5 .

10

20

25

WO 98/00885 ' St PCTUS97/11157T .

1
ELECTRICAL CONN ECTOR.

Backg;ound of the Invention

1. Field of the Ihvéntigx_;}_  The present invention relates to

.. electrical connectors and more particnlarly to electrical connectors which -

are used for miniaturized, high density and high pin count applications.

2. Brief Description of Prior Developments:  Recent advances

in the design of portable or mobile electronic equipment haVe required
that connector technology .keep pace with the trends of miniaturization
and functional complexity. Connectors used in such applications need to
be more substantialljr densely packaged than was heretofore generally

required. Such board to board types of connectors are usually used to -

- interconnect two printed circuit boards in an "mezzanine" configuration.

15

Such uses require connectors not only with smaller contact pitches, but, |
in some cases, with lower mating heights, as well. The resuiting |
incredsed packaging density must ofdinarily be achieved without
significant sacrifice of mechanical ruggedness since such connectors may
be subjected to unusually high stresses because of the nature of the
application. For cxamnle, miniaturized or mobile type products are

subject to high stresses if they a.re dropped or otherwise abused. Such

- high stresses have the potential for damaging connector housings,

contacts and solder joints. Furthermore,'the- connectors themselves

. might separate if sufficient retention forces are not available.

The "blade-on-beam" connector dcsign is commonly used for
miniaturized designs of .8mm and less This desxgn typ1ca11y uses a

smgle cantilever beam type of contact for thc spnng contact which mates

-an assoc1ated blade contact Wh1ch does not have spring characteristics.

' The contact beams gener_ally can be of two configurations.
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- One such configuration is an edge stamped or "tuning fork"

configuration in which the contact is blanked from flat material and

- reoriented 90 degrees when it is inserted into the housing so that the

blanked edge of the beam is in contact with the blade _This design has

the advantage that complex configurations which have a high degree of

' compliance can be easily stamped. The cantilever beam geometry can

also be optimized by stamping an idealized shape into the profile of the
beam. For example, a. constant stress beam with a p_a:rabolic shaped
thickness profile migl'lt be readilj stamped. This approach might allow for
lower contéct height and tighter pitch contacts. The mounting of the

contact in the housing is generally accomplished by individually stitching

~the contacts into the housings. .. ... .

An alternative design makes use of a more conventional approach '
in which the beam is stamped so that the rolled edge of the material is in
contact with tlrle blade. In this case the contacts can usually be stamped
on the same pitch as the final configuration, and the forms of the contact
are created by bendin'gl the material during the die stamping operation.
Although these beams are usually not quite as mechanically efficient as
the edge stampe_d design, they often are more cost effective since they can
be'ma:_s'_.s mserted or msert _trl_olded into the housing thus making assembly

either easier or less costly from either a product or machine standpoint.

. This tjpe. of product is also easier-to electroplate and the contact-surface

'is usually superior to the edge stamped type of contact.

- The design of connectors with a contact pitch of less than 1mm and

with mating height of less than Smm often presents particularly difficult

~ design problems ‘The small pltch of the contacts reqmre tlghtly

- controlled tolerance 0T the pitch-to prevent shorts:. This requirement for
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precision and accuracy extends to the contact forms and housing

; geometry's as well. This design process is further complicated by the high

internal stress generated by the contact beams themselves, which can
generate d1stort10ns of the housmgs ‘and result in reduced contact forces -
over a period of time, partlcularly at elevated temperatures.} If these
connectors are to be manufactiired-reli'éb'lj'r,'—:urxique-rxxanufactﬁring
methods are required, which can assure &e dimensional accuracy as well
as physical strength of the product within the dimensional constraints of
the product reqo.irements. | “ _ -

| ‘There is, therefore, a need for an electrical connector that is not
only denser, smaller, but is mechamcally rugged. This all needs to be

accomphshed in the context of lowered manufacturing costs. Some of the

specific requirements for this class of connectors may be that contact

~ pitch is from .8 -.5mm, mating height is from 8mm-3mm, connector width

is from 6-7mm and pin count of from 10 pos - 200 pos.

Summary of the Invention
The electrical connector of the present invention fills the above
stated need and comprises a first element comprising (i) at least one
msulatwe lateral support means, (n) an insulative medial lateral support
means and (iii) a conductive means havmg a first longitudinal section
fixed to the insulative lateral support means, a second longitudinal

sectional fixed to the insulative medial support- means and an exposed.

