
line and the center pin of the coupling device, it consti 
tutes an efficient means for suppressing any higher 
propagation modes generated at the junction. 

In one embodiment of this invention, the protruding 
portion of the center pin serves as the center pin termi 
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nal of a coaxial connector, and the adjacent end por‘ 
tion of the conductive shell terminates in the outer con 
centric conductor of the coaxial connector, thus pro 
viding means for readily connecting the strip transmis 
sion line to a coaxial-type transmission line in a com-‘ 
pact manner. 

In another embodiment of this invention, the annular 
?ange extends transversely across the cylindrical wall 
to form a closed end of the shell and abuts a ground 
plane of a second strip transmission line. The slotted 
cylindrical wall of the shell extends longitudinally 
through a conductive collar disposed in aligned 
horseshoe-shaped slots of the second strip transmission 
line and then through the aligned horseshoe-shaped 
slots of the ?rst strip transmission line to protrude 
therefrom. The conductive collar has an outwardly ex 
tending lip which ,is compressed between respective 
ground planes'of the ?rst and second strip transmission 
lines, and the center pin conductor of the first strip 
transmission line slidingly engages a similar center pin 
conductor protruding from the second strip transmis 
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sion line. When the cylindrical fastening device en- ' 
gages the protruding end portion of the cylindrical wall, 
it cooperates with the annular flange at the closed end 
of the shell in exerting a uniform annular‘pressure on 
the interposed ground planes of the respective strip 
transmission lines thereby avoiding localized variations 
in line impedance. Thus, the ?rst strip transmission line 
is readily connected to a second strip transmission line 
in a manner which provides an efficient means for sup 
pressing any higher propagation modes generated at 
the junction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of this invention, refer 
ence is made to the accompanying drawings, wherein: 
FIG. 1 is a perspective fragmentary view showing a 

connector assembly embodying-the coupling device of 
this invention; ' 

FIG. 2 is an exploded view of the connector assembly 
shown in FIG. 1; 
FIG. 3 is a perspective fragmentary view showing an 

other connector assembly embodying the coupling de 
vice of this invention; and' j. 
FIG. 4 is an exploded view of the connector assembly 

shown in FIG. 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS ’ 

Referring more particularly to the drawings wherein 
like characters of reference designate like parts, there 
is shown in FIG. 1 a connector assemblylO comprising 
a strip transmission line 12 which is electrically con 
nected to a coaxial connector 14 by means of a cou 
pling device 16. 
As shown more clearly in FIG. 2, the strip transmis 

sion line 12 includes a center conductor 20 which is 
sandwiched between juxtaposed inner broad surfaces 
of respective dielectric panels 22 and 24. The center 
conductor 20 may be plated, as by utilizing well-known 
printed circuit techniques, for example, on the inner 
broad surface of one of the panels, such as panel 24, for 7 
example. The respective broad outer surfaces of panels 
22 and 24 are coated with conductive material, such as 
plated copper, for example, to form spaced parallel 
ground planes 28 and 30, respectively. 32. The ground 
plane 28 is provided with a circular opening 32 which 
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4 
is disposed within the inner periphery of a horseshoe 
shaped slot 34. The slot 34 extends through the panel 
22 and is aligned with a similar horseshoe-shaped slot 
36 which is disposed in panel 24 and extends through 
ground plane 30. The slot 36 is symmetrically disposed 
in spaced relationship with a terminal end portion 21 
of center strip conductor 20 which extends longitudi 
nally between spaced ends of the slot 36. The terminal 
end portion 21 of center strip conductor 20 is aligned 
with a bore 38 in panel 22 which terminates at the 
other end within the‘ circular opening 32 and in sym 
metrically spaced relationship with the slot 34. 
A tubular center pin 40 of coupling-device 16 has a 

radially extending head 42 at one end which is disposed 
in electrical engagement, as by pressure contact, for ex 
ample, with the terminal end portion 21 of center strip 
conductor 20. The pin 40 extends longitudinally 
through the bore 38 and the circular opening 32 to pro- ' 
trude insulatingly from the ground plane 28. This pro 
truding portion of the center pin 40 serves as the center 
conductor of the coaxial connector 14 and extends into 
a dielectric bushing 44 which is press-?tted into the 
outer- concentric conductor 46 of the connector 14. 
The outer conductor 46 is open at one end and termi 

nates at the other end in an outwardly extending annu 
lar ?ange 48, of a conductive shell 50. The shell 50 is 
a component part of the coupling device 16 and in 
cludes a cylindrical wall 52 having a longitudinal slot 
54 therein. The wall 52 extends through the respective 
slots 34 and 36 until the ?ange 48 abuts the ground 
plane 28 and an end portion of the wall 52 protrudes 
from the ground plane 30. This protruding portion of 
the wall 52 may be provided with fastening means, such 
as threads, for example, and is engaged by a cylindrical 
fastening device, such as a knurled end cap 56 having 
internal threads, for example, which also constitutes a 
part of the conductive shell 50. 

