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1
ELECTRICAL CONNECTOR

CROSS REFERENCES TO RELATED
APPLICATIONS

John W. Clemehts, ELECTRICAL CONNECTOR,
Ser. No. 652,171, filed July 10, 1967, our Case No.
1201, s

John W. Clements, ELECTRICAL CONNECTOR,
Ser. No. 652,216, filed July 10, 1967 our Case No.
1202.

John W. Clements, ELECTRICAL CONNECTOR,
Ser. No. 684,142, Filed Nov. 20 1967, our Case No.
1203.

SUMMARY

Apparatus for electrically
conductored flat cables to each other and to multi-
layered multi-conductored cables in a manner that the
conductors of the several layers of the multi-layered ca-
bles are selectively electrically connected to the con-
ductors of adjacent layers and to the surface conduc-
tors of another cable. The invention contemplates the
provision of multi-layered cables which function in
much the same manner as printed circuit cards. Inte-
grated microcircuits, thin and thick film circuits may be
directly mounted to outer cable surfaces by soldering,
welding, or metallic particle deposition. Firm electrical
contact is afforded by disposing the several cables in.a
tensioned abutting relationship. It is contemplated also
to provide thermoelectric cooling and contemplates
further the use of a heat-shrinkable irradiated plastic
film layer for internal tensioning of the multi-layered
cable. The several layers are precisely aligned each to
the other and means are provided for modifying the
electrical paths through the pre-set, multi-layered cable
by "th'e addition of a coded contact modifier strip which
may be accurately aligned with respect to the multi-
layered cable and which may be provided with a plural-
ity of coded apertures for selective mating contact of
particular micro-circuits of the multi-layered cable
with particular circuits of a single layered cable having
conductors on one side. Alternately the contact modi-
fier strip may itself contain conductive contact areas
and flat runs which may be coded to attain desired elec-
tron flow. The surface layers of the multi-layered ca-
bles may have multiple integral rows of contacts to
which access may be obtained by the interconnection
of certain of the conductor runs. Conductor runs on ei-
ther face of a multi-layered cable can be conveniently
electrically connected to the conductor runs on the op-
posite face of the cable, if desired.

“BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of an electrical connector made
in accordance with the present invention;

FIG. 2 is an elevational sectional view of the connec-
tor. of FIG. 1;

FIG. 3 is an enlarged fragmentary sectional view of
the connector of FIGS. 1 and 2 with a plurality of con-
ductor cables illustrated in spaced relatlon for the sake
of clarity;

FIG. 4 is a plan view of a multi-layered cable having

interconnections between the conductors of the several
layers;

FIG. 4A is an elevational sectxonal view taken sub-
stantially on line 4A—4A of FIG. 4; and

e, 2
FIG. 5 is an elevational view of a press for piercing
selective layers of a multi-layered multi-conductored

- cable of the type illustrated in FIGS. 4 and 4A.
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Present invention is concerned with the connection
of conductored flat cable with electrical components.
The cable may be what is known as the *“flex-film” or
the “flex-print” type and are commonly made of Mylar,
or similar plastic dielectric material, of a thickness of
approximately 0.001 to 0.005-inches. The conductors
may be formed in any suitable manner such as electro-
deposition, photochemical etching or the erosion of
copper in preselected areas by means of ferric chloride
after deposition of a masking compound such as Kodak
photo-etch resist solution. The rows of spaced conduc-
tors may be covered by a thin dielectric film layer or
coating.

The invention contemplates a complete electrical
system in which a multi-layered cable having a plurality
of conductors on each layer may be connected tempo-
rarily or permanently to other electrical elements. To
this end, it is contemplated that multi-layered cable be
modified for selective electrical interconnection be-
tween the conductors of one layer of the cable and the
conductors of another layer of the cable. This intercon-
nection may be effected by means of selective piercing
of certain of the layers followed by electrodeposition of
conductive materials, soldering, metallic particle depo-
sition or percussive welding. This interconnection of
layers of multi-layered cable may be used not only to
connect the conductors of certain This invention con-
templates the connection' of uncoated ‘conductored
cable with other electrical elements and also contem-
plates the connection of coated cables to electrical ele-
ments by the utilization of preselected portions of the
conductors by stripping the coating or film layer at se-
lected points. This stripping may be accomplished me:
chanically or chemically by erosion of the coating or
layer after application of a suitable protective coating.
These stripped areas may be formed into contacts by
means of the deposition of conductive metallic materi-
als such as gold, palladium, rhodium, tin, lead, nickel,
kovar, silver, or the like. layers of the cable each with
the other, but also to connect certain of the conductors
of certain layers with the integral contact rows on the
outer cable surface. The invention also-contemplates
the provision of contact modifier strips having electri-
cal connection between contact areas on one side
thereof and certain other contact areas on the other
side thereof.

