PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(71) Applicant: LABINAL COMPONENTS AND SYSTEMS,
INC. [US/US]; 1000 Tower Lane, Suite 210, Bensenville,
1. 60106 (US).

(72) Inventor: LINDEMAN, Richard, J. ; 120 South Spruce,
Wood Dale, IL 60191 (US).

(74) Agents: AUGUSTYN, John, M. et al.; Leydig, Voit & May-
er, Two Prudential Plaza, Suite 4900, Chicago, IL
60601-6780 (US).

(51) International Patent Classification 3 : (11) International Publication Number: WO 92/14281

HO1R 9/09, 4/66, 13/648 Al (43) International Publication Date: 20 August 1992 (20.08.92)

(21) International Application Number: PCT/US92/00915 | (81) Designated States: AT (European patent), BE (European

patent), CA, CH (European patent), DE (European pa-

(22) International Filing Date: 29 January 1992 (29.01.92) tent), DK (European patent), ES (European patent), FR

(European patent), GB (European patent), GR (Euro-

pean patent), IT (European patent), JP, KR, LU (Euro-

(30) Priority data: pean patent), MC (European patent), NL (European pa-
647,865 30 January 1991 (30.01.91)  US tent), SE (European patent).

647,907 30 January 1991 (30.01.91)  US

Published
With international search report.

(54) Title: ELECTRICAL CONNECTORS

(57) Abstract

Various electrical connectors (11, 12) include conduc-
tor elements (25-28) extending through a support body (19,
20) in parallel insulated relation to one another and to adja-
cent grounds (17, 18) of very low inductance and resistance.
The relationship of the conductor elements (25-28) to the
planar grounds (17, 18).is such as to obtain a characteristic
impedance which is the same for all signal paths and which
is uniform along the length of each conductor ¢lement.

L 4
<
29 g 40 10
e
» 18a
= Z 38 /
e oy 33
32e ~ 7 34¢
8
. =
2 Z |_~34
La—/2
172
A oSS 18
= Gl 17¢
e~ AN 220
2l =~ T T |-22
\ ST S\
Za = AN 7 N\ % / \
Py O\ AN .
e v V! 7 ) | 7 -y
199 = 7
N %r—u
97 20
26 ” 27
20
g0 §ggg™




Codes used to identify Stales party to the PCT on the front pages of pamphlets publishing international

applications under the PCT.

AT
AU
BB
BE
BF
BG
BJ
BR
CA
CF
cG
CH
l
™M
cs
DE
DK
ES

Austria

Australia

Barbados

Belgiuny

Burkina baso

Bulgaria

Benin

Brazil

Canada .
Central African Republic
Congo

Switzerland

Cte d'lvoire

Cameroon
Czechoslovakia
Germany

Denmark

Spain

FOR THE PURPOSES OF INFORMATION ONLY

[ ]

KR
Li
LK
Lu
MC
MG

Finland

France

Gubon

United Kingdom

Guinca

Greeee

Hungary

Treland

Ialy

Japan .
Democratic People’s Republic
of Korca

Republic of Korea
Licchtenstein

Sri Lanka

Luxembourg

Monaca

Madagascar

ML.
MN
MR
MW
NL
NO
PL
RO
RU

SE
SN
Ssu
TD
TG
us

Mali

Mongolia
Mauritania

Malawi
Netherlands
Norway

Poland

Romania

Russian Federation

- Sudan

Sweden

Senegal

Sovicet Union

Chad

Togo

United States of America




WO 92/14281 PCT/US92/00915

10

15

20

25

ELECTRICAL CONNECTORS
REFERENCE TO RELATED APPLICATIONS

This application continues, in part, subject
matter which is disclosed in the co-pending application of
Richard Jay Lindeman, U.S. Serial No. 518,295, filed May
3, 1990, which is a continuation of an application now
abandoned of Richard Jay Lindeman, U.S. Serial No.
297,303, filed January 13, 1989 as a division of a co-
pending application of Richard Jay Lindeman, Serial No.
947,317, issued February 21, 1989 as U.S. Patent No.
4,806,110. Said application Serial No. 947,317 is a
continuation-in-part of a co-pending application of
Richard Jay Lindeman, filed June 19, 1986, U.S. Serial No.
876,179, issued as U.S. Patent No. 4,710,133 on December
1, 1987. This application also continues, in part,
subject matter which is disclosed in the copending
application of Richard Jay Lindeman, et al. U.S. Serial
No. 406,142, filed September 12, 1989, which also
continues, in part, subject matter disclosed in said
application U.S. Serial No. 297,303 and also continues in
part subject matter which is disclosed in the copending
application of Albert Nicholas Hopfer, III and Richard Jay
Lindeman, Serial No. 07/352,499, filed May 16, 1989 and
subject matter which is disclosed in the copending
application of Richard Jay Lindeman and Saeed U. Zafar,
Serial No. 07/375,588, filed July 5, 1989. The
disclosures of said applications are incorporated by

reference.
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BACKGROUND OF THE INVENTTION

i. Field of the Invention

This invention relates to electrical connectors

and more particularly to electrical connectors which are

le for installation between circuit boards or other
s as

usab
components for propagation of high frequency signal

well as for transmission of electrical power, control. or

reference voltages therebetween. The connectors of the

invention are readily installed and are highly efficient
and reliable, while being readily and economically '

manufacturable.

2. Background of the Prior Art

Many different types of electrical connectors

have heretofore been used or proposed in the prior art,

including electrical connectors which utilize wadded

conductor contacts or buttons which generally include
nyads" or "buttons" of fine wire which are placed in holes
in a carrier of insulating material in position to be
compressed between the surfaces of a pair of conductors to

be connected. Such conductive wads are advantageous in

that they have very low resistance to current and also in

that they have very low inductance and are otherwise

advantageous for propagation of very high frequency

signals.

However, arrangements of the prior art have left

something to be desired, particularly with respect to
signal transmission characteristics and with respect to

providing low-loss, efficient and reliable transmission of

signals between circuit boards.

o
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SUMMARY OF THE INVENTION

This invention was evolved with the general
object of improving upon the prior art and more
particularly for providing connectors which can be readily
used for low-loss transmission of signals between
separated circuit boards or other components, while being -
efficient and reliable and manufacturable at reasonably

low cost.

A further object of the invention is to provide
connectors which have optimal electrical characteristics
particularly with respect to efficient and reliable
propagation of high frequency signals between circuit

boards or the like.

This application continues subject matter of the
aforementioned applications relating to features of a
connector structure for propagating signals between very
high speed integrated circuits, such features being
operative to dvercome problems discovered and recognized
in connection with prior constructions. 1In particular, it
was found that ground connections tend to develop
electrostatic charges when attempts are made to propagate
high volumes of such very high frequency signals at very
high speeds. A shift in voltage between ground planes of
two interconnected circuits may result in loss of
reference levels in electronic circuitry, thus rendering
computers and the like inoperative. Mismatched impedances
between circuitry and connectors cause reflections and the
production of undesirable standing wave phenomena, with
corresponding errors in transmitting data, in the case of
transmitting digital signals. It is also found that cross
talk between signal paths increases with frequency and
with decreases in spacing therebetween. This problem is
affected to a substantial extent by the characteristics of

the ground connection which is common to the signal paths.
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Inductive reactances'for a given path length increase with

frequency and if the ground connection has a substantial

reactance, it can cause problems with high frequency

signal propagation or high velocity pulse signal
propagation. This had not been recognized because the

ground paths of conventional connectors have inductive

reactances which have not produced a problem when
transmitting signals at relatively low frequencies.

