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ELECTRI CAL CONNECTORS
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' ELECTRICAL CONNECTORS

This invention relates to a connection device that
prov:.des .any form of electrical connectxon between two

discre;e electrical cables or alternatively an

electrical cable terminated by a plug and electrically °
'-insulated wires. It has application, for example, in

data or telecommunications where a computer terminal

. or telephone instrument is connected by a lead with an

appropriate plug to a jack provided:-in a wall panel.

: The jack requires. :connection. to- data or telephone

cables on the opposite side of-the wall panel.

Arrangements are known in which a. jack is provided on.

a wall panel.the.jack being. connected by -way of ‘a
printed circuit board to.terminal elements which can

Os o

CUPLICATE

be connected . to. the '.telephone,- wires. Such

arrangements are not easily assembled nor are they |
easily changed when faulty.

An  improvement over this type of arrangement is

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

moulded housin§ with a cavity for recei'ving-'the_ p’ll.ig,

is Sheet Has Been Replaced.

T Al



This fff%ention relates to a connection device that 5 provi des any*torm

of electrical connection between two discrete electrical. cables
er alternatively an : el ectrical cable tern nated._hy a plug and
electrically insulated wires. It has applicatior,THigrg 2y '
data or tel ecomunications where a conputer termnal 1@ OhE

I nst runent |s connected by a l.ead with an
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a first set of connecting elements which can receive

insulated wire and make 'ele_i:t'rical contact with the

electrically conductive core and a second set of

contacts which are connected to the first ‘set ‘and
extend from the first set to the cavity such that they

can come into electrical contact with cortacts carried

by the" piud. The 'sééond set of contacts for part of

'their extent are located in longitudinal closely

spaced relationship.

In data commnication systems connectors of this type
operate satisfactor;ily at low or moderate data rates.

' As data rates ‘increase however the system connectors

exhibit an impedance imbalance which 1limits the

performance of the systan This impedance imbalance
is usually measured as “near end crosst:alk between -
recognised pairs. Attempt:s_ have been made to alleviate |
this problem by screening or by rediction in the size
~of the contact elements. These approaches are not

entirely satisfactory and the present invention is

concerned with an alternative solutions.
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éppropr_i fte plug to a jack provided in a wall panel. The jack

requireg connection to data or tel ephone cabl es on the opposite si de
eof the/wall panel. 15 Arrangenents are known in

provi ged on a wal | panel the jack being connect«NI‘(]'-'ﬁq's;ii'EE]a S ﬁEEN
prln ed circuit board to terminal elements which can

-3 -
The present solution arises partly from a carefui
analysis of the origih of crosstalk in a 'conneci:oi: of
a type described in GB-A-2242080. Our analysis in
which the pairs of contacts are'.'considered as forming
5 a bridge ‘network shows that - the major source of
- crosstalk arises from capacitative imbalance between

the pairs .

The foilowing simple ma_thenati’cal. mﬁdel indentifieé
10 the problem to be solved. A conpmectar of the type

described in GB-A-2242080. is an 8 wire/4 _ pair

cmmecfor. There e:iist_: _sevéral -recognised witing/pa.i.r -

cmfiguraﬁom for | this - connector, but for

simplification and clarification only one of these
15  will be considered in the following analysis. |

It is usual to number the contacts on. the connector
from 1 to 8. The recognised wiring/pair
configurat;ons are defmed as follows: |

20
Wires/Contacts o Recognisad pair configuration
182 ~ Pair 2

386 pair3

This Sheet Has Been Replaced




Py
be .connected to the t el ephone wres. Such arrangenents are

not easily assenbled nor are they 20 easily changed en faulty
An _inprovenent over this type of arrangenent is THiS
GB:- A-2242080. This connector has a noul ded hoysi ng
for receiving the plug, moul ded housing wi'ih a ca
t he plug, :
-4 -
584  Pair 1
7&8 ~  pair 4.

The equzvalent circu.Lt for say pa:.rs 1 & 3 is shown in

5 | 'FJ.gure 2 of the draw:.ngs. In this Fi_gu.r_e.cl. is the_,j
capacitance between -contact;st.' 3-.and - 5‘-,"- Cz.' - is - the".'
capac‘itance - between contacts ' 3 "and 4, c3 the;
_capac:.tance between contacts 5 and 6, and c 4 the_.'

capacitance between contacts 6-and 4. RL is _the line )
10 impedance. |

This equivalent circuit needs to be considersd as . .it.
relates ) to both the connector and its mating plug,. .
which is shown schematically in Figure .3 of the .
15 . drawings.  For simplicity _ this Figure shows
schematically just the plug and connnector. In the
arranganem: the 8 plug cOntacts are shown at .12Q and .
make contact with the - connect.i.ng elements 93 in a
socket of the connector shown at 50. 'rh_e elements 93
20 - extend along parallel paths to.IDC contacts 80.
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first set of connecting el enents which can receive

THIS SHEET HAS BEEN
REPLACED o

. -5~ _
Considering Figure 3 and the bridge of Figure 2 it

- will be appreciatéd _that if one.asaumeswcl_is unity-

theh '

Cl =1
Cz =.2
c.4 =1

For no crosstalk there must be no current flow through
R. For this- to happen the-bfidge mist be balanced;

that is to-say- -~ 7 Ll ) 2

waever for the capacitance values givan above the

_relationship in fact gives _

N
=t
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i nsul ated wire and make electrical contact with the electrically
conductive core and a second set of contacts which are
connected to the first set and 5 extend fromthe first set' to the
cavity such that they can cone into electrical FORisagH

contacts carried _ by the plug. The second set of| cont Ecﬂs %ﬁﬂ“
of

10

15

.20

their extent are located in |ongitudinaltela:

-5-'

Clearly the bridge. is. unbalanced and this leads to
crosstalk. A similar situat:.on exists -in . connection:
with pairs 2 and 3 and also between pairs 3 and 4,
-although the capac:.t:.ve _ imbalance is not S0
' significant for these pai.r confj.gurations with this

' connector .