The invention also contemplates the provision of an
electrical connector in which a housing is provided in
which may be received a plurality of superposed con-
ductored cables of the type above described - with
means for exerting a tension force on said cables so that
a component compressive force is exerted between the
several superposed cables and other electrical compo-
nents. It is contemplated that these interconnections be
effected in an inert atmosphere.

The invention contemplates the prov151on of dielec-
tric layers of sheet material between the conductored
layers of cable and contemplates bonding of these lay-
ers each to-the other by epoxy type resins or the like.
To prevent strain and possible breakage of the internal
layers of the electrical interconnections, it is contem-
plated that rigid adhesive reinforcing be provided in
certain areas and flexible adhesives or resins in other
areas repeatedly.
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Referring now to the drawings, and more particularly

to the FIG. 1, the electrical connector of the present
invention is indicated generally by reference numeral
10 and includes a housing 12 having an upper cored
section 14 and a lower cored section 16. The section 14
is formed with a plurality of transversely extending
cores 18 delineated by spaced depending projections
20, while the section 16 is formed with a plurality of
transversely extending cores 22 delineated by upwardly
extending projections 24. The projections 24, as best
seen in FIG. 2, are interposed between the projections
20 50 as to form a tortuous path therethrough from left
to right, as viewed in FIG. 2. Extending through the
path thus formed are a pair of conductored cables 26
and 28. Between these cables is a2 tension strap 30
which is secured at the left end, as viewed in FIG, 2,to
the lower section 16 at 32 and secured at the right end
thereof to a tensioner 34, which is illustrated as being
of the cam type.

The conductors 26 and 28 are desirably formed with
external contact rows as seen best in FIGS. 3 and 4. To
the external contact rows of the cables 26 and 28 may
be secured electrical elements such as microcircuit wa-
fers 36. Plugs 38 and 40 are provided to connect the
housing 12 to other suitable electrical units. It will be
appreciated that the cables may emerge from the hous-
ing 12 and be connected to other interconnection pan-
els or other equipment.

In FIG. 3 is illustrated a slightly modified form of in-
vention in which a tension strap 42 is interposed be-
tween a plurality of multi-layered cables 44, 46, and 52.
It will be appreciated that these cables are illustrated in
spaced relation for the sake of clarity. The layer 44 has
a plurality of longitudinally extending . transversely
spaced contact areas 54 which are illustrated in a posi-
tion for electrical contact with a similar series of con-
tact areas 56 on the cable 46. In like manner the cable
48 has a series of surface contact areas 58 for engage-
ment with contact areas 60 on layer 52 when tension
is exerted on the strap 42. It will be appreciated that
compressive forces as indicated by the arrows are ex-
erted when the strap 42 is tensioned.

