
ELECTRICAL CONNECTOR FOR HIGH DENSITY 



RIBBON CABLE            FIELD OF THE INVENTION   This invention generally
relates to the art of electrical connectors and, particularly, to an
electrical connector assembly for terminating a multi-conductor flat cable
such as a ribbon cable.      BACKGROUND OF THE INVENTION   Electrical
connectors have been provided in a wide variety of configurations for
terminating multiconduc- 



tar cables such as integral flat or ribbon cables. With the ever-increasing
miniaturization of electrical connectors and the ever-increasing numbers of
wires in multi-con- ductor cables, electrical connectors of the character
described have become increasingly complicated in order to accommodate
relatively large numbers of con- ductors terminated in relatively small
connectors. For instance, a ribbon cable may have conductors on close
centerline spacing on the order of 25 mils. Connectors for such high
density ribbon cables are used in a variety 



of applications, such as installing disk drives in small computers.   Most
electrical connectors for terminating ribbon cables are of the insulation
displacing termination type. These connectors generally include a housing
having a mating face, an opposed cable-receiving face, and at least two
rows of terminal-receiving passages extending between the faces. A
plurality of terminals, most often stamped and formed of sheet metal
material, are re- ceived in respective passages, each terminal having a 



mating portion toward the mating face of the housing and a generally
U-shaped insulation displacement por- tion toward the cable-receiving face
of the housing. Some form of secondary housing component, such as a cover,
is provided for forcing conductors of the ribbon cable into the U-shaped
insulation displacement por- tions of the terminals, with the cover
embracing the ribbon cable between the cover and the cable-receiving face
of the housing.   One of the problems with connectors of the character 



described immediately above, centers around the high
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density of the conductors in the ribbon cable. Because of the close spacing
of the conductors, the insulation displacement portions of the terminals
are arranged in two generally spaced-apart staggered rows with adja- cent
terminals located in opposite rows. Therefore, a conductor to be terminated
in an insulation displace- ment portion located in a back row will
necessarily have to pass between two insulation displacement por- tions
located in a front row. Such close spacing may 



create problems and may result in shorting, especially since the narrow
insulation displacement beams of a terminal present a low normal force on a
given conduc- tor which requires pushing the conductor further into the
U-shaped insulation displacement portion of the terminal. This may result
in substantial lateral move- ment of the beams forming the U-shaped
insulation displacement portion, forcing the beams into the insula- tion of
conductors adjacent to the terminated conduc- tor. One solution to this
particular problem is to utilize 



the so-called "hill and dale" system which locates por- tions of the
conductors at the insulation displacement sections of adjacent terminals in
different vertical posi- tions or levels. However, molding the connector
com- ponents for effecting this approach is rather compli- cated and
expensive.   The present invention is directed to solving the prob- lems
identified above by providing an extremely simple solution whereby areas of
the cover which forces the cable against the cable-receiving face of the
housing and 



the conductors into the insulation displacement portions of the terminals,
are recessed about the insulation dis- placement portions. This allows
adjacent conductors on opposite sides of any given conductor which is being
terminated to float into the recessed areas so that the beams of the
insulation displacement portions are not forced into the adjacent
conductors.         SUMMARY OF THE INVENTION   An object, therefore, of the
invention is to provide a new and improved insulation displacement
connector 



assembly for high density ribbon cable.   In the exemplary embodiment of
the invention, an electrical connector is disclosed for insulation displac-
ing termination of ribbon cable having conductors on       



-3-   predetermined close centerline spacing. The connector includes a
housing having a mating face, an opposed cable-receiving face and a
plurality of terminal-receiv- ing passages extending between the faces. A
plurality of terminals are received in the passages. Each terminal includes
a mating portion toward the mating face of the 



housing and a slotted U-shaped insulation displacement portion toward the
cable-receiving face of the housing. The insulation displacement portions
of the terminals are arranged staggered in at least two rows. A dielectric
cover is provided for forcing the conductors into the U-shaped insulation
displacement portions and embrac- ing the cable between the cover and the
cable-receiving face of the housing. The cover includes surface means for
engaging the cable and holes in the surface means for receiving the
U-shaped insulation displacement por- 



tions of the terminals.   The invention contemplates the provision of
recess means in the surface means of the cover in areas adja- cent the
holes which receive the insulation displace- ment portions of the
terminals. Therefore, the conduc- tors on opposite sides of any given
conductor being terminated can float into the recessed areas as an insula-
tion displacement portion of a respective terminal is forced into
termination with the given conductor.   As disclosed herein, the surface
means of the cover 