As a result of this analysis we have diecoveted 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 is reduced.

The second is to provide elements in assoclation -with

said contacts-. which pmvide a controlled capacit.ance-'-

such as to reduce saidi:mbalance . Any other function
which the element has will beseoondary to this prime

function.

In both of the above ekan;ples the contact arrangements |
can be organised to balance not only the inherent '_

‘capacitive imbalance of the said connector, but also

This Sheet Has Been Rep laced .
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spaced rel ationship. 10 I n data conmuni cation systems connectors
of this type operate satisfactorily at |ow or noderate data rates.
As. data rates increase however the system connectors [ chi bit .an
I npedance inbalance which |imts the 15 per f or, rrg'HéeSHE:EfT HABe BR¥Rjem
Thi s i npedance i nbal ance ' : REPLACED .

-7 -
to compensate for the inherent capacitive imbalance of

any associated appropriate plug..

The said contact 'a'rrange'ments can also be organised
5 to compensate for any capacitive - imbalance effects
introduced by the wiring practices associated with the '

- connector or the plﬁg. -

The invention will be described from- now - by way of

10 example only w1th particular reference to the
accompanying drawings.. .

In t_he-d'rawings:--. SRS ooz

15 | Figure 1 . is an exploded - view 'cf La” cohnectcr
described in GB-A-2242080; " ‘-
Figure 2 is an equivalent circuit - diagram for
two contact pairs of the connector of
20 | | . Figure 1;

figure 3 'is a schematic view of the
interconnecting arranganent provided by
the connector of Figure 1; |

eet Has Been Replaced
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I's usually neasured as near end crosstal k between -
this problem by screening or

Attenpts have been made to alleviate
~reduction in the size of the

cont act

el enent

ese’ approaches

are not 20

_ entirely satisfactory and .the  prese tTHIS.
concerned wth an alternative sol utions.

Figure 1 shows a connector which is described in

~ present invention; ;.__“

is a,-perspective' view illustrating a

connector in accordance with the

present invention,

is a schematic view 'of an

interconnecting arrangement prOVided hy

a connector in accordance with the

is a view similar -to figure 2 of an

alternative form of ccnnectcr in

accordance  with the present

shcws a modified form. of lead frame
which uses contrclled capacitance to

balance the connecto:.

-8 -
Figure 4
.5; . Figure 5
10 Figure 6
inéention,:end
15 Figure 7
20

detail in GB-A-2242080. In brief it comprises a

moulded housing having a moulded upper ‘body part 10

and a lower moulded body part 11. The body parts when

_connected together define a cavity 50 into which can

be located a plug snch'ae that formed on the end of a

cet Has Been Replaced
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-3- /The present solution arises partly froma carefu
analysis gf the origin of crosstalk in .a connector of

| -9 - , |
cable extending from a télephone instrument or a
| _l texminal of the type used in ccmpnting eqm.pment. The

housing lncludes a first set of . contact elements 80

which extend upwardly and terminate in slots wh_ic_h can

5 receive insulated-wire'in-suchnavway that the walls of
 the 'slots cut the insulation'nndqthereby make-cqntact.

.with'the'eleCtricaIIY-CGnnented.cnre;;;The contgggniso

are connected to a -second..set .of . contacts ﬁhich

include elongate strips 93nwhich extendfa;ong grooves

10 26 formed in the moulded.upper body part and which in
the assembled body terminate_in the. cavity 50 in such .

a way that they can contact elentriCal contacts

carried by the plug. - It will be-seen that the strips

93 extend in longitudinally closely spaced, parallel

15 relatxonship from the' contact.. elements 80 to the

cavity 50. - . | N

‘Our annlysis of this arrangement- has revealed that

this type of configuration .has. an inherent

20 capacitative imbalance which gives unacceptable
| crosstalk levels at hlgh data:rates.

heet Hae Been Replaced
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a type described in GB-A-2242080. Qur analysis in whi ch the pa| rs of

contact's are considered as formng 5 a bridge net
the major source of . crosstal k arises from capacitpti Hagc
bet ween ~ the pairs. The following sinple ne rratRE@g)\Cm)

indenpifies

- 10 -
One embodiment of 'i:h_e _crcscnt i.nventioc' which
alieviaf._es tﬁis problem is that illus'trated_‘ in Figure
4 of the drawings. It will be seen from Figure 4 that
~ the connector is of the same general form as that
5 shown in Figure. 1 and that the strips 93 are
-conf:.gured so that they do not lie in parallel paths
‘but are configured to extend along more tartuous paths
from the cavity 50 .to the connecting _,.,elemgp'_ts. - 80.
Additionally the contact positions are re-arranged

10 - from _f.heir convention positions.

The effect of this arrangement can be best understood

by considering the schematic of Figure 5 of the

. dfawings in conjunction with the existing ari:ahg‘en’ent

15 of Figure 3 and the bridg_c_ ari‘anggnent - of n;gmj 2.

| The analysis of _Figure 3 showed tha__tj._“ the bridge

arrangement was unbalanced We have found that _this

| inbalance can be &erccme by carefully positioning the

connecting elements 93 to compensate for the inherent

20 capacitive inbalance of the plug and connecting wire.

| Figure 5 shows one poss.i.ble arrangemant whereby

| re-arranging the contact posit:.ons and their physical
 relationship to each other makes it possible to reduce

the capacitive imbalance.

