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TITLE OF THE INVENTION
INSULATION DISPLACEMENT CONNECTOR (IDC)

FIELD OF THE INVENTION
The present invention relates generally to the field of electrical connectors,

and more particularly to insulation displacement connectors (IDC) used to connect

one or more insulated wires to a component, such as a printed circuit board (PCB).

BACKGROUND

insulation displacement connectors (IDC) are well known in the art for

forming connections between an insulated wire and any manner of electronic
component. These connectors are typically available as sockets, plugs, and
shrouded headers in a vast range of sizes, pitches, and plating options. A
common feature of IDC’s is one or more contact elements incorporating a set of
blades or jaws that cut through the insulation around the wire and make electrical
contact with the conductive core in a one-step process, thus eliminating the need
for wire stripping and crimping, or other wire preparation. IDC'’s are used
extensively in the telecommunications industry, and are becoming more widely
used in printed circuit board (PCB) applications.

Conventional IDC’s typically include a housing or base member that is
formed of a non-conductive material and defines a passage or channel for receipt
of the wire in the housing member. The contact elements are molded, pressed, or
otherwise engaged in the housing member along the passage or channel. A
common feature is generally some type of engaging or retaining structure defined
in the housing member that serves to ensure that the wires are not inadvertently
dislodged or pulled from the connector due to vibration or other reasons.
Reference is made to U.S. Pat. Nos. 5,997,337; 5,577,930; and 5,188,536.

U.S. Pat. No. 6,050,845 describes an IDC assembly that includes a housing
having at least one conductor-receiving aperture and an associated terminal-
receiving paséageway extending from a board mounting face and intersecting
each conductor-receiving aperture. A terminal is disposed in each terminal-
receiving passageway and includes a body portion having a first connecting

section extending from one end and adapted to be inserted in a through-hole of a
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circuit board, and a pair of upstanding arms defining an IDC slot for receipt of a
wire. Each terminal is partially inserted into the housing in a first position such that
a portion of the terminal body and the first connecting section extends below the
board mounting face of the housing. Upon positioning the first connecting sections
in corresponding through-holes of a circuit board, the terminals can be secured to
the board, after which ends of insulated conductors can be inserted into respective
canductor-receiving apertures and terminated therein to respective terminals by
moving the housing toward the board to a second position against the board and
simultaneously pushing all the corresponding wires into respective IDC slots.

Attempts have been made to configure IDC's for surface mounting
technology (SMT) applications as well. For example, U.S. Pat. No. 7,320,616
describes an IDC specifically configured for SMT mounting to a PCB. The
connector assembly has at least one contact member with a piercing, cutting or
slicing end that is slideably disposed within a main body, and a mounting end that
extends from the main body and is attached to a printed circuit board using
conventional SMT processes. An insulated conductor, such as a wire, cable and/or
ribbon, is inserted in a channel in the main body without being pierced by the
piercing end of the contact. When a user pushes down on the top portion of the
main body, the contact slides into the channel and pierces the insulated conductor.
The top portion of the main body also provides a surface for a vacuum pick-up
nozzle in an automated pick-and-place assembly process.

As electronic components become smaller and smaller, the space (“real
estate”) on the circuit boards becomes increasingly more valuable and, in this
regard, the housing members of conventional multi-wire IDC’s tend to waste
precious space on the boards. In addition, the shape and configuration of the
typical contact/housing component limits placement and orientation of the
connector on the board, which limits the number of wire connections that could
otherwise be made on a smaller contact footprint or pad.

The present invention provides an improved IDC design that is rugged,
space-efficient, and particularly well suited for single, individual wire connections at

any desired pitch and orientation on a circuit board.



(16) JP 2012-15114 A 2012.1.19

SUMMARY

Objects and advantages of the invention will be set forth in part in the
following description, or may be cbvious from the description, or may be learned
through practice of the invention.

In accordance with aspects of the invention, an electrical insulation
displacement connector (IDC) is provided that is particularly well suited for
connecting individual insulated conductive core wires to a printed circuit board
(PCB). The connector takes up minimal space on the board and a plurality of the
connectors may be used to connect multiple wires at various angles and
orientations in a space on the board that otherwise could not accommodate the
wires. [t should be appreciated, however, that connectors according to the
invention are not limited to this use.

A particular embodiment of a connector in accordance with the invention
includes a "bare,” single-wire contact element having a first end defined by
opposed blades that define a receipt aperture for an insulated wire. The element
includes a second end that is configured for direct electrical contact at a contact
position on the PCB. The contact element is "bare” in that it is not contained within
or surrounded by a housing or other type of base structure, but is completely
exposed on the PCB. Retaining structure is defined on the blades and, in a
particular embodiment, this structure may be barbs or other positive locking-type
structure. A cap is configured for fitling over the opposed bare blades and
includes side walls and end walls with a slot defined therein that align with the
blade aperture. The side walls are engaged by the retaining structure on the
blades upon pressing the cap onto the blades. The slots in the end walls of the
caps have a width and height such that upon fully pressing the cap onto the blades,
the slots engage and longitudinaliy align the insulated wire into the blade aperture
so that the blades pierce and make electrical contact with the conductive core in
the insulated wire.