‘ A pressure device, such‘ as cylindrical plug 58, for ex 
ample, may be inserted into the end cap 56 prior to as 
sembling the ‘end cap onto the protruding end portion 
of the wall 52. When the end cap 56 is threaded onto 
the protruding end portion of wall 52 and tightened 
against the ground plane 30, the end cap 56 in conjunc 
tion with the annular ?ange 48 exerts a uniform annu 
lar pressure on the respective ground planes 28 and 30 
thereby avoiding localized variations in line imped 
ance. Simultaneously, the plug 58 presses against the 
area of ground plane 30 located within the inner pe 
riphery of slot 34, thereby urging the terminal end por 
tion 21 of center strip conductor 20 against ‘the head 42 
of center pin 40 and pressing the pin 40 longitudinally 
still further into the dielectric bushing 44 of connector 
14.’ Also, the pressure of the plug 58 serves to reinforce 
the center pin 40 when the connector 14 is mated with 
another coaxial connector (not shown). 
Thus, the conductive shell 50 forms a cylindrical cav 

ity which is connected to ground through the annular 
?ange 48 and the end cap 58, respectively. By means 
of the longitudinal slot 54 in the cylindrical wall 52 of 
shell 50, the center strip conductor 20 extends insulat 
ingly into the cavity to establish a transitional junction 
with the center pin 40. Consequently, the shell 50 con 
stitutes an ef?cient suppressor ‘of higher propagation 
modes which may be generated at the junction. 
As shown in FIGS. 3 and 4, a connector‘assembly 11 

may include a similar coupling device 16a for electri 
cally connecting the strip transmission line 12 to an 
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other strip transmission line 13. The strip transmission 
line 13 comprises a center strip conductor 60 which is 
sandwiched between juxtaposed inner broad surfaces 
of two dielectric panels 62 and 64, respectively. The 
panels 62 and 64 have their respective broad outer sur 
faces plated with conductive material, such as copper, 
for example, to form spaced parallel ground planes 68 
and 70, respectively. The ground plane 70 is provided 
with a horseshoe-shaped slot 74 which extends through 
panel 64 and is aligned with a similar horseshoe-shaped 
slot 76 in panel 62. 
The slot 74 is symmetrically disposed in spaced rela 

tionship with a terminal end portion 61 of center con 
ductor 60 which extends longitudinally between spaced 
ends of the slot 74. The slot 76 extends through panel 
62 and ground plane 68 which has a circular opening 
72 disposed within the inner periphery of the slot 76. 
Centrally disposed within the opening 72 is one end of 
a bore 78 which extends through the panel 62 and is 
aligned with the terminal end portion 61 of center con 
ductor 60. The terminal end portion 61 is electrically 
engaged such as by pressure contact, for example, by 
a radially extending head 82 of a center pin 80. The pin 
80 extends through the bore 78 and the circular open 
ing 72 to protrude insulatingly from the ground plane 
68. A conductive collar 84 having an outwardly extend 
ing lip 86 is pressed into the aligned slots 74 and 76, re 
spectively, until the lip abuts the ground plane 66. The’ 
length of the collar 84 is such that it does not protrude 
through the ground plane 70. 

In this embodiment, the annular ?ange 48a of cou 
pling device 16a extends transversely across one end of 
the cylindrical wall 52a to form a closed end of the con 
ductive shell 50a. The cylindrical wall 52a has a slot 
54a longitudinally disposed therein and extends longi 
tudinally through the collar 84 within the aligned slots 
74 and 76, respectively. The cylindrical wall 52a also 
extends through the aligned slots 34 and 36, respec 
tively, until the annular ?ange 48a abuts the ground 
plane 70 of strip transmission line 13 and an end por 
tion protrudes from the ground plane 30 of strip trans 
mission line 12. Simultaneously the center pin 80 is 
slidingly engaged by the tubular center pin 40 and the 
lip 86 of collar 84 is compressed between the ground 
planes 28 and 68 of strip transmission lines 12 and 13, 
respectively. A pressure device, such as plug 58a, for 
example, may be pressed against the area of ground 
plane 30 within the inner periphery of slot 36 by a cy 
lindrical fastening device, such as 56a, for example, 
which threadingly engages the protruding end portion 
of cylindrical wall 52a. The resulting laminated con 
nector assembly 11, as shown in FIG. 3, is very com 
pact and compatible with the planar structures of the 
respective strip transmission lines 12 and 13. 
When the cylindrical fastening device 56a is tight 