This Sheet Has Been Replaced !
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descri be GB- A-2242080 is an 8 wre/l4 pair connector. . :
There exist several recognised wring/ pal r confi La-S-¢-a.r:|.s\or\thits_
connect/or, but for sinplification and cl ari ffi E"éfBlS)‘lﬂ;'r;‘crnH g ’
these” 15 will be considered in the follow ng anal ysifs. REPLACEb§

usual, to nunber the contacts on the connector

10

15

20

problem to be solved. A connector of the type

. -11 - _ o
In the arrangement of Figure 5 this-is--achieved by

increasing C, and C, - (see discussion relating to

Figure 2 above) and’ by positioning the contact |

elements 3 and 5 closer together and also the contact
elements 4 and 6 closer together. The net effect of
this re-arrangement is to lead to a“balancing of * the

_ capacitance so that; for ~example with reference to

Figurez'
$ =S
C2 Csq

It is also poss:.ble to decrease C2 and Cy by

'positj.om.ng contact elements 3 and 4 further apart and

contact elements 5 and 6 further apart. s.i.milarly the
electrical performance ~of the other pair of
confi.gurations can be Jmproved in a similar manner.

rate conmm_ication systems.

This Sheet Has Been Replaced

Hence the connector shcwn 1n figure 2 of the drawings_ )
is capable of meeting the requirements for high data |
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from 1 to 8. The recognised wring/pair configurations

are defined as follows: 20 Wres/ Cont acts : ecogni sed pair
configuration 1&2 R Pair 2 THRE SHEET Hag BEEN ’ |
Pali r..3' : ,' o - B REPLACEB

-12 -

An alternative arrangement of the 'oresent i.nvention_ is
_shown in figure 6 of the drawings. The male housing
part, indicated generally at 100 in Figure 1, is not
_.shown in Figure 6, though it will be understood that
5 it will slide into groove 30 and snap into window 16
as in the first arrangement. : In the arrangement of
.figure 2 of the drawmgs the order m wh:.ch the
contact 80 are connected to the etrips 193 is
maintained the same as that for GB—A-2242080~--
10 3
Figure 7 shows _a modified form of the leadframe

EIectrically connected to this

—-n\....;-

leadframe is a second contact element. The second

contact element could be either a flexihle printed "

( 90/92 Fz.gure l)

15 circuit board or a metallic element where the element
is inisulated . with a high dielectric material. This
high dielectric material is pos:.tioned on the contact

 element in specific areas to provide controlled
capacitive to the other contact positione "to balance

20  out the inherent capacitive imbalance. |

heet Has Been Replaced
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1. | A connector for providing a connection

between two electrical cables each of which includes a

plurality of conductive wires,” said connector
" including means enabling contact to be eéstablished
with the wires of each of the cables and a plurality

of conductive elements extendmg between ‘the contact

enabling 'm'eans, said conductive elements being so

‘arranged and configured so as to mmimi.se capacitx.ve

imbalance between the pairs of contacts.

2. A connector according. to claim 1,
wherein the capacitive imbalance is minimised by

appropriately configurinq the path along which the

conductive elements extend.

3. : A connector . according to claim 1 or

claim 2, wherein the capacii:ive imbalance is minimised . - |
by selection of the interconnection arrangement of the

contacts of the contact enabling means by the

connecting elements.

- ' _ Yoe,

Sheet Has Been Replaced

Tl Illlll Il \l\\ll\ o Lx '_'

-
*?



The equi valent circuit for say pairs 1 & 3 is shown in
t he draw ngs.

contacts

: 8
Figure -2 of

In this Figure C[er capaC| tance between
3 and - 5 (err] is U Hlllt ance between contacts
3 and 4, Cerr] the - capa ontacts 5 and 6, and

Cerr]

t he

10
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20

. capaci tance - bet ween contacts 6 and 1

-14 <
4. o A connector according to any preceding
claim, wherein at least one of the contact enabling

mean_s is a socket for _receiving a plug on the end of a

' cable._

5. B A connector according to any preceding
- claim, wherein at least one of the contact enabling

_' me'ans is a plurality of insulation displacement type

contacts.

6. o A connector according to any preced.mg

' claim, wherein the connector is of the general type

described in GB-A-2242080.

7. A connector for_ providing a connection' C
between two eiectrical cables, each of which includes_'r'_"" e

a plurality of conductive wires, . sa'id. connecter
including means enabling contact to be; establfshed'

with the wires of each of the cablee and a plurality

' of conductive elements extending between the contact

enabl_ing means, and wherein an iel”enent or elements is

provided in association with one or more of the
~ contacts of the contact enabling means to provide a

This Sheet Has Been Replaced
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10 | mpedance. ' This equivalent circuit needs to be considered as

It relates to both.t its mating plug, _ whi-ch
ks shown schematically in F m%ﬂm mﬂ) @ drawi n For
sinplicity this Figure ematlcally THIS smEETpHA@W{P% .
connnector. In the arrangenent the 8 plug contfacts *EPURQB

120 and :
- 15 =
controlled capacltance such as to minm.i.se capacit:.ve
/- | o .unbalance between pai.rs of contacts. '

8. A connector for providing a connectlon
5 be'tween two electrical cables ‘ substantlally as
| hereinbefore descr:.bed w.i.th refecemce to and as shcwn |

in the accompanymg drawings. B - _

This Sheet Has Been Replaced
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make contact with the connecting elements 93 in a
connector shown at 50. The elenents 93 20

to | DC contacts 80.