The connector may include a single pair of the opposed blades, or multiple
spaced-apart pairs of blades. For example, in a particular embodiment, two
spaced apart pairs of the blades are provided, with the cap configured to fit over
both pairs of blades. In this embodiment, the cap may further include an internal
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longitudinally extending boss disposed to engage the insulated wire between the
pairs of opposed blades at the fully pressed-on position of the cap.

The connector may be configured for thru-hole connection at the contact
position on the PCB or surface mount connection.

The present invention also encompasses a PCB assembly that includes one
or more of the connectors discussed herein. For example, this assembly may
include a printed circuit board having a contact pad or through-hole footprint
defined thereon. At least one of the electrical insulation displacement connectors
discussed above is mounted on the PCB. A plurality of the single wire connectors
may be provided at the same contact position {i.e., contact pad) for connecting
multiple wires at different orientations to the same pad.

Particular embodiments of the unique insulation displacement connectors
are described in greater detail below by reference to the examples illustrated in the

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of an embodiment of a connector according to

the invention mounted onto a circuit board.

Fig. 2 is a view of the contact element from the embodiment of Fig. 1.

Fig. 3 is an end view of the cap member from the embodiment of Fig. 1.

Fig. 4 is a top view of the contact position on the circuit board from the
embodiment of Fig. 1.

Fig. 5 is a perspective view of an alternative embodiment of a connector
according to aspects of the invention.

Fig. 6 is an end view of the embodiment of Fig. 5.

Fig. 7 is a top view of the contact element of the embodiment of Fig. 5
mounted on a circuit board.

Fig. 8 is a perspective view of an alternative embodiment of a contact
element according to the invention.

Fig. 9 is a side view of an embodiment of a cap member.

Fig. 10 is an end cut-away view of a cap member.

Fig. 11 is a bottormn view of the cap member of Fig. 10.
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Fig. 12 is a diagrammatic view of a plurality of single wire connectors
according to the invention mounted onto a common pad on a circuit board.

Fig. 13 is a perspective view of a hand tool that may be used with
connectors in accordance with aspects of the invention.

Fig. 14 is a perspective view of a bit that may be attached to the hand tool
of Fig. 13 for insertion of a cap member over a contact element.

Fig. 15 is a perspective view of a bit that may be attached to the hand tool

of Fig. 13 for insertion of an insulated wire into a contact element.

DETAILED DESCRIPTION

Reference will now be made to embodiments of the invention, one or more
examples of which are illustrated in the figures. The embodiments are provided by
way of explanation of the invention, and are not meant as a limitation of the
invention. For example, features illustrated or described as part of one
embodiment may be used with another embodiment to yield still a further
embodiment. Itis intended that the present invention encompass these and other
modifications and variations as come within the scope and spirit of the invention.

Fig. 1 is a perspective view of an embodiment of an insulation displacement
connector 10 in accordance with aspects of the invention. The connector 10 is, in
this particular embodiment, intended to connect a single insulated core wire 54 to a
contact position 53 on a circuit board 48. The wire 54 inciudes an outer sheath 56
of insulation material surrounding a conductive core 58. The connector 10 makes
electrical contact with the core 58 and the circuit board 48 at the contact position
53. The connector 10 includes a bare single-wire contact element 12. As
described above, the contact element 12 is "bare” in that it is not contained or
surrounded by any manner of housing, base, or other insulative member. When
the contact element 12 is attached at the contact position 53 of the circuit board 48,
the contact element 12 is completely exposed.

The contact element 12 includes a first end 14 (Fig. 2) that is configured for
piercing the insulation material 56 around the core 58 of the wire 54 and making
electrical contact with the core 58. In this regard, the first end 14 in the illustrated
embodiment includes a pair of opposed blades 16 that define a receipt aperture 18
therebetween. The aperture 18 has a width that corresponds generally to the

5
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width of the core 58 for the particutar wire gage that the connector 10 is sized for.
Upon insertion of the wire 54 into the aperture 18, the blades 16 pierce through the
insulation material 56 and come into frictional electrical contact with the core 68, as
is commonly understood in the art.

The contact element 12 includes a second end 20 (Fig. 2) that is configured
for direct electrical contact with the PCB 48. For example, in the embodiment
depicted in Figs. 1 through 4, the connector 10 is a thru-hole mount connector
wherein the contact element 12 includes contact prongs 22 that fit into thru-holes
defined in the board 48, as is well understood by those skilled in the art and need
not be described in detail herein.

