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ABSTRACT OF THE DISCLOSURE 
A connector assembly comprising a plurality of con 

ducting elements interleaved with insulating elements, 
each conducting element being adapted to be connected 
to a respective pair of conductors, and all the elements 
being designed and relatively positioned to maintain the 
desired impedance between selected adjacent conductors. 

BACKGROUND OF THE INVENTION 

The present invention relates to connectors for cou 
pling together printed circuit conductors which are lo 
cated on opposite Surfaces of a printed circuit board. 
Such a connector may be formed with a tag for con 
nection to another conductor not on the printed circuit 
board. 

By way of example the two conductors on opposite 
surfaces of the printed circuit board may be parts of two 
transmission lines to be coupled together. Each trans 
mission line may comprise a line conductor and a ground 
conductor. For coupling together the two transmission 
lines, two connectors must be provided, one to couple 
together the two line conductors and another to couple 
together the two ground conductors. It is essential that 
the coupling of the two transmission lines should main 
tain the correct impedance between the line conductor 
and the ground conductor. A plurality of such connectors 
may be mounted together in a connector assembly. 

SUMMARY 

The object of the present invention is to provide an 
improved connector assembly for connecting together in 
pairs a plurality of conductors so as to maintain the de 
sired impedance between adjacent conductors. 

According to one embodiment of the invention, each 
conducting element is adapted to make direct contact 
with its respective pair of conductors. Each conducting 
element in this embodiment may be resiliently biased so 
as to make good contact with its respective conductors, 
and means may be provided for overcoming the bias so 
as to interrupt the coupling between the pairs of con 
ductors and enable the connector assembly to be removed 
from the conductors, which may, for example, be on a 
printed circuit board. 

According to another embodiment, each conducting 
element is adapted to be connected to its respective pairs 
of conductors by means of two adapter elements. In this 
embodiment the adapter elements for adjacent conduct 
ing elements may be mounted together in a subassembly 
and suitably insulated from each other. 
The foregoing and other objects, features and ad 

vantages of the invention will be apparent from the 
following more particular description of preferred em 
bodiments of the invention, as illustrated in the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic isometric view of a con 
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2 
nector assembly coupling together conductors on op 
posite surfaces of a substrate; 
FIG. 2 is a plan view of a substrate including printed 

circuit boards on the surfaces of which are conductors 
coupled together in pairs by a connector assembly em 
bodying the invention; 

FIG. 3 is an isometric view of a connector assembly 
embodying the invention; 

FIG. 4 is a side view of the substrate illustrated in 
FIG. 2 sectioned along the lines 4-4; 

FIG. 5 is a side view of the substrate illustrated in 
FIG. 2 sectioned along the lines 5-5; 

FIG. 6 is an isometric view of another connector as 
sembly embodying the invention attached to a substrate; 

FIG. 7 is a side view of the connector assembly illus 
trated in FIG. 6 sectioned along the axis 7-7 of the 
shaft therein; 

FIGS. 8 and 9 are end views of the connector assem 
bly illustrated in FIG. 6 sectioned along the lines 8-8 
illustrating the connectors in the closed and open posi 
tions respectively; 

FIG. 10 is a plan view of a substrate including printed 
circuit boards on the surfaces of which are conductors 
coupled together in pairs by a further connector assem 
bly embodying the invention, showing the connector as 
sembly partly cut away; 

FIG. 11 is a side view of the substrate illustrated in 
FIG. 10 sectioned on the lines 11-11; 
FIG. 12 is a side view of the substrate illustrated in 

FIG. 10 sectioned on the lines 12-12; 
FIG. 13 is an isometric view of one adapter element 

used with the connector assembly illustrated in FIG. 10; 
FIG. 14 is an isometric view of the connector assem 

bly illustrated in FIG. 10; and 
FIG. 15 is a view of the adjacent ends of two connector 

assemblies of the type illustrated in FIG. 14, coupled 
together. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 illustrates diagrammatically the way in which 
a connector assembly embodying the invention couples 
together in pairs conductors on opposite surfaces of a 
composite substrate. With reference to FIG. 1, the Sub 
strate 1 comprises two base layers 2, 3, two ground planes 
4, 5 of electrically conducting material, two outer layers 
6, 7 of insulating material, and strip conductors 8, 9 on 
the free surfaces of the layers 6, 7. The conductors 8, 9 
are spaced apart on the surfaces of the layers 6, 7 and 
may be connected into circuitry not illustrated. For ex 
ample, each conductor 8 may form a transmission line 
in combination with the ground plane 4. 