93~

45
58:

60

socket of the
~ extend al ong paral |l el paths
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be appreC|ated that if one assunes C[err] IS unity

Cferr] =1

Consi dering Figure 3 and the bridge of Figure 2 it
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b[err] =2 . Cerr] =2 Cerr] =1 10 .For
crosstal k ther Tust b - ' no_..
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Cerr] ' However for the

ove the relationship in fact giv
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Cearly _t"he bridge is unbal an&gﬁ an EISLWCEW eadsfto crosstal k. A

simlar situation exists in conneg¢tion irs 2 and 3 and also
‘petween pairss 3 and 4, ~although the capacitive i mbal ance is not
so 5 significant for these pair configurations with-thi connector.
; 1 REPLACEMENT SHEET
Thlls Sheet Has Been Replaced 03 ocT 1996

ELECTRICAL PLUG CONNECTOR

The invention relates to a plug connector for the telecommu-
nication and data technique, according to the preamble of claim 1.

A plug connector of the type referred to hereinbefore is
known in the art from EP 0,445,376 Al. Said plug connector
includes a housing with a receiving chamber for the plug, a first
set of contacts in insulation displacement technology, and a sec-
ond set of contacts (RJ contacts) connected with said first set,
made of elongated contact strips inserted into grooves of the upper
housing portion and guided closely to each other and parallely
right into the receiving chamber, whereinto the plug (RJ plug) can
be inserted. The parallely disposed contact strips are guided over
long ways and at small distances to each other, which results in
that between the contact tracks, a capacitance effect is generated,
leading to poorer values of crosstalk attenuation.

- In US 5,186,847, an electrical plug connector for applica-
tions in the field of high-frequencies is described, also having par-
allel contact tracks being each bent-off and disposed relative to
each other such that they in part cross each other. By this
measure, a reduction of the values of crosstalk attenuation is
“achieved, without, however, guaranteeing the required values for
voice or data transmission over transmission paths with 100 me-
gabits/s or in the frequency region of about 100 MHz, resp.

It is therefore the object of the invention to improve an elec-
trical plug connector of the type referred to hereinbefore such that
its electrical parameters are substantially improved and satisfy the

. requirements for the transmission of high data rates. . 0

The solution of this ob_]ect is: achxeved by the charaetgglzmg

features of cla1m 1. By provxdmg‘ this embodiment, the capacitive
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-imbalance between the contact arrangements is considerably
minimized.

Further advantageous embodiments of the invention are de-
fined in the further subclaims.

In the following, the invention will be described in more de-
tail, with reference to an embodiment represented in the drawings.
There are:

Fig. 1 a plug connector as known in the art from EP

0,445,376 Al, in an exploded view,

Fig. 2 the equivalent circuit for two contact pairs of the plug

connector according to Fig. 1, |

Fig. 3 the diagrammatical representation of the line connec-

tions in the plug con-nector according to Fig. 1,

Fig. 4 a perspective view of the plug connector according to

the invention in an exploded view,

Fig. 5 the diagrammatical representation of the hne connec-

tions in the plug con-nector according to Fig. 4,

Fig. 6 a perspective view of the second embodiment of the

plug connector according to the invention according to Fig. 4

~ in an exploded view,

h Fig. 7 a perspective view of the third embodiment of the plug
connector according to the invention é.ccording to Fig. 4 in
an exploded view, and |
Fig. 8 the bottom view of another configuration of the
connection elements according to the présent invention.

The plug connector known in the art from EP 0,445,376, ac-
cording to Fig. 1, comprises a moulded housing having an upper
portion 10 and a lower portion 11. The upper portion 10 has op-
posed, substantially rectangular side walls 14, 15, each provided
with a through-opening 16 for latching wedge-type projections'43
of the lower portion 11 in. On the upper side of the upper portion
10, close to each side wall 14, 15, extend two rows of columpn-type
extensions 18 forming clamping elements, ‘betweén which } ts 20
are formed receiving - as will be described below - electncally con-
ductive connection elements 80 with integrally formed, angled, flat



15 conductive wres, . said TmS”HHE‘ETQ-FAS BEEN ing nmeans - enabl i ng
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foot sections 85. The front-side end wall 22 of thw

is provided with a row of parallel grooves 24, being in connection
with similar grooves 26 formed in the lower wall of the upper por-
tion 10. Each of the ‘grooves 26 extends up to closely to the lower
part of a slot 20 defined by the column-type extensions 18. The
front-side end wall 22 comprises, further, opposed, moulded-in
and angled, flange-type side portions 28, 29, forming each a chan-
nel 30. At the opposed front side, the upper portion 10 is provided
with integrated hooks 34 forming clamping elements for electrical
conductors. | |

The lower portion 11 is provided with a substantially flat end
section 40 having opposed side walls 42, the outside surfaces of
which are provided with wedge-type projections 43. On the inner
side of each side wall 42 are provided inwardly directed flanges 44.
The front end portion 45 of the lower portion 11 includes a mould-
ed-in part defining a hollow space 50 for receiving a plug, such as
a plug disposed at the tail of a cord coming from a telephone set or
a computer terminal. Close to the first end section 40, ap-
proximately in the centre of the lower portion 11, opposedly
disposed, upright columns 56 are formed. The lower portion 11

comprises, on its front, a plane wall 58 uprightly extending in a

height of approximately the height of the columns 56. The other
end of the wall 58 terminates at projecting portions 60 of each of
the side walls 42. The lower portion may receive a closure cover 70
being disposed between the opposed side walls 42 and held in po-
sition by the flanges 44. The closure cover may be displaced be-
tween a position, wherein it blocks access to the hollow space 50,
and a position, wherein the hollow space 50 is open. A spring 72 is
attached at the closure cover 70, in order to pre-tension it towards
the closed position.