Typically, one or more connector pins had been
used in the past for ground connections and, in some
cases, each pin used for signal transmission may have an
associated adjacent pin used for a ground connection, in
an attempt to minimize cross talk problems. It was found
that such does not provide an adequate solution because
there may nevertheless be substantial impedances in the
ground connections and also, this solution requires many
Moreover, if the number of ground
pins were increased so as to use two or more pins for each
signal pin, it would impose severe space limitations as

well as increasing insertion forces.

Another problem of prior constructions related

to the impedance characteristics of the signal paths.

Each 51gnal path of an electrical connector may be
considered as an electrical transmission line having a
certain characteristic impedance determined by its
resistance, inductance and distributed capacitance per
unit length. At relatively low signal transmission
frequencies, the actual impedance of the path is not
usually important. However, at high frequencies, the path
may produce reflections, resonances and standing wave
phenomena when there is a substantial mismatch between the
characteristic impedance of the path and the
characteristic impedances of the circuits connected

It is also to be observed that it is especially

thereto.
desirable that the characteristic impedances of all paths

£
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be substantially the same, so as to facilitate design of

the connected circuits.

In connectors in accordance with this invention,
very high frequency signals are propagated from one
circuit to another through a plurality of contact elements
which are disposed in spaced parallel relation and a
conductive ground path is provided in spaced parallel
relation to each of the contact elements, the ground path
being of very low inductance and resistance which provides
a very low impedance and which prevents the build-up of
any potential difference between the interconnected
circuits. The result is a very substantial increase in
the speed and volume of data transmission which can be
accommodated in a connector of a given size. The
arrangement also minimizes common ground path impedances
and cross-talk effects between adjacent signal paths.
Another feature of the connectors of this invention relate
to constructions which are such as to achieve a uniform
characteristic impedance with the characteristic
impedances of all paths being substantially the same so as
to facilitate design of the connected circuits. A further
feature relates to the use of a plurality of ground
conductors which need not be connected directly together
but which are so connected electrically as to provide a
very low AC impedance between each such ground conductor
and each other ground conductor. Such conductors may be
used with each other and/or with an outer shell for
transmission of DC supply voltages, reference voltages or
on-off control voltages or for other purposes, without an
adverse effect on the propagation of very high frequency
signals through the signal elements.

This application also relates to connectors
which may be sandwiched between stacked circuit boards and
to features of construction in which resilient elements
such as resilient wadded elements are used in providing
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" conductive interconnect means to propagate very high

frequency signals between circuit boards with a conductive

ground being provided in adjacent relation to each

conductive interconnect means.

Further features of the invention relate to
constructions which achieve the advantages of the
constructions of the aforementioned prior applications
while achieving additional important advantages,
especially in connection with providing a propagation
paths in large numbers and/or in high den51ty relation in
connectors of small size and in connection with
facilitating the connection of a plurality of circuit

boards in stacked relation.

In accordance with more specific features of the
invention, connectors are provided each of which may be
sandwiched between opposed faces of a pair of circuit
boards,'a'plurality of the connectors being usable in
providing signal propagation paths between circuits of a
stack of circuit boards. Each connector includes a
plurality of conductive interconnect means having opposite
ends engageable with conductive pads on a pair of the
circuit boards. Such conductive interconnect means, each
of which may include a resilient wadded element, are
supported in openings of a support structure which
provides conductive ground means in adjacent relation to
each opening and to the conductive interconnect means
supported therein, the conductive ground means being
arranged for connection to grounding elements of the
circuit boards. The support structure is preferably in
the form of a plate-like structure which has a plurality
of interconnect openings therethrough for support of a
plurality of conductive interconnect means thereln and
which includes conductive material arranged for connectlon
to circuit board grounding elements and for providing a
ground in adjacent insulated relation to each conductive
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interconnect means. A high density of propagation paths
is possible and the arrangement is not limited to use of
any particular pattern of interconnect means. The
openings may be arranged in an array in a single row or
preferably in a multi-dimensional array having, for
example, a plurality of parallel rows or in any type of
regular or irregular pattern as may be suitable for
providing selectable propagation paths between a pair of
circuit boards. It should be noted that the term "circuit
board" as used herein is not limited to any particular
type of board but is used in a general sense to include
any type of support structure for electrically conductive
elements engageable by conductive interconnect means of

the connectors of the invention.

In one embodiment, the support structure
includes plate means of a highly conductive material such
as aluminum which has opposite surface portions engageable
with circuit board grounding elements and which has
interconnect openings therethrough, together with means of
an insulating dielectric material in each opening for
support of the conductive interconnect means therein.

With this arrangement each conductive interconnect means
may be substantially completely surrounded by a éonductive
ground and a high degree of isolation between propagation

paths is obtained.

In another embodiment, the support structure
includes a plate of an insulating dielectric material
having a plurality of interconnect openings in which the
conductiverinterconnect means are disposed and grounding
means of a conductive material are secured to the plate
and are arranged for connection to circuit board grounding
pads while providing grounds in adjacent relation to each
conductive interconnect means. Preferably, each grounding
opening receives conductive material which extends through
the plate in adjacent relation to an interconnect opening.
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This arrangement, although not providing complete
isolation, may still provide a high degree of isolation
and may also facilitate economic manufacture of the

connectors. By way of example, the conductive material
may be provided in each grounding opening through a

plating process, thereby providing "plated-throug "

grounding elements.

This invention contemplates other objects,

features and advantages which will become more fully
apparent from the following detailed description taken in

conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a transverse sectional view of a
pair of mated connectors constructed in accordance with
the principles of this invention, the lower connector of
FIG. 1 being a receptacle and the upper connector being a
plug an being shown connected to a circuit board assenmbly;

FIGURE 2 is a plan view of the receptacle
connector of FIG. 1, on a reduced scale and with

intermediate portions broken away;

FIGURE 3 is a side elevational view of the

receptacle connector of FIG. 2;

FIGURE 4 is a sectional view of the receptacle
connector, on a scale larger than that of FIG. 2 but
smaller than that of FIG. 1, particularly showing the

relationship of engagement fingers of tines of the

connector;

-
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FIGURE 5 is a fragmentary perspective view of a
ground plate of the receptacle connector;

FIGURE 6 is a side elevational view of the plug
connector of FIG. 1 but on a reduced scale;

FIGURE 7 is a plan view of the plug connector as

shown in Fig. 6;

FIGURE 8 is a fragmentary view of a portion of a

ground plate of the plug connector;

FIGURE 9 is a view illustrating a modified

ground plate for the plug connector;

FIGURE 10 is a view illustrating another
modified ground plate for the plug connector;j