include a plurality of closely spaced, side-by-side troughs for registering
with the conductors of the rib- bon cable. The housing and the cover are
elongated, and the troughs extend transverse to the elongated di- rection
thereof. The holes in the cover and the insula- tion displacement portions
of the terminals are arranged in two pairs of two rows lengthwise of the
cover and housing. The holes and insulation displacement portions are
staggered in the rows of each pair thereof. The holes and insulation
displacement portions in each pair of 



rows are spaced on the order of 50 mils. The troughs, themselves, are
spaced on the order of 25 mils to accom- modate a 25 mil conductor
centerline spacing of the ribbon cable. The troughs which intersect one row
of holes in each pair of rows extend from a longitudinal. edge of the
cover. The troughs which intersect the other row of holes in each pair of
rows extend from a transverse mid-point of the elongated cover. Each   
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trough extends into the recess means only slightly be- yond one edge of the
respective hole which the trough intersects.   Other objects, features and
advantages of the inven- tion will be apparent from the following detailed
de- scription taken in connection with the accompanying drawings.   BRIEF
DESCRIPTION OF THE DRAWINGS   The features of this invention which are
believed to be novel are set forth with particularity in the appended 



claims. The invention, together with its objects and the advantages
thereof, may be best understood by refer- ence to the following description
taken in conjunction with the accompanying drawings, in which like refer-
ence numerals identify like elements in the figures and in which:   FIG. 1
is an exploded perspective view of an electri- cal connector assembly of
the prior art, for insulation displacement termination of a ribbon cable;
FIG. 2 is an exploded perspective view of the con- 



nector assembly of the invention;   FIG. 3 is a perspective view, on an
enlarged scale, of the cover of the connector of the invention;   FIG. 4 is
an elevational view of the inside of the cover shown in FIG. 3; and   FIG.
5 is a fragmented view of the left-hand end of the cover in FIG. 4, on a
further enlarged scale to facili- tate the illustration.       DETAILED
DESCRIPTION OF THE           PREFERRED EMBODIMENT 



Referring to the drawings in greater detail, and first to FIG. 1, an
electrical connector assembly of the prior art, generally designated 10, is
shown for insulation displacing termination of a ribbon cable, generally
des- ignated 12. The ribbon cable is of a conventional config- uration and
has a plurality of conductors 14 on prede- termined close centerline
spacing. The conductors are surrounded by insulation which also integrally
joins adjacent conductors, as is well known in the art. There- fore,
opposite faces 16 of the integral flat ribbon cable 



are undulated transversely of the cable.                             -5- 



Prior art connector 10 includes a housing, generally designated 15;.a
cover, generally designated 17; and a strain relief member, generally
designated 18. All of these three connector components are elongated trans-
versely of ribbon cable 12 as is shown in the drawings. Housing 15 includes
a mating face 20, an opposed cable- receiving face 22 and a plurality of
terminal-receiving passages 24 extending between the faces. A plurality of 



terminals, generally designated 26, are received in pas- sages 24. Each
terminal includes a mating portion or pin 28 toward mating face 20 of
housing 15 and a slotted U-shaped insulation displacement portion 30 toward
cable-receiving face 22. As will be more clearly envi- sioned below,
insulation displacement portions 30 are arranged staggered in two pairs of
two rows longitudi- nally of housing 15 and connector assembly 10.   Cover
17 is unitarily molded of dielectric material, such as plastic or the like,
and includes an elongated, 



generally flat body portion 32 having resilient latch arms 34 at opposite
ends thereof. The latch arms have openings 36 which snap over latch bosses
38 at opposite ends of housing 15. Generally, cover 17 is provided for
forcing conductors 14 of ribbon cable 12 into the U- shaped insulation
displacement portions 30 of terminals 26 and embracing the cable between
the cover and cable-receiving face 22 of the housing. More particu- larly,
the cover includes an inner flat surface 40 for engaging the cable. A
plurality of troughs 42 along 



opposite edges of surface 40 and a plurality of troughs 44 along the center
of surface 40 are provided for regis- tering with the conductors of the
ribbon cable. In es- sence, the troughs match the undulated sides 16 of the
ribbon cable.   It can be seen in FIG. 1 that the bottoms of troughs 42 and
44 are flush with or form continuations of flat sur- face 40 of the cover.
Two pairs of two rows of holes 46 are provided in flat surface 40 of the
cover for receiving the U-shaped insulation displacement portions 30 of 



terminals 26. The holes may extend completely through body portion 32 of
the cover, but, conventionally, the holes are just deep enough to
accommodate the insula- tion displacement portions of the terminals as the
insula- tion displacement portions pierce through the ribbon cable. It can
be seen that the holes in each pair of two rows are arranged staggered in
each pair of rows. If    



