1 Electrical Connector And Manufacturing Method Thereof The present
invention relates to an el ectrical conﬂector and in particular to a nethod
for manufacturing sanme. Wth the ongoihg trend towards snaller, faster and
hi gher performance el ectrical conmponents, such as a processor used in
conputers, routers, switches, etc., it has becone increasingly inportant
for the electri CaEIe'cﬂ‘i@eﬂfC%ﬁﬁﬁac%roﬂﬂd Mlﬁuﬁé&%hh?%bth%fhér@ofi' SO operate at
hi gher frequencies and at higher densities with increased throughput. 1In a
traditional approach for interconnecting circuit boards, one circuit board
serves &B8e Rrasgpkipvanionaigipten o an wiactrical gonnastitand ippaFticularie ayaetteddae
typ'Ca'hﬁnh@é&ﬂnﬁ%ﬁﬁ%ﬁtor commonly referred to as a header that includes a
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t he backpl ane. The daughter board connector, commonly referred to as a
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gigabits or nore per second. As woul d be ‘expected, the higher performance
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minimize signal degradation. A ground shield is sometimes provided on the module
to reduce interference or crosstalk. In addition, a ground shield may be added to the
ground contacts on the header connector. Improving connector performance and
increasing contact density to increase signal carrying capacity without increasing the

size of the connectors is challenging.

Some older connectors, which are still in use today, operate at speeds of one gigabit
per second or less. In contrast, many of today's high performance connectors are
capable of operating at speeds of up to 10 gigabits or more per second. As would be

expected, the higher performance connector also comes with a higher cost.



Anot her problem which mght occur in electrical connectors, is that the
contacts in the housing of the electrigal connector, in particular the
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suppor tthegostact poirsaldormesmiabreadrocritioal ngnineumwatliest enovi ng t he at | east one
supporting strip in the first over-nolded | ead-franme after conpletion of
the first pver-noldi ng step,,apd over-nol di the first. pver-nol ded
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perspective view of a |l ead-frame of electrical conductors according to an
enbodi semourding hibei elastridgabngonductors should be as continuous as possible, and
irregularities within the dielectric material should be avoided. In particular, introducing
cavities in the over-molded material, which are filled with air, that has different electrical
properties than the over-molded material itself, should be avoided as they introduce

differences in the electrical characteristics within the dielectric material, thereby



Figure 2 is a perspective view of a first over-nol ded | ead-frame of

el ectrical conductors upon conpletion of a first over-nolding step; Figure
3 is a perspective view of the first over-nol ded | ead-frame of electrical
conductors shown in Figure 2 after renoval of a first supporting strip from
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ot her. molding step, and over-molding the first over-molded lead-frame with a second dielectric
material in a second over-molding step in such manner as to fill the at least one aperture
and a space left between the electrical conductors after removal of the at least one

supporting strip.

The present invention will be described in detail in the following based on the figures

enclosed with the application.

Figure 1 is a perspective view of a lead-frame of electrical conductors according to an

embodiment of the invention;

Figure 2 is a perspective view of a first over-molded lead-frame of electrical conductors

upon completion of a first over-molding step;

Figure 3 is a perspective view of the first over-molded lead-frame of electrical conductors
shown in Figure 2 after removal of a first supporting strip from the lead-frame of electrical

conductors;



Even though Fig. 1 represents the particul ar case where two supporting

strips 1, 1' are forned in the Iead-fr@ne 10 of electrical conductors to
mai ntain the electrical conductors in a certain position with respect to
each other, it can also be envisaged to foresee only a single supporting
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urality of apertures 6, 6' is represented . in Fig , it may al so
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aperture 6 wo formed In e over-nol de rame 20. The Iea -frane
10 of dhaiceaninesls the alggtricel eoridsictoreto eadhdettiefni th a diel ectric material 5,
which is preferentially nade out of a liquid crystal polyner, which can be

easi | y A%V%O\m?'nﬁqﬁi r%”‘F' B 9y fl @%ﬁh@?gﬂnﬁgfnﬁ% b§ah tﬁ%ﬂ?&é#ﬂaﬁ% 3, hi gh
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rel ati qulohhapecond supporting strip 1’ is arranged in the portion of the lead-frame 10 of
electrical conductors comprised between the mounting edge and the first supporting strip
1. The second supporting strip 1’ also allows to maintain the electrical conductors in a

predetermined position with respect to each other.