Connectors 11 are provided for coupling together each 
conductor 8 and a corresponding conductor 9. Connectors 
12 are also provided for coupling together the ground 
planes 4, 5. The constructions of the connectors 11, 12 
are similar. Each connector is C-shaped with each of the 
arms arranged to contact a conductor (or a ground 
plane) and the central portion extending from one Sur 
face of the substrate 1 to the other, spaced from the edge 
of the board. Each connector is provided with a tag 13 
from which a connection may be made to another circuit 
(not illustrated). The connectors are spaced apart from 
each other and are so designed as to maintain the desired 
impedance between each conductor and the ground plane 
and to provide the desired impedance between adjacent 
tags 13. 

FIGS. 2, 3, 4 and 5 illustrate in greater detail a con 
nector assembly embodying the present invention. FIG. 2 
is a plan view of the substrate 1 illustrating the connectors 
11, 12 grouped together in groups of three, two conductor 
connectors 11 with one ground plane connector 12. The 
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tags 13 of the connectors 11 of each group of connectors 
are attached to two flexible conductors 14, 15 of al 
screened cable 16, the connector 12 of each group being 
connected to the screen 17 of the cable. 

FIG. 3 is an isometric view of one group of connectors 
11, 12. Each connector is C-shaped and is formed from 
a flat strip of suitable material, for example, beryllium 
copper. At the free end of each arm of each connector 
is formed a contact portion 18 which has a rounded edge 
19 at the inside. The rounded edge 19 of each connector 
is the portion which actually makes contact with the cor 
responding conductor or ground plane. 
The group of connectors is assembled with interleaved 

elements 20 of insulating material so as to form a con 
nector assembly. The insulating elements 20 are attached 
to the connectors 11, 12 by any suitable means. The con 
nector assembly is constructed so that the arms of the 
connectors can be forced apart by opposing forces acting 

IO 

on the inside edges of the arms of each connector. The 
dimensions of the components of the connector assembly, 
their spacing and the dielectric constant of the insulating 
element are important and are selected to ensure that the 
impedance between each conductor and the ground plane 
has a desired value and to provide the correct spring rate 
of the assembly. - 
The construction of the substrate 1 and the way in 

which a connector assembly couples together the con 
ductors 8, 9 in pairs is illustrated in FIGS. 4 and 5. At the 
edge of the substrate 1 the base layers 2, 3 project, and 
extend laterally to form two halves 24, 25 of a projection 
which extends level with the surfaces of the ground 
planes 4, 5. The end of each conductor 8, 9 is flush with 
the edge of the corresponding layer 6, 7, which edge is 
recessed back from the edge of the corresponding ground 
plane 4, 5 so that part of each ground plane is exposed. 
The connector assembly is adapted to be mounted around 
the edge of the substrate 1 so that the edges 19 of the 
connectors 11 make contact with corresponding con 
ductors 8, 9 and the edges 19 of the connector 12 make 
contact with the exposed portions of the corresponding 
ground planes 4, 5. 

FIG. 4 illustrates more clearly the way in which a 
connector 11 makes contact with the corresponding con 
ductors, and FIG. 5 illustrates more clearly the way 
in which a connector 12 makes contact with the ground 
planes. It will be noted that the inside edges of adjacent 
arms of the connectors of the assembly extend in the 
Same plane. In order to mount the assembly as illustrated, 
the arms of the connectors have to be forced outward 
against the natural resilient bias provided by the material 
of the connectors. The assembly is placed around the 
edge of the board and then the arms are allowed to spring 
back towards their natural positions and in doing so the 
ends 18 of the connectors are brought firmly into contact 
with the conductors and ground planes. A certain amount 
of wiping action will be inherent in the operation so as 
to improve the contact. The contact pressure will depend 
on the natural shape of each arm and the spring rate of 
the material used for the connectors. 
FIGS. 6, 7, 8 and 9 illustrate a larger connector as 

Sembly in accordance with the invention which includes 
means for forcing apart the arms of each connector to 
enable the assembly to be mounted on the edge of a 
composite substrate and then allowing the arm to spring 
back and provide the required coupling between pairs 
of conductors and the ground planes, as described above. 
With reference to FIG. 6, the connector assembly com 

prises a plurality of groups 31 of connectors 11, 12 of 
the type illustrated in FIG. 3, mounted in a body 32 of 
insulating material. A shaft 33 extends longitudinally 
through the body 32 and is formed with portions 34 
which engage in bearing surfaces 35 formed in the body 
and are interspersed with cams 36, as illustrated more 
clearly in FIG. 7. The groups 31 of connectors are as 
Sembled in the body 32 so that the arms of the connectors 
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4. 
of each group extend symmetrically on either side of a 
corresponding cam 36 (see FIG. 7) and the tags 13 of 
the group extend in staggered array through the Wall of 
body 32, as illustrated most clearly in FIG. 6. 

