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AN ELECTRI CAL CONNECTOR AND AN ASSOCI ATED METHOD FOR
COVPENSATI NG FCR CROSSTALK BETVWEEN A PLURALITY OF
CONDUCTORS The present invention relates to_an

el ectrical connﬂ?t’f/fmﬁ%\w ng a plurality of conductors a

conpensate f or crosstal k between the conduct ors. : A
nunber of electrical connectors include a 10 plurality of eIongate
conductors which electrically i nterconnect respective inputs and
out puts of the connect AN. EERCTRICAL (CONNECTOR SAND | AN ASSOCHATEDt , an

el ongat e conductor which is adBEHOR FOR GOMPENSATING \FOR CROSHEAEKanot her
el ongate conductor will typical IBETWERY AcPRURALAEE QF SCIPHCRORSCr osstalk is

general ly defined as the unwanted coupling or transm ssion of an

el ectpical signal §romone pai fmff g%égﬁttf?@éﬁg:ﬂﬁf re}I e?s negrdy pair of

wires. Crosstalk occurs bX:# nduct i eti_c d) coupling and by

capacitive (electric ©198ET$5as} (FPnESGEPFnBa"”FQl 3 RIERIALY | Ofc rRRRARFL TR s

of - arranged to compensate for crosstalk between the
: conductors.
A number of electrical connectors include a

10 plurality of elongate conductors which electrically
interconnect respective inputs and outputs of the
connector. As known to those skilled in the art, an
elongate conductor which is adjacent to or relatively
near another elongate conductor will typically

15 experience crosstalk. Crosstalk is generally defined
as the unwanted coupling or transmission of an
electrical signal from one pair of wires to another
nearby pair of wires. Crosstalk occurs by inductive
(magnetic field) coupling and by capacitive (electric

20 field) coupling. In addition, increased levels of
crosstalk are established between conductors which
extend in a parallel or near-parallel relationship,
such as the elongate conductors of many electrical
connectors.

25 Crosstalk is generally undesirable as the
integrity and definition of the signals transmitted via
the conductor is impaired by the interfering coupled
signals. In addition, the strength of the signals
transmitted via the respective conductor is also

30 typically reduced by the energy expanded or wasted in
crosstalk, particularly at relatively high frequencies.
Therefore, various methods have been employed to reduce
or compensate for crosstalk, particularly within

» electrical connectors which include a plurality of
35 elongate conductors.
. A high frequency electrical connector which

has been developed to reduce crosstalk is described in
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crosstal k are established between conductors which extend in a

paral l el or near-parallel relationship, such as the el ongate
conductors of nmany el ectri cal connect ors. 25 Crosstal k
is generally undesirable as the integrity and definition of the

si gnal s transm Mo3013 " the conductor is inpaired by t hECTIEWMERS g
coupl ed sighals. In addition, the strength of the signals .~
transmtted via the respective conductor is also 30 typically reduced by
t he energy expanded or wasted in crosstal k, particularly at '

relatively high frequéhSi.ePatent No.Thel8Fof¢7 whidhuachudescs mumkemadh
enpl oyed to reduce conddbtSLdNIRed bAl aCADSEdtiic Bartasd!laddy W thin

Choihcrcrs, °oeetor s SRLERPELANE LISy it IELOMMAE, cor ot
has been devel oped toleg&tice B9 PE rheiestengidy | At least one of the
U.S. Patent No. 5, 586 eléhgube Céoriduetoes cRosses NiHE @athf of casbttierr s nount ed
O e et r O SU T A Enauce 8% DA R hlfihg AT YohBA '
therebetween to reduce the crosstalk between the
conductors.
' As technology advances communications systems
10 are being forced to operate at higher frequencies which
lead to increases in crosstalk. Although connectors
which have their conductors crossing paths are
effective at reducing crosstalk, the higher operating
frequencies necessitate still greater reductions in
15 crosstalk in order to meet performance'standards. The
present invention provides a connector having a novel
arrangement of conductors in order to achieve a further
reduction in crosstalk.
The problem to be solved by the present
20 invention is to provide an electrical connector which
compensates for crosstalk between a number of conductor
pairs. .
It would be most advantageous if this problem
could be solved by a connector which is easily
25 manufactured, assembled, cost effective, and easily
used; including the characteristic that the connector
can be efficiently wired and rewired.
This problem has been solved by providing an
electrical connector which includes a housing defining
30 an intermal cavity, and a plurality of elongate
conductors positioned at least partially within the
cavity and including a pair of conductors'positioned in
an overlapping, vertically spaced relationship to
compensate for crosstalk between the conductors.
35 According to one embodiment, the conductors also
include first and second elongate conductors which
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at least a portion of their length. At |least one of 5 the elongate
conductors crosses the path of another conductor w thout making

el ectrical contact t herebetween to reduce the crosstal k between the
conduct ors. _ Anot her el ectrical connector which has been 10
devel oped to r 3¥Q8&Mtosstal k is disclosed in | nt er nat i onBFI/BEMY%462%: | on
Nunmber WO 94/21007. .This connector also has a plurality of generally
par al | el conductors including at |east one conductor which Crosses
the path of another conductor w thout making 15 el ectrical contact '

It her ebﬁt ween. Fgrt herextidhd BhSa subé?ﬁ?ﬂﬁ@hlq @ﬁgamél,t he teaadagt ﬁplacaae
ateral |y spaced- rit and sone e _conduct or s,

spaced- apart suc’FFa"ta%‘&P ﬂépc%ﬂiﬁ(c)rt}ﬁi’i §'e|588‘5§é vfeﬁr{sﬁ:c\aéﬁdts w8 L above
anot her conduct or. 2@redetemnemrmmé-pca§vaﬁce@fcc}'lhmmr@éﬁpUﬁ%'
syst ens are bei ngi &HtGRM, t EnOPBIEE 3ia Hedbal Eofliittitiisclatlerally

lead "t o |ncreases n crosst nect or ave their
conductors cr055| p%ﬁ‘??ss é{ﬁhh?'t’)@la?srel‘balﬂ' sa@ﬁ' g.%\:;gr%%ae \(g?’f? Ig'clélﬁl're effective
at reducing 25 cr osst%tlﬁ@ehelwehnghérhe)mwgrf Ltegrinn d& spaced; apast
still greater reducti®fsm 't'heC Qé%t%ﬁdﬂéwﬁ%htﬁennﬁetwhich kbl paiEnoE

st andards. The prese I nve rov novel .
arrangenent of condu&rb"“r £9 gor%rqfﬁ l}"(?lg-@-ﬁf%Qe nﬁﬁér?ﬁ’e:}i\éggg'c fon in
crosstalk. 30 °~  vertipsdlyrepaced txelatiomship.hyBY Hateraddy crossing
invention is to prooVvigife #irgteshd  dedorid WiRGgateWBbsductorsC amdebyat es f or

crosstalk between a %Jég%.etrlo%fingoar.]g Ufeta(,)ét a pa@.‘}i b the conductors in an
overlapping, vertically spaced relationship, the
electrical connector of the present invention
compensates for crosstalk between the plurality of

15 conductors. ..

The in\_fention will now be described by way of
reference to the drawings, wherein:

Figure 1 is a gfeatly enlarged exploded
perspective view of an electrical connector according

20 to the present invention;

Figure 2 is a greatly enlarged perspective
view of an electrical connector of the present
invention illustrating the assembled housing;

Figure 3 is a greatly enlarged cross-

25 sectional view of an electrical connector according to
the present invention illustrating an elongate
conductor and the rearwardly extending silos taken
along line 3-3 of Figure 2;

Figure 4 is a greatly enlarged exploded view

30 of an electrical connector_according to the present
invention illustrating the relationship of the first
and second supporting members and the elongate
conductors sandwiched therebetween;

Figure 5 is a top plan view of a lead frame

35 assembly according‘ to the present invention
illustrating a plurality of aligned lead frames;
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It would be nost advantageous if this problem 35 could be solved by a

connector which is easily manuf act ured, assenbl ed, coat effective, and
easily o 2 used; including the
characteristic that the connector can be efficiently wired and rew red.
Thi s probl em haWoi9e8MW1%ol ved by an el ectri cal connect or cBFFPR¥EE 5
housing and a plurality of 5 elongate conductors positioned at |east
partially within a cavity defined within said housing, each of sai d
conductors having a contact portion at a first end and a conduct or

term nating portion at a secona:.gurle 6 is eadidef view o dheudeads Tirameng a
respective 10 substan? ggskg&ﬁrgmgitﬂlﬁkgtpﬁéjrﬁé tippefr, midalengsd e
I rst _an

conductors includin second conductors which extend in a
substantial ly paral | e'}°wer 1eafaf¥aMeRip fromtheir respective first ends to
a predet ermi ned crossover Fbgareoh ishexr grehtlyientarged r¥ossecond

conductors laterally gLasgnsh! Hodl 681@AN I19¥d ¢rame assembly of Figure 5
' taken along line 7-7;

Figure 8-is a greatly enlarged fragmentary
top plan view of the lead frame assembly of Figure 5
illustrating the overlapping relationship of the

10 compensating segments;

Figure 9 is a greatly enlarged fragmentary
cross-sectional view of an electrical connector
according to the present invention illustrating the
insertion of a conductor into an insulation

15 displacement slot with an impact tool;

Figure 10 is a plan view of the upper lead
frame of the lead frame assembly illustrated in
Figure 5;

Figure 11 is a cross-sectional side view of

20 the upper lead frame of Figure 10;

Figure 12 is a plan view of the middle lead
frame of the lead frame assembly illustrated in
FPigure 5;

Figure 13 is a cross-sectional side view of

25 the middle lead frame of Figure 10;

Figure 14 is a plan view of the lower lead
frame of the lead frame assembly illustrated in
Figure 5; and

Pigure 15 is a cross-sectional side view of

30 the lower lead frame of Figure 10.