" third longitudinal section interposed between said first longitudinal

section and said second longitudinal section. This connector would also :

include a second element comprising (i at least one insulative support

means and (ii) a conductive means havmg a first longltudmal sectmn ﬁxed S

“to the msulatlve support means-and an exposed-second long1tud1na1
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section which is in contact with the exposed third longitudinal section of
the first eiement. :
Also encorﬁpasSed within the invention of the preser_lt' invention is a |
- method for manufacturing the above described connector. A mold is first
produced. This mold includes a first mold member having a planar
section and a medial projection having a medial surface and opposed
lateral surfaces. The mold also includes a second mold member having a
medial section and a pair of inner opposed lateral projections and a pair
of outer opposed lateral projections the second member is eapable of
being superimposed over said first member such that each of said inner

opposed lateral projections are positioned adjacent the opposed lateral

surfaces of the medial projection of the first member and that each of said - - - -

outer opposed lateral projections are adjacent the planar section of the
first member such that a medial cavity and opposed lateral cavities are
forward between said first and second members.

A pair of opposed conductive members having inner and outer
terminal ends are then interposed between said first and second mold
members such thét the inner terminal ends are in spaced relation in the
medial cavity. Each of the conductive members is mterposed in
contactlng relation between one of the opposed lateral surfaces of the .
medial projection of the first member and one of the inner lateral
projections of the ﬁrst member. The conductive members pass through
one of the lateral cavities and then are mterposed in contactmg relation
between the planar section of the first member and one of the cuter

lateral prolectlons In manufacturing the receptacle element, the lateral

cavities of the mold are at least parhally filled wn:h a 11qu1d polymenc )

molding compound and-allowmg satd molding compound to solidify s6'as =~
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to form opposed solid insulative lateral support structures each having

one of said conductive elements embedded therein. In manufacturing the

| plug, the lateral cavities and the medial cavity are filled with tﬁe liquid

- polymeric molding compound. Strain relief, high speed low cross talk and

through mount embodiments are also disclosed.

Brief Description of the Drawings

The ihvention is further described with reference to the

accompanying drawings in which:

Fig.

1 is a side elevational view of a preferred embodiment of the

connector of the present invention;

Fig.
Fig.
Fig.
Fig.
 Fig.
Fig.
Fig.

2 is a top plan' view of the connector shown in Fig. 1;
3 is a cross sectional view through III-1II in Fig. 2;

4 is a side elevational view of the receptacle element shown in

1-3;

5 is a top plan view of the receptacle shown in Fig. 4;
6 is a cross sectional view through VI—Vi in Fig. 5; and

7 is a transverse cross sectional view of a mold which would be

used in manufacturing the connector shown in Figs. 1-3; and

Fig.

8 is a transverse cross sectional view of another mold which '

would be used in manufacturing the connector shown in Figs. 1-3.

Fig.

9 and 10 are, respcctively, top plan views of a plug and a

. receptacle which comprise an alternate preferred embodiment of the

connector of the present invention;

Fig. 11 is a vertical cross sectional view of a connector representing

' another alternate preferred embodiment of the present inventioh; -
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Fig. 12 is a vertical cross sectional view of a phig representing
another alternate preferred embodiment of the present invention

and the open mold from which the plug is produced;

 Fig. 13 is a view similar to Fig. 12 except the mold is closed; and
Fig. 14 is an enlarged view of the plug shown in Figs. 12 and 13.
- -Petailed Deseripti'on oﬁ_:__hg Preferred Embodiments

Referring to Figs. 1-3, the connector includes a plug shown
generally at nurr_ler_al 10 which is made up of two-elonga’ted sections 12
and 14. It will, however, be. understood that these two elongated sections
can be joined to form a single elongated section. At each end the plug has '
a guide feature as at 15. - As will be seen particularly from Fig. 3 the plug
is comprised of elongated lateral supports .16 and 18 and a parallel medial
support 20. There is an open spaee 21 between the lateral supports and
above the medial 'support in the plug. The plug also includes a plurality
of opposed blade elements shm#n generally at nﬁmerals 22 and 24. Each
of these blades includes a first section 26 which is partially embedded in
one of the lateral supports and a second section 28 which is embedded in
a medial support. Interposed between these first and second sections
there is an exposed third section 30. An exposed solder tail 32 also
extegde ‘oﬁt\i}ardly from the second eection.

