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ELF.CTRICAL CONNECTORS-

THIS SHEET HAS BEEN 
REPLACED 

This invention relates to a connection device that 

5 proVicl.es -any form of electrical._connection between-- two 

discrete electrical cables or alternatively an 
electrical cable terminated by a plug and electrically · 

insulated wires.- It has application, for example,· in 

data or telecQ.'llllUllications where a canputer texminal 

10 or telephone instrument is connected by a lead with an 

appropriate plug to a jaclc provided--in -a wall ·panel. 

The jack r~ .. : connection .. to. "data or telephOne 

cables on the oPPQaite. side: of:·the wall panel. · 

15 Arra.ng~ts are ~ in which a. jack is. provided on 

a wall ~,,the: jCJ.,~k b.illnCJ·.· connected.-· ·by : way. of- ·. a 

printed circuJ..~ ~ _W: .. teQDi.nal elements which can 

be connect.eel,_._ to,, _th• . telephone .. - wims~ Sueh. 

arrangements are not easily assembled nor are they 

20 easily cbanqed when faulty. 

• • ."!' : • ~ • -. 

An · improvement over this type of arrang~t is 

described in GB-A-2242080. This connector has . a . 

moulded housinq with a cavity for receiving the plug, 

.} 
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a first set of ·connectinq eleinents which can ~iw 

insulated wire and make electrical contact with the 

electrically conductive core and a second set of 

contacts which are connected to the first set · 8nd 

5 extend fran the first set to the eavity·~ucll that they 

can cane into eleetrieal ·contact with eoritac"ts; carried . 

10 

- -· 
by the · pluq. The ·s~nd set of contacts for part of 

their extent are located in lonqitudinal closely 

spaced relationship. 

In data canmimication systems coniiectors of this type 

operate satisfactorily at low or DIJderate data rates. 

As. data rates-increase however the systan connectors 

exhibit an .iJlq;>edance . imbalance which l.imi ts the 

15 perfoxmance of the systeiia. · -This · uipedance imbalance 

is usually measured a~ ,: 'n~ :aid ·. ~s~talk between · 

recogllised pairs. At~s have been made to alleviate 

this px:oblem by screeninq ··or by "recfUction in the size 

of the contact elements. These approaches are not 

20 entirely satisfactory and the present invention is 
concerned with an alternative solutions. 

This Sheet Has Been Replaced 
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The present solution arises partly fran a careful 

analysis of the origin of· crosstalk ina connector of 

a type described in GB-A~2242080. Our analysis in 

which the pairs of contacts are considered as f oi:ming 

5 a bridge ·network shows that · the major source of 

crosstalk arises from capacitative. imbalance between 

the pairs. 

The following simple mathematical mdel indentif ies 

·. 10 the problem ·to be solved. A CQnllector of the .type 

described in GB-A-22420~0- is an 8 wire/4 .. pair 

connector. There exist _ seyeral recognised wiring/pair 

configurations for this ._ · connector, but for 

simplification and clarif icatic;:>n only one of these 

15 will be_considered in tbe following analysis. 

·20 

It is usual to number the contacts on. the connector 

f ran l to 8. The recognised wiring/pair 

configurations are defined as follqwa_1 

Wires/Contacts 

l & 2 

3 & 6 

. . Reccgnised pair. config11ration 

Pair 2 

Pair 3 

111mi 1iii1iimr 

...... :J 
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Pair 1 · 

Pair 4 
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The equivalent circuit for say pa_i~ 1 & 3 is sh<:Ml in. 

Figure 2 of the dra~ngs. In thi~ Figure c1 .. is th~. 

capaci~ce between. contact,s:. 3 .. and : 5 . .,· c2- -- is · the·· 

.. :· .. 
capacitance · between contacts 3 · · and 4, ~3 the 

capacitance between contacts 5 and 6, _and C4 the 

capacitance }Je~ cori~ct~. _6~-~ _4. Rl. is __ the· line . 

impedance. 
..:.. ~ . : ,_ 

.:..:- . ~ -

This ~ivalent circqi.t Deeds _t:c> be consi4~ as ... J.t ... 

relates to both th& connector~ its- mat,inq plug, __ ··· ... ·. .. . - --

which is sh<:Ml schematically _. in Fi~~--:.: 3 of the . . . . ~ . . - - . - .,. .. 