FIGURE 11 is a cross sectional view taken

substantially along line XI-XI of FIG. 1;

FIGURE 12 is a perspective view showing
electrical connectors of the invention installed in a

circuit board assembly;

FIGURE 13 is a top plan view of one of the

connectors of FIG. 12;

FIGURE 14 is a front elevational view of the

connector of FIG. 13;

FIGURE 15 is a sectional view taken
substantially along line XV-XV of FIG. 13;

FIGURE 16 is a cross-sectional view of a portion
of the connector of FIG. 13 on an enlarged scale, showing

details of a button-receiving cavity of an insulator
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member of the connector;

FIGURE 17 is a cross-sectional view taken
substantially along line XVII-XVII of FIG. 16;

FIGURE 18 is a cross-sectional view similar to
FIG. 16, but showing details of a button-receiving cavity
of an insulator member and its relationship to an upper

edge portion of the side wall of a casing;

FIGURE 19 is a top plan view of a portion of a
another form of connector of the invention, arranged to be
placed between circuit boards and incorporating signal

propagating and grounding interconnect devices;

FIGURE 20 is a cross-sectional view taken

substantially along line 20-20 of Figure 19 and
illustrating one form of connector construction and a

signal propagating interconnect device thereof;

FIGURE 21 is a cross-sectional view taken
substantially along line 21-21 of Figure 19 and is similar
to FIG. 20 but illustrates a grounding interconnect device

of one form of connector;

FIGURE 22 is a cross-sectional view similar to
FIG. 20 but illustrating another form of connector

construction and a signal propagating interconnect device

thereof;

FIGURE 23 is a cross-sectional view similar to

FIG. 21 but illustrates a grounding interconnect device of

another form of connector;

FIGURE 24 is a top plan view of a portion of a
further form of connector of the invention, similar to
FIG. 19, the connector being arranged to be placed between
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circuit boards and incorporating signal propagating and

grounding interconnect devices;

FIGURE 25 is a cross-sectional view taken
substantially along line 25-25 of Figure 24 and
illustrating the construction of the connector and a
signal propagating interconnect device thereof; and

FIGURE 26 is a cross-sectional view taken
substantially along line 26-26 of Figure 24 and is similar
to FIG. 25 but illustrates a grounding interconnect device

of the connector.

DESCRIPTION OF PREFERRED EMBODIMENTS

Reference numeral 10 generally designates one
form of connector assembly which is constructed in
accordance with the principles of this invention and which
includes mating connectors 11 and 12 for connection
circuit boards 13 and 14. Other forms of connectors of
the invention, as illustrated in Figures 12-26 are
arranged to be sandwiched between circuit boards for

providing connections therebetween.

In the connector assembly 10, the connector 11,
as shown, is adapted to be mounted on and form part of the
board 13 which may be a mother board 13 and the connector
12 is adapted to receive and to be secured to the circuit
board 14 which may be a daughter board. It will be
understood that the connectors 11 and 12, and the novel
features thereof which form part of the invention, may be
used in other configurations and for other purposes.

The connector 11 as shown includes an outer
shell 15 which receives an outer shell 16 of the connector
12, the connector 11 being thus in the form of a
receptacle and the connector 12 being thus in the form of
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a plug. It will be understood, of course, that the
invention is not limited to this relationship and, for

example, the connector 11 might be in the form of a plug

which the connector 12 might be in the form of a
receptacle. Shells 15 and 16 are preferably of a highly

conductive metal such as aluminum and are preferably

connected electrically to each other and to electrical

grounds of the interconnected circuits.

In accordance with the invention, the connectors
11 an 12 include central plates which are generally
designated by reference numerals 17 end 18 and connected
to the electrical grounds of interconnected circuits.
plates 17 and 18 together define a central pianar ground
extending along the length of the connector, in a
direction normal to the plene of the paper in Figure 1.
As hereinafter discussed in connection with figure 11,
each of the plates 17 and 18 may be in the form of a
plurality of separate plate sections usable for

transmission of DC supply or other voltages but with a low

AC impedance between such separate plates, they provide a

very low impedance ground connection and act as an

electrical separatlon and shield between contacts on

opposite sides thereof. Plate 17 is sandwiched between a

pair of members 19 and 20 of insulating material which are
secured in the shell 15 of connector 11 and plate 18 is

sandwiched between a pair of members 21 and 22 of
insulating material which are secured within the shell 16

of connector 12.

In the illustrated embodiment, the connector 11

includes contacts in four groups, contacts 25 of the first

group being located relatively close to the ground plate
17 and being supported by the member 19, contacts 26 being
spaced further-from.the ground plate 17 and being also
supported by the member 19, contacts 27 being supported by

the member 20 ont the opposite side of the ground plate
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and relatively close to the ground plate 17 and contacts
28 being also supported by the member 20 and being spaced

further from the ground plate 17.

As shown in Figure 2, the contacts 25 and 26 are
in staggered relationship to each other and the contacts
27 and 28 are similarly in staggered relation to each
other. As also shown in Figure 2, the shell 11 may have
an intermediate wall portion 29, separating the connector
into two sections with there being two longitudinally
spaced ground plates 11 and associated groups of contacts
25-28. Each of such plates 17 and each of the two mating
plates 18 may be in the form of a plurality of separate
plate sections, as hereinafter discussed in connection

with Figure 11.

Each connector may have a large number of
contacts and, by way of example, each section may have 120
contacts with a total of 240 contacts for the two
sections, the spacing of contacts as indicated by
reference numeral 30 in Figure 2 being typically 0.075
inches and the overall length of the connector being on
the order of 5 inches. With a contact spacing of 0.05
inches, a total of 352 contacts may be provided. It
should be understood, of course, that the connectors need
not be separated into two sections as illustrated in
Figure 2 and, of course, any appropriate contact spacing
may be used. It is, however, an important feature of the

invention that a relatively large number of contacts may

‘be provide in a compact connector with relatively close

spacing of contracts, while avoiding the problems which
would be encountered with such contact spacings when using

prior art constructions.

As shown in Figure 7, the plug connector 12 has
contacts 31, 32, 33 and 34 adapted to mate with the
contacts 25, 26, 27 and 28, respectively. Contacts 31 and
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32 are supported by the insulating member 21 on one side
of the ground plate 18 while contacts 33 and 34 are
supported by the insulating member 22 on the opposite side

of the insulating member.

All contacts have the same spatial relationship
to the associated grounded high conductivity planar ground
plate and shell surfaces so that all signal transmission
paths have substantially the same characteristic

impedance.

As best shown in Figure 1, each of the contacts
25 has a hollow end portion 25a which projects from a
surface 19a of the member 19 and which extends into an
opening 21a in the member 21 to receive a projecting
portion 31la of the contact 31, indicated in dotted lines.
Each of the other contacts of connector 11 has a
configuration like that of the contact 25 and each of the
other contacts of connector 12 has a configuration like

that of the contact 31. Thus in the illustrated

arrangement, each contact 25 is a female contact and each
contact 31 is a male contact but it will be understood
that the contacts may be reversed and thét, in any case,
the invention is not limited to any particular form or

relationship of the mating signal contacts.

