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SPECIFICATION

ELECTRICAL, CONNECTOR WITH TERMINALS OF VARVING LENGTHS

Field of the Invention

This invention generally relates to the art of
electrical connectors and, particularly, to an electrical
connector which includes a plurality of terminals of
varying lengths such that at least one terminal mates with
the respective mafing terminals of a complementary mating
connector in a different sequence from other terminals, and
methods of manufacturing same.

Background of the Invention
A typical input/output (I/0) electrical connector

includes a dielectric housing having a front mating face
and a rear face, with a terminal-receiving cavity means
extending therebetween. A plurality of terminals are
mounted in the cavity, with portions of the terminals, such
as male pin portions, extending from the cavity outwardly
of the dielectric housing for mating with the terminals of
a complementary mating connector. Most often, the
terminals have some form of body sections which are used to
fix the terminals within the connector housing so that the
projecting mating portions of the terminals are maintained
in proper spacing and alignment.

In other connectors of this type, a plurality of
terminal modules are inserted into the housing cavity, with
each module including a dielectric insert or strip
surrounding a plurality of the terminals. The dielectric
insert may be overmolded about the body sections of the
plurality of terminals. For instance, the dielectric
housing of the connector may be elongated with a
longitudinal cavity, and thin elongated terminal modules
may be positioned in a side-by~side or "stacked" array
within the housing cavity. Various latch means hold the
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modules within the cavity, and the overmolded dielectric
inserts function to properly space and align the projecting
mating portions of the terminals.

Such known I/0 electrical connectors have become
widely used because, in part, the plurality of terminals
can be fabricated in a rapid, inexpensive stamping
operation wherein all of the terminals are identical in
size, shape or form. The identical terminals are easily
and efficiently inserted into the connector housing either
as individual terminals or by means of the terminal modules
having the terminals embedded in the dielectric inserts.
However, problems are encountered when it is desirable or
necessary to have one or more of the terminals in the
connector mate in a different sequence with its
complementary terminal of the mating connector.

For instance, in a computer application, the
majority of the terminals in such an I/0 connector would be
signal terminals, with a few (possibly one) of the
terminals being a power terminal. It is desirable to have
all of the signal circuits completed and running before
completion of the power circuit. 1In order to accomplish
this functional sequence, the power terminal conventionally
is made shorter than the signal terminals so that the
mating ends of the signal terminals project further from
the connector housing than the power terminal and,
accordingly, the signal terminals will mate with their
complementary mating terminals before mating of the power
terminal. Howevér, fabricating the terminals in different
sizes or lengths defeats all of the advantages afforded by
progressively fabricating all of the terminals of the
connector in identical configurations, as mentioned above.
For example, the customized dies necessary for fabricating
such different terminals are complex and expensive.
Another approach is to manufacture a plurality of identical
terminals and insert one or more of them a different
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distance into the housing than others. This procedure is
also complex and expensive,

These problems further are magnified in connector
applications wherein it is desirable or necessary to
selectively plate a portion of the terminals, such as the
mating ends or contact tips of the terminals. When all of
the terminals are identical in size and shape, the mating
ends or contact tips of the terminals can easily be
selectively plated with precise uniformity because the tips
of the terminals typically are stamped in a continuous
linear path. However, if one or more of the terminals have
varying lengths, the advantage of the selective plating
process is defeated or at least reduced. For example,
plating all of the terminals to depth that is sufficient to
cover even the retracted terminals wastes precious metal
plating materials. Alternatively, plating steps can be
used, but this also is inefficient and costly.

The present invention is directed to solving the
above myriad of problems in an electrical connector wherein
all of the terminals of the connector can be fabricated in
identical configurations and still allow for one or more of
the terminals to be of varying lengths and, further,
allowing the use of conventional, efficient plating
processes.
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Summary of the Invention

An object, therefore, of the invention is to
provide a new and improved electrical connector of the
character described, wherein one or more of the terminals
allow for sequential mating of some of the terminals of the
connector, along with methods of manufacturing the
connector.

In the exemplary embodiment of the invention, an
elongated dielectric housing has a mating face and a
longitudinal cavity defining a transverse insertion axis
generally perpendicular to the mating face for receiving at
least one terminal module. At least one terminal module is
received in the cavity and includes a plurality of
identically stamped terminals which are elongated in the
direction of the insertion axis. The terminals have mating
ends projecting from the housing beyond said mating face.
At least one of the identically stamped terminals has a
bend therein to reduce its length such that the mating end
thereof projects from the housing a lesser distance beyond
the mating face than the mating ends of the other
terminals. A longitudinal dielectric insert is receivable
in the housing cavity, and the dielectric insert is molded
about portions of the terminals.

