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(57) Abstract: A communication Jack has a housing with a face having a plug receiving aperture. A conductive path pairs extends
from corresponding plug interface contacts located at the plug receiving aperture to corresponding output terminate. A first circuit
board is connected to the plug interface contacts and a second circuit board is connected to the plug Interface contacts and the out-
put terminals. The first circuit board has a first single stage of crosstalk compensation with opposite polarity ot the crosstalk of a
plug for a first combination of the conductive path pairs. The second circuit board includes a second single stage of opposite po-
larity crosstalk compensation for some of the conductive path pairs not compensated on the first circuit board. The stages cancel
substantially ail of the crosstalk caused by the plug, for the signal operating frequencies, for corresponding combinations of the
conductive path pairs.
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COMMUNICATION CONNECTOR WITH IMPROVED CROSSTALK COMPENSATION

Fiald of the Invention

10001] The present invention relates generally to crossialk compensation, and more particularly,

1o orosstalk compeansation in 8 communication jack,

Backaround of the Invention

{OG03} In an electrical communication system, 1 s sometimes advantageous {0 ransmit data in
the form of ditferantial signals over a palr of conductive paths {Lea., a conductive path pair} rather
than a single conductive path, where the transmitled signal comprises the voltage difference
betwesn the conductive paths without regard 1o the absolute vollages present. Each conductive
path in a conductive path palr s capable of picking up sleciical nolse from oulside sources,
e.9., nelghboring data lines, or other sources, Differential signals may be advantageous 1o use
dug 10 the fact the signals are less susceptibls to those oulside sources.

[OO03] A concern with difforential signals s slecirical nolse that is caused by neighboring
differential conductive path pairs, where the individual conductors on sach conductive path palr
couple {inductively or capacitively} in an unegual manner that resulls in added nolse to the
naighboring conductive path palr. This Is referred {0 as crosstalk. Crossialk can ooour on a
pear-end {(NEXT) and a farend (FEXT) of a fransmission ine between differential conductive
path palrs within a channe! {reforred {o as internal NEXT and internal FEXT) or can couple fo
differential conductive path pairs in a neighboring channe! {referred (o as allen NEXT and alien
FEXT) Generally spaaking, so long as the sama nolse signal is added 1o sach conductive path
in the conductive path palr, then the voltage difference bebweaer the conductive paths will remain
about the same and crosstalk is minimized.

f0004] In the communications industry, as data ransmission rafes have steadily noreased,

crossialk due o capacitive and inductive couplings among the clossly spaced paralisd
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conduciors within the plug andior jack has become increasingly problematic. BModular
connaciors with improved crosstalk performance have been designad to mest the increasingly
demanding standards.  For exampls, recent conneclors have introduced predslermined
amounts of crosstalk compensation o cancel offending NEXT, which, in tur, gives the sysiem
an noreased bandwidth, This crossiatk compensation is typically implemented in two or mors
stages for certain conductive path palr combinations, 1o account for phase differences behvean
coupdings in the plug and the jack. Thesa two or more stages have been generally necessary
because the source of the crosstalk is at the plug, which is at an increasing electrical distance
{phasa difference) from the source of the compensation {at the jack) with increasing frequency.
With hwo stages, the phase and polanly differences between each slage are chosen such that
thay provide canceliation of the crossialk and typically incrsase the NEXT bandwidth of the
sysiem. However, the two stage compensation scheme requires hwice as many capaciions as
would be minimally necessary in order to cancel the offending crossialk from the plug. The
addiion of these exira capaciiors may degrade retumn loss and coreals issues in production
where miner manufacturing varations in the capacitors lead o jack fallures. Thus, thers is a

continuing nead {o design new and improved compensation methods and devices.

Summary of the Invention

[O00S] The invention comprises, in one form thersof, a commurdeation jack for compensaling a
source of erossiali in 3 mated communication plug over a rangs of signal operating frequencias,
whare the jack includes a housing with a first face having a8 plug recelving aperiure therein., A
plurality of conductive path pairs extends from corresponding plug interface contacts looated &l
the plug receiving aperiure 1o corresponding output terminals. The plurality of conductive path
pairs includes a first clroult board connacted {o the plug Inlerface confacts and a second cireuit
board connected o the plug inlerfacs contacts and the oulput terminals. The first oiroult hoard

has a first single stage of crosstalk compeansation with opposife polarity of the crosstalk of the

2.
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plug for at least a first combinalion of the conductive path palrs. The sscond clroult board
includes a second single stage of crossialk compensation with epposite polarity of the orosstalk
of the plug for at lsast some of the condugtive path pailrs not compansatad on the first clrouit
bogrd, The stages cancel substantially all of the crosstalk caused by the plug, Tor all of the
signal operating frequencies, for corresponding combinations of the plurality of conductive path
pairs.