Even though Fig. 1 represents the particular case where two supporting strips 1, 1" are
formed in the lead-frame 10 of electrical conductors to maintain the electrical conductors
in a certain position with respect to each other, it can also be envisaged to foresee only a
single supporting strip in the lead-frame 10 of electrical conductors. However, the
mechanical stability of the lead-frame 10 of electrical conductors can be enhanced when

using two supporting strips 1, 1'. The supporting strips 1, 1’ provide the advantage of




6 The over-nold out of dielectric material 5 may al so conprise one or a
plurality of protrusions 5 as well as_one or a plurality of cavities 5",
whi ch all ow for connecting thereto a second over-nol d made out of a second
di el ectric material (not shown), which will be arranged on the first
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is over-nolded with a second dielectric naterial 7. %’he first aperture 6

and secefritie gpermalde ag well @sdBe gipunting keniéoer2.nol d nade out of the first
dielectric material 5 and the space |left between the electrical conductors
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t he secon over - m second di el ect r| mater
order tio the deashtramaviG o‘éslef;irllcalecbnnuptoraus acgessible for being removed at a Iater

stage, in order to electrically insulate the electrical conductors from each other. A second
aperture 6’ is also formed in the over-mold 5, so as to render the second supporting strip
1" accessible for being removed at a later stage, in order to electrically insulate the
electrical conductors from each other. The method used to remove the first and second

supporting strips 1, 1’ will be explained in the following.

Even though a plurality of apertures 6, 6 is represented in Fig. 2, it may also be
considered, as already mentioned above, that only one supporting strip supports the
lead-frame 10 of electrical conductors, in which case a single aperture 6 would be

formed in the over-molded lead-frame 20.

The lead-frame 10 of electrical conductors is over-molded with a dielectric material 5,
which is preferentially made out of a liquid crystal polymer, which can be easily over-
molded, and provides outstanding mechanical properties at high temperatures, as well

as excellent chemical resistance, while being relatively cheap.



surroundi ng the electrical conductors of the lead-frane 10. In such a way,
the cavities are filled with second diglectric material 7, thereby allow ng
to avoid discontinuities in the dielectric material surrounding the

el ectrical conductors of the lead-frame 10. The second dielectric materi al
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being present in the electrical contact nodule 30, high electrical

perforn#fiRe of the electrical connector can be achieved. LIST OF REFERENCE
SIGNS 1 first supporting strip 1' second supporting strip

Figure 4 shows a perspective view of the over-molded lead-frame 20 shown in Fig. 3,
wherein the first supporting strip 1’ is removed from the over-molded lead-frame 20 after
completion of the first over-molding step. The removal of the supporting strip 1’
comprises cutting away the connection points connecting the electrical conductors to
each other, thereby electrically insulating the electrical connectors from each other.
During this removal step, the conductive material comprised between the electrical
conductors is removed. This therefore leaves a hole in the remaining dielectric material
that has been over-molded in the space between the electrical conductors during the first

over-molding step.

Figure 5 shows a perspective view of the over-molded lead-frame 20 of Figure 4 after a

second over-molding step, thereby forming an electrical contact module 30.

After removal of the supporting strips 1, 1’ connecting the electrical conductors of the
lead-frame 10 to each other, a second over-molding step is performed, wherein the first

over-molded lead-frame 20 is over-molded with a second dielectric material 7.