As disclosed herein, the plurality of elongated
terminals are stamped of conductive sheet metal material.
The mating ends of the terminals are generally planar, with
distal tips of the terminals being twisted out of the
planes of the respective mating ends to define contact
portions of the terminals. The contact portions are
selectively plated with a metal material different from the
base metal of the terminals. In an alternative embodiment,
the at least one terminal includes a double bend, with bent
portions disposed on opposite sides of the plane of the
sheet metal material of the terminal. .

Other objects, features and advantages of the
invention will be apparent from the following detailed
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description taken in connection with the accompanying draw-
ings.
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Brief Description of the Drawings

The features of this invention which are believed
to be novel are set forth with particularity in the append-
ed claims. The invention, together with its objects and
the advantages thereof, may be best understood by reference
to the following description taken in conjunction with the
accompanying drawings, in which like reference numerals
identify like elements in the figures and in which:

FIGURE 1 is a perspective view of an electrical
connector embodying the concepts of the invention;

FIGURE 2 is a front elevational view of the
connector;

FIGURE 3 1is a vertical section through the
connector housing having a plurality of the terminal
modules mounted therein;

FIGURE 4 is an end elevational view of one of the
terminal modules;

FIGURE 5 is a side elevational view of one of the
terminal modules;

FIGURE 6 is a plan view of a series of terminals
in a "blank" of sheet metal material;

FIGURE 7 is a plan view of a series of the
stamped or blanked terminals with one of the terminals
severed from its adjacent terminals and formed with a bend
to shorten the length thereof;

FIGURE 8 is a side elevational view of the formed
terminal still attached to the carrier strip;

FIGURE 9 is a view similar to that of Figure 5,
prior to the terminals being cut from the carrier strip;

FIGURE 10 is a view similar to that of Figure 8,
but showing alternative bending schemes for shortening a
terminal; and

FIGURE 11 is a flow diagram representative of a
method of fabricating the terminal modules.
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Detailed Description of the Preferred Embodiment

Referring to the drawings in greater detail, and
first to Figures  1-3, the invention is embodied in an
input/output (1I/0) electrical connector, generally
designated 12, which includes an elongated dielectric
housing, generally designated 14, and a front shield,
generally designated 1s6. Housing 14 is a one-piece
structure unitarily molded of dielectric material such as
plastic or the like. Shield 16 is a one-piece structure
stamped and formed of sheet metal material.

Housing 14 has a front mating face 18 and a rear
terminating face 20. Shield 16 has a front portion formed
by a D-shaped shroud 22 surrounding forwardly projecting
mating portions 24 of a plurality of terminals (described
hereinafter) projecting forwardly of housing 14 beyond
front mating face 18 thereof. Tail portions 26 of the
terminals project from rear face 20 of the connector for
insertion into appropriate holes in a printed circuit board
for connection to circuit traces on the board and/or in the
holes. Of course, the housing can have a variety of
shapes, configurations and dimensions, and likewise the
terminal can have a variety of other terminating portions
or ends, other than tail portions 26.

As best in Figure 1, a plurality of rearwardly
formed tabs 28 of shield 16 embrace housing 14 within
recesses 30 thereof. Lastly, a pair of holes 32 in a base
plate 34 of shield 16 are aligned with a pair of internally
threaded holes 36 in housing 14 for receiving appropriate
threaded fasteners for fastening the connector to a printed
circuit board and/or to a complementary mating connector.

Referring to Figures 4 and 5 in conjunction with
Figures 1-3, and particularly Figure 3, housing 14 of
connector 12 includes a longitudinal cavity 38 for
receiving a plurality of terminal modules, generally
designated 40, in a stacked array of modules within the
cavity. Each module includes a one-piece 1longitudinal
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dielectric insert 42 which is overmolded about the body or
base sections 44 (Figure 6) of a plurality of terminals,
generally designated 46. Each terminal includes a blade-
like forwardly projecting mating end in the form of a male
portion 24 and a rearwardly projecting tail portion 26
extending from opposite ends of body section 44. As best
seen in Figure 3, mating portions 24 of the terminals
extend into and through a plurality of apertures or
passages 50 in housing 14 and outwardly of the passages
beyond front mating face 18 of the housing. Tail portions
26 project outwardly of housing cavity 38 beyond rear
terminating face 20 of the housing. Lastly, as best seen
in Figures 3-5, the mating ends 24 of the terminals
terminate in distal tips or contact portions 24a which are
preferably twisted out of the plane of the mating ends and
the remainder of the terminals.