[O008] The nvenlion comprises, I another Torm thereof, a communication system for
connaction io &t least ons communication plug over a rangs of signal operating frequencies, the
communication plug having a souwrce of crossiall, where the communication system ncludes
ei@ctricéi aguipment having &l least one jack recelving aperure, A communication jack is
gonnacted o the olsciviosl squipment at the jsck recelving apartre.  The isck includes a
housing with a first face having a plug recelving aperturs therain, A plurality of conductive path
pairs sxiands from corresponding plug nterface contacts located & the plug receiving aperiure
to corresponding oulput terminals. The plurality of conductive path pairs Includes & first oiroudl
board connacted to the plug interface contacts and a second circult board connected to the plug
interface contacts and the oulpud terminals. The first ciroult board has a first single stage of
crossialk compensation with opposite polarity of the crosstalk of the plug for af least a first
combination of the conductive path pairs. The second circult board Includes 8 sscond single
stage of cresstaik compensation with opposite polarity of the crosstalk of the plug for &t least
some of the conductive path palrs not compeansated on the first cireult board, The stages canesl
substantially all of the crossialk caused by the plug, for all of the signal cperating frequencies,
for corresponding combinations of the plurality of conductive path pairs.

[0607] The invention comprises, in vel another form thereof, a method of compensation n a
communication jack with a plurality of conduntive path pairs including plug interface contacts for
making contact with a mating plug. The method of compensation is for compensating for a

souree of crosstalk it the plug. The msthod includes the steps of providing a circult board in
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dirsct contact with the plug interface contacts and located at the plug interface contacts beyond
whare the plug makes slectrical confact with the plug interface contacts; and compensating at
the ciroull board for substantially all of the crosstalk of the plug for at least one combination of
the conductive path pairs.

{0008} The wenlion comprises, v vel another form thersof, a communication jack for
sompensating for a source of near-end crossialic in 8 mated communication plug over a rangs of
signal operating frequencies, where the mated plug includes @ plurality of plug contacis. The
iack includes a housing with a first face having a plug receiving apseriure therein., A plurality of
conductive path pairs exdend from corresponding plug interface contacts ibeated at the plug
receiving aperiure 1o corresponding output terminals.  The plurality of conductive path pairs
includes a circult board connected o the plug interface contacts bevond where the plug
contacts sngage the plug interface contacts. The circult board has a single stage of crosstalk
compensation with opposite polarity of the crosstalk of the plug for at least one combination of
the conductive path pairs. The single stage of crosstalk compensation cancels substantiafly alt
of the near-end crosstalk caused by the plug, for alf of the operating frequancies, for at lsast one
combination of the condustive path palrs.  The plug interfzce contacts include a plug contact
point approxdmately where the plug contacts engage the plug interface contacts. The single
stage of crosstalk compensation is located a physical distance from the plug contact point, and
alonyg the plurality of conductive path pairs, squivalent o 3 makimum of 3.0 degrses of slecirical
phase of the signal at the highest intended signal cperating frequencias.

[3008% An advaniage of &t least one smbodiment of the present invention is a compensation
fechnology with a minimal amount of compeansation capacitors.

{8018} Another advantage of al least one embodiment of the present nvention is improved
praduction effiviencyireliability of the communication jack,

{00111 Yel another advantags of at lzast ong embodiment of the present invention Is improved

return foss in the communication jack
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{0013} Yel another advantage of at least one smbodimeant of the present invention is improved
communication channel performance due at least in part o improved retum loss iy the

cammunication jack.