Each end of the shaft 33 is formed with a cylindrical 
boss 37, which may be eccentric with respect to the shaft, 
and at least one of the bosses is formed with a square 
socket 40 adapted to receive a square key for use to 
rotate the shaft 33. 
To the edge 1a of the substrate 1 are attached two 

spring lugs 38 (only one illustrated) and in each lug 
is formed a hole 39. The spring lugs are spaced apart 
by a distance slightly less than the length of the body 
32 and if the body is placed around the edge of the board, 
the lugs 38 will deflect and the bosses 37 will engage in 
the holes 39, allowing the spring lugs 38 to move to 
wards each other, thereby retaining the body 32 around 
the edge of the board. 

In order to mount the connector assembly in position, 
it is first necessary to open the arms of the connectors. 
This is performed by rotating the shaft 33. As will be 
seen from FIG. 8, the cams 36 on the shaft each include 
two flat surfaces 41 and two curved surfaces 42. The 
curved surfaces 42 are spaced further from the axis than 
the flat surfaces 41. All the flat surfaces 41 on the cam 
extend in parallel planes and are spaced from the axis 
by equal amounts. 

If the shaft. 33 is angularly located so that the flat 
surfaces 41 are nearest to the arms of the connectors, the 
flat surfaces will be spaced from the arms and will allow 
the arms to move inwardly towards their natural positions. 
If the shaft is then rotated, the curved surfaces 42 will 
come into contact with the arms and will force them 
apart. With the arms of the connectors forced apart, the 
body 32 can be placed around the edge of the substrate 
1, as illustrated in FIG. 9. If the shaft 33 is then rotated 
so that the flat surfaces 41 of the cams move adjacent 
to the arms, the connectors will then make contact with 
the conductors and the ground planes in the manner 
already described, as illustrated in FIG. 8. If the bosses 
37 are slightly eccentric, a contact wiping action will be 
achieved. 

In order to interrupt the coupling between the pairs of 
conductors and the ground planes as provided by the 
assembly within the body 32, the shaft 33 is rotated until 
the curved surfaces of the cams 36 force the arms of 
the connectors apart and there is no longer contact be 
tween the connectors and the conductors and ground 
planes. The coupling can subsequently be restored, or 
the body 32 can be removed while the arms of the con 
nectors are still forced apart. 
The cams 36 are only necessary if a large number of 

contacts and a high contact pressure and the danger of 
damaging the conduction prevents the body 32, together 
with the connectors, from being pushed onto the sub 
strate 1. 
An alternative embodiment of the invention is illus 

trated in FIGS. 10, 11 and 12. A composite substrate, 
constructed as described above, has conductors and 
ground planes on each surface which are to be coupled 
together in pairs. This is provided for by a connector 
assembly molded ito a housing 51 of insulating material. 
The connectors comprise flat plates 52 of conducting 
material which are spaced apart by distances equal to the 
distances between adjacent conductors 8 (and 9), and 
flat plates 53 located between each pair of plates 52. 
The plates 52, 53 extend to the surface of the housing 
at Selected points and are adapted to be connected to the 
conductors and the ground planes on substrate 1 by two 
adapter elements 54, one of which is illustrated in 
FIG. 13. 
The housing 51 extends adjacent to and along one 

edge of the substrate 1 and is shaped as illustrated in 
FIG. 14. The housing has a rear surface 55 through which 
extend tags 56 from the connector plates 52, 53 for 
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connection to a further circuit, not illustrated, a top 
surface in two parts 57, 58 and a bottom surface in two 
parts 59, 60. The parts 58, 60 are recessed back from 
parts 57, 59 respectively. The connector plates 52 extend 
to the surface parts 57, 59 and the connector plates 53 
extend to the surface parts 58, 60 to enable connections 
to be made to these plates. 
The connections are made by means of the adapter 