-6-   conductors 14 are on 25 mil centerline spacing, the holes in the two
rows of each pair are spaced on the 



order of 50 mils. In operation, as cover 17 is used to force conductors 14
of ribbon cable 12 into insulation displacement portions 30 of terminals
26. The undulated surface of the ribbon cable sort of seats into troughs 42
and 44 which, thereby, aligns or registers the conduc- tors with holes 46
and the insulation displacement por- tions of the terminals. With the cable
embraced between surface 40 of the cover and cable-receiving face 22 of the
housing, forcing the cover into a fully latched posi- tion on the housing
effects insulation displacement ter- 



mination of all of the terminals with all of the conduc- tors of the ribbon
cable.   Strain relief member 18 also is a unitarily molded component of
dielectric material, such as plastic or the like, and has a pair of latch
arms 48 at opposite ends thereof, with the latch arms having inwardly
directed hook portions 48a. The hook portions snappingly en- gage over
shoulders 50 at opposite ends of cover 17, The strain relief member has an
elongated body portion 52 provided with a longitudinally extending slot 54 



completely through the cover. In assembly, ribbon cable 12 is inserted
through slot 54 in the direction of arrow "A" and the cable then is wrapped
around one edge of body portion 32 of cover 17 so that a trimmed end of the
cable can be positioned against surface 40 of the cover. Therefore, the
cable is assembled in a sort of serpentine configuration through slot 54 in
strain relief member 18 and about body portion 32 of cover 17, whereupon
the strain relief member clamps the cable against a back side 56 of the
cover when the strain relief 



member is clampingly latched to the cover.   FIG. 2 shows an electrical
connector, generally des- ignated 60, embodying the concepts of the
invention. Ribbon cable 12, housing 15 and strain relief member 18 of
connector 60 are identical to those components of prior art connector
assembly 10 described above and shown in FIG. 1. Therefore, the details of
the ribbon cable, housing and strain relief member will not be repeated,
and like reference numerals have been applied in FIG. 2 corresponding to
like items described in rela- 



tion to FIG. 1.                                 -7- 



Connector 60 of the invention includes a cover, gen- erally designated 62,
having an elongated body 64 with flexible latch arms 66 at opposite ends
thereof. The latch arms have openings 68 for latchingly engaging latch
bosses 38 of housing 15. Hook portions 48a of latch arms 48 of strain
relief member 18 latchingly en- gage shoulders or surfaces 70 at opposite
ends of the 



cover.   Referring to FIGS.3-5 in conjunction with FIG. 2, cover 62
includes a plurality of holes 72 which receive insulation displacement
portions 30 of terminals 26 in the same manner and for the same purposes as
described above in relation to holes 40 of cover 16 (FIG. 1). Simi- larly,
holes 72 can extend all the way through body portion 64. of cover 62, but
preferably the holes are just deep enough to accommodate the insulation
displace- ment portions of the terminals. Also, comparing FIGS. 



2-5 with FIG. 1, it can be seen that holes 72 similarly are arranged in two
pairs of two rows longitudinally of the cover/connector. The holes are
arranged staggered in the two rows of each pair thereof. The staggered
holes in each pair of two rows are spaced longitudinally of the
cover/connector on the order of 50 mils.   Generally, cover 62 includes
trough means on the inside thereof similar in function to troughs 42 and 44
of cover 17 (FIG. 1), in that the trough means of cover 62 are effective to
engage the undulated surface of ribbon 



cable 12 and effectively align or register the conductors of the cable with
holes 72 and the insulation displace- ment portions of the terminals.
However, the trough means of cover 62 can best be seen in the enlarged
depiction in FIG. 5, to include primary troughs 74 pro- jecting inwardly
from opposite. edges 76 of the body portion of the cover. Each primary
trough 74 intersects a hole 72 which receives a respective one of the
termi- nal insulation displacement portions. Secondary trough sections 78
are located along each edge 76 between 



primary troughs 74.    Another array of troughs and trough sections extend
in a side-by-side arrangement lengthwise of the cover down the middle
thereof. More particularly, a plurality of primary troughs 80 project
outwardly from a mid- point of the cover and each primary trough 80
intersects a respective one of holes 72 which receive the insulation    