The construction of the ground plate 17 is
jllustrated in Figure 5. It is preferably of a copper
allow which may be approximately 0.006 inches thick with a
0.00005 inch gold plate for maximum conductivity and it is
formed with projecting fingers or tines 17a and 17b as
shown, having terminal end portions 17c¢ and 17d bent in
opposite directions from a central plane of the plate 17
and having portions 17e and 17f for pressure engagement
with an edge portion of the plate 18 when the connectors

are assembled. The relationship of the tines 17a and 17b

pefore assembly is illustrated in Figure 4. In assembly,

*»



WO 92/14281 : - PCT/US92/00915

10

15

20

25

30

35

- 15 -

the tines 17a and 17b move into recesses 22b and 21b,
respectively, of the insulating members 21 and 21. In the
normal mating sequence, the end of the shell 16 moves into
the shell 15, then the edge of the plate 18 moves between
the terminal ends 17c¢ and 17d of the tines 17a and 17b and
then the ends of the contacts 31-34 move into the sockets
defined by the hollow ends of the contacts 25-28. With
this mating sequence, the ground connection is made before
the signal connection and any electrostatic build-up is
discharged before engagement of signal contacts. This
protects electronic devices from damage during handling

and repair.

The construction of the plate 18 is shown in
Figures 1 and 8. It is preferably of a copper alloy which
may be approximately 0.006 inches thick, with a 0.00005
inch gold plate for increased conductivity and, for
connection to the circuit board assembly, it has one edge
rolled to form an open generally tubular portion 18a. The
portion 18a engages ground terminals which extend in
facing relation on the surfaces 37 and 38 of two circuit
boards 39 and 40 which form the circuit board assembly 14.
In the illustrated arrangement, a thick metal plate 41 is
disposed between the circuit boards 39 and 40 to form a
heat sink. The circuit boards 39 and 40 are so. formed as
to provide terminals which engage extensions 3la, 32a, 33a
and 34a and also the portion 18a of ground plate 18 may be
tinned before assembly and soldered to the respective

terminals after assembly, or other bonding operations may

be performed, if desired.

Figure 9 illustrates a modified ground plate 42
usable in place of the ground plate 18 and having a
plurality of fingers or tines along its length, alternate
tines 42a being bend outwardly in one direction and the
remaining tines being bent outwardly in the opposite
direction, for engagement with ground terminals of the
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printed circuit boards 39 and 40.

Figure 10 shows a modified ground plate 44 which
has tines 44a and 44b formed to engage ground terminals 45
and 46 on the outside surfaces of the printed wiring

bqards 39 and 40 of assembly 14.

As shown in Figure 11, the ground plate 17 of
one section of the illustrated connector 11 is formed by
four separate plate sections 173, 17B, 17C and 17D which
are in longitudinally spaced relation but with close
spacings therebetween, preferably less that the distance
between contacts. The ground plate 18 of the
corresponding section of the connector 12 is formed by
four separate plate sections 18A, 18B, 18C and 18C also in
longitudinally spaced relation but with close spacings
therebetween. The AC impedances between the plate
sections 17A-17D and between the plate sections 18A-a8C is
desirably very low so that at high frequencies, plate
sections 17A-17D and plate sections 182-18C effectively
form one ground plate when connected. However, they are
usable advantageously for transmission of supply,

reference or control voltages.

For example, as diagrammatically illustrated in
Figure 11, plate sections 174, 17,B, 17C and 17D of the
mother board connector 11 may be respectively connected to
+12 volt, +5 volt, common and -5 volt terminals 51, 52, 53
and 54 of a DC power supply 56 and plate sections 183,
18B, 18C and 18D of the daughter board connector 12 may be
respectively connected to power input terminals 57-60 of
an "A" circuit 62 of the daughter board and power input
terminals 63-66 of a "B" circuit 68 of the daughter board,
the "A" and "B" circuits being on the circuit boards 39
and 40 of the illustrated embodiment and being connected
to the signal contacts 31 and 32 on one side of the
central ground plane. and signal contacts 33 adn34 on the
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opposite side of the ground plane. As also shown, signal
contacts 25 and 26 and signal contacts 27 and 28 of the
mother board connector 11 may be connected to "C" and "DV
signal circuits 69 and 70, respectively, circuits 69 and
70 having terminals 71-74 and terminals 75-78 connected to
terminals 51-54 of power supply 56. It will be understood
that the power supply 56 will provide low high frequency
impedances to signal ground at terminals 51-54 and also
that the "A" and "B" circuits 62 and 68 may include
capacitors providing low high frequency impedances between

signal ground and terminals 57-60 and 63-66.

The plates of the second connector sections, on
the other side of the intermediate wall portion 29, may be
divided into separate plate sections like sections 17A-17D
and 18A-18D, but it is noted that in some applications,
two ground plates or two ground plates and a shell, as
provided in an embodiment disclosed in the aforementioned
prior application U.S. Serial No. 876,179, issued as U.S.
Patent No. 4,710,833 on December 1, 1987, may be all that
is needed for voltage transmission. '

It will be understood that the invention is not
limited to use of ground plates as described above for
transmission of DC supply voltages but such ground plates
may be used for transmission of DC reference voltages and
on-off control voltages. They may also be used for
transmission of low freguency AC power supply, reference
or control voltages and as many plates or plate sections
may be provided as are desired or required for any
particular application. Thus it is not necessary to use
contacts for such purposes and all contacts are available
for use in propagating high freguency signals. Moreover,
uniform impedance characteristics are obtained between all
contacts and the ground provided by the ground plates and
the outer shell.
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Figure 12 shows six connectors 80-85 which are

constructed in accordance with the principles of the

invention and which are shown mounted in a circuit board
assembly 86. The assembly 86 includes four circuit boards

87, 88, 89 and 90 which are mounted in a stack and which

are secured together by six bolts 91-96.

The connectors 80-85 function to interconnect
circuits on the boards 87-90 and also function as spacers
between'the boards, being installed in three pairs between
edge portions of the boards, as shown. The connectors of
the invention are advantageous in providing short length
signal propagatlon paths between the boards which are
shielded and isolated as required and which are of uniform
impedance and otherwise highly efficient. 1In addition,
the connectors serve to couple DC and low frequency AC
voltages between the circuit boards, and a very compact
assembly is achieved. As is also shown, the vertical
dimensions of three pairsrof connectors are different,
being selected in accordance with the vertical extent of
components on the boards 81-84. As illustrated, the

~ connectors 80 -and 83 have relatively small vertical

dimensions while the connectors 81 and 84 and connectors

82 and 85 have larger vertical dimensions.

Figures 13 and 14 are respectively top plan and
side elevational view of the connector 81, and Figure 15
is a sectional view taken substantially along line XV-XV
of Figure 13. It will be understood that the
constructions of the other connectors 80 and 82-85 may be
1ike that of the connector 81, except that the connectors
80, 82, 83 and 85 may have different vertical dimensions.
The connector 81 includes a block 100 which is of
insulating material and which has upper and lower planar

‘surfaces 101 and 102. Block 100 is preferably formed by

upper and lower members 103 and 104 respectively having
lower and upper surfaces 105 and 106 engaging in a plane
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which is midway between the surfaces 101 and 102 in the
illustrated connector but which may be positioned at
unequal distances from the surfaces 101 and 102.