- Referring to Figs. 1-6, and particularly Figs. 3-6, the connector also,

includes a receptacle shown 'generé-lly at numeral 34. This receptacle

" includes elongated openings 36 and 38 which receive respectively the

elongated sections 12 and 14 of the plug. At each end the receptacle has
a guide pin as at 39 which engages a guide feature on the plug. Referring

'_"“"“"‘Partlcularly to Figs. 3 and 6, 1t wﬂl be seen that th1s receptacle mcludes -

._.'elongated msulatwe lateral supports 40 and 42 which are positioned in
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opposed parallel relation. Between these lateral supports there is an -

open space 43. A plurality of parallel conductive beams as at 44 and 46

- extend in opposed relation from each of these lateral supports. Each of -

these beamus has a first section 48 which is embedded in one of the lateral
supports and a second exposed section 50 which extends upwardly aﬁd '
inwardly to contact one-of the blade elements of the plug. Tilc flexed
position_ of the second exposed acction shown at 50’. A solder tail 51
also extends from the ﬁrst section 48.

Referring to Fig. 7 a mold for producing the receptacle element of

the c_onnecto_r is shown. This mold includes a first mold member 52

which is made up of a planar section 54 which has a medial projection

56. This medial projection has a planar medial surface 58 and slopped
lateral surfaces 60 and 62. There is also a second mold member 64 which
has a planar section 66 from which inner opposed lateral projections 68

and 70 depend. Outwardljr spaced from these inner opposed lateral

. projections are outer opposed lateral projections 72 and 74. The second

mold member may be superimposed over the mold member so as to form
a medial cavity 76 above the medial projection 56. Lateral .ca’vities 78 and
80 would also be formed bet\xfeen the inner and outer projections of the
s'ec"_cnd' mold merhbc_f and the planar section of the first mold member. As
is conventional, the m_olld_-_woul,dj have a gate (not shown) for iﬁtroducmg a

liquid molding compound into the medial and lateral cavities. A narrow

~ .transverse corinecting channel 82 would also serve to connect the two
. lateral cavities 78 and 80. In using this mold to manufacture a connector

_ elemcnt con-ductive mcmb_erc 84 and 86 would be intcrposcd- between the - -

“two miold miembérs.  Each of these conductor mcmbcrs has a ﬁrst inner

.termmal end 88 which would be posmoned in the medial ca cavltY 76. The -
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conductive members would also have a second section 90 which would be

interposed between the inner projections of the second mold member and

 the lateral surfaces of the medial projection of the first mold member.

Outwardly from the second section of the conductive members there

would be'a third section 92 which would be pos1t10ned in one of the

lateral cavities 78 or 80. A fourth section 90 for the conductive member ~

would be interposed between the outer projection of the second mold
member and the planar section of the first mold member. Conductive
members would also have an exterior exposed section 96 with a strip
outer terminal end 98. The planar section of the first mold member would

have outer opposed bores 100 and 102 which would receive pilot pins 104

and 106. These pilot pins would engage the conductive members . ... ...

adjacent their outer terminal ends.

To use the mold as described above to manufacture a receptacle the
lateral cavities would be at least partially filled with a suitable polymeric
molding compound preferably a liquid crystal polymer. The medial cavity
would remain unfilled with the molding compound. A suitable molding
compound is VECTRA available from Amoco. The molding compound
would solidify to form the solid lateral supports in which the conductwe
elements are embedded as was described above After sohdlﬁcatton takes

place the mold members would be removed in a conventional manner.

To use the mold as described above to produce a plug the lateral - = -

cavities as well as the medial cavity would be at least partially be filled -

w1th a suitable polymeric molding compound, preferably alliquid crystal

polymet A -suitable molding compound is VECTRA available from

Amoco. The moldmg compound would then be cured 1n a conventmnal '

manner to produce the lateral supports and medzal supports in which the” "
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blade conductive element as described above would be at least partially
embedded. - _
Referring to Fig. 8, a mold specifically adapted to manufacture the
plug element described above is described as follows:
This mold includes a first mold member 152 \;vhich_ is made upof a
planar section 154 which has a medial projection 156. This medial
projection has a planar medial surface 158 and slopped lateral surfaces
| 160 and 162. There is also a second fnold member 164 which has a
planar section 166 from which inner opposed lateral projections 168 and
170 depend. Outwardly spaced from these inner opposed lateral |
projections are outer opposed lateral projections 172 and 174. The
second mold member may be superimposed over the mold m_cr_g‘_i_a_elf so as
to form a medial cavity 176 above the medial projection 156. Lateral
cavities 178 and 180 wouid also be formed between the inner and outer
projections of the second mold member and the planar section of the first
mold member. As is conventional, the mold would have a gate (not shown)
for introducing a liquid molding compound into the medial and lateral
cavities. A narrow transverse connecting channel 182 would also serve
to connect the two 1a§efal cavities 178 and 180. In using this mold to
manufacture a connector element, conductive members 184 and 186
* would be in_tefposed between the two mold members. Each of these
conductor members has a first inner terminal end 188 which would be
~ positioned in the medial cavity 176. “The conductive members 'would also
hav-e é second section 190 which would be interposed between the inner -