Briel Desorintion of the Drawings

f013] The above-mentionad and other features and advantages of this invention, and the
mannar of allaining them, will become more apparent and the invention will be belter
understond by reference {o the following description of an embodiment of the invention faken in
conjunction with the accompanying drawings, whersin

[O844] Fig. 1 Hlustrates o porion of & transmission chamns! used to transmit data in the form of
sigclricat signals;

D018} Fig. 2 Hlusbrales an exemplary first cable torminated al an exemplary communication
phug;

{0018] Fig. 3 is an exploded perspective ifustration of an exemplary communication jack;

f0018] Fig. 4 is a fragmentary side view of the sxemplary communication jack without a matad
commmunication nphug

[O01TY Fig. § s a fragmentary side view of the exemplary communication jsck with a maled
commutication plug;

fO018] Fig. 8 I8 a rear view of the exemplary communication jack with the wire cap removed,
{00181 Fig. 7 is a schomatic diagram of an sxemplary flex board;

FRGR0T Fig. 8 is an isomatric view of the exemplary flex board prior {o conforming o the frond
sled;

FG021Y Fig. 8 s the individual layers of the sxemplary flex board;

FO023Y Fig. 10 is a schematlic diagram of the exaemplary rigid board;

fOO33T Fig. 11 s an isomeatric view of the axampiary rigid board; and

{0241 Fig. 12 is the individual layers of the exemplary rigid board,

-5-
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10028] Corresponding reference charaders indicale corresponding parts throughout the seversl
views. The exempiification set oul heraln Husirates one preferred embodiment of the invention,
in one form, and such exemplification is nol fo be construed as fimiling the scope of the

ivvantion i any mannean,

Detaliad Dasgription

{0038} Refaring © the drawings, and more Importantly to Fig. 1, there s shown an slectrical
aystem 20 which includes a portion of a8 transmission channal 100 used fo ransmit data in the
form of slectrical signals. As shown from left to right, the portion of channe! 100 may include a
first cable 192, & communination plug 104, a communication jack 108, and 2 second cable 108,
with the firs! cable 102 {erminated o the communication plug 104 and the second cable 108
farminated fo the communication jack 108, When the communication plug 104 and the
communication jack 108 ars mated, dats may be transmitled bebween the first cabls 102 {and
any devices connecled thersto) and the second cable 108 {and any devices connactad theralo)
via the mated plug 104ack 108 {Le., the connaectors). In one exampls, the first cable 102 and
communication plug 104 may be part of a pateh cabls that connects a computing device {e.g., a
parsonnel computar) o the communication jack 108, and the second cable 108 may be a
horizontal cable that connscls the communication lack 108 {o 3 slecommunication room, which
houses computer networking squipment {8.g., a swilch), Other examples are possible as well
Additionally, communication system 20 can include ons of more addifional channels 108, which
may ba in closs proxdimity to the other channels In communication system 20

FGO2TT Communicalion system 20 can alse includs sguiprnent 24, with &t least one jack
recaeiving aperture 26, Hlustraled as a palch panel in Fig. 1 but the eguipment can be passive
squipmeant or active egquipmant. Examples of passive squipment can be, but ars not imited to,
modidar patch panels, punchdown patch panels, coupler patoh panels, wall jacks, slo

Examplies of active aquipment can be, bul are not imited to, Ethermet switches, roulors, servers,

-5 -
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physical laver management systems, and power-over-BEthemst squipment as can be found In
data centersfisleommunications rooms; securily devices {cameras and other sensors, sl and
door access equipment; and telephones, computers, Tax machines, printers and other
peripherals as can be found in workstation areas.  Communication system 20 can further
include cabinels, racks, cable management and overhead routing systems, and other such
sguiprmeant,

FR0E8] Although jack 106 is lllustraled as an unshisided modudar fack, jack 108 can alternatively
ke a punchdown, shislded, or other typs of jack, or a3 combination thereof.

[0028] The tranemission channea! 100 typically includes at least fowr conductive paths that run
across the first cable 102, the mated plug 104/4ack 108, and the second cable 108, Thess
conductive paths may be arranged In pairs, such thal dala may be ransmilted over the
conductive paths i the form of differential signals. As such, the transmission channel 100, and
thus each comnnecior and cable therein, may include at least four conductive paths arranged into
wo pairs. In o preforred example, the transmission channal 100 will include sight conductive
paths arranged into four pairs: conductive paths 4 and & {2, palr 48}, condugtive paths 3and 8
{i.e., palr 36}, conductive paths 1 and 2 {iL.e., palr 12}, and conductive paths 7 and 8 {i.e., pair
78} in this respect, the connedlors in the ransmission channal may be RJ45 connectors, and
tha cables may includs four twisted-pair copper conduciors, or i other words, aight conductors
total, Other arangements are possible as well