Referririg now to Figures 1-3, one embodiment
of an electrical connector 10 according to the present
invention is illustrated. In particular, the
illustrated embodiment of the electrical connector is a

35 modular jack, such as a modular telephone jack, which
is adapted to provide electrical connection between the
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el ectrical contact therebetween, characterized in that: said
first and second conductors are | ateral | y spaced-apart, each of said
first and second conductors has a respective conpensating segnment which

20 is wider than.its respective said substantially - const ' and
sai d conpensat W88 fent s are positioned in an overl app%%?fzgal ly
spaced rel ationship at a predeterm ned | ocation spaced-apart from
the crossover |ocation to conpensate for crosstal k 25 between said

plurality of conductors. 2a
individual conductors of a multi-conductor cable, such

as a telecommunications cable and a variety of
telecommunications devices, such as telephones,
computers and facsimile machines. More specifically,

5 the multi-conductor cable is typically a distribution
cable which extends from a telecommunications junction
box, or a cross-connect, to an outlet. While a modular
telephone jack is illustrated and described herein, the
electrical connector of the present invention can be

10 embodied in other types of connectors without departing
from the spirit and scope of the present invention.

As illustrated in Figures 2 and 3, the
electrical connector 10 generally includes a housing 12
defining an internal cavity 14 in which a plurality of

15 elongate conductors 16 are at least partially
positioned. Each of the conductors has a resilient
contact portion 18 at a first end and an imsulation
displacement contact portion 20 at a second end,
opposite the first emd. As shown in further detail in

20 Figqure 1, each insulation displacement contact portion
preferably includes a pair of opposed blade portions
defining an insulation displacement siot 22
therebetween.

» The housing 12 is typically comprised of a

25 plastic material, such as polyester resin, - to provide a
relatively strong and durable structure which is also
relatively inexpensive. However, the housing can be
comprised of other materials without departing from the
spirit and scope of the present invention.

30 As best illustrated in Figure 1, the housing
12 is generally comprised of multiple components which
can be secured together to form the assembled housing.

In particular, the housing of this embodiment includes
a housing body 24 defining the internmal cavity 14 which

35 opens through a. front surface 26 of the housing. As

illustrated, the size and shape of the intermal cavity
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The invention will now be described by way of exanple with reference to

the draw ngs wherein: Figure 1 is a greatly enl arged expl oded
perspective view of an electrical connector according 5 to the present

I nventi on; Figure 2 is a greatly enlarged perspective

view of an el ecWPP®8IMTonnect or of the present i nvent i on PFI/HSR6/04628

t he assenbl ed housi ng; Figure 3 is a greatly enlarged cross-
10 sectional view of an electrical connector accordi ng to t he present
invention illustrating an el ongate conductor and the rearwardly

extendi ng sil os takenand the opgningectlirduglf thiegfiron®;surface of the Figure
4 is a greatly enl ar ggg, £y QQ@ yé@é&-éﬁwfae%&galae%Ifeﬂeﬁe&nacmandard
according to the presg ent I O | ust,rati elagfl of the
first and second %%"tpﬁfemqe Wnbe eé}ﬂ}‘%‘-ﬁg @Eg?lg'%ﬁeger ﬁ' é‘ﬁ
sandw ched t her ebet weBirst and second suppanhiagomenbers @8 phinzh/am of a
| ead frame 20 assenblyedGoRl 4hBg trle 'Hisudtiy® Bolty' SEHreAdaptetl bYSITating
a plurality of all gned e d a.ngnfaterally space the elongate conductoras 16
as explained in detail below. Finally, the housing
preferably includes a strain relief cap 30 which forms
the rear surface 34 of the housing. As illustrated,
10 the strain relief cap defines a plurality of apertures
32 extending therethrough. '
The plurality of elongate conductors 16 are
generally positioned between the first and second
supporting members 28 such that the respective first
15 ends of the elongate conductors extend from a first
side 36 of the first and second supporting members and
the respective second ends of the elongate conductors
extend from a second side 38 of the first and second
supporting members, opposite their respective first
20 sildes, as shown in Figure 4. At least one of the
supporting members preferably includes a plurality of
ribs 40 extending inwardly between the opposed first
and second supporting members. As illustrated in
. Figure 1, the first supporting member includes the
25 plurality of inwardly extending ribs, however, the
second supporting member can include ribs without
departing from the spirit and scope of the present
invention. The inwardly extending ribs define a
plurality of channels 42 in which the elongate
30 conductors are disposed. Thus, the ribs laterally
space the elongate conductors and provide an insulating
layer between the conductors to prevent electrical
contact therebetween.
As shown in Figure 4, the first ends of the
35 elongate conductors 16 are generally folded about the
first side 36 of the first supporting member 28 to form
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35

respective resilient contact portioné 18, such as the
illustrated spring contacts, for example. As
illustrated in Figure 1, the first supporting member
can include a forwardly tapered portion 29 to
facilitate the folding of the elongate conductors
thereabout.

In addition, the second ends of the plurélity
of elongate conductors are bent, according to a
predetermined pattern, at the second side 38 of the
first and second supporting members. As shown in
Figures 1 and 3, a number of the elongate conductors
are bent so as to extend in a generally upward
direction while the remainder of the conductors are
bent so as to extend in a generally downward direction.

According to the illustrated embodiment, one half of
the conductors are bent generally upward and one half
of the conductors are bent generally downward. The
opposed blade portions of the insulation displacement -
contact portions 20 of the plurality of elongate
conductors are also preferably bent so as to extend
longitudinally rearward. As illustrated, the first and
second supporting members each include an upstanding
wall portion 44 which provides a surface to support the
bent portions of the elongate conductors.

Once the elongate conductors 16 have been
shaped or bent, the plurality of elongate conductors
and the first and second supporting members 28 can be
inserted into the housing body 24 such that the first
ends of the plurality of elongate conductors extend, at
least partially, into the internal cavity 14 defined by
the housing body. The first and second suppbrting
members and the plurality of conductors sandwiched
therebetween, are preferably interlocked with the
housing body. For example, in the illustrated
embodiment, the first and second supporting members
include tapered shoulders which deflect and lock behind
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Frgure 6 is a side view of the |lead frane assenbly of Figure 5
iI'lustrating the upper, niddle and _ | ower | ead franes;

Figure 7 is a greatly enlarged cross- 5 sectional view-of the |ead
frame assenbl y WOt e 5 taken along line 7-7; PCT/US96/04628
Figure 8 is a greatly enlarged fragnentary top plan view of the |ead
frame assenbly of Figure 5 illustrating the overlapping rel ationship
of the 10 conpensating segnents; Figure 9 is a greatly"

enl ar ged, I r atghrrent ar W:ompleméiﬂ:&&? 645 iedtinddngwEebmarhe heubingabodpnnect or
according to e pre dye t i f
z‘ﬁ?& ever, 'g\:ixgg O;fl%&:*é; Jiatiz{égrﬁ.gﬁkz.n% the' Eiﬁéf: ahqot a

conductor into an in cenen act tool;
Figure 10 is a plan vPeqens supporpirg mrs in tPFa?r%“%‘fngt H@ eS8 Pere
assenbly illustrated éfiployed witBoit departing from the spiirdur andlscepe of

cross-sectional S|5de gﬁgv%#geteﬁtzgn%%&wer | ead frame of Figure 10;

Figure 12 is a pldn view frame of the | ead franme
assenbly illustrated in Fhgreafter, the plurality of rearwardly

extending insulation displacement contact portions 20
can be inserted into respective apertures 32 defined in
the strain relief cap 30. The strain relief cap is
10 also preferably interlocked with the housing body 24 to
form an integral housing 12. As described above, the
opposed side surfaces of the strain relief cap can
include respective tapered shoulders which deflect and
lock behind a pair of complementary tabs extending from
15 the housing body. N
Due to_the folded configuration of the
elongate conductors 16 and the size and shape of the
housing 12, the electrical connector 10 of the present
invention is relatively compact. Thus, the electrical
20 connector can be mounted within wall plates or other
fixtures which provide only limited clearance for the
connector. . .
The plurality of elongate conductors 16 of
the electrical connector 10 of the present invention
25 are positioned in an adjacent, laterally spaced
relationship. Typically, the plurality of elongate
conductors also extend substantially parallel as shown
in Figures 1 and 5. As known to those skilled in the
art, adjacent conductors and, in particular, conductors
30 which extend in a substantially parallel relationship
suffer from crosstalk between the adjacent conductors.
As best illustrated in Figures 5-8 which
depict a lead frame assembly 46 including a plurality
of elongate conductors 16, the plurality of elongate
35 conductors preferably include a pair of conductors
positioned in an overlapping, \(ertically spaced