Terminal modules 40 are interengaged in their
stacked array within housing cavity 38. 1In particular, as
best shown in Fig. 5, a pair of latch projections 52
project outwardly from the opposite sides of dielectric
inserts 42 of the modules into complementary recesses 53 in
the opposite sides of the inserts of adjacent modules. In
addition, a pair of outwardly projecting positioning ribs
54 (Figs. 4 and 5) project from the opposite ends of the
elongated modules for positioning into appropriate grooves
(not shown) in the housing at opposite ends of elongated
cavity 38. '

Figures 6-9 show the manner in which terminals 46
and terminal modules 40 are fabricated according to the
concepts of the invention. Referring first to Figure 6, a
ribbon-type sheet of conductive metal material is fed
through a progressive die to stamp and form a blank "B" as
shown. Actually, the blank in Figure 6 is a section of a
continuous length of stamped and formed sheet metal
material with a plurality of identically stamped terminals
46 joined at the distal ends of their tail portions 26 by
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a carrier strip 56 having conventional indexing holes 58 in
a linear path therealong for incrementally indexing the
sheet metal material through the processing machines. The
mating ends or male portions 24 of the terminals are shown
as already having been formed with the twisted distal tips
to form contact portions 24a. It can be seen that body
sections 44 of the terminals are joined lengthwise of the
blank by webs 60. Outwardly projecting barbs 44a of body
sections 44 facilitate subsequent holding of the terminals
when embedded in dielectric inserts 42.

Referring next to Figure 7, it can be seen that
one of the identically stamped terminals 46 shown in Figure
6 has been made shorter and is generally designated 46’ in
Figure 7. The shortening of terminal 46’ is performed at
a separate processing station whereat webs 60 on opposite
sides of terminal 46’ and its adjacent terminals are
severed, as at 62. In addition, and/or simultaneously, the
tail portion 26 of the one terminal 46’ is deformed at 64
by forming a bend which is most clearly seen in Figure 8.
The deformation or bend is effective to shorten terminal
46’ relative to the other identically stamped terminals 46
a distance denoted by the separation between arrows "A" in
Figure 7. For instance, this distance may be on the order
0.030 inch and it should be understood that the distance
shown in Fig. 7 is not necessarily to scale relative to the
typical other dimensions of such terminals. Otherwise, it
can be seen that terminal 46’ still is structurally
identical to the other terminals 46 in that it includes a
tail portion 26, a body section 44 including barbs 44a, a
mating end or male portion 24 and a twisted distal end or
contact portion 24a. The only difference is that terminal
46’ is shorter than terminals 46 due to the deformation or
bend '64.

If it is desirable to selectively plate portions,
such as contact portions 24a, of terminals 46 and 46/, with
a metal material different from the base metal of the
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terminals, the invention contemplates that the plating
process be performed after the stamping and forming process
shown in Figure 6 but before separating and shortening
terminal 46’ as shown in Figure 7. In other words, as seen
in Figure 6, contact portions 24a of all of the terminals
still are in a line or linear array lengthwise of blank
"B", This linear array of the selectively .plateable
portions simplifies the plating process. Webs 60 hold all
of the terminals, including terminal 46/, from separating
or moving during the plating process. After plating,
terminal 46’ can easily be separated, deformed and
shortened as shown in Figure 7 with its contact portion 24a
pre-plated.

Figure 9 shows terminals 46 and 46’ still
attached to carrier strip 56 by means of the tail portions
26 of the terminals. This strip of terminals then can be
positioned in a mold as a unit and dielectric insert 42 can
be insert molded about the body sections of the terminals
and including bend 64 in the shortened terminal 46’. After
the dielectric insert is overmolded about portions of the
terminals, webs 60 are severed and carrier strip 56 is
removed by severing tail portions 26 to form one of the
terminal modules 40 as shown in Figures 3-5. Webs 60 hold
terminals 46 against relative movement during the molding
process.

If it is desirable to shorten one of the
terminals a greater extent than that shown in Figures 7 and
8, reference is made to Figure 10 wherein it can be seen
that a double bend is formed in the terminal to provide two
bent portions 64a on opposite sides of the plane of the
terminal. In this manner, the terminal can be shortened
twice the amount as shown in Figure 7 without having the
bent portion(s) of the terminal bulge too far to one side
of the terminal. )

Moreover, it can be appreciated that the
deformation which provides the shortened terminal can be

10
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located elsewhere on a terminal. For example, ¢the
deformation may instead be formed at location 44 as shown
in Figure 10 in phantom by bend 44°‘. A benefit to
providing the bend at this location (or any location on the
contact side of web 60) is that the web 60 need not be
severed adjacent the shortened terminal prior to the
bending operation. Finally, as is evident from Figure 10,
if desired there may be multiple bends at separate
locations along a given terminal, e.g., at both 64a and
44’., In the alternative, bend 64 shown in Figures 5, 7 and
8 could be located on tail 26 close enough to carrier strip
56 such that bend 64 is cut from the tail upon severing the
carrier strip.