In the illustrated connector 81, a second block
108 of insulating material is provided which is
substantially the same as the block 100 and which is also
formed by two members like the members 103 and 104 which
form the block 100. The two blocks 100 and 108 are
mounted within a casing 110 of conductive material which
includes end portions 111 and 112 formed with guide slots
113 and 114 to receive shank portions of bolts 91 and 93
and a central portion 115 which is between blocks 100 and
108 and which has a hole 116 therethrough to receive the
shank portion of bolt 92. The casing 110 also includes
side walls 117 and 118, the wall 118 being shown in the
side elevational view of Figure 14 and a portion of the
upper block member being shown broken away in Figure 13 to

show a portion of the opposite side wall 117.

Important features relate to the provision of a
central ground plane which is formed in part by plates 119
and 120 of conductive material in block 100 as shown in
Figure 15. Only a portion of plate 119 is shown in Figure
15 since Figure 15 is an offset sectional view. A portion
of the block member 103 is shown broken away in Figure 14,
to show that the plate 119 extends to an ehd edge in
proximity to the inner end of block 100 and to the central
portion 115 of the casing 110. Similar plates are
provided in the biock 108 to define a central ground plane

‘thereof. The plates 119 and 120 are insulated from the

casing 110 but the plates 119 and 120 as well as the
casing 110 are connectable directly or through by-pass
capacitors to ground conductors of the circuit boards 88
and 89, so as to be at ground potential with respect to
propagation of high frequency signals. Plates 119 and 120
and corresponding plates within the block 108 thus provide
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a substantially continuous ground plane. At the same

time, since the plates'll9 and 120 are electrically
insulated from one another and from the casing 110 they

may be used with the casing for conducting DC and low

frequency AC voltages between the circuit boards 88 and

89.

A plurality of elongated conductive slugs 122
are provided within the blocks 100 and 108 for propagation
of signals between the circuit boards 88 and 89, two of

such slugs 122 being shown in Figure 15. To connect upper

and lower ends of such slugs to conductors of the circuit

boards 88 and 89, compressible conductive buttons are
provided. In the illustrated construction, such
conductive buttons include two rows of buttons 123 and
at the upper ends of two rows of slugs in a first pair
planes which are indicated by broken lines 125 and 126 and
which are on opposité'éideé of the central ground plane
defined by plates 119 and 120. Two additional rows of
puttons 127 and 128 are provided at the upper ends of an
additional two rows of slugs which are in a second pair of
planes which are indicated by broken lines 129 and 130 and

which on opposite sides of the central ground plane and
126 and the

124

between the first pair of planes 125 and
opposite side walls 117 and 118 of the casing 110.

A row of conductive buttons is also provided to
connect upper edges of the plates 119 and 120 to
conductors on the circuit board 88, including four buttons
131-134 engaged with the upper edge of plate 119 and two
puttons 135 andl136 engaged with the upper edge of plate

120. Additional rows of conductive buttons 137 and 138
are engaged with upper edges of the side walls 117 and 118

of the casing 110.

Important features relate to the achievement of

a uniform characteristic impedance for all signal

]
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propagation paths through the conductive slugs of the
connector. In the illustrated construction the distance
from the slugs of the first pair of planes 125 and 126 to
the plates 119 and 120 is substantially equal to the
distance from the slugs of the second pair of planes 129
and 130 to the side walls of the casing 110. It follows
that the distance from the slugs of the first pair of
planes 125 and 126 to the side walls 117 and 118 of the
casing is equal to the spacing from the slugs of the
second pair of planes 129 and 130 to the plates. Thus the
relationship of each slug to planar surfaces of conductive
material which are usable to provide circuit grounds is
the same as that of each of the other slugs. In addition,
the slugs are mounted in a uniform manner and with a
uniform spacing from each slug to slugs adjacent thereto.
The result is that uniform characteristic impedances are
obtained. Preferably, the slugs in the first pair of
planes 125 and 126 are in staggered relation to those of
the second pair of planes 129 and 130, so as minimize the
width of the connector while obtaining a uniform and
desired spacing between each slug and slugs adjacent

thereto.

The conductive buttons 123, 124, 127 and 128,
131-136, 137 and 138 are mounted in cavities in the upper
surface 101 of the upper member 103 of block 100 for
engagement with the conductive pads on the underside of
the circuit board 89 and corresponding series of
conductive buttons are mounted in cavities in the lower
surface 102 of the lower member 104 of block 100 for
engagement with the conductive pads on the upper side of
the circuit board 88. Each of the buttons may typically
be in the form of an elongated cylindrical contact element
comprising a resiliently and randomly wadded thin gauge
electrically conductive wire. Such puttons provide low
impedance connections when proper contact pressures are
maintained between such buttons and contact surfaces
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engaged thereby.

Two of the slugs 122 are shown in the offset
sectional view of Figure 15, having upper ends in the
plane 126 and engaged with two of the buttons 124. Each
slug 122 is positioned in an opening in the block 100
which is defined by aligned openings 139 and 140 in the
upper and lower members 103 and 104, each slug being so
positioned that terminal upper and lower end surfaces
thereof are respectively spaced at substantially equal
distances below and above the upper and lower surfaces 101
and 102 of the block 86 to provide cavities which receive
one of the buttons 124 and a corresponding button 124A at
the lower face of the connector. Only a cavity 141 at the
upper end of one of the illustrated slugs 122 will be
described in detail, the cavity at the lower end and other
cavities of the connector being of substantially the same

form.

The cavity 141 in the upper member 103 has an

"hour glass" shape and is defined by surface portions
an inner
‘The

which include an intermediate neck portion 142,
flared portion 143 and an outer flared Portion 144.
remainder of the opening 139 in the upper member 103 is
defined by a right cylindrical surface portion 146 which
extends downwardly from the lower end of the inner flared
portion 143 to the lower surface of the member 103.

The neck portion 142 has a very small axial
dimension and applies a localized compressive pressure to
t+he button 124 when installed to securely hold the button
124 in place while allowing free resilient axial
compression of the button 124 to obtain reliable low
resistance connections. The inner flared portion 143
provides an expansion region into which a lower portion of
the button expands when the button is installed, to
additionally insure the secured holding of the button in
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place while allowing free resilient axial compression
thereof. The outer flared portion 144 facilitates
installation of the button and avoids entrapment of any
protruding fine wire portions of the button between facing
surfaces of the connector and circuit board. It also
facilitates the free axial compression of the button when
installed and accommodates any slight transverse relative
shifting movements of the connector and circuit board as
may occur during or after assembly. It preferably is of
very smooth form, facilitating installation of the buttons
and avoiding sharp edges which might catch and cause
entrapment of protruding wire portions of the buttons.