-8-   displacement portions of the terminals. Secondary trough sections 82
are located between primary trough 



sections 80.   Therefore, it can be envisioned that trough means are
provided substantially along the entire length of the inside of cover 62 on
25 mil centerline spacing corre- sponding to the conductor spacing of the
ribbon cable. For instance, each primary trough 74 along one edge of the
cover also is aligned with a center secondary trough section 82 and a
secondary trough section 78 on the opposite edge of the cover. Each center
primary trough 80 is aligned or registered with a secondary trough 78 at 



each edge of the cover. Lastly, it can be seen that each edge primary
trough 74 and each center primary trough 80 extends through and slightly
beyond its respective hole 72 for receiving one of the insulation
displacement portions of the terminals.   In contrast to the flat surface
40 on the inside of prior art cover 17 (FIG. 1) which is flush with the
bottoms of troughs 42 and 44, cover 62 of the invention includes recess
means in the form of recessed areas 90 adjacent holes 72 which receive the
insulation displacement por- 



tions of the terminals. In essence, these recessed areas 90 lie "below" the
bottoms of troughs 74 and 80 and the bottoms of trough sections 78 and 82.
When a ribbon cable is embraced against the inside of cover 62, with the
undulated surface of one side of the ribbon cable seated in troughs 74 and
80 and trough sections 78 and 82, an open space is provided beneath the
ribbon cable in all of the recessed areas identified at 90 in the draw-
ings, particularly as seen in FIGS. 3-5.   In operation, with recessed
areas 90 being located 



adjacent holes 72, particularly on opposite sides of the holes as seen in
the drawings, the conductors on oppo- site sides of any given conductor
which is being termi- nated can float into these recessed areas as a
respective insulation displacement portion is forced into the re- spective
hole 72 and into termination with the given conductor. As a result, there
is no rigid backing behind the adjacent "non-terminating" conductors as is
present by surface 40 on the inside of cover 17 of the prior art in FIG. 1.
The beams of the U-shaped insulation dis- 



placement portions of the terminals, therefore, are not prone to cut into
the insulation of the adjacent conduc-         



-9-   tors because those conductors float or "give" in a yield- ing manner
into recessed areas 90.   It will be understood that the invention may be
em- bodied in other specific forms without departing from the spirit or
central characteristics thereof. The present examples and embodiments,
therefore, are to be consid- ered in all respects as illustrative and not
restrictive, and 



the invention is not to be limited to the details given herein.         



- 10 -        We claim:   L In an electrical connector for insulation
displacing termination of ribbon cable having conductors on pre- determined
close centerline spacing, including a dielec- 



tric housing having a mating face, an opposed cable- receiving face and a
plurality of terminal-receiving passages extending between the faces,
a-plurality of terminals received in the passages, each terminal includ-
ing a mating portion toward said mating face and a slotted U-shaped
insulation displacement portion toward the cable-receiving face, the
insulation displace- ment portions of the terminals being arranged
staggered in at leas two rows, and a dielectric cover for forcing the
conductors into the U-shaped insulation diplace- 



ment portions and embracing the cable between the cover and the
cable-receiving face of the housing, the cover including surface means
including a plurality of closely spaced: side-by-side troughs for
registering with the conductors of said ribbon cable for engaging the cable
and holes in the surface means for receiving the U-shaped insulation
displacement portions of the termi- nals, wherein at least some of the
troughs intersect said holes in the cover,   wherein the improvement
comprises: 



recess means in the surface means of the cover in     areas adjacent the
holes which receive the insula-     tion displacement portions of the
terminals,   whereby the conductors an opposite sides of any     given
conductor being terminated can float into     said areas as a respective
insulation displacement     portion is forced into terminaton with the
given     conductor, and   wherein at least some of the troughs extend into
re-     cess means only slightly beyond one edge of the 



respective hole which the respective trough inter-     sects.
REPLACEMENT SHEET   



- 11 -      2. In an electrical connector as set forth in claim 1, wherein
said troughs are spaced on the order of 25 mils to accommodate a 25 rail
conductor centerline spacing of the ribbon cable.   3. In an electrical
connector for insulation displacing termination of a ribbon cable having
conductors on 



predetermined close center line spacing, including a housing mounting a
plurality of terminals having insula- tion-displacement portions, and a
cover for forcing the conductors into the insulation displacement portions
and embracing the cable between the cover and the housing, the cover
including troughs for registering with the conductors of the ribbon cable,
wherein the improvement comprises:    recess means in the cover in areas on
opposite sides of      the troughs where the insulation displacement por- 



tions of the terminals engage the conductors of the      cable, the recess
means providing areas intgcwhich      conductors on opposite sides of any
given conduc-      tor, being terminated can float as a respective insu-
lation displacement portion is forced into termina-      tion with the
given conductor, and   wherein at least some of the troughs extend into
said     recess means only slightly beyond one edge of the     respective
hole which the respective trough inter-     sects. 



4. In an electrical connector as set forth in claim 3, wherein said troughs
are spaced on the order of 25 mils to accommodate a 25 mil conductor
centerline spacing of the ribbon cable.   5. In an electrical connector as
set forth in claim 3, wherein the cover includes holes for receiving the
insu- lation displacement portions of the terminals, and said recess means
are in areas adjacent opposite sides of the holes.  