FRO30] Fig. 2 Hustrates an exemplary first cable 102 terminated at an sxemplary communication
plug 104, As shown, the sxemplary first cable 102 may be a four twisted-palr cable with wiras
1-8, where wires 4 and 5 are a twisted palr, wires 3and B are a twisted palr, wires 1 and 2 are &
twisted paly, and wires ¥ and 8 are 2 twisted palr. The sxamplary communication plug 104 may
be an RIS plug with contacts 1-8. During termination of the cable 102 with the plug 104, the
cable's twisted pairs are ypically unbedstiad at one end, and the wires are then inssried into the

plug 104 such that cable wires 1-8 align with plug contacts 1-8. The plug contacts are then
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crivnped down onto the cable wires, resulling in electical connsclion bebween the cable wires
and plug contacts.
(00311 The close proxdmity of conductive paths {a.q., lerminated wires and contacts) in the
communication plug 104 may resull in capacitive andior inductive coupling between these
conductive paths. The amount of coupling is highly dependent on the relative proximily of the
conductive paths, with a amaller distance between the conduntive paths providing stronger
coupling {greater capacitance) and a larger distance belwesn conduciive paths providing
waaker coupling {lesser capacitancs). This can be generally understood in part by the sauation:
G = gAld {Equation 1}
whare C is a capaciance between conductive paths, A is an ares of the conductive paths that
are separated by a dislaclric material {8.q., a8lr, or other dislectrios) of permiithvity ¢ and dis a
distance between the conductive paths. The amount of crosstalk coupling within the plug
babween sach palr combination is spaciiisd as a rangs within the ANSITIAERIA-588-8.2-1 and
B0 11801 standards. The highast amount of crossialk allowed within the plug is batwseen palr
combination 45-38, followad by 3612 and 38-78, then 45-12 and 45-78, and the least amount of
crosstalk s on palr combination 12-78. This can be generally undersiood by looking at the
geomelry of plug 104, as shown in Fig. 2 and desoribed abova.
(D032} For two palrs of conductive paths, there are fouwr different ways in which individual
conductive paths can interact, and thus four possible coupling slements. Because of the nature
of the diffsrential signals on the pairs, two of the coupling slemenis ars typically of a first
polarity, and the other two coupling elements are of a second polarnily that is typically opposite of
the first polarity. The composiie of the coupling slements bebwsen conductive path pairs may in
turn result in crosstall bebwaen those conductive path pairs, which may interfere with data
ransmission over the conductive path palrs In the ransmission channe! 104,
[O033] In 2 communication plug 104 with four conductive path pairs, such as the RJ48 plug

depicted in Fig. 2, there are six conductive path palr combinations that may exhibif crosstalic
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A45-36, 36-12, 36-78, 45-12, 45-78, and 12-78. Typically, however, the crosstalk belween fwo
conductive paths s considerad negligible from a praclical standpoint i those paths are
saparated by al least four other conductive paths. As such, pair combination 12-78 may axhibit
negligible interpair crosstaik. However, sach of the other pair combinations may axhibit a non-
negligible amount of interpair crossialk,
10034} Pair combination 45-38 typically exhibils the largest amount of interpair orossialk,
because palr 38 spiifs across pair 45 st the termination point.  In pair combination 48-38,
sonductive paths 3 and 4 and conductive paths 5 and 8, both of which are adiscent o one
another, may infroduce pradominant crosstalk slements of a cerlain polarity referrad to hers as
positive. On the other hand, conductive paths 3 and 5§ and conductive paths 4 and §, both of
which are separated by one conductive path, may intraduce predominant crossialk olements of
an opposite polarily referred o here as negative. The difference between positive and negative
polarity is a 180° phass difference.  As such, the amount of interpalr plug crosstalk for pair
combination 45-38 may be represented as:

PRV = Cao v G = {Cue + G} (Equation 2)
FOG35] In pair combination 3612, conductive paths 2 and 3, which are adiacent o one another,
may introduce a predominant crosstalk component of a cerlain polarity referrad o hers as
positive. On the other hand, conductive paths 1 and 3, which are separated by one conductive
path, may infroduce a predominant crosstalk component of an opposiie polarily referred to here
as negsative, Conductive paths 1 and § may also infroduce a positive polarity crosstalk
gcomponent, but this component may be negligible becauss of the separation between these
conductive paths.  Similarly, conductive paths 2 and 8 may infroduce a nogative polarity
crossialk component, bt this component may be negligible because of the separation batween
these conductive paths. As such, the amount of inferpalr plug crosstalk for pair combination 36-
12 may be representad as:

PXTas.-gg = ng - C13 (Equaﬁan 3}

~ 8.
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FO038T Iy palr combination 36-78, conductive paths 8 and 7, which ars adjacent to ong another,
may infroduce @ predominant crosstalk component of g cerlain polarty referred fo herg as
positive, Oy the other hand, conductive paths 8 and 8, which are separated by one conductive
path, may infreduce a predominant crosstalk component of an opposite polanily referred to here
as negative.  Conductive paths 3 and 8 may also introduce a positive polarity orosstalk
componert, but this component may be negligitle because of the separation belween these
conductive paths., Simiarly, conductive paths 3 and 7 may introduce a8 negative polanity
crosstalk componant, but this componant may be negligible bacause of the separation between
these conductive paths. As sueh, the amount of interpalr plug crossialk for palr combination 38-
78 may be raprasented as:
PXTaernm = Gor ~ Cgs  {Eguation 4)
{0037} in palr combinalion 45412, conductive paths 2 and 4, which are separated by ons
conduciive path, may inbroduce 3 predominant orossialil componant of a certain polarity referred
o hare as positive. On the other hand, conductive paths 1 and 4 and conductive paths 2 and 5,
both of which are separated by bwo conductive paths, may introduce predominant crossialk
alomeants of an opposite polarity refarred 1o hare as negative. Conductive paths 1 and & may
also infroduce a positive polarily crosstalk componant, but this componant may be negligible
bacauss of the separation hetween these conductive paths, As such, the amount of inlerpalr
plug orosstalk for pair combination 45442 may be represantsd as
PrTigi = O~ {Cn + Gg) (Equation &)

fOO38] i palr combination 45-78, conductive paths § and 7, which are separated by ons
conductive path, may infroducs a pradominant crosstalk component of & cenlain polarity referrad
te hare as positive. On the othar hand, conductive paths 4 and 7 and conductive paths § and §,
both of which are separated by two conductive paths, may infroduce predominant orosatalk
clements of an opposite polarity referred to here as negalive. Conductive path 4 and 8 may

alse introduce g positive polarity crossialk component, bt this component may be negligible

-0 -
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bacause of the separation between these conductive paths. As such, the amount of interpalr
plug orosstalk for palr combination 45-78 may be representad as:

PXTasms = Car = {Cr + Gsg} {(Equation 8}
TO038] An oxemplary communication jack will now be describad with reference to Figs. 3-8
Fig. 3 is an exploded perspective lHustration of the sxemplary communication jack 108, Figs. ¢
§ fHustrate a side view of the exemplary communication jeck 108, withowt and with a mated
communication plug 104, respectively. Fig. 8 Hlustrates a rear view of the exemplary
communication jack 108 with wire cap 122 removed. The exemplary communication fack 108 is
praferably an RJ45 jack capable of meeting Catsgory § standards, as defined in ANSHTIAEIA-
568-8.2-1. As shown, the communication jack 108 may include a housing 112, a nose 114, &
rigid beard 118, insulation displacement contacts {(1DCs) 118, and 8 rear sled 120, The
axamplary communication fack 108 may include other componants as well,  For exampls,
communication ack 108 is shown as & modular unshislded jack.  Communication jack 108
could also be g punchdown jack or a shislded modular jack.
T4 The housing 112 may have an opening 111 that accepts the communication plug 104,
The nose 114 may sit within the housing 112 and provide an inlerface bhetwesn the
conmmunication plug contacts and the rigid board 118, In this respect;, as shown, the nose 114
may include a plurality of plug inlerface contacts {(PiCs) 128 that may sach couple with a
corrasponding plug contact al & firgt end, 113 and that each engage a corresponding via 1234«
H plated through hole {see Fig. 4, 8§ and 11) In the rigid board 118 al a second snd with
compliant ping 117, Preferably, as shown, PiCs 128 are wrapped around 8 mandrel 118, in
which case the Plls 128 gach include a concave bend bebween the first end 113 and the
second end 117, The PiCs 126 may be supported in nose 114 by a bottom front sled 128 and &
fop front sled 130, sach mechanically altached to the PiCs 128 near the sscond end.
fO0414] Nose 114 may alse include a flax board 124, which may include slements that provide