In an alternative embodiment, the connector 10 is configured for surface
mounting to a pad 50 (Figs. 5-7). In this embodiment, the contact element 12 may
include feet 24 or other members configured for flush surface mounting and
soldering onto a conductive pad 50 disposed at the contact position §3 on the
circuit board 48, as is commonly understood by those skilled in the art.

The connector 10 includes retaining structure, generally 28, defined on ane
or both of the blades 16. This retaining structure 28 is designed to positively
engage with a cap member 32 that is fitted over the blades 16 so as to secure the
cap 32 relative to the blades 16 and prevent inadvertent dislodgement of the cap.
In the embodiment illustrated in the figures, the retaining structure 28 is defined by
barbs 30 defined on the outer edges of the blades 16.

Referring to the various figures in general, the cap 32 has dimensions so as
to fit over the contact element 12, particularly the blades 16. In the illustrated
embodiment, the cap 32 is a generally hollow rectangular box-like structure having
a top wall 34, side walls 36, and end walls 38. A slot 40 is defined in each of the
opposite end walls 38 and is disposed so that when the cap 32 is pressed onto the
blades 16, the slot 40 aligns with the aperture 18 in the blades, as particularly
illustrated in Fig. 6. The slots 40 have a width and a height such that upon fully
pressing the cap 32 onto the blades 16, the slots 40 engage and longitudinally
align the insulated wire 54 into the aperture 18 so that the blades 16 pierce the
insulation material 56 and make electrical contact with the core 58 of the wire 54.
It should be appreciated that the slots may have various shapes and configurations.
In the illustrated embodiment, the slots 40 are depicted as generally elongated U-

6
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shaped openings having inclined faces 46 (Fig. 3) to aid in initial engagement and
alignment of the wire 54 within the slots 40.

The contact element 12 may have various configurations. For example, in
the embodiment illustrated in Fig. 1, the contact element 12 includes a single pair
of opposed blades 16 and the cap 32 is correspondingly sized to enclose the
singlé pair of blades. In an alternate embodiment illustrated for example in Figs. 5
through 8, the contact element 12 includes at least two pairs of opposed biades 16.
Each set of blades 16 defines an aperture 18 and the apertures 18 are aligned so
that the wire 54 passes straight through the apertures and slots 40 in the cap
member 32. The alignment of these components is particularly illustrated in Figs.
6and?7.

In the embodiments wherein the contact element 12 includes at least two
pairs of opposed blades 16, the contact element 12 may be surface mounted onto
a contact pad 50, as discussed above and illustrated in Figs. 5 through 7. The
blades 16 may extend upwardly from a common base 26 that includes outwardly
extending feet 24. The feet 24 and base 26 may be soldered onto the surface of
he contact pad S0.

In the thru-hole mount embodiment of Fig. 8, the contact element 12 has
two sets of opposed blades 16 connected to a commaon perimeter base 26. The
contact prongs extend from the bottom of the base 26 at each of the sets of blades
16.

As particularly illustrates in Figs. 2 and 8, the opposed blades 16 may also
include inclined faces 23 that serve to initially align the wire 54 into the aperture 18.

Figs. 9 through 11 illustrate a particular embodiment of the cap member 32
that may be utilized with a contact element 12 having multiple sets of opposed
blades 16. In this particular embodiment, the cap member 32 includes an internal
longitudinally oriented boss 44 that is aligned with the slots 40 defined in the end
walls 38 of the cap 32. The boss 44 serves to contact the wire 54 between the
opposed set of blades and to push the wire 54 down in between the blades 16 as
the cap 32 is press fitted onto the blades 16. This configuration ensures a
relatively straight, linear disposition of the wire 54 through the connector assembly
10.
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Fig. 12 is a top view of a portion of a circuit board 48 having a plurality
individual wires 54 mounted in relatively close proximity on the board 48 with
respective 10 (contacts 12 without caps 32). The contacts 10 can be mounted at
any position and orientation on the board 48, thereby providing a more flexible
layout with minimal board space. In this embodiment, individual respective contact
pads 50 are associated with each connector 10 and generally match the size and
orientation of the contacts 12. The individual contact pads 50 may be linked
together so as to operationally define a single contact pad 50 with multiple wires
54 connected thereto with connectors 10 in accordance with the present invention.

Insulated wires may be inserted into connectors 10 in accordance with
aspects of the invention by different methods. A relatively simple process involves
the use of a hand tool 62 (Fig. 13). The hand tool 62 includes a handle 64 that
may accept a bit 72 (Fig. 14) that is particularly configured for press-fitting a cap 32
{with wire) onto a contact element 12 that has been previously mounted onto a
circuit board 48. The bit 72 includes slots 76 and a recess 74 into which the cap
32 is fitted. With this particular tool, the wire 54 and cap 32 can be fitted to the
contact element 12 in a single step. Fig. 15 depicts a bit 66 that is configured for
pressing a wire into the aperture 18 between opposed blades 16 and, in this
regard, includes slots 68 and internal boss 70 for engaging and pressing the wire
in a straight linear path between opposed pairs of blades 16.