In assembling the connector, the members 103 and
104 are moved together while positioning the plates 119
and 120 to enter openings in the block members 103 and 104
and while positioning the slugs 122 to enter the openings
of the members 103 and 104 at the interengageable lower
and upper surfaces 105 and 106 thereof, so that the slugs
122 do not pass through the cavity-defining surfaces. The
plates 119 and 120 and the slugs 122 may preferably be
installed with a press fit using fixtures to obtain
accurate positioning thereof. Terminal end portions of
the slugs 122 are engaged by sets of protrusions 103A and
104A which are formed as integral parts of the block
members 103 and 104 and which extend radially inwardly
into localized pressure engagement with the slugs 122.
Figure 17 shows three protrusions 103A in 120 degree
arcuately spaced relation and forming one set and each
other set of protrusions may be formed in a similar
manner. The protrusions 103A and 104A hold the slugs in
centered relation in the openings 139 and 140 and provide
for air gaps along the length of the slugs and for
impedance control in accordance with important features of
the invention as hereinafter described. Other equivalent
means may be used to hold the slugs in centered relation

and to provide air gaps along the length of the slugs.
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For example, collars may be provided on the slugs 122,
either as separate members or as integral parts of the
slugs 122, as shown for example in the aforesaid prior

application Serial No. 07/375,588.

When the slug 122 is installed as shown in
Figures 14 and 15, its upper terminal end surface,
indicated by reference numeral 1224, is positioned below
fhe Iower end of tHe neck portion 142 and its opposite
terminal end surface 122B is similarly positioned with
respect to the corresponding surface of a cavity at the

lower side of the connector, thereby providing the

aforementioned expansion regions. The block members 103

and 104 may be secured together by any suitable means,
such as through the use of an adhesive at the

interengaging surfaces 105 and 106.

After assembly of the block members 103 and 104
and the slugs 122, the buttons 123, 124, 127 and 128, 131-
136, 137 and 138 are installed in the respective cavities
the plates 119 and
120 and above upper edge portions of side walls of the
casing 110. In its initial nominal or unstressed
condition, each button may be of generally right
cylindrical shape with a diameter substantially less than
that of the outer flared portion 144 and only slightly
greater than that of the neck portion 142, sufficient to

securely hold the button in place while allowing free

axial compression thereof to obtain electrically efficient

contact pressures.

To facilitate assembly of the connector 81 with
circuit boards, a pair of alignment pins 147 and 148 are

press fitted into holes in the block 100 to project

upwardly from block 100 and from block 108 and to extend

into alignment holes of circuit board 88. The pins 147
and 148 may extend through the circuit board 88 and into
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alignment holes of blocks of the next higher connector 82.
Similar pins may be installed to project from the opposite
lower face of a connector, if desired. After assembly of
all connectors in the assembly of Figure 12 the nuts of
the bolts 91-96 are tightened to compress all conductive
buttons of the connectors 80-85 into pressure engagement
with conductive pads of the circuit boards 87-90 and to
obtain stable and reliable electrical contact therewith.

As is shown in Figure 17, a modified type of
cavity is provided for receiving the buttons 137 and 138
which engage the upper edges of casing side walls. The
upper block member 103 has a pair outwardly protruding lip
portions at its upper end which extend over upper terminal
edges of casing side walls, one of such protruding lip
portions 80 being disposed over the upper edge 117A of the
casing side wall 117 as shown in Figure 17. A cavity
adjacent thereto includes a bottom surface 81 which is
below the upper edge 117A of the casing side wall 117, a
surface 82 which is aligned with a side surface 103B of
the upper block member 103, a surface 83 which is partly
of cylindrical form, an upper portion thereof extending to
ends of the surface 82, and an outer surface 84 of beveled
form. When a button is pressed into the cavity formed by
the surfaces 81, 82, 83 and 84, a lower portion of the
button is resiliently compressed in a side-wise direction
into firm engagement with an upper inside surface portion
of the casing side wall 117.

Further important features of the invention
relate to the control of characteristic impedances in the
signal propagation paths through the connector 81. 1In
using the connector, the upper and lower end edges of the
casing side walls 117 and 118 and the upper and lower end
edges of the plates 119 and 120 are connected through
conductive buttons to circuit board pads which are
connected directly or through by-pass capacitors to
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ground, the casing side walls and the plates 119 and 120

thereby defining ground planes for the purpose of
propagatlon of high frequency signals. Each of the slugs
122 is disposed between a pair of such ground planes and
cooperates therewith to define a propagation path which
has a substantially unlform.cross-sectlonal configuration

along its length and which thereby has a uniform

characteristic impedance. A uniform characteristic

impedance is highly desirable for the reason that
undesirable reflections of energy, the development of -

standing waves, and attenuation of signals along the

length of the paths are avoided. It is also found to be

highly desirable that the characteristic impedances of the
signal paths provided by the slugs be matched to
characteristic impedances which are provided at the

conductive pads of the interconnected circuit boards,
nd traces on the boards

It is

circuit components on the boards a
interconnecting such tfaces to the conductive pads.
possible for the circuit board designer to so design a

board as to obtain desired characteristic impedances at

pads at which the efflclent and reliable propagation of

high frequency signals ;s critical. For this reason, it

is found to be desirable that the characteristic impedance
of each slug of the connector be known. Design is
particularly facilitated by providing all slugs with the

same characteristic impedance.

The characteristic impedance of a transmission
line having uniform characteristics along its length is
equal to the square root of the ratio of the series
1mpedance per unit length to shunt admittance per unit
length. At higher frequencies, the resistive terms of the
series impedance and shunt admittance expressions are
qguite small and the characteristic impedance can be
assumed for practical purposes to be equal to the square
root of the ratio of the inductance per unit length to the

capacitance per unit length. The inductance per unit
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length of a round conductor in parallel relation to ground
planes is a function of its diameter and its spatial
relationship to such ground planes. The capacitance per
unit length of a conductor in parallel relation to ground
planes is a function of the dielectric constant of the
medium between the conductor and the ground planes. The
spacing between adjacent slugs in the illustrated
embodiment is 0.1 inches, the other dimensions being in
the same proportions as illustrated in the drawings.

Although not by itself a feature of the present
invention, it is noted that in the illustrated
construction, an air space as indicated by reference
numeral 86 is provided between outside surfaces of each
slug 122 and the internal surfaces which are provided by
the openings 139 and 140 in the block members 103 and 104.
To permit assembly of the block members 103 and 104 in the
casing 110 and assembly of plates 119 and 120 in the block
members the relative dimensions are such that there are
also air spaces between inside surfaces of the side walls
117 and 118 of casing 110 and the block members 103 and
104 of insulating material as well as between the surfaces
of the plates 119 and 120 and the block members 103 and
104. The effect is to provide three capacitances in
series relation each other and in shunt relation to the
propagation path, one being that provided by the air space
86, another capacitance being provided by the dielectric
material of the block members 103 and 104 and a third
capacitance being provided by air spaces between the block
members 103 and 104 and the casing side walls 117 and 118
and the plates 119 and 120. The dielectric constant of
air is essentially unity while the dielectric constant of
the block members is substantially higher. By controlling
the dimensions of air spaces along the slugs 122, any
desired characteristic impedance within a wide range may
be obtained with any dielectric material having a given
dielectric constant. In addition, by using the same
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dimensions for the air spaces for all slugs and by using
the same relationships of all slugs to the adjacent ground
planes as aforementioned, all slugs may provide paths of
the same characteristic'impédance to facilitate design of

circuit boards to berinterconnected.