15 . drawinqs. For. simplicity. this Figure shows 

schematically just the pluq and connnector. In the 

arrangement the 8 plug c:Ontac;t~., ~ s}lown at :120 and 

make contact with the connecting elements 93 in· a 

socket of the connector shoWn at 50. The elements 93 

20 extend alonq parallel paths to.,I~ c;qntacts 80. 
. . . . ·-·· - - - -
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Considering Figure 3 arid the bridge of Figure 2 it. 
. . . 

will be a~iated tha1; if c;>ne. assumes· c1 _is unity·. 

then 

s cl = 1 

.. .. -
C2 = 2 

-· .. ·. ·' 

C3 =· 2 

C4 = 1 

' ··- - ' 
. . ·• ... .. -· . . 

10 For no crosstalk there must be no current flow through 

R. For this ·· to :happen· ·thEf"bridge must b9 balanced; .:. 

that is to--Say" . ·"-- .... --

cl = ~- . -

15 C2 C4 
.. ' 

--"'! 

However for the capacitance values given above .. the 
. . 

relationship in fact gives 

20 1 = 2 

2 1 
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Clearly the bridge:: is_ unbalanced and this leads to· 

crosstalk. A similar situation exists. :··'in . connection-

with pairs 2 and 3 and also between pairs 3 and 4, 

although. the capaci~ive ~ance is . not so 

S signific~t for these pa,i.r con~igurations._ witjl .. ~is 

10 

connector. 

As a result of this analysis we have discovered two 

ways_of minimising crosstalk. 

The first is to configure the contacts of a connector 

of the type referred to above in such a way that the . 

capacitative imbalance ls reduced. 

15 The second_ is .to providELelenents in association .with 

said contact&-! which pravide ··a- controlled. capacitance-· 

such as .to reduce -said,-bnbalance. . Any other function 

which the e1ement has Will be'secondu:y to.this prime 

function • 

. 20 

In both of the· above exmDples the contact arranganents 

can be organised to balance not only . the inherent 

capacitive imbalance of the said connector, but also 

I 
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to canpensate for th~· inherent capacitive.imbalance of 

any associated appmpriate plug-•. 

The ·said contact arrangements can also-be orqanised 
. . . 

5 to canpensate for any capacitive ·· ililbalance effects 

introduced by the wiring practices associated with the 

connector or the plug. -· 

The invention will .be described f:ran·· now · by way of 

10 example only with · particular reference to the 

15 

accompanying drawings .. 

In the drawings: · · ·· · · 

Figure 1 

Figure 2 

Figure 3 

·is an .. explocled· · view· · of a·. connector 

described .tn GB-A-22420801 · -·. · ·. ,_ 

is· an .equivalent circuit· diagram ·for 

two contact pairs of the connector of 

Figure 17 .• 

· is a schematic view of the 

interconnectinq arranganent provided by 

the connector of Figure 1; 
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Figure 4 

Figure S 

Figure 6 

Figure 7 
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is a. · perspective · view illustrating a · 

connector in accordance with the 

present invention, 

is a schematic view ·of an 

interconnecting arrangement. ~ided ~ 

a connector in accordance with the 

present invention; . . . . . 

is a view similar . to f~gure _ 2 ~.f an 
.. -~ . . -

alternative fom of connector in 

accoi:dance with the present 

invention, and 

shows a modified fo:r::m of lead frame - . . .. -

which uses contmlled capacitance to 

balance.the connector. 