Figure 11 shows a schematic block diagram
summarizing the method of fabricating one of the terminal
modules as described above. The first step 70 of stamping
and forming the terminals corresponds to the depiction of
Figure 6 and described above in regard thereto. In other
words, blank "B" (Fig. 6) is stamped to create identical
terminals 46, and contact portions 24a are formed or
twisted out of mating ends 24 of the terminals. The next
step 72 in Figure 11 corresponds to the above description
of selectively plating contact portions 24a of the
terminals before the one terminal 46’ is shortened. The
next step 74 in Figure 11 representing the final forming of
the terminals, actually refers to Figure 7 and the above
description in regard thereto. 1In other words, the final
forming step comprises severing webs 60 (if necessary) at
opposite sides of terminal 46/, as at 62, and bending the
tail portion 26 of terminal 46’, as at 64, to shorten thé
terminal a given distance, e.g., the distance represented
by arrows "A," in relation to the remainder of the
terminals 4s6. The final step 76 shown in Figure 11
corresponds to Figure 9 and the abové description in regard
thereto. In other words, dielectric insert 46 is insert
molded about the terminals to form one of the terminal

11
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modules 40. Of course, thereafter, carrier strip 56 is
severed from tail portions 26 of the terminals as described
above.

The resulting terminal module then is insertable
into cavity 38 (Fig. 3) along with the other terminal
modules 40. When the connector is fully assembled, the
mating end 24 of shortened terminal 46’ will project from
housing 14 a lesser distance beyond mating face 18 than the
mating ends of the other terminals 4s6. In other words,
contact portions 24a of terminals 46 will make engagement
with their mating terminals of the complementary mating
connector before contact portion 24a of shortened terminal
4671 .

Lastly, although it has been shown and described
herein that one of the terminals 46’ of one of the terminal
modules 40 is shortened relative to the remainder of the
terminals in that module, it should be understood that the
invention contemplates that more than one terminal in any
given module can be shortened, and/or terminals in more
than one module can be shortened, depending upon the
electrical specifications of the connector. Moreover,
terminals can be formed to any number of lengths in a
module or array of modules, for example, to three distinct
lengths to provide for three-stage mating of a connector.
In addition, the number of terminals in any given module
can vary as can be seen by comparing the width of the
connector shown in Figure 1 with the width of the module
shown in Figures 5 and 9. Still further, it should be
understood that the method of providing identically stamped
and formed terminals with varying lengths is applicable in
connectors which do not use terminal modules. In other
words, the concepts of the invention are equally applicable
for connectors wherein the terminals are inserted into
passages in the connector housing separately and
independently from being mounted within the housing as part
of terminal modules including dielectric inserts.

12
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It will be understood that the invention may be
embodied in other specific forms without departing from the
spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be considered
in all respects as illustrative and not restrictive, and
the invention is not to be limited to the details given

herein.

13
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CLATIMS
1. An elongated electrical connector (12),
comprising:

an elongated dielectric housing (14) having a
mating face (18) and a longitudinal cavity (38) defining a
transverse.insertion axis generally perpendicular to the
mating face for receiving at least one terminal module
(40) ; and

at least one terminal module (40) received in
said cavity, each said module including a plurality of
stamped terminals (46) and a longitudinal dielectric insert
(42), each terminal having an identical mating end (24), a
predetermined length and being elongated in the direction
of said insertion axis, said longitudinal dielectric insert
(42) encasing a mid-section (44) of said stamped terminals
(46), and at least one (46’) of said stamped terminals (46)
having a bend (64) therein to reduce the length thereof
such that the mating end (24’) thereof projects from the
dielectric insert (42) a lesser distance than the mating
ends (24) of the other of said terminals (46).

2. The elongated electrical connector of claim
1 wherein the mating ends (24) of said terminals (46) are
generally planar with distal tips (24a) of the terminals
being twisted out of the planes of the respective mating
ends (24) to define contact portions of the terminals.

3. The elongated electrical connector of claim
1 wherein said plurality of elongated stamped terminals
(46) define respective longitudinal axes and said at least
one (46’) of the terminals includes a double bend with
bent portions (64a) disposed on opposite sides of the
longitudinal axis thereof.