elements 54, one of which is illustrated in FIG.13. The 
adapter element comprises a backing sheet 61 of electri 
cally insulating material, for example Mylar (trademark 
of E. I. du Pont de Nemours Co.), on one surface of 
which are formed printed circuit conductors 62 spaced 
apart by distances equal to the distances between the 
conductors 8 (and 9) and the plates 52. Over part of 
the conductors 62 is formed an insulating layer 63, also 
of Mylar for example, and on the Surface of layer 63 
extends a conducting sheet 64, for example of copper. 
The adapter 54 is so shaped that when the housing 51 is 
placed in position adjacent to one edge of the substrate 1, 
the adapter element will extend between the substrate and 
the housing with the sheet 64 making contact with the 
ground plane on the substrate 1 and the exposed edges of 
plates 53 in the housing, while the conductors 62 make 
contact with conductors 8 or 9 on the Substrate 1 and 
the exposed edges of the plates 52 in the housing 51. 
Only one adapter element is illustrated in FIGS. 11 

and 12, but it will be appreciated that there is one on 
each side of substrate 1 providing connections between 
the plates 52, 53 and the conductors 8 on one surface 
of substrate 1, the conductors 9 on the other surface 
of substrate 1, and the two ground planes 4, 5 of sub 
strate 1. 
The adapter elements are retained in position by clamps 

65 with resilient pads 66. 
FIG. 11 illustrates how a coupling is made from a 

conductor 8 through one of the conductors 62 to one of 
the plates 52, while FIG. 12 illustrates how a coupling 
is made from the ground plane 4 to a plate 53. 
The plates 52, 53 are designed and positioned so that 

the required impedance is maintained between each con 
ductor and the ground plane. The impedance between 
adjacent plates is determined by the material and 
dimensions and spacing of the plates and by the dielectric 
constant of the insulating material. 

FIG.15 illustrates how the housings 51 can be attached 
along the edge of a composite substrate. Each housing 
51 is formed with a recess 71 in each end (FIG. 14) and 
the associated substrate is formed with a projection 72 
which engages in the recesses 71 of the two adjacent 
housings 51. A rod 73 at the end of each housing extends 
through one clamp 65, the first portion of the housing, 
the projection 72, the second portion of the housing and 
out through the other clamp 65. Nuts 74 on the ends of 
the rod secure the clamps 65 in position and attach the 
housing to the substrate. The adjacent housing 51 is 
attached in a similar way. 
The above description covers two kinds of connector 

assembly for connecting together in pairs conductors on 
opposite surfaces of a printed circuit board or substrate. 
In the first example, each connector makes direct contact 
with its associated conductor (or ground plane). Con 
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tact can be interrupted by forcing apart the arms of the 
connectors. This also enables the whole connector as 
sembly to be removed. In the second example each con 
nector is adapted to be connected to its associated con 
ductor (or ground plane) through conductors provided 
by adapter elements. When the adapter elements are re 
moved, the connector assembly can also be removed. 
By using closely spaced interleaved conducting and in 

sulating elements, it is possible to provide connections 
to closely spaced conductors and ground planes while still 
maintaining the desired impedance between each conduc 
tor and the ground plane, and enabling connections to be 
made between the ground planes and an external circuit 
adjacent to connections from the conductors, thus main 
taining ground continuity. 
While the invention has been particularly shown and 

described with reference to preferred embodiments there 
of, it will be understood by those skilled in the art that 
the foregoing and other changes in form and details may 
be made therein without departing from the spirit and 
scope of the invention. 
What is claimed is: 
1. A connector for establishing a matched impedance 

contact to a strip transmission line circuit on opposite 
sides of a circuitboard, comprising: 

(a) first conductive elements for establishing contact 
with the signal conductors positioned on opposite 
sides of a circuitboard, 

(b) a second conductive element for establishing con 
tact with the ground conductors positioned on op 
posite sides of the circuit board, and 

(c) insulating elements positioned intermediate to said 
first conductive elements and said second conductive 
element and Secured to which said conductive ele 
ments, and which function to hold the connector con 
ductive elements predetermined distances apart 
whereby the connector characteristic impedance sub 
stantially matches the strip transmission line char 
acteristics impedance. 

2. A connector assembly as defined in claim 1 in which 
the connector conductive elements are C-shaped with the 
ends of the arms adapted to make contact with the re 
spective strip transmission line conductors. 
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