crosstalk compensation when the flex board 124 is In contact with the PiCs 128, As shown, the
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fex board 124 preferably has a concave bend similar to that of the PICs 128, sspacially when
wrappead around the same mandrel 119 as PiCs 128, and includes conductive traces 121 on at
least one side that faciliiate slechrical connection with the PICs 128, In this respent, the flex
board 124 may be looated between the first end 113 and sacond end 117 of the PICs 128, such
that the front end of each PIO 128 makes contact with corresponding conductive traces 121 of
the flext board 124, This contact point between the PiCs 126 and Bax board 124 is preforably in
close proximity o the contact point belween the PICs 126 and the plug conlacts in order to
minimize the slectrical distance between the sowrce of crossialk in the plug and the
compensaltion capacilors C28, {35, €48 and C37, and consequently maximize the
sffectiveness of the crosstallk compensation located on the flex board. As shown particularly in
Fig. 5, flex board 124 first contacts PiCs 128 at flax contact point 127, Main capaciior area 128
axtends approximately horizontally {as shown in Fig. §) from mandral 119, Plug confacts 131
contact PiCs 128 at plug contact point 133, The slectrical distance o be minimized is the
distance betwsen plug contact point 133 and the centroid 143 {composiie “center of mass” of
compensalion capaciiors ©28, ©35, C4¢€ and C37 including lengths of interconnacting fraces;
approximately 0.080 inches along the respective conductive racaes from the fleor contact poing
127} of compensation capaciiors $28, G35, C408 and C37. idoally this eleclrical distance is
zere, Le, direclly under plug contact point 133, Howsver, a compensation capacitor of the
approprigte value and with infinitesimally small axtent would nesd o be placed directly st plug
gonact point 133, which is not practically achievable. Additionally, this ideal location creates
mechanical design challenges in that comb slements 135 on plug 104 ars interfaced belween
individual PiCs 128, Consequently, such a design is highly constrained relative to the location
of the compensation capaciiors {localed directly under PiCs 128} and the size of the
compensation capacitors {should nol exiend iaterally bevond PiCs 128}, so as o avoid
interfering with comb slements 135, Additionally, locating the compensation capaciiors directly

under plug contact point 133 can create other challenges such as difficully In maintaining
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reliable eleclrcal contact betwean the compensation capacitors and PiCs 128 sfler repeated
insertion/retraction oycling of the plug relative o the lack; and difficullly in being able to pass
high voltage breakdown (hi-potential, per UL 1883} lesting on the jack.

{08421 For the layout and design shown particulary in Fig. 5, calculating the electrical distance
batween plug contact point 133 and the centroid 143 of compensation capaciiors 028, C35,
{48 and C37 can be difficull because plug confacts 131, PiCs 128, and compensation
capaciiors 28, 0358, €48 and €37 are sxposed to many different boundary conditions, fe.,
these are not 3 single conductor of constant cross-section surrounded by a uniform dislectrio,
also of constant cross-saction,  In contrast, the layout and design shown particularly in Fig. 8
represents multiple different conductors {plug contacts 131, Pils 128, and the conductors and
capacitors of flex board 124} of varying cross-sactions surrounded by a variety of non-uniform
dislecirics {air, the plasiic of plug 104, the plastic of bollom front sled 128 and top front sied 130
and flexible substrate 140} alse of varyving cross-sections and relative positions with raspect o
the conductors,

[O843] Nevertheless, & reasonable calculaion can be made of the slecirical disiance between
plug contact point 133 and the centroid 143 of compensation capaciiors C26, €38, C48 and
C37. The worst-cass electrical distance belween plug contact point 133 and the centroid 143 of
compensation capacitors G286, C38, C48 and €37, in phase difference, is at the highest
oparating frequency, which for a CATE jack {operaling at 0-250 MHz) is 250 MHz. That is
because wavelength {(360° of phase changs) iz Inversely proportional o freguency;
conseguently, a given physical distance from plug contact point 133 at the highest operating
frequancy represents mors phase changs than for the same physical distance st a lower
freguancy,

{2044} For the smbodiment shown, the physical distance between plug contact point 133 and
the ocanitroid 143 of compensation capaclors €35 and C48 along the conduciors is