Figure 13 is a cross-sectional side view of 25 the mddle | ead franme of
Fi gure 10; Figure 14 is a plan view of the | ower |ead
frame of the lead frane assenbly illustrated in Figure 5; and
Figure 15 is a cross-sectional side view of 30 the lower lead frame of
Fi gure 10. WO 96/37017 Referring now to Figures 1-3, one BEHYSI/RIGRS
of an electrical connector 10 according to the present I nvention is
illustrated. In particular, the il lustrated enbodi ment of the

el ectrical connector is a 35 nodul ar jack, such as a nodul ar tel ephone

j ack, which | s Péiyivthshep PES ddkpetisiitle ifoRl ceossrak Datheontthet he

4 WD 96/ 37017 . gHiUS 04628
i ndi vi dual conduct orsc%:*dué:tr?ﬁFt’i -%%enf(ﬁﬁ:atb&ry'catgﬁeflg%hend 18P as 'ag'g/

t el ecommuni cati ons cRARtigvday. e agpidiient contackRerhiornc 2L &88hdevi ces,

such as tel ephones, elongate conductor has a predetermined width. The
5 overlapping portions of the conductors are
advantageously wider than the predetermined width of
the end portions of the conductor to thereby define
relatively wide compensating segments 48.
Preferably, the pair of elongate conductors
10 16 are positioned in the overlapping, vertically spaced
relationship for a predetermined distance. 1In
addition, only a predetermined portion of their
respective compensating segments 48 are preferably
overlapped in a vertically spaced relationship so as to
15 establish capacitive coupling therebetween. For |
example, the overlapping portions of the compensating
segments are illustratively shown cross-hatched for
clarity in Figure 8. ' In particular, the length of the
compensating segments as well as the width of the
20 portions of the compensating segments which overlap in
a vertically spaced relationship can be selected to
optimize the capacitive coupling therebetween and,
consequently, to compensate for crosstalk between the
conductors. For example, increasing the width of the
25 portions of the compensating segments which overlap in
a vertically spaced relationship or increasing the
length of the compensating segments increase the
capacitive coupling between the compensating segments
and provide increased compensation for crosstalk
30 Dbetween the conductors.

As known to those skilled in the art, the
innermost conductors of a plurality of laterally spaced
elongate conductors 16 generally experience increased
levels of crosstalk in comparison with the outermost

35 elongate conductors. Accordingly, the pair of
conductors which include the compensating segments 48

9



conmputers and facsimle machi nes. Mre specifically, 5 the

nmul ti-conductor cable is typically a distribution _ cabl e whi ch extends
froma tel ecommuni cations junction - box, or a cross-connect, to an
outlet. Wile a nodul ar tel ephone jack is illustrated and descri bed
herein, the WO rical connector of the present inventi¥fi/es9§o428 10
enbodi ed in other types of connectors w thout departing fromthe
spirit and scope of the present invention. As illustrated
in Figures 2 and 3, the el ectrical connector 10 generally includes a

housi ng 12 def | poBitbonéedtial anl overldpping, wentichlly Hpaced ty of
15 el ongate conductor§.eig L8, l?:i'p Ia%s% tdiity Yan innerPpsit igghed. Each of
F ? on f8pg§

t he conductors has a resil1en act ﬁ%rtlon %@% rirst. end and
an insul ation dFepAucERRSt JdEnPRet SFRRdANta o Firsy and sefopdgpailrs
opposite the first endf ésondwyd dohdubtbdie rarteipoditioned2in tegpeetiveecach
I nsul ation displ acgne t.p ' Lol tdes Inbra OF
opposed bl ade portlfong{reggggﬁ#e?'i %kggg%l%%ssﬁﬁe%%g%%?%%% nt s otgﬂégn

t her ebet ween. in Figuresrify [{o8B8An8y fBhe Lixps aad| gecond ppdzs Bf 2
25 plastic material , etongate dotidoetbes 4xsiprefieraplyvihe katerally

rel atively strong a”diﬁﬂéﬁﬁ&& _séc{ﬂﬁ%%gse Wl C%g%?ﬁin%l%,f %@eﬁbﬁegy

| nexpensi ve. However, ousi ng can I se her nmaterials
wi t hout departing froftPEReased levels, pf grppataiie FREUbTe SGEELRPRAL i on.
30 As best cbipehsastish.in Figure 1, the housing 12 is

enerally conprised of nultipl i ' :
?ogetheryto Pgrn1the assenblgdqﬁgggﬁﬁgﬁigééthkpEFﬁu§g?t|aﬂ1g?f§?ggiﬁgﬁ§¥ng
of this enbodi ment ineFua%gngate connectors can also include first and
second elongate conductors which extend in a
substantially parallel, laterally spaced relationship
15 from their respective first ends to a predetermined
crossover location 49. At the crossover location, the
first and second conductors laterally cross without
establishing electrical contact therebetween.
Accordingly, by laterally crossing the first and second -
20 conductors, additional compensation for crosstalk
between the conductors is provided. In particular, the
lateral crossing of the conductors is believed to
reverse the polarity of the crosstalk between the -
conductors such that the cumulative effect of the
25 crosstalk is reduced, if not eliminated.
In one embodiment, each elongate conductor 16
laterally crosses another of the elongate conductors at
a crossover location 49. In this embodiment, the
electrical connector 10 preferably includes a plurality
30 of pairs of elongate conductors which extend in a
substantially parallel, la&erally spaced relationship
from their respective first ends to predetermined
crossover locations where one conductor of each
conductor pair laterally crosses the other conductor of
35 the conductor pair without establishing electrical
contact therebetween. Preferably, the croasover
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a housing body 24 defining the internal cavity 14 which 35 opens through
a” front surface 26 of the housing. As illustrated, the size and
shape of the internal cavity WO 96/ 37017

PCT/ US96/ 04628 and the opening through the front surface of the
housi ng are preV228B1%? desi gned to received a standard BHAYas

pl ug. The housing al so preferably includes first and second
supporting nmenbers 28 which are 5 inserted into the housing body and are
adapted to support and | aterally space the el ongate conductors 16

as expl ai ned in det ai Lot ions EiEnahéyplmrelin;us:ifngairs of peldngatis y

includes a strain rel hgig \&g,%rgoilggt %Qté | egjhesﬁéﬁ”aétﬁﬁ € Gidh-

t he housing. As |IIustrat e straln re cap defines a plurality
of apertures 328198 HedAkdorRBLRBt hr ough. The plurality
of el ongate conductors 16 are The pogian:homldi;/ ghes crossevebclawshiahddf i r st

and second Syppﬁéiéfﬁ¥éﬂtgbﬁﬁé E%mfaﬁ ﬁ%k bigng&ed céondlfctdrsslie i
ends of the el ongate conductors exten o
preferably se ected suc that sufficient compensation
is provided between the crossover location and the
second ends of the respective conductors for crosstalk
which occurred, for example, between the respective

10 first ends of the elongate conductors and the crossover
location. In one preferred embodiment, the distances
15 defined by each of the conductors between the
crossover location and their respective first and
second ends, 50 and 52 respectively, are equal.

15 -As described above, the inwardly extending
ribs 40 of the first supporting member 28 of the
illustrated embodiment laterally spaces and aligns the
elongate conductors 16 and prevents electrical contact
between adjacent conductors. In addition, in ome

20 embodiment, the portions of the first and second
conductors which laterally cross at the predetermined
crossover location 49 are coated with an insulating
coating. Thus, the conductors can be relatively close
without establishing electrical contact therebetween.

25 The insulating coating can be polyvinyl formal or
polyamide/polyimide, for example. In addition, the
compensating segments 48 of the pair of conductors
which overlap in a vertically spaced relationship can
also be coated with an insulating coating, such as

30 polyvinyl formal or polyamide/polyimide. Therefore,
the vertical spacing between the compensating segments
can be relatively small without establishing electrical
contact between the conductors. Alternatively, in the
embodiments of the electrical comnnector 10 of the

35 present invention in which the compensating segments
and the portions of the first and second conductors
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side 36 of the first and second supporting nenbers and t he respective

second ends of the el ongate conductors extend froma second side 38
of the first and second supporting nmenbers, opposite their respective
first 20 sides, ,as shown in Figure 4. At |east one of the

supporting menWeeeEI0Ef er ably i ncludes a plurality of r PER/UINGN04628
extending i nwardly between the opposed first and second supporting
menbers. As illustrated in Figure 1, the first supporting nenber

i ncl udes the 25 plurality of inwardly extending ribs, however, the
second supporting rrenhnicmamieﬁtallmﬁecfbbs arrd ottt coated witylardn rimshilatindge

spirit and scope, of S nt; 08 éngéﬁ?é I ng
ri bs define a F'.ura %e %% & gﬁ%‘é @%’2 I'n J(i:'i ; gat tel:q'Bg
conductors are di sposﬁﬁgmeﬁﬁ?s a-FﬁePFP%%rmléﬁﬁaFﬁ a suf sé'flaﬁﬁﬁate
conductors and provi deoaprdvinit! fblbdge brea}t&tmrbbewmrthé\ecmmumrs to

prevent el ectrical conta mgf I n
Figure 4, the firs? ends of thgB &ggﬁsPEé gu%g% % ﬁ%?are generally

fol ded about the copneaiorsife Sgchias H‘ehef mogul %ﬁpﬁﬁ’r hepedfse ofsthe
form illustrated embodimént, is adapted to be mounted in a

wall plate or face plate 54 which can thereafter be
mounted in a wall or other supporting structure to

10 complete the insulation. Although not illustrated, a
modular plug can be inserted into the opening 14
defined in the front surface 26 of the housing 12 of
the electrical connector to establish electrical
connection between a telecommunications device (not

15 shown) and the multi-conductor cable, via the
electrical connector.