The set of eight electrical connection elements 80 extend into
the slots 20 in the upper portion 10 formed by the column-type
extensions 18. Each of said connection elements 80 is provided
with an insulation displacement contact element 81 having a fork-

type shape and defining a relatively narrow contact slot 82 ter-

minating in a wide insertion section 83. The arrangement is

anpl

rs
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adapted such that, when inserting an electrically insulated con-
ductor into the insertion section 83, and when pressing said con-
ductor into the narrow contact slot 82, the insulation of the con-
ductor will automatically be cut-in, so that a contact between the
central core of the conductor and the material of the connection
element 80 will be established. The insulation displacement con-
tact elements 81 are substantially flat and are disposed at an an-
gle of approximately 45° to a line through the column-type exten-
sions 18, i.e. at 45" to the plane of each slot 20. Each connection
element 80 is, further, provided with a foot section 85, being inte-
grally formed with the insulation displacement contact elements
81. _

A second set of connection elements 90 comprise a row of
eight contact tongues 92 being welded each to a foot section 85.
An elongated contact strip 93 extends from each contact tongue
92. The contact strips 93 are adapted such that they extend in
parallel to each other. The contact strips 93 terminate as RJ con-
tacts in a receiving portion for the RJ plugs of terminals not shown
in detail.

The prior art plug connector is to be considered as a 8-
wire/4-pair plug connector, including contacts 1 to 8 and which
can be represented in the following configuration (Figs. 1 to 3):

Wires/contacts - Pair configuration
1 and 2 o pair 2
3and 6 pair 3
5and 4 pair 1
7 and 8 pair 4

The eight plug contacts at position 120 in Fig. 3 are the RJ
contacts and establish contact with the contact strips 93 in a phig
presént in the hollow space 50. The contact strips 93 extend in
parallel to each other 1ip to the connection elements 80 adapted as
insulation displacement contact elements 81.

‘This Sheet Has Been Rep
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5.

An analysis of this arrangement shows that the contact pairs

can be regarded as a bridge circuit. The respective equivalent cir-
cuit, e.g. for the pairs 1 and 3, is shown in Fig. 2. Therein are:
Cl1 the capacity between RJ contacts 3 and 5,
C2 the capacity between RJ contacts 3 and 4,
C3 the capacity between RJ contacts 5 and 6,
C4 the capacity between RJ contacts 6 and 4,
Rl theline impedancé.

When the capacity C1 between RJ contacts 3 and 5 (Fig. 3)
is defined as 1, then the capacities C2 and C3 are each of the
amount 2, and the capacity C4 is also of the amount 1 (Fig. 2).

For avoiding crosstalk, no current must flow through re-
sistor R1, i.e. the bridge according to the figure has to be bal-
anced. This, in turn, requires fulfillment of the condition

Cl C3

c2 Cc4

If, however, the bridge comprises, as shown in the example,
capacity values C1 and C4 of the amount 1, and capacity values
C2 and C3 of the amount 2, then it is distinctly imbalanced. This
situation exists between pairs 1 and 3 as well as between pairs 2
and 3 and 3 and 4. The main reason for crosstalk is the capacitive
imbalance between the pairs.

Crosstalk can be minimized, when the RJ contacts of a plug
connector are adapted such that the capacitive imbalance is re-
duced, or elements are brought into connection with the contacts,

~ which provide a controlled capacity and reduce thus the imbal-
ance. The RJ contact arrangements can be organized such that
not only the internal capacitive imbalance, but also the internal
capacitive imbalance of each assigned, suitable plug is compen-
sated.

The plug connector according to the invention shown in Fig.’
4 corresponds, in its construction, to the housing of the plug con-
nector according to Fig. 1 formed of an upper portion 10 and of a
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lower portion 11. The contact strips 93 are adapted, however, such
that they do not extend in parallel to each other, on part of their
path, but are disposed in multiply angled paths from the hollow
space 50 to the connection elements 80 or to the contact tongues
92, resp. The contact tongues 92 are disposed in one plane. From
the plane of the contact tongues, the contact strips 93 are in part
multiply angled, in the area of the contact tongues 92, towards
bottom and top and also towards left or right, and in part cross
each other. The RJ contact 1, e.g., is connected over its contact
strip 93.1 with the contact tongue 92.2, the RJ contact 2 is con-
nected over its contact strip 93.2 with the contact tongue 92.1, the
RJ contact 3 is connected over its contact strip 93.3 with the con-
tact tongue 92.3, the RJ contact 4 is connected over its contact
strip 93.4 with the contact tongue 92.5, the RJ contact 5 is
connected over its contact strip 93.5 with the contact tongue 92.4,
the RJ contact 6 is connected over its contact strip 93.6 with the
contact tongue 92.6, the RJ contact 7 is connected over its contact
strip 93.7 with the contact tongue 92.8, and the RJ contact 8 is
connected over its contact strip 93.8 with the contact tongue 92.7.

In Fig. 5, in a diagrammatical representation, is shown that
by such arrangement of the contact strips 93, now the capacity C1
between the RJ contacts 3 and 5 and the capacity between the RJ
contacts 6 and 4 is increased, since the RJ contacts are closer to-

| gether. Thereby, a compensation of the capacities is achieved.
Such compensation can also be achieved by a reduction of capa-
cities C2 and C3, by positioning the RJ contact elements 3 and 4
farer away from each other. The electrical parameters of the

~ remaining configuration pairs can also be affected.

_ A second embodiment of the present invention is shown in
Fig. 6. Therein, the housing is not shown. The contact strips 93
are angled in a different manner, and are then guided in parallel to
each other. _

Fig. 7 shows an third embodiment of the connection ele-
ments 90, 92 according to Fig. 4. To these connection elements 90,
92 is electrically connected a second contact element 95. Said sec-
ond contact element 95 can either be a printed circuit board or a
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metal element, such element being insulated with a high-dielec-
trical material. Such high-dielectrical material is positioned in
certain regions on the contact element 95, in order to provide a
controlled capacity to the remaining contact positions and to com-
pensate the internal capacitive imbalance.