Figure 1 shows a connector which is described in · 

20 detail in GB-A-2242080. _In ~ief it canprises a 

mulded housing having a moulded upper · body part 10 

and a lower moulded body part 11. Th&_ body parts when 

connected together define· a cavity SO into which can 

be located a plug such· a~ that famed on the end of a 
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cable extending f ran a telephone instrument or a 

. terminal of the. ~ used in canputing equipait. The 

housing includes a first .. set .of .. contact·- elements. 80 

which extend u{Mmily and. terminate .. in .slots which .can 

receive insulated·wire insucha·way that thewalls ~f 

the · slots cut the insulation -and. :thereby mala;l-~tact 

with the electrically. connected .core •. · :The con~~~_ 80 

are connecteid to a ··second/. •et: of,,. con~cts which 

incl.ude elonqate strips 93 .which extend,aj.ong grooves 

10 26 formed in the-muldecl-.upper body~- and-.which in 
. . -- . -. - ·-· ~ - .. . .. 

the assembled· body· tm:mi.nate_ in. the~ :~vity 50 in such 

a way that they can ·contact e.).ectrical contacts 

carried by the pluq .• -·.It.will. be-·s~ tfl:at the strips 

93 extend in lonqitudinally closely spaced, parallel 

15 relationship fi:'QD the:.: contact .. : elements so to the 

cavity SO. - a••". 

our analysis of this arrangement· ·has revealed that 

this type of configuration ... ~· · an inherent 

20 capacitative imbalance· which gives ... unacceptable 

crosstalk level~ at . hig~ date:.:-~a.~. 

iliiflHITUr 
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One embodiment of the present invention· . ~ch 

alleviates this probl6'l is that illustrated in Figure 
. . ... -

4 of the drawing•. It ~il~_ be: seen fJ:"an Figure 4 .that 

the conriector is of the same general f om as that 

5 shown in Figure 1. and that the strips 93 are 

configured so that they do ·not _li~- in parallel ... -~tbs 

·but_ are conti$ll'ed~ to ~~ -~lo~.~ ~~ous __ paths 

fran the cavit.y -:5~ .. to_ ~. -~~.inq _.el~~s 80. 

Additio~ally the contact positions are re-arranged 

10 fran their convention positions • 

. . ·.·:-
•' · .. ..:.-.... 

The e~fect of ~s .. arr~ement can be best ~ers~ 
. . . .. .. . . . .. - - . . . . -- .. - . 

by considering the. stjlematic of Figure 5 of the - . ··-. . . . 

drawings in conjunction with the existing arrangement 

15 · of Figure 3 and the bridg.•_ arrang_.nt _ 9f, Fi~. 2. 
.. .•. . -- . - -· '.; ..... -·.... ... ·- .. . .. .. 

The ai:ialyais . of Figure 3. sh~ . that .·. the bridg~ 
.. -·--··.'.'-.. ... · ... ~., ··-·-- - ..... ·--

arrangement was unbalanced •. We have found. that _this . ..· .. . . . ·- . . 

inbalance caJl .. be overcane by .airefully p:>sitioning the 

connecting elements 93 to compensate fo~ .~ inhel:ent 

. 20 capacJ.t~va inbalance of the_ plug and ~nnecting wire. 

Figure 5 s~ one ~s~e . arr~t · .-~ 

re-arranging the c0ntact positions and ,their pbysical 
. . . 

relationship to eadi other makes it po8sible.to reduce 

the capacitive imbalance. 
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In the ai:rangement of Figure S this-is-achieved by 

increasing Cl and c4-- ·(see _discussion relating to 

Figure 2 above) and- by positioning _the contact 

elements 3 and 5 closer together and also the contact 

s elements 4 and 6 closer together. The- i'lat· ·ef feet ot­

this re-arraligement is to lead to '~{balancing of - the· 

10 

capacitance so ___ ·that~ ··foli-' example with reference to 

Figure 2 

It is also possible to -decrease c2 and c3 by 

positioning contact elements 3 and 4 further apart and 

15 contact elements 5 and 6 further apart. Similarly the 

electrical perfm:mance of · the other pair of 

configu,rations can be Unproved in a similar_ manner. 

Hence the connector shown. in -figure 2 of the .drawings_ 

is capable of meeting the requirements for high data 

20 rate camnunication sy&tems. 

' -· 
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An alternative arrangement of the present invention is 
.. 

·shown ·in figure 6 of the drawings. The male housing 

part, indicated generally at 100 in Figura 1, is not 

shown in Figure 6, though it will be understood that 

s it will slide into gi:oove 30 and snap into window 16 

as in the first arrangement~ ·. I_n the arrangement of 

figure 2 of the drawings > the"~· order in· which the 
~- .. · . .;. --~--:~_..... ::_ ... ;-·· - .. ··-~· -... -

contact 80 are connect.a:, : t~ .:,t:.he·- -st:r1P.· 193 is 
• ·-.~: ..... :::.:=:.- --._ 

maintained the same as that for GB-A-224208.0 .. -· . . ······ - , .... 