As known to those skilled in the art, the
modular plug generally includes a plurality of
conductive elements arranged in a predetermined order

20 ‘and adapted for electrical connection with
predetermined conductors of the multi-conductor cable.

Accordingly, the respective first ends of the

plurality of elongate conductors 16 of the electrical
connector 10 of the present invention are preferably

25 arranged in a first predetermined order such that each
conductive element of the modular plug deflects and
thereby electrically contacts the resilient contact
portion 18 of a predetermined conductor.

In addition, the second ends of the plurality

30 of elongate conductors 16 of the electrical connector
10 are preferably arranged in a second predetermined
order. As known to those skilled in the art, the
conductors of the multi-conductor cable, such as a
telecommunications cable, are generally arranged in

35 pairs which are twisted to reduce crosstalk between the
conductors. Therefore, the second predetermined order

12
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respective resilient contact portions 18, such as the. i1 lustrated
spring contacts, for exanple. As illustrated in Figure 1, the first
supporting rrerrber can include a forwardly tapered portion 29 to 5
facilitate the WOSH#MY of the el ongate conductors . t her e ZhEE6/04628

In addition, the second ends of the plurality of el ongate conductors
are bent, accor di ng to a predeterm ned pattern, at the second side 38
of the 10 first and second supporting nenbers. As shown in Fi gures
1 and 3, a nunber of b¢hethd aegptetivadsetand ends of atlee h=lungatens t o ext end

In a generally upwar dconduct %g ggtgggf%\%%ﬁ ah&@&i%\?ﬁ[ Hat adipnduct ors

are bent so as to exte ownwar rectlon 15

According to the ill uSPRHEPTRBRI uc'%ﬁre ¥; off the mulbi-condyetor, o
are bent general ly upesble dedinsertedfin an adjlceht itmwsuledtiors are bent

general |y downvards T8fepiacensAPPAF Ph 20ARRIAIAREy O e o sbiidet | 0N

di spl acenent cont act rti i t I ura at e
conductors are al so pFe# yPELhE Qb %‘%et“é}ﬂézﬁt -ERgaw é/°r ‘Fagﬁgﬁt rﬁﬂ“\ag'n
rearward. As il ustrateibtadh¢of aridcatilon very neevnths uimeulatigpmenber s

each include an upst agﬁ%?g&cement ‘\Q@M{.agﬁeﬁd,{gioﬁg %Ig@(ﬁ.g% cﬁﬁ.tq,‘eiurface
to support the en ortrons o te co ctors.
Once the el ongate con fﬁ°ﬁ§% eH:ween he Netord e tre muled-

10 conductor cable. In addition, by terminating each
conductor of a twisted conductor pair in an adjacent
insulation displacement slot, a technician installing
the electrical connector and inserting the conductors
of the multi-conductor cable into the respective

15 insulation displacement slots can readily insert the
conductor therein. Further, both the conductors and
the portions of the housing 12 surrounding the
respective apertures 32 are preferably color-coded to
further facilitate wiring of the electrical connector

20 10. _

As illustrated in Figure 5, at least one of
the plurality of elongate conductors 16 laterally
crosses another of the plurality conductors at a
location between the crosscover location 49 and the

25 second end of the at least one connector. The
conductors laterally cross between the crossover
location and their respective second ends so that the
respective second ends of the plurality connectors are
arranged in the second predetermined order.

30 As illustrated in Figures 5-7, the plurality
of elongate conductors 16 are preferably fabricated
from a plurality of lead frames 56 of a lead frame
assembly 46. Each lead frame preferably includes at
least one elongate conductor extending from a first end

35 connected to a first side 58 of the lead frame to a
second end connected to a second side of the lead frame

13



shaped or bent, the plurality of elongate conductors and the first
and second supporting nenbers 28 can be I nserted into the housing
body 24 such that the first ends of the plurality of elongate
conductors extend, at 30 least partially, into the internal cavity 14
defined by W@ MBI usi ng body. The first and second supporliqTﬁbs"x’“‘m
menbers and the plurality of conductors sandw ched t her ebet ween, are
preferably interlocked with the housi ng body. For exanple, in the
illustrated 35 enbodi ment, the first and second supporting nenbers

i ncl ude tapered shoul c&&,s opposhtedficefiratdsidek bEmiaddition, the lead

7 WO 96/ 37017 frame assembly preferably includes alignkédt UnSn$A628
conpl enentary tabs ext e‘}rf]r'gll n frog t rﬁtho% | ng. bod‘i. _ Hog:g\r?gr .gt%%
means of interlocking r 8 PHYRpLILY ol atignesd ARFTHrRE et log e
housi ng body can be each deplofxaie) ifiosualdgpingitrire fpluralhey spf rleadind
scope of 5 the pres@iinesVedhé Obad frames are preferably aligned such
that the conductors of the plurality of lead frames
include at least one pair of conductors which laterally
cross at the predetermined crossover location 49 and at
least one pair of conductors which includes
10 compensating segments 48 arranged in an overlapping,
vertically spaced relationship as described
hereinabove.
As illustrated in Figures 10-15, the lead
frame assembly 46 of the illustrated embodiment
15 includes three lead frames 56 which each include a
plurality of elongate conductors 16. As shown in
Figures 6 and 7, the three lead frames are stacked so
as to include upper, middle and lower lead frames. The
upper, middle and lower lead frames are illustrated in
20 more detail in top plan views in Figures 10, 12 and 14,
respectively, and in cross-sectional side views in
Figures 11, 13 and 15, respectively. It will be
apparent, however, that the lead frame assembly can
include any number of lead frames without departing
25 from the spirit and scope of the present invention.
According to one embodiment of the present
invention, the elongate conductors 16 of the electrical
connector 10 are comprised of a phosphorous bronze
copper alloy material. More particularly, the
30 plurality of lead frames 56, including the plurality of
elongate conductors, can be stamped from a sheet of
bronze material which is coated with a layer of
phosphorous. The plurality of lead frames can also be
coated with an insulating coating, such as polyvinyl
35 formal or polyamide/polyimide, to further prevent
electrical contact between the plurality of elongate

14



Thereafter, the plurality of rearwardly extendi ng insul ation

dirspl acenent contact portions 20 can be inserted into respective
apertures 32 defined in the strain relief cap 30. The strain relief
cap is 10 al so preferably interlocked with the housing body 24 to

form an integr WORMIhg 12. As described above, the opB

surfaces of the strain relief cap can I ncl ude respective tapered
shoul ders whi ch defl ect and | ock behind a pair of conplenentary tabs
extending from 15 the housing body. Due to the fol ded
configuration. of the conduct&tsnngThe Leaduftames ldam tHethoe alkigmed, shagte

f th h ' 2ot sect £
0 e ousi ngF; by n%%‘ﬁﬁ%h&h&a%%% ﬁzc géf%e&r!?y%é‘&?r!iead

invention is relative C us, 20, connegt or c be
mounted wi thin val | pESRBE. At the, £ikst andsqqend SHRPEFEIIE HERBTH (28
linmted clearance forcahebe positionedeonoopposite sides of theimlygakittyty
of elongate conduckor§ed8 £fames.. Th%hfzﬁhé%é Citln GFNERE I PTuddl Dy (4

present invention 25 are_positioned 1 n an ‘adjacent, laterally, spaced

rel atjonship. Typical F§adt 8,C3R; thersbe &l and the cﬁﬂ%ﬁfﬂ% al so

extend substantially paoagaee condabbtons folded iabdutgthesfirsindarid sescdnbwn

to those skilled in thg ting Hehbefd] 45 €4 fﬁﬂ&“ﬁéﬁ:@iﬁéﬁbvé%ﬂﬁ”&écm ar,
g?ce:ﬁdirl;gn T e&éT y parallel

conductors 30 whi ch_g substant| a rel ati onship
suffer from crosst al kihERFEEHeh &R 8R4 tonduct or s. As

best illustrated i1 Fi gures 5- @swilthstrated ieFigures| ted, feherstassanb| y
46 including a plural kkYiesr cap 30 of! PRIFHSuSAY UG PrasdPabiyGidiided tay Of
el ongate 35 conduct Biﬁrﬂféf rc:o lo%txlvgg gepxao eaétredOfsiigg délf.t Or'ﬁle silos
extend laterally rearwardly from the rear surface 34 of
the housing and are positioned to project outwardly
15 from portions of the rear surface between the plurality
of apertures 32 defined therein. Due to the rearward
projection of the silos, the insulation displacement
contact portion 20 of each of the plurality of
conductors 16 which extend through a respective
20 aperture 32 defined in the rear surface of the housing
extends between a pair of adjacent silos. Accordingly,
a conductor of the multi-conductor cable can be
ingerted into the insulation displacement slot 22 by
application of a forwardly directed force to the wire,
25 that is, a force directed generally in a direction from
the rear surface of the housing toward the front
surface of the housing as shown in Figure 9. Each silo .
can be color-coded to match the color-coding of the
conductor of the multi-conductor cable further
30 simplifying installation and wiring of the electrical
connector.