projectibns of the second mold member and the lateral surfaces of the

medial projection of the first mold member. Outwardly from the Second

section of the conductive members there would be a third Séétion-_—l-QQ S
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which would be positioned in one of the lateral cavities 178 or 180 A

- fourth section 190 for the conductive member would be intei'poeed

- . between the outer projection of the second mold member and the planar

sectxon of the first mold member Conductxve members would also have

an exterior exposed section 196 with a strip outer terminal end 198 The

- -planar section of the first mold member would have outer opposed bores

200 and 202 which would receive pilot pins 204 and 206. These p1lot

plns would engage the conductwe members adjacent their outer terminal

ends Th1s mold would be used to manufacture this part1cu1ar plug
-shown in Fig. 3 in the same way as was described above in connectlon-
‘with the mold showﬁ in Fig: 7. -

o __f_I_‘be_r_n_ethod of this invention involves molding the hoﬁsing around

the contacts as an approach to manufacturing this class of products, h

rather than molding thermoplastic housing and subsequently inserting or

stitching contacts into the housings. In this process the contacts are

'stamped on continuous strip at the pitch of the final application. For

' example, contacts for a .5Smm pitch connector will be stamped on .Smmi.

The nature of the stamping operation allows for very tight tolerance

o co‘ntrol'_‘_c.)f this procese since the pitch of the stamping can be held to
20

within fenths of thousandths of an inch. Secondary st_émping operations
might be used to perform bends in the stamped strip, but in any case the

_ contact strip is then placed into the mold and plastic ma_.teﬁal is molded

“&round the contacts, preserving their spatial relationship to one another.
The contact carrier strip can be then removed, and the pitch is preserved

by the-housing.-- This procedure is an improvement over stitching contacts

ifito a housing, where the relatmnsmp of the contacts to each other is’

- _enurely determmed by the pre-molded housmg Since the contacts are
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completely embedded in the thermoplastic material, the base of the
cantilever be_an_'l is uniformly and securely held in the plastic matrix. This .
procedure allows for heavier wall thicknesses and more uniform stress

distribution as compared to a st1tched or mass mserted part, when the

‘contact beam i is deﬂected durmg use. Thxs secure contact will lessen the

potential for stress relaxation of the contact because of perz_nanent -

.. deformation of the plastic material and will result in higher contact forces

- over the life of the product, as compared to alternative manufacturing

methods.
Preferably, both contacts of the connector, particularly the

cantilevér beam contact half (receptacle), should be molded

snnultaneously for a number of reasons. Multxple piece des1gns would be

more costly than smgle piece ones. The structural integrity of a smgle
piece design would be better in a one piecé design as compared to
multiple pieces, and the tolerances or variability of a one piece desig11
would be less. However, molding two rows of contacts in this
configuration is not a simple matter. It is difficult design mold tooling
that will seal the plastic around the contact areas (the "seal-off" toolirig)
without 'complex camming' of the mold or fragile easy to damage tooling.
This rnust also be done without compromising the structural integrity of
the part There are several methods by which this can be accomphshed

~ Preferably the mold should be a stralg_ht draw mold with no or limited

. camming actions in mold. The "seal-off* area at the interface betwe_én the

plastic _hbusih_g and the contact should be a flat area preferably with an

interface. angle of less than 45 degrees. In the case above the contact

~beams-were-molded-at- less than 45 degrees and then bent into position by

o "f'meané of a pin or blade that. could. be.inserted. through an aperture in the .
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bottom of the connector: A second, and probably a preferred case would

be to design the housing so that tooling can be placed on the outside of

. the connector contact, from the bottom of the connector and from the top.

two halves of the connector would be des1gned so that the shroud Whrch

protects the plug contact would mate internally on the receptacle as” T O

compared to most designs in which the shroud is external to the -
receptacle housing. This prevents the connector from becoming too wide,

and allows for relatively heavy walls to be molded at the base of the

‘receptacle.