The first aperture 6 and second aperture 6 foreseen in the over-mold made out of the
first dielectric material 5 and the space left between the electrical conductors after
removal of the respective supporting strips 1, 1’ are filled during the second over-molding

step with the second dielectric material 7, in order to prevent cavities filled with air



1" third supporting strip 2 mating contacts 4 nounting contacts 5 first
over-nold 5 protrusion of the first er-nold 5" cavity of the first
over-nold 6 first aperture of the first over-nold 6' second aperture of the
first over-mold 7 second over-nold 10 | ead-frame of electrical conductors

surrounding the electrical conductors of the lead-frame 10. In such a way, the cavities
are filled with second dielectric material 7, thereby allowing to avoid discontinuities in the

dielectric material surrounding the electrical conductors of the lead-frame 10.

The second dielectric material 7 can be preferably foreseen as a dielectric material
identical to the first dielectric material 5, or, alternatively, as a dielectric material different
from the first dielectric material 5, and having a melting point that is lower than the

melting point of the first dielectric material 5.

When the first over-molded lead-frame 20 comprises protrusions 5’ and cavities 5", the
over-mold made out of the second dielectric material 7 comprises corresponding cavities
and protrusions, respectively, in order to allow for connecting the over-mold made out of

the second dielectric material 7 with the first over-molded lead-frame 20 more easily.

Figure 6 shows a perspective view of a finished electrical contact module 30 after a final
step of removing the third supporting strip 17 between the mating contacts. The
connection points between the electrical connectors at the mating edge are cut away,

thereby electrical insulating the mating contacts 2 from each.

According to another embodiment of the invention, a method for assembling an electrical
connector is provided, wherein a plurality of electrical contact modules 30 are inserted
into an electrical connector housing. An electrical contact module 30 is also referred to in
the art as a chicklet, a plurality of which may be foreseen into an electrical connector

housing, thereby providing an electrical connector.

Since the second dielectric material 7 is over-molded on the first over-molded lead-frame
20 in such a way as to avoid any cavities filled with air from being present in the electrical
contact module 30, high electrical performance of the electrical connector can be

achieved.




20 first over-nolded | ead-franme of electrical conductors 30 electrical
contact nodule 9 CLAIMS 1. A nethod fgr manuf acturing an el ectri cal
contact nodule (30), said nmethod conprising the follow ng steps: formng a
| ead-frame (10) of electrical conductors, wherein at |east one supporting
strip (1, 1') is forned in the |lead-frame (10) of electrical conductors in
such a pET OF REFERENCE SiIgNs el ectrical conductors in a predeterm ned
position with respect to each other, over-nolding the |ead-frane (10) of
el ectrical conductors with a first dielectric material (5) in a first
over - mol di'ngfirst @gpportingr €8y obt ai ning a first over-nol ded | ead-frame (20),
wherein at | east one aperture (6, 6') is formed in the first over-nvol ded
| ead- framg: (<), ggubwi%gﬁi at | east one supporting strip (1, 1') is
accessible for gei ng re veg renoving the at |east one supporting strip (1
, 1') inthe first over-nolded |ead-frame (20) after conpletion of the
first overl nirdisipretiegstriind over-nol ding the first over-nol ded | ead-frame
(20) with a second dielectric material (7) in a second over-nolding step in
such manner ﬁ?tiﬁ c&iltb{:tst he at | east one aperture (6, 6') and a space |eft
between the electrical conductors after renoval of the at |east one
supporting strip (1, 1').

4 mounting contacts

5 first over-mold

5 protrusion of the first over-mold

5" cavity of the first over-mold

6 first aperture of the first over-mold

6’ second aperture of the first over-mold

7 second over-mold

10 lead-frame of electrical conductors

20 first over-molded lead-frame of electrical conductors

30 electrical contact module



2. The nethod according to claiml1l , wherein said supporting strip (1, 1')
Is fornmed as a strip nade out of a sane conductive naterial as the
conductive material used to formthe |ead-frane (10) of electrical
conductors, wherein said strip connects the electrical connectors with each
other. 3. The nmethod according to claign?2, wherein said step of renoving
the at | east one supporting strip (1, 1') conprises cutting away the
connection points between the electrical connectors, thereby electrically