The requisite insertion force is typically
provided by an impact tool 66, such as those
manufactured and sold by AT&T and Krone which bear

35 Product Nos. Harris-Dracon D-814 and LSA-PLUS #6417 2
055-01, respectively. As known to those skilled in the

15



positioned in an overlapping, vertically spaced WO 96/ 37017

PCT/ US96/ 04628 rel ati onship to conpensate for crosstal k between

t he conductors. Preferably, the first end 18 and, in

particular, the resilient contact portion of each el ongat e conduct or
has a predeter n™OM3MIAth. The 5 overl appi ng portions of tRETUSMUYERE, s
are _advant ageously wi der than the predeterm ned w dth of t he
end portions of the conductor to thereby define relatively w de
conpensati ng segnents 48. Preferably, the pair of elongate-

conductors 10 16 ar @rpesimpagtedooist hetoorty BRPIYY thecfores | necassartl to
relationship for a prqﬁabetna Nehatceb2nNg - 1hto an insadgtis®aisplaceient

e breferanly " aler 46 daringa bycER TG B1SRla e )
to 15 establish cap@@ir!:w% %u@tnglsneﬂmmusﬂimtemlinamm e, the
over| appi ng porti oss Qhgbbfed WERRANSELYNY The silos 64 are preferably sized
and shaped to receive either the impact tool
manufactured by either AT&T or Krone. In addition,
-each silo preferably extends rearwardly beyond the
insulation displacement contact portions to separate
10 and protect the insulation displacement contact
portions. The portions of the silos which extends
rearwardly beyond the insulation displacement contact
portions provide a surface against which the impact
tool can seat to thereby further protect the insulation
15 -displacement contact portions.
By inserting the conductors 16 into the
respective insulation displacement slots 22 with a
forwardly directed force, the conductors 13 can be
inserted after the electrical connector 10 has been
20 mounted in a wall plate 54 as shown in Figure 9. Thus,
the installation of the electrical connector is
simplified since the electrical connector need no
longer be handled after the conductors have been
inserted into the insulation displacement slots. In
25 addition, in many instances it is desirable to re-wire
or change the wiring pattern of a particular outlet so
as to provide different or additional
telecommunications features. According to the present
invention, the wall plate can be removed and, with the
30 electrical connector installed therein, withdrawn from
the wall. Thereafter, the connection of the individual
conductors to the insulation displacement slots of the
electrical connector can be revised as desired without
removing the electrical connector from the wall piate.
35  Accordingly, wiring and re-wiring of the electrical

16



segnents are illustratively shown cross-hatched for clarity in Figure
8- In particular, the length of the . conpensati ng segnents as well as
the width of the 20 portions of the conpensating segnments which overl ap
in a vertically spaced relationship can be selected to optim ze
t he capacitive WORBTHY t her ebet wveen and, consequent |y, ’f%"‘@ﬁﬂg@?&at e
for crosstal k between the conductors. For exanple, increasing the

wi dt h of the 25 portions of the conpensating segnents which overlap in

a vertically spaced relationship or increasing the | engt h of the
conpensating segnent s conneetse itsheimplifiedpbyithe eethogdl and appaxztus het
conpensating segnents g pre g_h%h@gohncreased corrpensat ion for '

crosstal k 30 betvveen the conduct or $o¥vn to those
skilled in the art, the |%é?ﬁﬂ§?r35ﬁ9uﬂo¢’§uﬁ:iesa2pﬁ 1 t§R0p silo
| ateral |y spaced 64cpoefatablyoddoiudes 46 leaah ahleyrehpislpmjaecta.ng

i lncreased | | eyel iaeérﬁiﬁﬁ%xﬁb&rhﬁ.yc%aﬂréaﬁ&? é/ﬁdehofhéhéuéﬂ%ﬁ'ﬂhe 35
el ongat e conductors. ﬁgcor %t%/), tggep i'xe conductorscgg Eg{:oréh I C 9

i ncl ude the conpensat i
insulation displacement slots 22 defined by the opposed

blade portions of the insulation displacement contact
portions 20. In one embodiment, first and second ribs

10 project laterally outward from portions of the side
surfaces of the silo which are separated by the
insulation displacement contact portions. For example,
in the illustrated embodiment, a first rib projects
laterally outward from a portion of the side surface of

15 the silo which is above the insulation displacement
contact portion while a second rib projects laterally
outward from a portion of the side surface of the silo
which is below the insulation displacement contact
portion. The outwardly projecting ribs can also be

20 . sized to frictionmally engage the conductor.

'~ Accordingly, the friction engagement of the conductor
restricts movement in the connector and reduces, if not
eliminates, strain on the conductor, thereby improving
the performance and service lifetime of the conductors.

25 In the drawings and specifications, there has
been set forth a preferred embodiment of the invention,
and although specific terms are employed, they are used
in generic and descriptive sense only and not for
purpose of limitation.
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positioned in an overl appi ng—ve+rt+eatty—spaced rel ationship are
preferably an inner pair of I n one enbodi nent, first and
second pairs of el onga Ellw E&iﬂ,ﬂﬂ&j&ﬂ positioned in respective 5
over | appi ng, veWO%AT1y spac " As shown BSUES 5
7 and 8, the first and second pairs of el ongate conductors are
preferably the laterally i nner most conductors which, accordingly,
experience i ncreased | evel s of crosstalk and require additional 10
conpensati on. _ As il lustrated ¢oadMsgures 5-8, the-plurality
of el ongate connectors can also include first and second el ongate
conductors which extend in a subs antial | ar al | at er al spaced
relationship 15 fromtheir respectPvg ?FF?? %’ﬁd’g‘”{nﬁcﬁpﬁr%ﬁﬁ%‘?%&

crossover |ocation 49honsinge(24£m90aad aocpluralityt lof elongatfe resinduators
second conductors kat gagh! Yosiche gog t partd3hab Liehiy £ I |
cont act therebetween. e ﬁo H&Olt gé Mraﬁ cros&ﬁ éﬁ}iﬂff?(g#)
and second 20 condufefiued wifrhin,saf ﬁ?r?l"fG g2 ctors
bet ween t he conduct or havingraveaigsct| popeion c(d&r att befirst erdtamrdala

crossing of the Condu%aaﬁctérb@éfnﬁ)ﬁﬁﬁiﬁ ortiod Q42)S8¢! Sd¥Und 1dnf Of the
crosstal k between the ors su aflve effect of

th
the 25 crosstalk i ss?‘éﬂuE%‘&rgHr‘ftyn ﬁ??‘ﬁ‘l‘?l%?% includlng firet and secona

10 elongate conductors which extend in a substantially
parallel, laterally spaced relationship, characterized
in that:

at least a portion of a pailr of said
conductors are positioned in an overlapping, wvertically

1S spaced relationship at a predetermined location (48)
spaced apart from the crossover location to compensate
for crosstalk between said plurality of conductors.

2. An electrical connector according to
20 Claim 1 wherein the portions of said plurality of
conductors which extend between their respective first
ends and the crossover location have a predetermined
width, and wherein the portions of the pair of
conductors which are positioned in an overlapping,
. 25 wvertically spaced relationship are wider than the
predetermined width of said plurality of conductors to
thereby define respective compensating segments.

3. An electrical connector according to
30 Claim 2 wherein only a predetermined portion of their
respective compensating segments of the pair of
conductors overlap for a predetermined distance in a
vertically spaced relationship so as to establish
capacitive coupling therebetween.
35

wRE] nlluih‘i‘ii\’ﬂiﬁ‘\‘ifﬁif“




I n one enbodi nent, each el ongate conductor 16 | aterally crosses
anot her of the el ongate conductors at a crossover location 49. In

this enbodi nent, the el Elljmmmmmmuﬂr 10 preferably includes a
plurality 30 of pairs of el _ which extend in a
substantial |y J¥PRBIT | aterally® spacdd rel tionship f PERIOSPAA4628
respective first ends to predeterm ned crossover | ocations where one
conductor of each conductor pair laterally crosses the other
conduct or of 35 the conductor pair w thout establishing electrical
contact therebetween. -  Preferablly, the slostaial connector according to any
10 WO 96/ 370 S96/ 04628

| ocations of the pl urléf???/d%%g [%la%nsl' o‘]’heefe()%%aataei d firStca()%%us(éDcogrgngr e
lateral ly aligned, suefrdictaysihaveca predeterminedecrapigyfhangition (49)
The position of the cwhesovsie f2est i M3 4Second donidatturs tiatdralllgngiriosef
the elongate condugt ogfy Gl Sstablishing electrical contact therebetween,
and the distances defined by each of said conductors
between the crossover location and their respective

first and second ends, respectively, are equal.