The plug portion of the connector is similarly molded as a one-piece

unit. Again, in this case two contact strips are placed intoamoldand ... ..

with appropriate coring, the contacts are secure in a plastic matrix. Irr
this case the contact portion is molded at a slight taper so that proper
"seal-off" can be maintained. In this particular design the coring provides
an area 'underne_ath the contact area of the plug which is devoid of plastic
material, and the contact beams are supported by a bar of plastic material_
which embeds the ends of the contacts This bar is attached
intermittently and at the ends to the base of the plug ‘One advantage of
this approach is that it mlmrmzes the potennal for a flash of plasuc '

material to flow into the contact area. It also eliminates plastic material

-performance between the contacts and between rows of contacts. .

~ In low mating height connectors, the insert molding of the contacts

into the housing can allow for shorter contact beams; since less plastic .

material can be used to secure the contact. Because tolerances can be o

- between the contacts, which: can result in improved electrical crosstalk - -

held more tightly, a: shorter contact beam can be used since- less
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compliance is required to accommodate the mating. The particular

receptacle configuration shown, with the open bottom can be used to

. further advantage, since the nose of the plug can extend almost to the

printed circuit board surface, thereby increasing the contact "wipe"
characteristics of the connector. _ )

Another advantage of the connector design is that the solder tails
are insert molded in place. That is, they are formed prior to molding
rather than after it. In this _éase the precise nature of the mold tooling
heips to define the co-planarity of the contacts, rather than bending on
plastic material, which can be a source of considerable variation. The
bottom éurface of the connector is flat providing a barrier to flux and-
other contaminants to the contact area, as comparéd_tb conventional = .
designs in which there openings underneath the connector to |
accommodate the lead thickness and bend radius. '

.There are applications for board-to-board, mezzanine style
connector system where connectors are required to be applied in tandem.
This might be required to accommodate pin counts beyond the deéign

capability of an individual connector or process, or to give stability to an

- otherwise unstable board-to-board structure. In any case, the biggest

problem in accomplishing this is to easily make sure that the dimensional

- variation between the two connectors does not exceed the mating -

tolerances allowed between them. One obvious method is to carefully
fixture the two connectors with external tooling that assures the correct -
relationship between the two connectors. This can be readily

accomplished in limited production circumstances where cost is not a

major problem, but céuld prove difﬁéult and éﬁﬁéﬁéi—‘}"é'iﬁ highvolume o

applications, where multiple fixtures would have to be builtand ™ "7~ =~ "
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maintained. Another approach has been to mold the two connectors
togethei' w1th a cpnnecting bar or. bars. this would be adéquate in'ircry
high volume applications which could justify this type of tobling |

approach, but it could have limited use in relatively low volume

application or in cases where the connector spacing could chgnge. The

s perfnane‘nt'"ba'rs could also interfere with other devices on either side of

10

15

20

25_

the board assembly when they are plugged together.
Another approach to this problem would be to have an external

molded interconnecting bar, that could serve as a disposable fixture. This

‘bar could preferably be mounted to the top of the connector housing with
‘latching features or by simple friction fit to the connector contacts. The
__cap thereby formed over the connector contacts could be utilized as a

‘pickup cap for robotic placement and as protection against contact

cdntaminatio_n. The cap/fixture could be removed after soldering and
recycled. These could be molded relatively inekpensivciy in a number of
different lengths and spacings and be made available in a variety of
cusiom configurations. |

Referring to Figs. 9-10, the connector inclndes a plug shown

generally at numeral 310. As will be seen particularly from Fig. 9 the

- plug is comprised of elongated lateral supports 316 and 318 and a medial
-support 320. There is an open space 321 between thg lateral supports
. and above the medial support in the plug. The plug also includes a

plurality of opposed blade elements (not shown) similar to the blade

elements shown in Fig. 3. Similar to the blade elements in Fig. 3, each of
these blades includes a first section which is partially embedded in one of

the lateral supports and a second section which is émbedded i ina medial

support and mterposcd betwecn these first and second sections there i is
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an exposed third section. Exposed solder tail as at 332 and 333 also

- extend outwardly from the second section.

Referring to Flgs 10, the connector also mcludes a receptacle

shown generally at numeral 334. This receptacle includes an elongated

opening 336 which receives the elongated medial support 320 of the plug.