In Fig. 8, another embodiment of the connection between the
contact tongues 92 and the contact strips 93 is shown. In this
embodiment, the contact strips 93 are in part crossing each other
in the area of the connection to the contact tongues 92. The con-
tact strip 93.1 is guided to the contact tongue 92.2 and crosses
the contact strip 93.2 being guided to the contact tongue 92.1. The
contact strip 93.3 is guided to the contact tongue 92.3 without
crossing. The contact strip 93.4 is connected with the contact
tongue 92.5 and crosses the connection between the contact strip
93.5 and the contact tongue 92.4. The contact strip 93.6 is con-
nected with the contact tongue 92.6. The contact strip 93.6 is
guided to, the contact tongue 92.8 and is crossed by the connec-
tion between the contact strip 93.8 and the contact tongue 92.7.
The contact strips 93 and the contact tongues 92 are disposed in
the plug connector area in guide webs 57 of the lower housing
portion 11. The guide webs 57 have interruptions 59 in the cross-
ing area of the contact strips 93. The contact strips 93 and the
contact tongues 92 are disposed in two planes at the crossing po-
sitions only, but are generally in one plane. The in part crossing
contact strips 93 guided in guide webs 57 of plastic effect a reduc-

- tion of the mutual capacitive influences.
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- PATENT CLAIMS

1. An electrical plug connector for the telecommunication
and data technique, comprising RJ contacts disposed in a housing
and insulation displacement contacts and contact strips connect-
ing the latter, characterized by that the contact strips (93) are
multiply and differently angled between the RJ contacts (1 to 8)
and the insulation displacement contacts (81), and are, at least in
the contact tongue area (92), in part not guided in one plane par-
allelly to each other. .

2. An electrical plug connector for the telecommunication

" and data technique, comprising RJ contacts disposed in a housing
and insulation displacement contacts and contact strips connect-
ing the latter, characterized by that between the contact strips
(93), means for affecting the capacity are disposed.

3. An electrical plug connector according to claim 1, char-
acterized by that the contact strips (93) are embedded and guided
in guide webs (570

4. An electrical plug connector according to c1a1ms 1 and 3,
characterized by that the contact strips (93) are partly crossing
each other, in the crossing area of the contact strips (93) the guide
webs{ 57}having interruptions (59).

This Sheet Has Been Replaced
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FLECTRICAL PLUG CONNECTOR

~ ABSTRACT

The invention relates to a plug connector for the telecommu-
nication and data technique, comprising RJ contacts disposed in a
housing and insulation displacement contacts and contact strips
connecting the latter. The object of the present invention, namely
to improve an electrical plug connector of the type referred to here-
inbefore such that its electrical parameters are substantially im-
proved and satisfy the requirements for the transmission of high
data rates, is achieved by that he contact strips are multiply and
differently angled between the RJ contacts and the insulation dis-
placement contacts, and are, at least in the contact tongue area, in
part not guided in one plane parallelly to each other.

FIGUGRE 4
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This invention relates to a connection device _that
provides any form of electrical connection between two
discrete electrical cabl_eé or ‘alternatively an
electrical céble terminated by é plug and electrically

insulated wires. It has application, for example, in

.data or telecommunications where a computer terminal

or telephone instrument is connected by a lead with an
appropriaté plug to a jack provided in a wall panel.
The ' jack requires connection to data or telephone

cables on the opposite side of the wall panel.

‘Arrangements are known in which a jack is provided on

a wall panel the jéck being connected by way of a
printed circuit board to terminal elements which can
be <connected to the telephone wires. Such

arrangements are not easily assembled nor are they

~ easily changed when faulty.

An improvement over this type of arrangement is

descr:.bed in GB-A—-2242080. ThJ.s connector has a

“moulded housmg with a cam.ﬁf fo; rece:.vmg the plug p
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a first set of connecting elements which can feceive
insulated wire and make electrical contact with the
electrically conduétive core and a second set of
contacts which are connected to the first set and

extend from the first set to the cavity such that they

can come into electrical contact with contacts carried

by the plug. The second set of contacts for part of
their extent are 1located in longJ.tudJ.nal closely

spaced relat:.onslu.p .

In data communication systems connectors of this type

operate satisfactorily at low or moderate data rates.

As data rates increase however the system connectors
exhibit an impedance imbalance which limits the
pérfomance of the system. This impedance imbalance

is usually measured as near end crosstalk between

recognised pairs. Attempts have been made to alleviate

this problem by screening or by reduction in the size

of the contact elements. These approaches are not

entirely satisfactory and the present invention is

" concerned with an alternative solutions.
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The present solution arises partly from a careful
analysis of the origin of crosstalk in a connector of
a type described in GB-A-2242080. Our analysis in
which the pairs of contacts are considered as forming
a bridge network shows that the major source of
crosstalk arises from capacitative .i.rnbalance. between

the pairs.

The following simple mathematical model indentifies
the problem to be solved. A connector of the type
described in GB-A-2242080 is an 8 wire/4 pair
-conne-;:tor. There exist several recognised 'wiring/pair
configurations for this connector, but for
simplification and clarification only one of these

will be considered in the following analysis.