10 5. An electrical connector according to
Claim 4 wherein said plurality of elongate conductors
extend in a substantially parallel, laterally spaced
relationship from their respective first ends to their
respective crossover locations where each conductor

15 crosses an adjacent conductor without establishing
electrical contact therebetween.

6. An electrical connector according to

Claim 5 wherein first and second pairs of said

20 conductors are positioned in respective overlapping,
vertically spaced relationships at predetermined
locations between the crossover location and the second
ends of their respective conductors, and wherein said
first and second pairs of said conductors are the

25 laterally innermost conductors.

7. . An electrical comnnector according to any
of Claims 4-6 wherein portions of said first and second
conductors are coated with an insulating coating at the

30 predetermined crossover location.

8. 2n electrical commector according to any
preceding Claim wherein the portions of the pair of
conductors positioned in an overlapping, vertically

35 spaced relationship are coated with an insulating

19
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bet ween the crossover | ocati second ends of the respective
conductors for crosstalk ”IM for exanple, between the
respective 10 first ends of the e‘r on'gat ductors and the crossover

preferably sel ected such thafﬂuffmmﬁensat I on I's provided

| ocation. I n onWOBTMYred enbodi nent, 't he di stances 15 POHUB6ISy
each of the conductors between the crossover |ocation and their
respective first and second ends, 50 and 52 respectively, are equal.
15 As descri bed above, the inwardly extending ribs 40 of
the first supporting woikthg?6o afhdreby minimiké Ui atertieabash

| ateral |y spaces and %hkggﬁ EQ@En el ongate conductors 16 and prevents
el ectrical contact Fheen ‘adj acent conductors. In addition, in one
20 enbodi nent, the portions of the first and second conductors mhich

| aterally cross at the predeterg ne@gn electﬁmcwﬁhelceeetamﬂﬁny o amye

with an insul ating n h 0] ct C atlve
cl ose V\nthou? estfaEF g##négl eﬂ'}eEk ?‘%aﬁhéopnds}%&tiﬁrgr ggr n? f2 #ﬁe
i nsul ating coating caRlpEapd nmﬂmondeeﬁersare arranseriyémaieﬁ:gzﬁw. m de,
for exanple. In additipredetéfmined or@iefpesnd vigraiogaRnicasd de Ut sadiyr Of

conduct of s i CRaGKEiLap. o' aUGELLER! 1 SRASEH LELALY SRCRR

al so be coated with a ) suc
or pol yani de/ pol yi ni d&2idTRIERIGTY of °°nd¥¢kp¥ﬁﬂﬂﬁ éaﬂ°§§EE¥héﬁﬁ@Pﬁ@eﬁ he
conpensati ng segnant scrossovmmdut&ohaamaetlzlye sedondwehloof siidaalti 1eaag

el ectrical cont agh 85%&3%5 £ﬁ%¥: Li | h

enbodi ments of the eIechPca coﬁ%ggfgr éﬁénfégbgggggré%g%%miﬁ%g%t?gn in

whi ch t he conpensatlnﬁaéggﬂ¥ﬂﬁ ality of conductors are arranged in a second
predetermined order.

15 10. An electrical comnector according to any
preceding Claim wherein said housing further comprises
a plurality of outwardly projecting silos (64)
extending rearwardly from the rear surface (34) wherein
said plurality of silos are positioned to project

20 outwardly from portions of the rear surface between the
plurality of apertures (32) defined therein, and
wherein said insulation displacement contact portiomn
(22) of each of said plurality of conductors, which
extends through a respective aperture defined in the

25 rear surface of said housing and between a pair of
adjacent silos, includes a pair of opposed blade
portions defining an insulation displacement slot
therebetween such that a wire can be inserted into the
insulation displacement slot by application of a

30 forwardly directed force to the wire.

20
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and the portions of the first and second conductors WO 96/ 37017
PCT/ Us96/ 04628 which laterally cross are not coated with an

i nsul ati ng coating, the conductors, including the conpensating
segnents, are preferably spaced a sufficient distance to prevent

vol tage breakdoWR®&Een the conductors. As PETHSIS04628y i n
Figure 9, the electrical connector 10, such as the nodul ar tel ephone
jack of the illustrated enbodinent, is adapted to be nmounted in a
wal | plate or face plate 54 which can thereafter be nmounted in a
wal | or other supporting structure to ~ ' I on.

Al t hough not illustrated, a nmogul ar plug can be inserted into the
openi ng 14 define$ in the fro surface 26 of the housing &; of

the el ectrical connectof¥To establi/sh electrical comfiect i oy bet ween a
t el ecomuni cations devi ge_(not 5 shown) and the nulti?Eondui,or cabl e,

via the el ectrica Ejeﬁﬁect




. \

As known to those skilled in the art, the nmodul ar plug generally

i ncludes a plurality of conductive elenents arranged in a

pr €det er m ned order‘m03%§7 and adapted for electrical connection with
predet er mi ned conduct or % the nulti-conductor cable. Accordi ngly,
the respective first ends of the plurality of elongate condg&h%rs 16
of ithe electrical connector 10 of the presgp invention are 596/04628
preferably 25 arranged in a first predeterm ned order such that each
conductive el ement of the nodul ar plug deflects and t her eby

el ectrically contacts the resilien64contact porti 18 of a

predet er m ned conduct or. 3 I n addition, second ends of
the plurality 30 of o‘lﬁa’t’e Co Ah;@!ﬁ* 9 eI{gct ' ect or
10 are preferably arr -ﬁ~ﬂg‘<J§w§ﬂha“-redeternineo o} dgT}. ﬁé: nown
to those skilled in the sotiNERE S ’§>nuiit|-éo ctor
cabl e, such as a z@wﬁrally rranged in
35 pairs which are tw s He
conductors. Therefore,
12
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WD 96/ 37017 PCT/ US96/ 04628 of
the respective second ends of the el ongate conductors is preferably
arranged such that each conductor of a conductor pair of the

mul ti - conduct or cable is inserted in an adjacent insulation 5

di spl acement s| WO %870 Accordi ngly, the tw stg% conduct oPCTHAISPE046E8 { he
mul ti-conductor cable can remain tw st to a | ocation very near the
i nsul ati on di spl acenent contact portions 20 so as to further

decrease crosstal k between the conductors of the multi- 10 conduct or
cable. In addition, by term nating each conductor of a tw sted
conductor pair in an adjacent i nsul ati on displacenent slot, a
technician installing the el ectrical connector andsinserting the
conduct ors of the nulti-conductor yabrE‘Tﬁto the r'gspectiveo 15
insul ation di splacenent slots can readil/y insert the
therein. Further, both the conductors

t he housi ng

12 surroundi ng the respective apertures 32 col or- coded
to . further facilitat iring offthe el ectr) 20 10.

As illustrated in Figure 5 t least/o of : @Rf el ongat e
conductors 16 laterally (ty &@nductors

at a | ocati on bet wee cr
end of the at | east one co ctor
bet ween the crossover

B second




| ocation and their respective second ends so that the respective
second ends of the plurality connectors are arranged in the second
pr edet er mi ned order. 30 As illustrated in Figures 5-7, the
plurality of elongate conductors 16 are preferably fabrlcated

froma plural i tWO86B8%0¥ad franes 56 of a |ead frame asscRBTIS964628 5o 1
| ead frame preferably includes at | eaglygone el ongat e conduct or
extending froma first end 35 connected to a first side 58 of the |ead
frane to a second end connect ed to a second side of the lead frane
13 WD 96/ 37017 PCT/ US96/ 04623
60, opposite the figt side. In adgjtlonggthe | ead frame assenbly
preferably includes«lignnent neamn® such@s a plurality of aligned
for aligning the pIHBaIity
ably aligned such_un

of Iegd 5 fra
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that the conductors of the plurality of |ead franes i ncl ude at | east
one pair of conductors which laterally cross at the predeterm ned
crossover |ocation 49 and at | east one pair of conductors which

i ncl udes 10 conpensating segnents 48 arranged in an overl appi ng,
vertically spac®f Htionship as descri bed her ei nabovePCY/US96/04628

As illustrated in Figures 10-15, .the lead g9 franme assenbly 46 of the
illustrated enbodi nent 15 includes three lead franes 56 which each

i ncl ude a plurality of elongate conductors 16. As shown in .
Figures 6 and 7, the three | ead franes are stacked so as to include
upper, mddle and | ower | ead franmes. The upper, mddle and | ower | ead
frames are illustrated in 20 nore detail in top plan views in Figures 10,
12 and 14, respectively, and in cross-sectional side views in