ened, it cooperates with the annular ?ange 48a in ex 
erting a uniform annular pressure on the interposed 
ground planes and pressing the ground planes 28 and 
66, respectively, more ?rmly into contact with the lip 
86 of the collar 84. Thus, localized variation in line im 
pedance are avoided and power losses are minimized. 
Simultaneously, the plug 58a urges the terminal end 
portion 21 of center strip conductor 20 against the 
head 42 of center pin 40 thereby pressing the pin 40 
into further engagement with the center pin 80. As a 
result, respective transitional junctions are established 
within a conductive cavity formed by the shell 50a 
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6 
which is connected to ground and wherein the respec 
tive center strip conductors 20 and 60 extend insulat 
ingly by means of the slot 54a in the cylindrical wall 
52a. Consequently, the shell 50a constitutes a very ef? 
cient suppressor of any higher propagation modes 
which may be generated at the enclosed transitional 
junctions. 

Thus, there has been disclosed herein a coupling de 
vice for electrically connecting a strip transmission line 
to another transmission line. This novel coupling de 
vice comprises a center pin longitudinally disposed in 
spaced relationship within a conductive shell having a 
cylindrical wall with a longitudinal slot disposed therein 
whereby a center strip conductor extends insulatingly 
into the shell to form a transitional junction with the 
center pin. The shell is provided with an outwardly ex 
tending flange at one end and is engaged by a cylindri 
cal fastening device at the other end such that a uni 
form annular pressure is exerted on the spaced parallel 
ground planes of the strip transmission line. Since the 
shell is connected to ground and forms a cylindrical 
cavity wherein a transitional junction is established be 
tween the center pin and the center strip conductor, it 
constitutes an ef?cient suppressor of any higher propa 
gation modes which may be generated at the junction. 
The coupling device of this invention may be used for 

electrically connecting a strip transmission line to 
transmission lines having dissimilar structures other 
than the coaxial one shown herein, such as a waveguide 
transmission line, for example, wherein the center pin 
of this novel device may serve as a coupling probe. 
Also, the coupling device of this invention may be used 
for electrically connecting a strip transmission line to 
other transmission lines having similar structures other 
than the second strip transmission line shown herein, 
such as an air dielectric strip transmission line, for ex 
ample. Although the cylindrical fastening device is 
shown herein as a knurled end cap, other cylindrical 
fastening devices, such as a nut, for example, also 
would be suitable. Furthermore, the cylindrical fasten 
ing means also may include other types of cylindrical 
hardware, such as a lock washer, for example. Also, the 
protruding portion of the conducting shell may be fur 
nished with other types of fastening means than the 
threaded portion shown herein, such as landings or 
bosses suitable for engaging quick-disconnect fastening 
devices, for example. 
From the foregoing, it will be apparent that all of the 

objectives of this invention have been achieved by the 
structures shown and described. It will also be appar 
ent, however, that various changes may be made by 
those skilled in the art without departing from the spirit 
of the invention as expressed in the appended claims. 
it is to be understood, therefore, that all matter shown 
and described is to be interpreted as illustrative and not 
in a limiting sense. 
We claim: 
1. in combination: 
?rst and second dielectric panels having juxtaposed 
broad surfaces and respective opposing broad sur 
faces; 

a center strip conductor disposed between the juxta 
posed broad surfaces of the ?rst and second panels 
and having a terminal portion; 

?rst and second ground planes supported on the re 
spective opposing broad surfaces of the ?rst and 
second panels; ' 
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the first panel and ?rst ground plane having respec 
tive slots therein aligned with one another and sym 
metrically spaced from the terminal portion of the 
center strip conductor; 

the second panel and second ground plane having re 
spective openings therein aligned with the terminal 
portion of the center strip conductor and having 
respective slots therein aligned with the slots in the 
?rst panel and the ?rst ground plane; 

an elongated conductive member extended longitudi 
- nally through the aligned openings in the second 

panel and the second ground plane and having one 
end portion disposed in electrical contact with the 
terminal portion of the center strip conductor and 
an opposing end portion protruding insulatingly 
from the second ground plane; and 
conductive shell having a wall portion extended 
longitudinally through the aligned slots in the pan 
els and the ground planes and symmetrically 
spaced from the elongated member and the termi 
nal portion of the center strip conductor, the wall 
having a protruding end portion and an opposing 
end, 

the shell having pressure means for electrically con 
necting the shell to the ?rst and second ground 
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planes and aperture means for permitting the cen- ' 
ter strip conductor to extend insulatingly into the 
shell. 