approximately 0.225 inches. Assuming a composite relative dislectric constant of 2.5 along this
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same path, this physical distance is eguivalent o an slectrical phase of approximately 2.7
degress at 250 MMz, The calculsted mavdmum allowable sieclrical phase distance, while st
meeting current CATS ANSUTIAVEIA-B88-B 2.1 NEXT standards with approximately 1.5 dB of
margin, is approximately 3.3 degrees, a8 & ong-way trip from plug contact point 133, and
assuming that the source of crosstalk is effectively at approximately 0.080 inchas (1.1 degrees
of slectrical phase) infto the phlug from plug conlact point 133, However, this calcudation is
accurate under relatively idesl conditions, and such conditions are not achievable in a real jack.
The signal conductive paths {pairs 12, 38, 45 and 78} of the prasent invention each comprise a
franamission line which includes corresponding PlCs 128, traces on flex board 124, fraces on
the rigid board 116, and IDCs 118, As with any similar bransmission line, associated therewith
are distributed electrical parameters (ypically distributed resistance, capacitance, inductancs,
and conduciance), which oreale what are sometimes called parasitic, or unintended, coupling
slements such as parasilic capacitance and induclance. The “parasific” moniker is 3 result of
these elements iypically degrading jack performance relative o the idesl performance, although
thay can sometimes work to help performance.  In addilion fo the distribuled slecirical
parameters of the iransmission conduciors, lumped, disorele eloaments such as the
compsansation and refurn loss capacitors on flex board 124 and rigid board 11€ additionally
have distributed electrical parameaters associated therewith, which can degrade {(or possibly
halp) the jack performance from the ideal. Conseguently, in a real jack, the maximum allowabls
physical distance belween plug condact point 133 and the cenitrold 143 of compensation
capacitors G35 and 48 {C28 and C37 can be farther away, but will also work with the siated
maximum), or any other compensation slemeants that are placed on flex board 124, in elactrical
phase distance, is preferably 3.0 degrees, with a more preferred range of between 1.5 degress
and 3.0 degreses. For the smbodiment shown, an even more prefsred rangs of physical
distance betwesn plug contact point 133 and the cenbroid 143 of at lsast compensation

capacitors €38 and 048 {28 and C37 can be farther away, bul will alsc work with the stated

-44 -



WO 2011/056491 PCT/US2010/053904

range) s bobween 2.5 degress and 2.9 degrees of slechicel phase diference.  All of thess
alectrical phase differences belween plug contact point 133 and the centrold of any
companaation capaciors on the flex board are for the highest of the signal operating
fraquencies, which for CATS opsration is 250 MMz, For lower operating frequencies, such as
CATSe (100 MHz max), the present invention is scalable. For CATEA operating at a maximum
oparation frequency of 500 MHz, the present invention is scalable as long as one takes info
congideration the assoclated NEXT specification at 500 MHz and balance considerations
nacassary 1o mest CATSA allen crosstalk specifications.

fO048] The minimal slectrical distance between the source of crosstalk in the plug and the
compansation capacitors G286, €38, C48 and C37 reduces or sliminates phase differences
betwaen the orosstalk and compensation, particidany at increasing operating frequencies, which
maximizes the effectivensss of the crosstalk compensation,

{0048] Rigid board 118 may Include two sats of plated through hole vias, including one set
{123A-H} to interface with the compliant pins on PiCs 128 {Le., PIC vias) and ong set {V15AH)
o interface with the compliant pins 128 on insulation displacement contacts (DCs) 118, Intum,
the rigld board 118 may include a plurality of conductive traces {see particuladdy Figs, 11 and
12}, sach of which exiends between a PIC via and a corresponding D0 via, In this respect,
rigid board 118 provides an interface between PlCs 128 and IDCs 118, Rigid board 118 may
also include other slements {14, 38 and CH8) that provide crosstalk compensation andior
othar fypas of compensation, as describad in more detall balow,

{00477 IDCs 118 may sit predominantly within rear sled 120 and provide an interface between
rigid board 118 and second cable 108, In this respact, the IDCs 118 may sach engage a
corresponding plated through hole via 118 A in rigid board 118 at a first end, and may sach
terminate a corresponding wire of the second cable 108 at & second snd. To facilitate casy
termination of the cable wires in the IDCs 118, communication jack 108 may addifionally indude

a wirg cap 122, which may be a8 separate component that conlains and configures the wires of
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the second cable 108 before {armination with the ID0s 118, Ones the wires are seated in the
wira cap 122, the wire cap 122 may be snappad logsther with the rear sled 120, resulting in the
slectrical connaction of the wires with the {DCs 118,