Figures 11, 13 and 15, respectively. It w

g be apparent, however,

de any nunber of |ead franes

sgqope of the present invention.
i nvention, the el ongate

SAAISL SIS

0 . gre conpri sefadfa

1l )
DRENNNNANNANNAY

that the lead frane assenbly can i nc
wi t hout departing 25 fromthe spirit an
According to on iment of the presen
conductors 16 of | ectrical C r 1

phosphor ous bro copper a1$5y i particul ar X221 He 30
plurality of lea ranes 56, i ncluding e p?%€3 Ity of elfongate
conductors, can be stanped froma s of onze material which is

coated with a | ayer- of phosphdffous. The pl lity of lead franmes can

al so be coated with an 1 nsul ati such as pol yvi nyl 35
formal or polyam de/ polyimde, to furi%?r[ﬂnevezt
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el ectrical contact between the plurality of elongate

14 WO 96/ 37017 PCT/ US96/ 04628

conductors. The | ead frames can then be aligned, such as by aligning
the apertures 62 defined by each | ead frame, and the first and
second supportiKQ*MAMErs 28 can be positioned on oppoBFIT/ESH468 of
the plurality S lead frames. The frame pogjg on of the plurality of
| ead frames can then be renoved and the renmaining el ongat €
conductors folded about the first and second supporting nenbers as
descri bed herei nabove and as illustrated in Figure 4. 10
As illustrated in Figures 1 the stoain relief cap 30 of the
housi ng 12 preferably incl ybtes a ™N pluﬂzlity of outwardly projected
silos 64. The silos extend latlerally fearwardly fromthe rear
surface 34 of t he thfrng'and re posf{tioned to project outwardly
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15 fromportions of the rear surface between the plurality of
apertures 32 defined therein. Due to the rearward projection of the
silos, the insulation displacenent contact portion 20 of each of the
plurality of conductors 16 which extend through a respective 20 :
aperture 32 defYO#BIPH the rear- surface of the housing - RETYUSR6/04628 .
between a pair of adjacent silos. Accordi nghys a conductor of the

mul ti-conductor cable can be inserted Into the insulation

di spl acenent slot 22 by application of a forwardly directed force to
the wire, 25 that is, a force directed generally in a direction from

the rear surface of tdye housing teyard €h o~ surface of the
can
of the

housi ng as shown in RPgure 9. EackP si 10 colﬂq-coded to match
ti-con uctor_cable

the col or-coding of the _ Qr

" further 30 sinplif

connector. { pically
provi ded by an i npact jtoo manuf act uried and sol d by
AT&T and Krone which D 5££§§%#$$§%%%é#§§25%% iS- Dracon 14 and
LSA- PLUS #6417 2 035- 01, Hegpectively. (As known to thfgse skilled in

t he 15 -

w
n

e .

h[:l. 11

)

l‘lEi. 10
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art,
conduct or
i nsul ati on di spl acenent

term nate the WO968%Y%rted conductor.

cont act

i npact tools not only apply the force necessary to
16 into an insulation displacenment

PCT/ US96/ 04628
insert a
slot 22 defined by an

portion 22, but also sinultaneously
The silos 64 are pref ePEHP{PMRI6IRJ

and shaped to receive either the i npact tool

AT&T or Krone.
beyond t he

I n addition,
i nsul ation di spl acenent contact portions to separate

and protect the insulation displacenent-contact
portions of the silos which exte

di spl acenent contact &N
i npact t ool

portlams

o0

Toarwe,
vide a su
t her pr

cafPseat to t heY\eby

manuf actured by either

each silo preferably extends rearwardly

10

portions. The
rdly yond the insul ation
rfaceuagalnst whi ch the

di spl acenent cont act

16 into the

i nsul at

p tl nnc.
respeéqtgﬁ FQ@
forwardly directed forcg, e condu

dlsplace

ectrlcal
| onggyr
he i nsul

ot

el ectsical connector 10 Yas
in Figure 9. Thus, tHe insta if
sinplified since the eleqgtrijcal con [
after the conductors havd bden i nsgifted in
di spl acement slots. In - ;
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ted after t he

54 as shown
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ote t he insul ation
rting tge conductors
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pl a
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25 addition, in many instances it is desirable to re-wire or change
the wiring pattern of a particular outlet so as to provide different
or additional t el econmuni cati ons features. According to the present
invention, the wall plate can be renoved and, with the 30 electrical
connect or i nst aWP8BMHerein, withdrawn from the wal | . TREFEWSRE ( he
connection of the individual . conduct orgygt 0 the insul ation

di spl acenent slots of the el ectrical connector can be revised as
desired wi thout removing the electrical connector fromthe wall

pl at e. 35 Accordingly, wiring and re-wiring of the electrical-

16 WO 96/ 3710 00 PCT/ US96/ 04628

. oN
connector is sinplifi®d by tﬁ%\nechod anﬂ?appgratus“%f t he present
| in

i nventi on. \\ As 'IIH%fraIed 'igur s 2 and 3, each silo
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.64 preferably includes at |east one: r|b 68 prOJectlng "5 laterally
outwardly from each side of the si lo.; “The -~ - ribs serve to guide the
conductors 16 into the i nsul ati on di spl acenent slots 22 defined by

t he oppo bl ade portions of the insulation contact
portlor?éafe FGF one enbodi ment, first and second ri b@gﬁgﬁﬁj

| aterally outward from port S 9 t | d Si

whi ch are separated by the 60“9 ‘?%I{}'T al\?? oﬁs’o:"%?)t %%eman h’i“é%‘%“%%r?. ons.
For exanpl e, nuribex hef | ¢enductnrsl reodukdesn, aadi$le@t11® sunfact s
laterally outward {4 Qﬂtﬁeﬂi&!ﬂ 4o ¢ ddiesidey %&t@f&pf:g&%ﬁ%ﬁ #

which is above the iInsul ation dIS | dcenent contact portion

second rib projed's ¥eash & 8ertd dn SuttRE I (IR pordF oheRFE t Pre s‘P%e
surface of the sidie elongady dtn@dmiwdfmsmutﬁnmlﬂioplmm

cont act por I roje o] 20 si zed
to frictionally ectndgrrz@icg“ctt%'g r%ﬁﬁj nt’a}& ﬁéccoré ng‘?&?t%fté fr| ction
engagenent of ttmihﬁﬁﬁhﬁﬁﬁ#en to redﬁqalﬁhQ;¢ﬁﬂﬁﬁﬁ#ﬁklbﬁEWQe¢oﬁMEctor and

reduces, if not congudid#d nates, strain on the conductor, thereby
| mprovi ng t he performanc and service lifetinme of the conductors

25 , In the drawi nd¥ ;ﬁ%ﬁqqﬁkn%%nﬁan?ﬁﬁQFtﬁE& has |heap g et
forth a pref aor edieprdlaien®do deduts ioneatialk is dischoked tiwugh specific

ter gﬁag;engm 0 e AR A1 s care 1 ) GRS GG W FEREG PR PonSE
connector atso has a plurallty of generally parallel
conductors including at least one conductor which
-crosses the path of another conductor without making

15 electrical ccntact therebetween. Further, in this

connector some of the conductors are laterally spaced-
apart and some of the conductors are vertically spaced-
apart such that one condudcor is located vertically

. above another conductor.
20 As technology advances communic¢ations systems

are keing fcrced to operate at higher frequencies which
lead to increases in crosstalk. Although connectors
which have their conductors crossing paths and located
one above the other-are=effect1ve at reducin
25 crosastalk, the higher cperating frequencies necessitate
still greater reductions in cxesstalk in order to meet
performance-standards. The present invention provides
a connector having a novel arrangement of ccnductors in
order to achieve a further: reduction in crogstalk.
30 The prcblem to be solved by the present
invention is te¢ provide an'eleétriéal connector which
compensates for crxosstalk between a number of conductor
paist | |
| It would be most advantageous if this problem
could be solved by a connector which is easily
manufactured, assembled, cost effective, and easily

[¥%]
(¥ ]
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housi ng (24, 30)
at | east partial
each of j d

and a 1§¥%§né§§:
sai d conductors

plurality of 10
conductors which

1. An elettrical connector conprising a

and a plurality of elongate conductors (16) positioned
ly within a cavity (14) 5 defined within said housi ng,
ductors having a contact portio %%%ﬁi f|r t end
tor termnating portion. (20) at a se ch of
Anlfopaet I n sai d
gﬁ%ngate Tonduct é#%élné?u | gh 95%%% %OXﬁé%“°r

B Rl & FE ciRmshmmizad wrpgrmw:ered relationship from

their respective first endsy§fy §roblem has besn solved by an electrical

10

connector comprising a housing and a plurality of
elongate conductors positioned at least partially
within a cavity defined within said housing, each cf
said conductors having a contact portion at a first end
and a ccnductor terminating portion at a second and,
each of said conductors having.a respective
substantially constant width, said plurality of
elongate conductors including first and second