Referring now more particularly to FIGS. 4 and 4A
the multi-layered cable of the present invention is illus-
trated as comprising a plurality of superposed dielectric
layers 62, 64, 66 and 68. Through all of these layers ex-
tend a plurality of longitudinally spaced alignment fer-
rules 70 for reception of alignment pins 72, see FIG. 2.
The layer 62, in this instance, is a dielectric film having
a plurality of longitudinally spaced stripped areas 76
exposing a plurality of longitudinally extending trans-
versely spaced conductor 78 on the surface of the layer
64. The exposed conductor 78 form surface contact
areas similar to areas 54, 56, 58 and 60 in FIG. 3. In ad-
dition, the layer 62 may be precisely pierced as at 80
to afford electrical communication to the other layers
depending upon the depth of the depression formed. In
FIG. § is illustrated a typical punch which may be uti-
lized to effect this selective piercing. The punch is indj-
cated generally by reference numeral 82 and includes
an anvil 84 and a die 86. The die 86 has a plurality of
pins 88 arranged to afford a preselected piercing pat-
tern. The anvil 84 has corresponding apertures 90 to
receive the pins 88. The multi-layered cable may take
the form of a flattened sleeve in which electrical com-
Munication is provided between certain of the layers
before the sleeve is flattened. Alternately the area 76
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4
may be eliminated and the layer 62 may be stripped
only in the areas of the conductor 78. In that event the
slits thus formed may be filled with conductored mate-
rial by electrodeposition or the like.

Programmed modifier strips 59 may be maintained
on the projections 24 to modify the electron flow
through the spaced contact areas 54,

The electrical connector of the invention exhibits im-
portant advantages over electrical connectors hereto-
fore known. For instance, positive electrical contact
may be made between the cables and other electrical
components by compressive forces which are compo-
nent forces of a tension force exerted by the tension
strap. Accurate alignment is assured by means of the
alignment pins. The electrical connection thus afforded
may be quickly disconnected as desired and replaced
by other and different cables. Thus, the present con-
nector functions as a programmer. In addition, the
function of a particular cable may be changed in cer-
tain respects by the addition of programmed modifier
strips.

The electrical connector of the invention functions as
an electronic sub-system capable of cooperating opera-
tively with other sub-systems and electronic compo-
nents. Various electronic components may be secured
to the external contact rows of the cables 26 and 28.
These may include integrating micro-circuits, thin and
thick film circuits and filter capacitors permanently
connected to the cable surfaces by any suitable means
such as welding, soldering, metallic particle deposition
and the like.

‘The electrical connector of the invention exhibits im-
portant advantages over micro-circuit contactors here-
tofore known. The present connector is characterized
by a relatively high level of reliability and ease of im-
pedance matching. Furthermore, there is no need for
conventional spring contacts which are bulky and char-
acterized by loss of spring retentivity resulting from in-
termittent connections. Also, the connector of the in-
vention is capable of effecting electrical connection of
a plurality of conductors in a minimum amount of
space. The tension strap 30 may have a metallic shield-
ing layer or coating secured thereto, or, in the alterna-
tive, the multi-layered cable may have a metallic shield-
ing layer as illustrated in FIG. 4A. '

In the form of the invention illustrated in FIG. 3, a
shielding layer 45, which may be metallic or dielectric,
may be interposed between the cables 44 and 46, and
a similar shielding layer 49 may be interposed between
the cables 48 and 52. The invention contemplates the
provision of a shielding coating or layer on the outer
surfaces of the housing 10, if desired.

The contact modifier strip 59 is also capable of alter-
ing one or more electrical intraconnections between
internal electrical elements contained wholly within
any single micro-circuit wafer or package. This makes
possible subdivided discretionary wiring with the requi-
site number of external contacts on the micro-circuit
wafers. By this arrangement, a relatively inexpensive
multi-purpose micro-circuit may be customized for var-
ious applications and field change orders on system
equipment may be simplified. By the use of the contact
modifier strip of the invention, pressure contacts and
short jumper runs may be supported for discretionary
wiring, and also thin and thick film circuits may be sup-
ported for pressured connection to integrated micro-
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circuits. This arrangement in itself produces a new
form of hybrid circuitry.

I claim:

1. An electrical interconnection system comprising a
housing having a pair of superposed sections, adapted
to receive therein a plurality of conductored cables,
means for exerting compressive forces at preselected
areas of said cables to effect electrical interconnection
of said cables with other electrical elements, said cables
having preselected exposed contact areas, said last-
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6 ‘
named means including means for effecting electrical
connection of selected contact areas of one cable with
selected contact areas of an adjacent cable, said con-
tact areas’ having electrical components secured
thereto and means for effecting electrical connection
between the conductors of certain layers of said cables
with certain other electrical components by piercing of

.the multi-layeréd cable as the connector housing is as-

sembled., ;
. ® *® * * ®