It wi-ll-.-aisQ-be-seen that this receptacle includes elongated insulative

lateral suppor_ts 340 and 342 which are poSitioned in opposed parallel
relation. Between these lateral supports there is an open space 343. A
plura.hty of parallel conductive beams as at 344 and 346 extend in
opposed relation from each of these lateral supports. Similar to the

arrangement shown in Fig. 6 each of these beams has a first section

_ which is embedded in one of the lateral supports and a second exposed

section .Which extends upwardly and inwardiy to contact one of the blade
elements of the plug. Solder tail as at 351 and 333 also extend from the
recepiacle. '
Referring again to F1g 9, at each end of the plug, there are opposed
pairs of strain relief terminals 355 - 358. These pairs of terminals do not
carry signals, and thej are mounted respectively on conductive pads 358-

361. These pads would o_rdinarily be mounted on a printed_wiring board

(not Sho%). Referring again to Fig. 10, at each end of the reoeptacle
there are; similar to the plug, pairs of strain relief terminals 362 - 365.

. These pairs of terminals do not carry.signals, and they are mounted

respectively on common conductive pads 366 - 369. These pads would
ordinarily be mounted on a printed wiring board (no_t' shown).

: Referring to Figs. 11, the connector includes a plug shown generally

at’ numeraI 410 ‘The plugis compnsed of elongated lateral supports 416

-"-_--and 418 and & parallel mechal support 420 There are open spaces as at
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421 between the lateral supports and above the medial suppbrt in the
plug. The plug also includes a plurality of opposed blade élément_s shown

. generally at numerals 422 and 424. Each of these blades includes a first

| section 426 which is partially embedded in one of the lateral supports and

a second section 428 which is embedded in a med1a1 support Interposed '
between these first and second sections there is an exposed thlrd section
430. An exposed solder tail 432 also extends outwardly from the plug.

The connector also includes a receptacle shown generally at
numeral 434. This .receptacle includes elongated openings 436 which _
receives the medial support 420 of the plug. It will also be seen that this

receptacle includes elongated insulative lateral supports 440 and 442

which are positioned in opposed parallel relation. ___Bétwe_en.ﬂlese lateral ... ..

supports there is an open space 443. A plurality of parailel conductive
beams as at 444 and 446 extend in opposed relation from each of these

lateral supports. Each of these beams has a first section 448 which is

embedded in one of the lateral supports and a second exposed section

450 which extends upwardly and inwardly to contact one of the blade
elements of the plug. A solder tail 451 also extends from the first section
448. ' |
In this_ embodiment fhe. plug 410 h-a.s- an'open mternal cavit_'y 453.
This cavity is produced by the céntact support tdoling used during the
insert molding process.. In the new 'd_esig-h a metal or met'alliZed-plastie
structure 455 is inserted info the cavity 453 of the plug 410 to provide a

gro’und plane underneath the contact arrays on both sides of the plug |

" connector. It is contoured and shaped to accommodate the éhang"es in

internal geometry so that a reasonably constant charactenstlc Jmpedaﬁ_cé o

is maintained throughout the length of the connector-crosssection=The =~
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- tip 457 of the grounding structure projects through the plug, and when

mated to a standard .5mm receptacle, it will form a “choke joint” 4359 with
the appropriaté ground pad on the printed circuit board 461.

If properly contoured this arrangement can control the overall

| characteristic impedance of the connector and provide internal shielding’

so that the electrical characteristics of the connector might be improved:

The small size of the connector coupled with the impedance control and
shielding results in a low cross talk induced by the connector when high
speed signals are transmitted through it. As compared to conven_tibnal _
high performance connector systems this performance increase will be

possible with a significant decrease in manufacturing costs, as a result of

simplified processes and reduced part counts. Furthermore, a standard

receptacle can be used in the system, further reducing costs. The entire
connector system may be described as having only three discrete pieces -

as compared to substantially more pieces in a number of conventional

~connections. Furthermore, the number interfaces for the ground plane is -

reduced from three to two, with improved electrical -cha.raéteristics. This
embodiment combines the advanced manufacturing methodology insert
molding of both contacts simultaneously, with a simplified method for
impedance control and cross talk reduction to provide a'.-pi'bduét of o .
ultimately small size, low profile; high density and superior electrical

performance.