In the illustrated construction, the slugs are
of cylindrical shape and the protrusions 103A and 104A
serve to accurately position each slug 122 in centered
relation but any equivalent shape and locating means may

be employed.

Tt will be understood that modifications and
variations may be made. For example, in some
applications, central ground plates such as plates 119 and
120 may not be required one or more rows of conductive
slugs may be mounted between a pair of opposite side walls

of a connector which may be grounded. Other modifications

and variations may be effected without departing from the
spirit and scope of the novel concepts of the invention.

Figure 19 is a top plén view of a portion of
another type of connector 150 which is constructed in
accordance with the principles of the invention. The
connector 150 comprises plate 152 which supports
interconnect devices for propagation of signals between a
pair of circuit boards while having a ground structure
which provides a grounded conductor in adjacent relation
to each signal propagating device. The illustrated
portion of the plate 152 is arranged to be sandwiched
between opposed portions of a pair of circuit boards and
has a large number of openings therethrough with
conductive interconnect devices installed in selected
openings of the plate for engagement of opposite ends of
the devices with conductive pads on the opposed surfaces
of the circuit board. By providing a large number of
openings, the circuit designer'has great flexibility with
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respect to design of circuit boards and the positioning of

conductive pads thereon.

To illustrate features of the invention, eight
interconnect devices 153-160 are shown installed in
certain openings of the plate 152, at positions which
might be selected by a user in accordance with the
positioning of pads of the circuit boards to be connected.
of these, devices 153-157 are insulated from the ground
structure of the plate 152 to be usable for signal
propagation, while devices 158-160 are used for effecting
ground connections to spaced locations of the grounding

structure of the plate.

Figure 20 is a cross-sectional view illustrating
the construction of the plate 152 and the mounting of the
device 153 which is one of the illustrated devices usable
for signal propagation. As shown, the device 153 is in
the form of a wadded conductor contact or button of the
type including a "wad" of fine wire which is resiliently
compressible between the surfaces of conductive pads of
circuit boards to be connected. Device 153 is mounted
within an annulus 162 of an insulating dielectric material
on the inside of an opening 164 in the plate 152 which is
of a conductive material such as aluminum, for example,
and which is grounded to thereby provide a ground
conductor completely surrounding the interconnect device

153.

Layers 165 and 166 of an insulating dielectric
material are provided on the opposite surfaces of the
conductive plate 152 for the purpose of preventing direct
electrical contact between the surfaces of the plate and

conductive traces of the interconnected circuit boards.

The internal surface of the annulus 162
preferably has a narrowed neck portion, indicated by
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.reference numeral 162a, operative to securely hold the

device 153 in place while permitting transverse expansion

of end portions of the device 153 in response to axially

applied compressive forces. 1In the construction as shown

in Figure 20, both the annulus 162 and the layers 165 and
166 are formed by a coating of teflon or other plastic
material. The illustrated coating is of uniform thickness
and the opening 164 has a narrowed neck portion 1l64a
around the narrowed neck portion 162a of the annulus 162.
However, it will be understood that the opening 164 may be
of uniform diameter and the coating itself may be
thickened to provide a narrowed neck portion.  Anodization
of an aluminum plate, or other similar processes may be
used for forming layers of insulating material, especially
on the opposite surfaces of the plate 152, to provide
additional protection or as the only protection against

contact with circuit board traces.

Figure 21 shows the mounting of the device 158

which is one of the illustrated devices used to effect

ground connections to the plate 152. In this case, the

device 158 is mounted in an opening 167 which is like the
opening 164 and which has a narrowed neck portion 167a but
which is not covered by a plastic material to provide a
bare metal surface in direct engagement with the outer

surface of the device 158.

An alternative construction of a mounting for
use in signal propagation is shown in Figure 22. An
annulus 168 is provided which is in the form of a plastic
insert installed in an opening 169 in a conductive plate
170 having layers 171 and 172 of insulating material on
its opposite surfaces. In this construction, the opening
169 may have a uniform diameter and the insert 168 may '
have a inner surface configured to provide a narrowed neck
portion 168a. In the arrangement of Figure 21, the
thickness of the wall of the annulus 168 may be selected
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to obtain, within limits, a certain capacitance between
the device 153 and the adjacent surface of the grounded
conductive plate 168 which is such as to obtain a desired
characteristic impedance. Also, inserts such as insert
168 need be provided only in those openings in which

devices are to be installed.

An alternative of a construction for use in
grounding is shown in Figure 23. In this construction, am
annular insert 174 is installed in an opening 175 of the
plate 170, insert 174 being of conductive material and
having the same shape as the insert 168 of Figure 22.

When used in conjunction with the arrangement of Figure

22, all openings in the plate 170 may have the same size

and configuration.

Figure 24 is a top plan view similar to Figure
19 but illustrating a portion of another type of connector
180 which is constructed in accordance with the principles
of the invention. The connector 180 comprises a plate 182
which supports interconnect devices for propagation of
signals between a pair of circuit boards while having a
ground structure which provides a grounded conductor in
adjacent relation to each éignal propagating device. 1In
the connector 180, the plate 182 is of insulating material
and carries conductive material to form the ground
structure. As was described in connection with the plate
152, the illustrated portion of the plate 182 is arranged
to be sandwiched between opposed portions of a pair of
circuit boards and has a large number of openings
therethrough with conductive interconnect devices
installed in selected openings of the plate for engagement
of opposite ends of the devices with conductive pads on
the opposed surfaces of the circuit board. By providing a
large number of openings, the circuit designer has great
flexibility with respect to design of circuit boards and
the positioning of conductive pads thereon.
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To illustrate features of the invention, eight

1nterconnect devices 183-190 are shown 1nstalled in

certain openings of the plate 182, at p051tlons which

night be selected by a user in accordance with the
positioning of pads of the circuit boards to be connected.
of these, devices 183-187 are insulated from the ground
structure of the plate 182 to be usable for signal
propagation, while devices 188-190 are used for effecting

ground connections to spaced locations of the grounding

structure of the plate.

Figure 25 is a cross-sectional view illustrating
the construction of the plate 182 and the mounting of the

device 183 which is one of the illustrated interconnect

devices usable for signal propagation. Device 183, which

is shown as being in the form of a wadded conductor
contact or button is mounted within an opening 192 of the
plate 182 which is of an insulating dielectric material,
the opening 192 preferably having a narrowed neck portlon

192a as shown.

A ground structure is provided which includes
conductors 194 which are in adjacent relation to the
interconnect devices and which preferably extend through
openings 195 in the plate 182 in parallel relation to the
interconnect devices. In the illustrated arrangement, a
matrix of the conductors 194 is provided with there being
four of the conductors 194 in surrounding relation to each
interconnect device-receiving opening. Ends of the
conductors 194 are interconnected by a web of conductors
197 on the side of the plate 182 shown in Figure 24 and
opposite ends of the conductors 194 are interconnected by
similar web of conductors 198 on the opposite side of the
plate 182. The conductors 194, 197 and 198 may preferably
be formed by a plating process, the openings 195 being
"plated-through" holes to provide the conductors 194 which
extend through the plate and which are thereby of hollow
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form. It will be understood that the invention is not
limited to the use of a plating process to form the
conductors and that the grounding conductors may be formed

by other means.