i nsul ati n€CLLABM®| ectrical connectors fromeach other. 4. The nethod
according to one of clains 1 to 3, wherein two supporting strips (1, 1')
are forned.in Whaethd@fbr fadiiRctOdfy adélc@tiet tonteamodoRAB! &idme@bd t WO
correspondi ng apaphdiEse (Blowdd)stegse fornmed in the first over-nol ded

| ead-frame (20) so that the two supporting strips (1, 1') are accessible
for being re”DY&Han%1&&1‘%&@%1@%QE&HEQ'c&Qiufcf%r@%el%fn £hakighel to 4, wherein
a second SUPPOE‘@p in tsaf 1 %215 foifld ihshledd & ﬁ@&jdi) LPOLLE, %Bnclfugf%ﬁstmone

bl
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conductors at i?ks Lde g?ﬁﬁh%% rkgy%>§% &gond@%g% &Hg)sa d net hod
further conpr|§% '8 v? “d second supporting strip (1") after

conpl etion of the secon ver - nol thereb el ec . insulatin
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material (7) tmaldeddeaddeamei (BQ) sotthatthreat igastsaneghpnosieng §tip (atldris al (5) used in
the first overageessthlafpr beigpremoved,

removing the at least one supporting strip (1, 1') in the first over-molded lead-
frame (20) after completion of the first over-molding step, and

over-molding the first over-molded lead-frame (20) with a second dielectric
material (7) in a second over-molding step in such manner as to fill the at least
one aperture (6, 6') and a space left between the electrical conductors after
removal of the at least one supporting strip (1, 1").

2. The method according to claim 1 , wherein said supporting strip (1, 1') is formed
as a strip made out of a same conductive material as the conductive material used
to form the lead-frame (10) of electrical conductors, wherein said strip connects
the electrical connectors with each other.

3. The method according to claim 2, wherein said step of removing the at least one
supporting strip (1, 1') comprises cutting away the connection points between the
electrical connectors, thereby electrically insulating the electrical connectors from
each other.

4. The method according to one of claims 1 to 3, wherein two supporting strips (1
1") are formed in the lead-frame (10) of electrical conductors, and two
corresponding apertures (6, 61) are formed in the first over-molded lead-frame
(20) so that the two supporting strips (1 , 1') are accessible for being removed.

5. The method according to one of claims 1 to 4, wherein a second supporting strip
(2), that is different from the at least one supporting strip (1, 1'), is formed in the
lead-frame (10) of electrical conductors at a mating side of the electrical
conductors, and said method further comprises removing said second supporting
strip (1") after completion of the second over-molding step, thereby electrically
insulating the mating contacts from each other.




7. The nethod according to one of clains 1 to 5, wherein the first
over-nol ded |l ead- franme (20) is over-nolded in the second over-nol ding step
with a second dielectric material (7) that is different fromthe first
dielectric material (5) used in the first over-nolding step and that has a
|l ower nelting point than the melting pgint of the first dielectric material
(5. 8. A nethod for assenbling an electrical connector, said nethod
conprising inserting a plurality of electrical contact nodul es (30)
manuf act ureed aqeaEhRiHYE at@rding tdBHePdlaghs Diol, Rehetcdn BB SR bv&lAbIaEd kad O 7 inNtoO
an electrical ¢aRREEH)S oVHPHSIMY: in the second over-molding step with a second

dielectric material (7) that is identical to the first dielectric material (5) used in the

first over-molding step.

7. The method according to one of claims 1 to 5, wherein the first over-molded lead-
frame (20) is over-molded in the second over-molding step with a second
dielectric material (7) that is different from the first dielectric material (5) used in
the first over-molding step and that has a lower melting point than the melting
point of the first dielectric material (5).

8. A method for assembling an electrical connector, said method comprising
inserting a plurality of electrical contact modules (30) manufactured according to
the method according to one of claims 1 to 7 into an electrical connector housing.