Referring to Figs. 12-14; the conrnector includes a plug shown =

genérally at numeral 510. As will be seen particularly from Fig. 14, the

| plug is comprised of ¢Iongated.latera1 supports 516 and 518 and a

parallel medial support 520. There is'an open ‘space€ 521 between the

lateral supports and above the medial support in the plug. - The plug also— -
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includes a plurality of opposed blade élements shown g'ehéfalli’ ét' _
‘numerals 522 and 524. Each of these blades includes a ﬁi'st 'éé.c'ti'on' 526

which is partially embedded in one of the lateral supports and a second

- section 528 which is embedded in a medial support. Intéi'bosed between

these first and second sections there is an exposed third"éectipri:'SSO. An

~ exposed fourth section 532 also extends downwardly from the second

section to allow through mounting on a printed wiring béérd. Theré'ié a
cavity 533 in the medial support 520. | |

It will be understood that this plug would be engagéable with a
suitable receptacle generally similar to those described above. n

Referring to Fig. 12-13, a mold specifically adapted'to manufacture

_ the plug element described above is described as follows. This mold |

includes a first mold member 552 which is made up of a planar section

554 which has a medial projection 556. There is also a second mold

member 564 which has a planar section 566 from which inner opposed

lateral projections 568 and 570 depend. Outwardly spaced from these
inner opposed lateral projections are outer opposed lateral projections
572 and 574. The second mold member may be superimposed over the
mold member so as to form a mediai cavity 576 above the medial
projection 556. Lateral cavities 578 and 580 would also be formed
between the inner and outer projections of the second mold member and

the planar section of the first mold member. In using this mold to

‘manufacture a connector element, conductive members 584 and 585

which extend respectively into cavities 586 and 587 in mold member 552.

Each of these conductor members has a first inner terminal end 588

 “which would be posmoned in the medial cav1ty 576. The conductive

. m members would also have a second section 590 which would be’
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interposed between the inner projections of the second mold. m.ember and.
the lateral surfaces of the medial projection of the first mold member.
Outwardly from the second section of the conductive members there

would be a thxrd sechon 592 wh1ch would be positioned in one of the

10

15

20

25

lateral cav1t1es 57 8 or 580 A fourth sectxon 590 for the conducuve

_..'..Lmember would be interposed between the outer prOJectlon of the second

mold member and the planar section of the first mold member

Conductwe members would also have an exterior exposed section 596

 with a strip outer terminal end S598. The planar section of the first mold

member would have outer opposed bores 600 and 602 which would

receive pilot pins 604 and 606. This mold would be used to manufacture

this particular plug shown in Fig. 14 in the same way as was described

above in connection with the mold shown in Fig. 7 except for the
differences described below.

A pre-formed frame of terminal carrier 608 is placed relative to the

. pilot pins 604 and 606 in the lower mold member 552. Special grooves

610 and 612 in center mold projection when in contact with the terminal

carrier strip, create a point of seal-off 614. The.mold is closed, at which
the bottom surface .of the upper mold member 564 comes in contact with

the terminal carrier 608, creating a situation where the terminal carrier

~ becomes an integral part of the mold seal off structure. The terminal .
~carrier strip will be removed later by breaking it away from the bottom of

~the connector housing and off of each individual terminal tail at a pre-

determined break away point at terminal end 5S88. The above described

method allows for straight 'ehgaging and dis-engaging of the mold cure

—toolmg, ‘which facilitates the molding process necessary to produce a

connector of this type
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e 1e1en“e'conomlcally manufactured
_ While the present invention has been described in_connection with_. ... ...
5 the preferred embodiments of the various ﬁgures xt is to be understood
that other similar embodunents may be used or mochf' catmns and
additions may be made to the described-embodiment for performing the
same function of the present invention without deviating _therefrom.
Therefore, the present invention should not be limited to any single
10. embodiment, but rather construed in breadth and scope in accordance

with the recitation of the appended claims.
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- Claims -
WHAT IS CLAIMED IS:
1. An electrical connector comprising:

(a)  afirst element having first and second opposed ends and

5 comprising (i} at least one insulative lateral support mcans, o
(ii) an insulative medial lateral support means and (m) a’
plurality of conductive means interposed between said first
and second ends having a first longitudinal section fixed to
the insulative lateral support means, a second longitudinal

10 - sectional fixed to the insulative medial support means and an
exposed third longitudinal section interposed between said.
first longitudinal section and said .s_econd;_longitudinal e
section; | |
(b) a second element having first and second opposed ends and
15 - comprising (i) at least one insulative suppbrt means and (ii) a
plurality of conductive means interposed between said first
and second ends having a first longitﬁdinal section fixed to
the insulative support means and an exposed second
longltudmal section which is in contact with the exposed
20 | third 10ng1tud1na1 sectlon of the ﬁrst element
(c)  aterminal solder tail extending from each of the conductive
means in the first element and from the insulative lateral
support means: e

'(d) ~ aterminal solder tail extending from each of the conductive -

25 means in the second element and from the lat(eral' support;
is Sheet Hai“BeﬂnlilTIlird
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. (e) stra.m rélief means extending laterally from one of sa1d
B .! o
g clements of its first and second ends.