" conductors which extend in a substantially parallel

20

25

relationship from their regpective first ends to a
predetermined crossover location where the first and
second cenductors latexally cross without establishing
electrical contact therebeﬁween, characterized in that:
said first and second conductors are
laterally spaced-apart, each of said first and second
conductors has a respectivéiccmpensating segment which
is wider than its respective said substantially
congtant width, and said compensating segments are
positioned in an overlapping, vertically spaced
relatiorship at a predetermined location spaced-apart
from the crossover locatisn to compensate for crosstalk
between said plurality of conductors. '
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.predeterm ned crossover |ocation (49) where the first and second
conductors laterally cross without 15 establishing electrical contact

t her ebet ween, characterized in that: said first and
second conductors are | ateral |y spaced-apart, each of said first and

second 1587%ofeffict ors has a respective conpensating EEBHéGFMFHE)Pégg mhlch
Is wider than its respecti st ant nst an

der chan PSRRI
sai d conpensating segments are RVERBEPEi ¥h R¥aR®o EFFﬁb%F g,Yv§?¥|8£IIy
spaced rel at | exatwpe avith prefierence ned tbeadrawingacwHezapant from

the crossover |ocation to corpensafe;fog §£8§§§9l%n£ Qg&“@&ﬂlééé

plurality of conductors. cal “connec
according to m@ﬁmqtmr*eiwmyazpr@h@@*érwabdcg@necbﬁg éf—‘cphélng

respective compensating ﬁf&&@ﬁ%slé$éhiﬂﬁﬁi'0”ed '” the 30 overlapping,
vertically spaced rel ationshj An el.ectrical connector

according to any pr ecedi %u?nl%WEw$F¢FH}¥t%ﬂ%@gaﬁ@fPﬁEED%Stéﬁ?d
first and second wiewlust cirs dbtaeeicdhecanmssoverofSStheéopatsencand their

respective TITst ANLALANY PIerating SOREL4¥ENK1 o8 FoBGYAL,;
Figure 3 is a greatly enlarged cross-

10 sectional view of an electrical connector accordirg to
the present invention illustrating an elongate
conductor and the rearwardly extending silos taken
along line 3-3 of Figure 2; '

Figure 4 is a greatly enlérged exploded view

15 of an electrical comnector according to the present
invention illustratihg the relationship of the first
and second supporting members and the elongate
conductors sandwiched therebetween;

Figure 5 is a top plan view of a lead frame

20 asgsembly according tc the present invention _
illustrating a plurality of aligned lead frames:



precedi

ECtOF

4.  An electrical

ng Caim wherein
bstantially

said plurality of eIon rs extend in a su '

paral |l el , IateraII ﬂ“!&ﬂ ship fromtheir respective 5 first

ends t ve crcssovaer ere each sses an
q P zEBRAALELRR BLR%

adj acent” conductor w t hout establishing electric
t her ebet ween. 5. An el ectgqigpkg connect o
Caim4 wherein first and second pairs of sajd .condu

respective conpensating seghent £ Hhectricsh peanerbREd
over | appi ng, - verth'mfdzlm {24 syECethd & plwrshipg 6f @I@
bet ween t he c s nd t.he seco en 3 p
respective conduc]brs *ﬁﬁgé;gk T i REY %%gl

conductors aré tlﬁ@ﬂlat%i arighin saithdrousingoneiich 00E. sa
An el ectrical coORRRSIAY é\}%ﬁé&&g E;&‘%-% Zplé))r egedi ng; L

portions of said first” an
conductor terminating portion (20) at a

each of said conductors having a respec
substantially constant width, said plur

r accordlng to 10
ctors have
CPMPEESpBEt fve

?&Eé rrbaﬁdubeé@él ons
heir

BEBnd ﬁﬁV}Eyo{lgéld

id conductors 6.
81 Ghygrg! §

gsecond end,
tive
ality of

10 elongate conductors including first and second

conductorg which extend in a substantia
relationship from their respective firs

lly parallel
t ends to a

predetermined crossover location (49) where the first

and gecond conduthrs laterally cross w
15 establisking élect:ical contact thersbe
characterized in that:
said first and second conduct
laterally spaced-apart, each of said £i
conductors has a respective compensatin
20 which is wider than its respective said
congtant width, and said compensating s
rositionaed in an overlapping, verticall
relationship at a predetermined locatia
from the crossover lccatlon to compensa
25 Dbetween said plurality of conductors.

2. An electrical connectoxr
Claim 1 wherein ounly predetermined port
respective compensating segments are po

ithout
tween,

ors are

rst and secénd

g segment (48)
substantially
egments ars

y spaced

n spaced-apart
te ‘cr crosstalk

accorxding to
ions of the
sitioned in the

30 overlapping, vertically spaced relationship.

3. An electrical connector
preceding Claim, wherein distances defi
first and second conductors between the

according to any

ined by said

crogsover

33 location and their regpective first and second ends,

respectively, are equal.

18
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.second conductors-are coated with an insulating coating at the
predeterm ned crossover | n" 7. An electrical
connector according to an$ﬂ "ﬂ""ﬂ“uu"laﬂllain1mherein the conpensating

segnent the first d@nd®sekont conductors are h an
Fa8r2 et ReahEnlied Fhcz

I nsul at ng to thereby mnimze the vertical

t her ebet ween. 30 8. An ect Ll n cqrdi .to any_of
O aims 4-7 wherein the [espgétiv%hngé%gg%gégogsgggstgg 88?8?§F%§y§8fany
conductors are arPRRGREINd alaipstwhereipncgaidr plcaldedeprt ghonghbeei n at

| east one of sai dcondupttrsl bkyesd CONFUSHBESahoialayl paehosses anot her of

35 said plurality, of %f duct oL s, al g lpcation betmegﬁ the ____crossover

| ocation and the S2coh CRFCRR; PERRERRARPIP Trom thelr respective

19 . 5 first ends to respective crcsscver locations whers each
conductor crosses an adjacent conductor without

establishing electrical contact therebetween.

5. An electrical conmnector according tc
10 Claim 4 wherein first and secord pairs of said
conductors have respective compensating segments.that
are positioned in respective cvexlapping, vertically
. spaced relationships at predetermined locationg between
the crossover location and the second ends of their
15 respective conductors, ard wherein said first and
second pairs of said conductors are the lateraliy
innérmost conductors.

6. An electrical connector according to any
20 . preceding Claim wherein portions of said first and
second conductoxs ars coated with an insulating coating
at the predetermined crossover locatiom.

7. An electrical comnector according tc any
25 preceding Claim whersin the compeﬁsating segmencs of
the first and second conductors are coated with an
insulating coating to thereby minimize the vertical
spacing therebetween.

30 8, - An elactrical connector according to any of
| Claims 4-7 wherein the respective first ends of said
plurality of conductors are arranged in & first
predetermined order, and wherein at least one of said
plurality of conductors laterally crosses another of
35 said plurality of conductors at a location betweer the
. crossover location and the second end of said at least

19
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.*one conductor such that the res ectlve *second ends of said plurality of
conductors are arrahﬂﬂ u” Eﬂﬁond predet er m ned order. 5
9. An electrical g to any preceding O ai m wherein
sai d hou3|égftnther conprlses *a plurality of ou#gardl roj ecting
silos @@ ®xt endi ng rearmardly fromthe rear sufFAGA WRBEE; n

said plurality of silos are os'ti ne, PLO] 1 o]
portions of the rear surfaé‘ e%% bl EﬁéglgPﬁ g%ggsgkﬁﬁ?egeﬁgﬁ?
defined therein, emis of aamneplunaﬁxtyxmﬂucondLCEOnsnarengrpanUEdnlﬁza) of

each of saJclég (#4 éﬁg SAEed 05 Saephi ch extends through
ed 1nt

respective aperture he rear surface of 15 said housing and
between a pair of adjacent silos, i ncludes a pair of opposed bl ade

portions defining an i syl atArp@I&@ﬁf@@ﬂe@bnﬁé@toﬂahcbbanﬁgewegﬂ
such that a wire %ﬁ§~be i nserted into th nsu ati acenent

sl ot by applicat iFFFH 3(ﬁ%@ﬂ%ﬂ%p%ﬁﬁlQh?%%&edc?%?%% ?E*FﬂsrmFngrlses

a plurality of outwardly projecting silos (&4)
extending rearwardly from the rear surface (34) wherein
said plurality of silos are positioned to project

10 outwardly from portioms of the rear suxface between the
plurality of apertures (32) defined therein, and
wherein said conductor terminating portion {20} of each
of said plurality of conductors, which extends through
a respective aperture defined in the rear surface of

15 said housing and hetween a na*r of adjacent siios,
includes a pair of opposed blade portions defining an
insulation digplacement slot (22) thersbetween such
that a wire can be inserted into the insulation
displacement slot by appllcatlon of a forwardly

20 directed forca to the w1re.
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conductors aré generally
substantially parallel and
laterally spaced and include
a resilient contact portion at
a first end and an insulation
displacement contact portion
at a second end, " The
clongate conductors inclnde
a palr of conductors, at
least a portion of which
are positioned in an
overlapping, vertically
spaced relationship.  The
portions of the pair of
conductors which

laterally spaced portions of

theconductmssoasmthmbydeﬁnempechvecompensmgsegmm!s. The length of the compensating segments as well as the width
of the portion of the compensating segments which overlap can be selected to establish capacitive coupling between the compensating
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