It should be understood that the contact element 12 may be used as a
stand-alone connector without the cap 32 in accordance with further aspects of the
invention. Although the cap 32 serves various useful purposes, it certain
embodiments, the cap 32 may be not be necessary, particularly where space on
the circuit board is insufficient to accommodate the cap 32. Thus, use of the bare
contact element 12 mounted directly on the circuit board 48 to connect a wire 54 to
a contact position 53 on the board 48 without the cap 32 is within the scope and
spirit of the invention.

It should be readily appreciated by those skilled in the art that various
modifications and variations can be made to the embodiments of the invention
illustrated and described herein without departing from the scope and spirit of the
invention. It is intended that such modifications and variations be encompassed by

the appended claims.

A
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WHAT IS CLAIMED IS.

1. An electrical insulation displacement connector, comprising:

a bare single-wire contact element having a first end defined by opposed
blades defining a receipt aperture for an insulated wire, and a second end
configured for direct electrical contact with a PCB, said contact element ;

retaining structure defined on said blades;

a cap configured for fitting over said opposed blades, said cap having side
walls and end walls with a slot defined therein that align with said blade aperture,
said sides walls engaged by said retaining structure upon pressing said cap onto
said blades; and

said slots having a width and height such that upon fully pressing said cap
onto said blades, said slots engage and longitudinally align the insulated wire into
said blade aperture so that said blades pierce and make electrical contact with a
core in the insulated wire.

2. The connector as in claim 1, wherein said contact element comprises a
single pair of said opposed blades.

3. The connector as in claim 1, wherein said contact element comprises at
least two spaced apart pairs of said opposed blades.

4. The connector as in claim 3, wherein said cap further comprises an
internal longitudinally extending boss disposed to engage the insulated wire
between said pairs of opposed blades at the fully pressed-on position of said cap.

5. The connector as in claim 1, wherein said retaining structure comprises
barbs defined on said blades.

6. The connector as in claim 1, wherein said second end of said contact
element comprises prongs for insertion into thru-holes in a circuit board.

7. The connector as in claim 1, wherein said second end of said contact
element comprises a foot configured for surface mounting to a pad on a circuit
board.

8. A printed circuit board assembly, comprising:

a printed circuit board (PCB) having a contact position defined thereon;

at least one electrical insulation displacement connector mounted on said

PCB at said contact position, said connector further comprising:
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a bare single-wire contact element having a first end defined by
opposed blades defining a receipt aperture for an insulated wire, and a second end
configured for direct electrical contact with said PCB at said contact position, said
contact element ;

retaining structure defined on said blades;

a cap configured for fitting over said opposed blades, said cap having
side walls and end walls with a slot defined therein that align with said blade
aperture, said sides walls engaged by said retaining structure upon pressing said
cap onto said blades; and

said slots having a width and height such that upon fully pressing
said cap onto said blades, said slots engage and longitudinally align the insulated
wire into said blade aperture so that said blades pierce and make electrical contact
with a core in the insulated wire.

9. The assembly as in claim 8, wherein said contact element comprises a
single pair of said opposed blades.

10. The assembly as in claim 8, wherein said contact element comprises at
least two spaced apart pairs of said opposed blades.

11. The assembly as in claim 10, wherein said cap further comprises an
internal longitudinally extending boss disposed to engage the insulated wire
between said pairs of opposed blades at the fully pressed-on position of said cap.

12. The assembly as in claim 8, wherein said retaining structure comprises
barbs defined on said blades.

13. The assembly as in claim 8, wherein said contact position comprises a
thru-hole connection, said second end of said contact element comprising prongs
for insertion into thru-holes in said PCB at said contact position.

14, The assembly as in claim 8, wherein said contact position comprises a
surface mount pad, said second end of said contact element comprising a foot

configured for surface mounting to said pad on said PCB at said contact position.
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ABSTRACT

An electrical insulation displacement connector includes a bare single-wire
contact element having a first end defined by opposed blades that define a receipt
aperture for an insulated wire, and a second end configured for direct electricai
contact at a contact position on a printed circuit board. Retaining structure is
defined on the blades. A cap is configured for fitting over the exposed bare blades.
The cap includes side walls and end walls with a slot defined in each of he end .
walls that align with the blade aperture. The side walls are engaged by the
retaining structure upon pressing the cap onto the blades. The slots in the end
walls of the cap have a width and height such that upon fully pressing the cap onto
the blades, the slots engage and longitudinally align the insulated wire into the

blade aperture so that the blades pierce and make electrical contact with a core in

the insulated wire.

Fig. 7
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