2. The electrical connector of claim 1 wherein the stress relief means. :

is a metallic arm terminally attached to a conductwe pad

3. The electrical connector of claim 2 wherein the stress relief means

extends from the first element.

4. The electrical connector of claim 2 wherein the stress relief means

extends from the second element.

S. The electrical connector of claim 1 wherein the conductive means

of ﬁr_st element is a blade member.

6. The electrical connector of claim 5 wherein the conductive means of

the second element is a cantilevered beam member.

7. The electrical connector of claim 6 wherein the first Jongitudinal
section is at least in part embedded in the insulative lateral support
means and the third longitudinal section is at least in part embedded in

the insulative medial support means.

8. The electrical connector of claim 4 wherein the first longitudinal

section of the second element is at least in part embedded in the

' “insulative support means.

eet Has Been Reﬁaced
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o. The electrical connectdr of claim 1 wherein the 'ﬁr'st section of the
. e

conductive means of the first element has 4 términal solder tail which

. extends from its insulative lateral support means.

10. The electrical connector of claim 6 wherein the conductive means of

‘the second element has a terminal solder tail which extends from its

- insulative support.

11. The electrical connector of claim S wherein the first element is a

plug.

12 T@e.eleq_’_cr_ical connector of cl_aim 8 wherein the second elementis a

receptacle.

13.  The electrical connector of claim 9 wherein the plug additionally
comprises (iv) a second insulative lateral support means positioned in

opposed relation to said first insulative lateral support means, and (v) a

conductive means having a first longitudinal section at least in part

embédded within said second insulative lateral support means, a second
longitudinal section at least in part embedded within said medial |
insulative support means and an exposed third longitudinal secﬁon
interposed between said first longitudinal section and said second

longitudinal section.

14. - The electrical connectbr of claim 10 wherein the receptacle

““additionally compriseés (iii} a second insulative support means positioned

mopposed -fei,ation to the first insulative support means and (iv) a second -

This Sheet Has Been RTlaced :
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conductive means having a first longitudinal section at least in part

embedded in the second insulative support means and an exposed second. '-

- longitudinal section which is in contact with the exposed third

longitudinal section of the conductive means of the second lateral section.

3

15. In an electrical connectof.adai:té&f'tb“befsurface mounted on a
printed wiring board comprising a ﬁrst.eiement having a first end and a
second end and a second .element having a ﬁrst end and a second
element, wherein the 1mprovement comprises a stress relief means

extending laterally from one of said elements at its first and second ends.

16.. _ The electrical connector of claim 1 wherein the stress relief means

is a metallic arm terminally attached to a conductive pad.

17. The electrical connector of cl_aim 2 wherein the stress relief means

extends from the first element.

18. The electrical connector of claim 2 wherein the stress relief menas

-extends from the second element.- -

19. An electrical connector comprising:
(a) . afirst element comprising. (i) at least one insulative lateral -
' ““support means, (ii} an {fisulative medial lateral support
means and (iii) a conductive means baving first longitudinal
section fixed to the insulative lateral suppdrt means,. a second

N 'longltudmal sectmnal fixed to tﬁe lnsulatlve medial support B

L :-means and -an- expased thn'd longltudxnal sectmn 1nterposed

This Sheet Has Been Repl
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between said first longitudinal section and said second
longitudinal section; and

{b) a second element comprising (i} at least one insulative |

support means and (i) a cor_iductive means havinga first

longitudinal section fixed to the insulative support means and
an exposed second longitudinal s'ect'idﬁ?-virhi'-éh isin contact
with the exposed third longxtudmal sectlon of the first

element.

20. The electrical connector of claim 19 wherein the first element is a
plug.
21. The electrical connector of claim 20 wherein the plug is grounded to

a printed wiring board.

22. A plug for use in an electrical connector comprising (i) at least one
insulative lateral support means, {ii) an insulative medial lateral support
means and (iii} a conductive means havmg a first longitudinal sectlon
fixed to the 1nsu1at1ve lateral support means, & second longitudinal
sectional fixed to the msulatn_rc medial sup_pqr_t means, an exposed third

longitudinal secﬁbn_interposed between said first longitudinal section and

said longitudinal section and an exposed fourth longjtudinal section

extending from thé insulative medial lateral support means in opposed

relation to the third longitudinal section.

This Sheet Has Been Reﬂlaced
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