14
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4. The elongated electrical connector of claim
1 wherein said dielectric insert (42) encases said bend
(64) .

5. The elongated electrical connector of claim
1 wherein said dielectric insert (42) is spaced from said
bend (64).

6. A terminal module (40) for use in an
electrical connector (12), comprising:

a plurality of generally parallel, elongated
stamped terminals (46), each terminal having an identical
mating (24) end and a predetermined length;

' a dielectric insert {42) molded about portions
(44) of said terminals with the mating ends of the
terminals projecting from the dielectric insert; and

at least one (46’) of said terminals having a
bend (64) therein to reduce the length thereof such that
the mating end (24) thereof projects from the dielectric
insert (42) a lesser distance than the mating ends (24) of
the other of said terminals (46).

7. The terminal module of claim 6 wherein the
mating ends (24) of said terminals (46) are generally
planar with distal tips (24a) of the terminals being
twisted out of the planes of the respective mating ends
(24) to define contact portions (24a) of the terminals.

15



10

15

20

25

30

PATENT
96-106 SG

R R

8. The terminal module of claim 6 wherein said
plurality of elongated stamped terminals (46) define
respective longitudinal axes and said at least one (46’) of
the terminals includes a Qouble bend with bent portions
(64a) disposed on opposite sides of the longitudinal axis
thereof.

9. The elongated electrical connector of claim
6 wherein said dielectric insert (42) encases said bend
(64) .

10. The elongated electrical connector of claim
6 wherein said dielectric insert (42) is spaced from said
bend (64).,

11. A method of fabricating a plurality of
terminals (46) for insertion into an electrical connector
(12), comprising the steps of:.

stamping a plurality of identical elongated
terminals (46) from conductive sheet metal material with
the terminals joined at proximal ends thereof to a carrier
strip (56) and with opposite distal ends (24a) of the
terminals defining contact portions thereof, each terminal
having a predetermined length,

plating said contact portions (24a) at the distal
ends of the terminals (46) with a metal material different
from the base material of the terminals, and

deforming at least one (46’) of said identical
terminals (46) to reduce the length thereof such that the
distal end (24a) thereof projects from the carrier strip
(56) a lesser distance than the distal ends (24a) of the
other of said terminals (46).

12. The method of claim 11, further including
the step of molding a dielectric insert (42) about portions

16
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(44) of said identical terminals (46) after said deforming
step.

13. The method of claim 11 wherein said
deforming step comprises forming a bend (64) in said at
least one (46’) of the identical terminals (46).

14. The method of claim 13, wherein said step of
molding includes molding said dielectric insert about said
bend.

15. The method of claim 13, wherein said step of
molding includes molding said dielectric insert spaced from
said bend.

16. The method of claim 11 wherein said at least
one of said identical terminals includes a longitudinal
axis and said deforming step comprises forming a double
bend in said at least one (46’) of the identical terminals
(46), with bent portions (64a) disposed on opposite sides
of the longitudinal axis thereof.

17. The method of claim 11 wherein said stamping
step includes stamping said terminals (46) so they are
joined by web portions (60) of the sheet metal material and
further including severing the web portions (60) between
said at least one (46’) of said identical terminals (46)
and its adjacent terminals between said plating and
deforming steps.

18. A method of fabricating a terminal module
(40) for use in an electrical connector (12), comprising
the steps of:

stamping a plurality of idéntical terminals (46)
from conductive sheet metal material with the terminals
having a predetermined length and being joined by web

17



~10

15

20

25

(R

portions (60) of the sheet metal material and with end
portions (24a) of the terminals defining contact portions
thereof,

96-106 SG

severing the web portions (60) between at least

‘one (46’) of said identical terminals (46) and its adjacent

terminals,

deforming said at least one (46’) of the
identical terminals (46) to reduce the length thereof,

molding a dielectric housing component (42) about
portions (44) of the identical terminals (46) leaving said
web portions (60) exposed and with the end portion of said
at least one (46’) terminal projecting from the housing
component a lesser distance than the end portions of the
other of said terminals, and

severing the web portions (60) remaining between
any of the terminals (46).

19. The method of c¢laim 18 wherein said
deforming step comprises forming a bend (64) in said at
least one (46’) of the identical terminals (46).

20. The method of claim 18 wherein said at least
one of said identical terminals includes a longitudinal
axis and said deforming step comprises forming a double
bend in said at least one (467) of the identical terminals
(46), with bent portions (64a) disposed on opposite sides
of the longitudinal axis thereof.
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