2. The combination as set forth in claim 1 wherein 
the wall is cylindrical and has a cross-sectional con?gu 
ration conforming to the aligned slots in the panels and 
ground planes. 

3. The combination as set forth in claim 1 wherein 
the terminal portion of the center strip conductor is an 
end portion, the slots in the panels and ground planes 
are each horseshoe-shaped, and the aperture means in 
cludes an open-ended slot extending longitudinally in 
the wall from the protruding end thereof. 

4. The combination as set forth in claim 1 wherein 
the pressure means includes fastening means at the pro 
truding end portion of the cylindrical wall and radially 
extending means adjacent the opposing end thereof. 

5. In combination: 7 - 

?rst and second dielectric panels having juxtaposed 
broad surfaces and respective opposing broad sur 
faces; ‘ 

a center strip conductor disposed between the juxta 
posed broad surfaces of the ?rst and second panels 
and having a terminal portion; _ 

?rst and second ground planes supported on the re 
spective opposing broad surfaces of the ?rst and 
second panels; ‘ 

the ?rst panel and ?rst ground plane having respec 
tive arcuate slots therein aligned with one another 
and symmetrically spaced from the terminal por 
tion of the center strip conductor; 

the second panel and second ground plane having re 
spective coaxial openings therein aligned with the 
terminal portion of the center strip conductor and 
having respective arcuate slots therein aligned with 
the slots in the ?rst panel and the ?rst ground 
plane; 

a conductive pin extended longitudinally through the 
coaxial openings in the second panel and the sec 
ond ground plane and having one end portion dis 
posed in electrical contact with the terminal por 
tion of the center strip conductor and an opposing 
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end portion protruding insulatingly from the sec» 
ond ground plane; and 

a conductive shell including a cylindrical wall having 
a cross-sectional configuration conforming to the 
aligned slots in the panels and the ground planes 
and extended longitudinally therethrough in sym 
metrically spaced relationship with the conductive 
pin and the terminal portion of the center strip con 
ductor, the wall having a protruding end portion 
and an opposing end, 

the shell having pressure means for electrically con 
necting the shell to the ?rst and second ground 
panels and aperture means for permitting the cen 
ter strip conductor to extend insulatingly into the 
shell. _ 

6. The combination as set forth in claim 5 wherein 
the opening in the second ground plane is larger than 
the coaxial opening in the second panel. 

7. The combination as set forth in claim 5 wherein 
the end portion of the wall adjacent the second ground 
plane is electrically connected to a corresponding con 
ductor of another transmission line. 

8. The combination asset forth in claim 7 wherein 
the protruding end portion of the conductive pin is the 
center conductor of a coaxial connector and the adja 
cent end portion of the wall is electrically connected to 
the concentric outer conductor of the coaxial connec 
tor. ' 

9. The combination as set 'forth in‘claim 7 wherein 
the protruding end portion of the conductive pin en 
gages the center conductor of the other transmission 
line. 

10. Incombination: 
first and second dielectricpanels having juxtaposed 
broad surfaces and respective opposing broad sur 
faces; - 

?rst and second ground planes supported on the re 
spective opposing broad surfaces of the ?rst and 
second panels; 

a first center strip conductor disposed between the 
juxtaposed broad surfaces of the ?rst and second 
panels and having a terminal end portion; 

third and fourth dielectric panels having juxtaposed 
broad surfaces and respective opposing broad sur 
faces; 

third and fourth ground planes supported on the re 
spective opposing broad surfaces of the third and 
fourth panels, the third ground plane being dis 
posed in juxtaposed relationship with the second 
plane; 

?rst means for conductively connecting the third 
ground plane to the second ground plane; 

second means for conductively connecting the sec 
ond center strip conductor to the ?rst center strip 
conductor and passing insulatingly through the sec 
ond and third ground planes; 

all of said panels and ground planes having respective 
horseshoe-shaped slots therein aligned with one an 
other in symmetrically spaced relationship with the 
respective terminal end portions of the ?rst and 
second center strip conductors; and 
conductive shell including a wall having a cross 
sectional con?guration conforming to the aligned 
horseshoe-shaped slots and extended longitudinally 
therethrough, and pressure means disposed at op 
posing ends of the cylindrical wall for electrically 
connecting the shell to the ground planes. 

* * * * * 