10 

Figure 7 shows · ,a modified form of the ·1eadframe 
· ... ~ ··.· ·.:"">··· ;·.·· ··"":! 

( 90/92 Fi~ ··· 1 >'~:?.~jrBI~i~liy-. conneeted to this 
. . . - . -~:·---~~- ·. :·-·· . ·-.~- - .7. -

leadframe is a seconcf - contact 'ei&nent;:· ·--~.,The second 
·. ·.: ...... --:. .... 

contaqt element could be either a ·flexible printed 

15 circuit board or a metallic element where the element --.... - .... 

is iiisulated . with a high dielectric material• This 

high dielectric materi~l is positioned.on-the contact 

element in specific- areas· to provide controlled 

capacitive to the other contact pO&itions to balance 

20 out the inherent·capacitive i.mbllance. 
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CLAIMS: 

1. A connector for providing a connection 

between two electrical cables each of which.includes a 

S plurality of conductive wires;- -said connector 

including means enablinq cantact to be established 

with the wires of each of the cables and a plurality 

of conductive element~ extending between·the contact 

enabling means, said c~u~_~ve elements beinq so 

10 ·arranged and configured- so as to m.i.nimi.M. ca~~~tive 

imbalance between the pairs of contacts. 

2. A connector according. to claim 1, 

wherein the capacitive imbalance is minimised· by 

15 appropriately configuring the .path along which the 

conductive elements extend. 

3. A COMeCtOr. - accoxding to Claim 1 or 

claim 2, wherein the capacitive imbalance is ~1:18ised 

20 by-selection of the in~~ion arrangement of the 

contacts of the contact enabling means by the 

connecting elements. 

:.~ , . ~ 

i1iiiil. .... · 

... 

... 
• 
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4. A connector according to any preceding 

claim, wherein at least one of the contact enabling 

means is a socket for receiving a plug on the end of a 

cable. 

s. A connector according to any preceding 

claim,· wherein at least one of the contact enabling 

means is_ a plurality of insulation displacement type 

contacts. 

6. A connector according to any pxececling 

claim, wherein the connector is of the general type 

described in GB-A-2242080. 

7. 

_J 

·· ... · .•'- .... -=-
between tw electrical Cables I each Of which ··· lnciudelf~ . . . · ... ·_) 

• • • '. .-···. r._" ...... • ••• ~.r., , ·• ·~. ··:. '--." • '"::" _.,,..· ,• 

a plurality of conduct!~! ~iresr.:.:s~.cs:_.:.·=.~gi~: ... ·· ::::...-
·_ -~ - -. ~ .. · _· ~-. . --~. <-.. : .. -~'.~:<·~ ... - -~-- ~--··_~ .. -~:.~-· 

includinq means enabling~.·· contact · to · b[J,: ~~~-ished 
. . . . ~ . ,.·· - --~::--

with the wires of eaCh of the cables ~--a .. ~plurality 
20 of conductive elements ext8nding -~ the contact 

enablinq.. means, and Whereiil. ~- ,er~t or elements is 

provided in association with one or ·:more o~ the 

contacts of the. contact enabling· means to pl:OVide a 
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controlled capacitance such as to minimise Capacitive 

imbalance between pairs of contacts. 

e. A -connecto~ for_ providinq a amnection 
. 'f .. • .. ·' ~:~~ .... . ~ . - :. . 

between two electrical' '.';~ables.::.~-- subs~tially . as 
··: :·-· 

hereinbefore described with:-refer$nc8_ :to: aria- as shown 
.. ·_ ... • :.· . :, :· ~- . - .. ~: . · .. .-~.--- .. · .. :: .... -::·!.' . :··. 

in the accanpanying .. qrawings .- . ·:;:.-.-:.:...: . ..;.·. 

_,J 
·-

. :_ --~·- : .. ·-·· 

..._ .... ,.._; ... 