Layers 197a and 198a of insulating material are
provided on the outer surfaces of the web of conductors
197 and 198 on the opposite surfaces of the plate 182 to
prevent direct electrical contact between the surfaces of
such conductors and conductive traces of the
interconnected circuit boards or wadded contact elements.

Figure 26 shows the mounting of the device 188
which is one of the illustrated devices used to effect
ground connections to the grounding structure associated
with the plate 182. In this case, the device 188 is
mounted in an opening 199 which is like the opening 164
and which has a narrowed neck portion 199a but which is in
the form of an annular conductor 200 having an inside
surface for direct electrical conductive engagement with
the outer surface of the device 188. The opposite ends of
the conductor 200 are surrounded by and connected to
conductive layers 201 and 202 which provide an electrical
connection to the web of conductors 197 and 198 on the
opposite surfaces of the plate 182. They may be formed by
a plating process used for forming the conductors 194, 197

and 198.

With the constructions of Figures 19-26, the
configuration and relationship of each signal-propagating
interconnect device to elements of the ground structure
and dielectric material are the same as for every other
signal-propagating device. As a result, the
characteristic impedance, which is a function of the
series inductance to shunt capacitance ratio along each
path, is uniform as to all signal propagating paths of the
connector. This feature is important for the reason that
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it facilitates another design in which the characteristic
impedances of each path matches the characteristic
impedances of the interconnected circuit board circuits to
minimize highly undesirable reflections, standing waves
and resonances which might interfere with signal '

propagation.

It will be understood that modifications and
variations may be effected without departing from the
spirit and scope of the novel concepts of this invention

What is claimed is:
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1. An electrical connector for propagation of
electrical signals therethrough between opposite sides of
said assembly, comprising: support means having opposite
surfaces corresponding to said opposite sides, a plurality
of spaced signal-propagating interconnect means extending
through said support means between said opposite surfaces
thereof and arranged in generally parallel relation to one
another for interconnecting circuit components at said
opposite sides of said assembly, ground conductor means
included in said support means and having portions in ”
adjacent relation to said signal-propagating interconnect
means, ground interconnect means for connecting said
ground conductor means to ground conductors of said sets
of components, and insulating means of dielectric material
included in said support means for supporting said signal-
propagating interconnect means and in electrically
insulated relation to adjacent portions of said ground
conductor means to provide each supported signal
propagating interconnect means with an adjacent ground
path of very low inductance and resistance to obtain
efficient siQnal propagation between interconnected
circuits and to inhibit the build-up of any potential

difference between interconnected circuits.

2. An electrical connector assembly as defined
in claim 1, wherein the configuration and characteristics
of said ground conductor means and said insulating means
in relation to all of said signal-propagating conductive
interconnect means are such that propagation paths are
provided through all of said signal-propagating conductive
interconnect means which have characteristic impedances
which are the substantially the same.
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3. An electrical connector assembly as defined
in claim 1, wherein the spacing between each of said
signal-propagating interconnect means and an adjacent
portion of said ground conductor means is less that the
spacing between each said signal-propagating interconnect
means and any other of said signal-propagating
interconnect means adjacent thereto to minimize signal
coupling between each signal-propagating interconnect
means and anyrother signal-propagating interconnect means

adjacent thereto.

4. An electrical connector assembly as defined
in claim 3, wherein said adjacent portions of said ground
conductor means extend in generally surrounding relation
to each of said signal-propagating interconnect means.

5. An electrical connectdr assembly as defined
in claim 4, wherein each of said adjacent portions of said
ground conductor means provide an annular surface of
conductive material around each of said signal-propagating

interconnect means.

6. An electrical connector assembly as defined
in claim 5, wherein said ground conductor means includes a
member of electrically conductive material having openings
therethrough each providing an internal surface to define
said annular surface of conductive material around each of

said signal-propagating interconnect means.

7. An electrical connector assembly as defined
in claim 1, wherein said insulating means includes a
member of insulating material having openings therethrough

which receive said signal-propagating interconnect means.
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8. An electrical connector assembly as defined
in claim 7, said ground conductor means being supported by
said member of insulating material and including said
portions which are in adjacent relation to said signal-
propagating interconnect means and additional
interconnecting portions which connect all of said
portions which are in adjacent relation to said signal-

propagating interconnect means.

9. An electrical connector assembly as defined
in claim 1, said additional interconnecting portions being
on the outside of said member of insulating material and
having a layer of insulating material on the outside

thereof for preventing direct contact with conductive pads

and traces on said circuit boards.

10. An electrical connector assembly as in
claim 1, said support means having a plurality of spaced
openings extending therethrough between said opposite
surfaces thereof and arranged to receive and support said
electrically conductive signal propagating interconnect

means.

11. An electrical connector assembly as defined
in claim 10, wherein said openings are arranged in a
multi-directional array of openings into which said
signal-propagating interconnect means are disposed for
selectively obtaining a desired pattern of propagation

paths between said circuit boards.
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12. An electrical connector assembly as defined
in claim 11, wherein said insulating means includes a
member of insulating material having said multi-
directional array of openings therethrough which receive
said signal-propagating interconnect means, said ground
conductor means being supported by said member of
insulating material and including said portions which are
in adjacent relation to said signal-propagating
interconnect means and web means providing additional
interconnecting portions which connect all of said
portions which are in adjacent relation to said signal-

propagating interconnect means.

13. An electrical connector assembly as defined
in claim 12, said additional interconnecting portions of
said web means being on the outside of said member of
insulating material and having a layer of insulating
material on the outsidé thereof for preventing direct
contact with conductive pads and traces on said circuit

boards.

14. An electrical connector assembly as defined
in claim 12, said interconnecting portions of said web
means being in two groups on opposite sides of said member
of insulating material, said adjacent portions of said
ground means extending through said member of insulation
material and each being connected at opposite ends to said

pair of interconnecting portions of said web means.

15. An electrical connector assembly as defined
in claim 10 said ground interconnect means including means
whereby at least one of plurality of spaced openings is a
ground opening arranged to receive and support resilient
and electrical conductive means for effecting a connection
between circuit board ground conductors and said ground
conductor means to provide said ground interconnect means.
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16. An electrical connector assembly as in claim

1 for propagation of electrical signals between conductive
pads of circuit boards, said support means being arranged
to be disposed between a pair of said circuit boards with

5 said opposite surfaces of said support means in facing
relation to opposed surfaces of said circuit boards having
said conductive pads thereon, said support means having a
plurality of spaced openings extending therethrough
between said opposite surfaces thereof and arranged to

10 receive and support said electrically conductive signal-
propagating interconnect means, and said signal-
propagating interconnect means are resiliently
compressible for pressure engagement of opposite ends

thereof with conductive pads of said circuit boards.
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