- It is usual to number the' contacts on the connector

from 1 to 8. The recognised wiring/pair

configurations are defined as follows:

Wires/Contacts - Recognised pair configuration
1&2 _ Pair 2

3&6 . '_Palir3
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“In the arrangenment of Figure 5 thls I s achi eved by

increasing CJerr] and C[err] (See discussion relating to

Figure above) and by positioning the contact REELACEﬂ'mﬁEET
5 closer together and also the contact 5 el enentp |
together. The net effect of this re-arrangengnf is to I%c}to
bal anci ng of the 28 JUN
-4 -
5 & 4 Pair 1
7&8 . Pair 4
The equivalent ci.rcuit for say pairs 1 & 3 is shown in
5 Figure 2 of the drawings. In this Figure (:l is the
capacitance between contacts 3 and 5, C, is the
capacitance between <contacts 3 and 4, C3 the
capacitance between contacts 35 and 6, and C 4 the
capacitance = between contacts 6 and 4. Rl is the line
10 - impedance. |
This equivalent circuit needs to be considered as it
relates to both the connector and its mating plug,
which is shown schematically in Figure 3 of the
15 drawings. For Sinlplicity this Figure shows
schematically just the plug and connnector. In the
arrangement the 8 plug contacts are shown at 120 and
make contact with the connecting elements 93 in a
socket of the connector shown at 50. The elements 93
20 extend along parallel paths to IDC contacts 80.

and



capaci't ance

ca o | o) tC[hat,] for exanple with reference to : Figure 2
possi ble to decrease (err] a% C[]err]' bs/:[ ] REPLAGEME'W §HEET
28 JUN 1997
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Considering Figure 3 and the bridge of Figure 2 it
‘will be appreciated that if one assumes C; is unity
then
- 5 C1 =1
Cy = 2
Cy =1
10 For no crosstalk there must be no current flow through -
R. For this to happen the bridge must be balanced,
that is to say
9 -3
15 c, Cq
However for the capacitance values given ‘above the
relationship in fact gives
20 1 = 2
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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 ¢,
although the capacitive | imbalance is not so
significant for these pair configurations with this

connector.

The present invention is concerned with an electrical

plug connector in which the problem of capacitive

- imbalance is alleviated.

2

According to the present invention there is provided a

connector for providing a connection between two

electrical cables each of which includes a plurality of

conductive wires, said connector including means

enabling contact to be established with the wires of

each of the cables and a plurality of conductive

elements'extending between the contact enablihg means,

said conductive elements being so arranged and

configured so as to minimise capacitive imbalance between

the pairs of contacts.

The invention will be described from now by way of

example only with particular reference to the

accompanying drawings.
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In the drawings:

Figure 1

Figure 2

Figure 3

is an exploded view of a ‘connector

described in GB-A-2242080;

is an equivalent circuit diagram for
two contact pairs of the connector of

Figure 1;

is a schematic view of the
interconnecting arrangement provided by

the connector of Figure 1;



.shown in-figure 6 of the drawings. The mal e housing REPhAGEMENTn§H§%
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“will be urderstood that 5 it will slide into grooye}3

"W ndow 16

figure 2 of the drawings the order in which the L0
connected to the strips 193 s -
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L 6

Nt

-8 -
Figure' 4 is a perspective view illustrating a
connector in accordance with the

present invention,

Figure 5 is a  schematic view of an
‘interconnecting arrangement provided by
a connector in accordance with the

present invention;

Figure 6 is a view similar to figure 2 of an
alternative form of connector in
accordance with the present

invention, and

Figure 7 shows a modified form of lead frame
which uses controlled capacitance to

balance the connector.

Figure 1 shows a connector. .which is described in
detail in GB-A-2242080. In brief it comprises a
moulded housing having a moulded upper body part 10
and a lower moulded body part 11. The body parts when

- connected together define a cavity 50 into which can

be 1located a plug such as that formed on the end of a




mai nt ai ned the sane as that for GB-A-2242080. 10

mpdi fi'ed form of the | eadfrane ' (90/92 Figure 1)}

connected to this | eadfrane is a second contact
s_e_con_d contact elenment could be either a flexible
circuit board or a netallic elenent where the elenent
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cable extending from a telephone instrument or a

terminal of the type used in computing equipment. The

housing includes a first set of contact elements 80
which extend upwardly and terminate in slots which can
receive insulated wire in such a way that.-the walls of
the slots cut the insulation and thereby make contact
with the electricé.lly connected core. The contacts 80

are connected to a second set of  contacts which

- include elongate strips 93 which extend along grooves

26 formed in the moulded upper body part and which in
the assethbled body terminate in the cavity 50 in such
a w'éy that they can contact electrical contacts
carried by the plug. It w:.ll be seen that the strips
93 extend in longitudinally closely spaéed, parallel
relationship from the .'contact elements 80 to the

cavity 50.

Our analysis of this arrangement has revealed that
this type of configuration has an inherent
capacitative imbalance which gives unacceptable

crosstalk levels at high data rates.



s insulated with a high dielectric material. This

aterial is positioned on the contact el ement i h RERIACEMENT SHEES |
to provide controlled capacitive to the other gofitact—posttt+ [
bal ance 20 out the inherent capacitive inbal ance. 28 JUN 1997
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One embodiment of the present invention which

alleviates this problem is that illustrated in Figure

4 of the drawings. It will be seen from Figure 4 that

the connector is of the same ~general form as that

5 shown ~ in Figure 1 and that the strips 93 aré

configured so that they do not lie in parallel paths

but are configured to extend along more tortuous paths

from the cavity 50 to the connecting elements 80.
Additionally the contact positions are re-arranged

10 from their convention positions.

- The' effect of this arrangement can be best understood
by cbnsidering the schematic of Figure 5 of the
drawings in conjunctioﬁ viith the.existing arrangement

15 of Figure 3 and the bridge arrangement of Figure' - 2.
The analysis of Figure 3 showed that the bridge
arrangement was unbalanced. ' We have found that this
inbalance can be overcome by carefully positioning the
connecting elements 93 to .coinpensate for the inherent

20 capacitiire inbalance of the plug and connecting wire.
Figure S5 shows one possible arrangement whereby l‘
re-arranging the contact positions and their physical
relationship to each other makes it possible to reduce

the capacitive imbalance.
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In the arrangement of Figure 5 this is achieved by

increasing > and 'C4 (see discussion relating to

Figure 2 above) and by positioning the contact
elemenﬁs' 3 and S5 closer together and also 'ﬁhe contact
elements 4 and 6 closer together. The net éffect of
this re-arrangement is to lead to a balancing of the

capacitance so that, for example with reference to

Figure 2
9 ° 5
€2 G

It is also possible to decrease ¢, and Cy by

positioning contact elements 3 and 4 further apart and
contact elements 5 and 6 further apart. Similarly the
electrical performance of the other pair of

configurations can be improved in a similar manner.

Hence the connector shown in figure 2 of the drawings

| is capable of meeting the requirements for high data

rate communication systems.
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An alternative arrangement of the present invention is
shown in figure 6 of the drawings. The r;wale housing
part,' indicated generally ét 100 in Figure 1, is not
shown in Figure 6, though it will be understood that

it will slide into groove 30 and snap into window 16

as in the first arrangement; In the arrangement of

figure 2 of the drawings the order in which the
contact 80 are connected to the strips 193 is
maintained the same as that for GB-A-2242080.

Figure 7 shows. a modified form of the leadframe
(90792 Figure 1). El'ectrically' connected to this
leadframe is a second contact element. The second
contact element could be either a flexible printed
circuit board or a metailic element where the element
is insulated with a high dielectric material. This
high dielectric material is positioned on the contact

element in specific areas to provide controlled

capacitive to the other contact positions to balance

out the inherent capacitive imbalance.



10 céntacts disposed along said first side wall of said haousing and a

second set of insulation displacenent contacts di spopeRERLAOFMERRISHEET
second side wall of said housi ng; cont act | sfrTps—hav-Rg— a
contact tongue area 15 connected to said insulation df spl ace

contacts, said contact strips termnating in RJ cont ctsaf%bgﬁwm7
connection :

13

1. An electrical plug éonnector for teleéommunication
and data transfer applications,_compriSing:

5 a housing having a housing upper portion with a
first side wall, a secoﬁd side wall, a front-side end
wall and a lower wall; |

insulation displacement contacts positioned in said
housing, including a first set of insulation displacement

10 contacts disposed along said first side wall of said
hous,_ing and a second set of insulation displacemént
contacts disposed along said second side wa}l of said
housing; . |

contact strips. having a contaét' tongue. area
1S connected to said insﬁlation'displacement contacts, said
contact strips terminating in RJ contacts for connection

to an RJ type plug; and |
crossfalk reduction heans for reducing ciosstalk
between said contact strips, séid crosstalk-reduction

20 means being provided aldng said contact strip adjacent
td said contact tongue area, between said first set of
‘insulation displacement contacts and said second set of
insulation displacemenﬁfcontacts, said contact strips
extending in.parallel form adjacent to said contact area

25 to contact strip ends.

* c L N S *



.to an RJ-type plug; and crosstal k reduction ng Q%EQEMEQﬁQQEE
redlcll.on

.crogst al k bet ween said ‘contact strips, said crosstal

"means bei ng provided al ong said contact strip adjacent to said con
"tongue area, between said first set of i nsul ation §li $pl28eHiM{1997
contacts and said second set of I nsul ati on displac*nﬂnt contacts,

contact strips

14
2. An electrical plug connector according to claim L,
wherein the crosstalk reduction means is ﬁrovided by the
contact strips being multiply and differently éngled and
- being, at least in a contact tongue area, in part not

5 guided in one plane parallel to each other.

3. An electric plug connector according to claim 1 or
2, characterised in that the contact strips are embedded

and guided in guide webs.-

10
4. An electrical plug connector according to claim 3,
chaz:‘act_erised in that the contact strips partljr cross
. ) each other, and that the guide webs have interruptions
) in the area at which the contact strips partiy cross.
15 | |

5. A connector for providing a connection between two
electrical cables substantially as hereinbefore c_iéscribed
with reference to and as shown in the 'accompanying

drawings.

* c L M s *



.extending'in ‘paral l el form adj ac'e_:n_t.': to said contact area

strip ends.
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3. An el éctric plug connector according to claim1 or
¢haracterised in that the contact strips are enbedded

gui de webs. 10 4. An electrical plugf@nnector accor ¢i

characterised in that the contact strips partly cross
t hat the gui de webs have interruptions
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in the area at which the contact strips partly cross. 15
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THIS SHEET HAS BEEN
REPLACED | 28 JuN w7
ABSTRACT

. The invention relates to a plug connector fox the telecommu-
nication and data technique, comprising RJ contacts disposed in a
housing and insulation displacement contacts and contact strips
cannecting the latter. The object of the present fuvention, namely
to improve an electrical plug connector of the type referred to here-
inbefore such that its electrical parameters are substantially fon-
proved and satisfy the requirements for the transmission of high
data rates, is achieved by that he contact strips are muitiply and
differently angled between the RJ contacts and the insulation dis-
placement contacts, and arc, at least in the contact tongue area. in
part not guided in one plane parallelly to each ather.

FIGURE 4
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ELECTRICAL CONNECTORS

ABSTRACT

The invention relates to a plug connector for the telecommu-
nication and data technique, comprising RJ contacts disposed in a
housing and insulation displacement contacts and contact strips
connecting the latter. The object of the present invention, namely
to improve an electrical plug connector of the type referred to here-
inbefore such that its electrical parameters are substantially im-
proved and satisfy the requirements for the transmission of high
data rates, is achieved by that he contact strips are multiply and
differently angled between the RJ contacts and the insulation dis-
- placement contacts, and are, at least in the contact tongue area, in
part not guided in one plane parallelly to each other. '
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