{O048] Within the examplary communication jack 108, each conductive path may include a PIC
126, & frace on flex board 124, a trace on the rigid board 118, and an IB3C 118, These
conductive paths may extend from an input terminal {s.g., the first end of the PICs 128) o an
outpul lerminal {(8.g., the second end of the NC0s 118} of the communication jack 108, The
close proximity of conductive paths in the communication jack 108 may result in relativaly minor
capaciiive andior induclive parasitic coupling belween these conductive paths.  These
capacitive and inductive couplings can be the result of distnibuled andfor discrele slectrical
paramelers. This parasitic coupling between conductive paths in the communication jack 108
may alse contribute o the crosstalk generated in the communication plug 104,

f0048] To compensate for the corosstalk generated in the communication plug 104 andfor
communication  jack 108, the communication jack 108 preferably  includes corosstalk
compensation.  In particular, the communication jack 108 preferably includes crosstalk
compensation for sach conductive path pair combination thal exhibits non-nagligible crosstalk
{e.g., pair combinations 48-38, 38-12, 30-78, 48412, and 45-78)  Ideally, s communication
jack’s crosstalk compensation is located as close o the plug contacts as possitle {a.g., in the
nose 114), 80 as v minimize a phase difference between the offending crosstalk and the
grosstalk compensation. Given the limited area {particularly on fisx board 124) in the nose 114
of communication jack 108, however, | is difficult to provide effective crosstalk compensation for
all pal combinalions near the contact point between the plug 104 and jack 108,

{00507 The exemplary communication jack 108 distributes the crossialk compensation between
fwo aireuit boards ~ the fex board 124 and the rigid board 118 with only a single stage of
sompeansation, on elther the flex hoard or rigid board, for sach pair combinglion. In the context

of this disclosure, a stage Is considerad a collection of compensation slements for a8 particular
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palr combination, with those compensation slaments all located al approximately the same
distance from the plug contacts when the plug is mated o the jack. For example, and refering
particularly o Figs. 7 and 8, the compensation for palr combination 48-38 includas C48 and
3%, in order fo implement physically small capacitors and minimize the centrold distance from
the contact point 127, Conssguently, this compansation has Doen splt into two capaciiors.
However, these fwo capaciiors are considersd a single stage because they are approximately
the same sivolical distance {same phasea} from the corresponding mated plug contacts. The
examplary communication fack 108 may ncluds single stage orosstalk compensation for the
mare problematio pair combinations (Le., the palr combinations with higher crosstalk, such as
pairs 45-38, 36-12 and 38-T8} on the flex board 124, which is In close proximity fo the plug
contacts.  In this respect, the exemplary communication jack 108 may raduce the phase
differences bebwveen the offending orosstalk and crossialk compensation for the most
problematic pairs.  In turn, the sxemplary comrmunication jack 108 may include single stage
crossialk compensation for the less problamatic palr combinations (e, the palr combinations
with lower crosstalk, Le., 48-12 and 48-78) on the rigid board 1186, which is notin closs proxdmity
o the plug contacts. in this respect, bacauss of the lower crosstallc on these palr combinations,
the phase differences between the offending crossialk and crosstalk compensation are of less
COTHET.

{3051] By distributing the crosstalk compensation in this manner, the exemplary communication
fack 108 s able fo provide more effective crosstalk compensation for the more problamatic pair
combinations.  in parlicudar, by dedicating the limited area of the flax board 124 o the mors
problematic palr combinations, as opposad 1o all pair combinations, jack designers are abile o
more completely compensate Tor the crosstalk iy those pair combinations on the flex board 124
Similarly, jack designers are able o fully compensate for the crosstalk in the less problematic
pair combinations in the rigid board 118, This reduces or eliminates a need for multiple stages

of srosstalk compensation, which may in tum reducs the complexity and cost of jack design and
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improve manufacturability. Additionally, removal of the second stages reduces the amount of
capacitors needed on the jack and can generally graatly improve the overall relum foss of the
connacion

FOG83T Generally speaking, as usad herain, the term “single slage aek” refars {o & fack in which
the infentional primary mechanism for correcting NEXT v a8 mated plug and ack is
acoomplishad through only a single stage of compensation. s wsll undersiood thal sssentially
all mated plug and jacks have many unintentional compensation and crosstalk slements caused
by parasilic slements inherent in the overall ayout and structure of the jack. Thase slements
provide a relatively minor effect to the ovarall NEXT parformance of the jack. However, in 3
single stage compansation network, the primary mechaniam for comrecting the orosstall causad
by the plug {particularly at higher frequencles) is located In only one stage. This single stage
can be identified as & specific capacitor purposely designed into the system and the magnitude
of this capacitor is generally larger in magnifude than any of the other capacitances in the
syslem for that palr combination.  With respect {o what s considered a single stage
compensation scheme, removing or changing any unintentional compensation or orosstalk
{within roason} only requires adjusting the magniiuds of this single stage {either up or down} {o
account for this changs and ansure cancallalion at low frequenciss, Mowever, removal of that
single stage capacitor ensures that the ovemll jack would not maet NEXT reguiremants no
matier what slse could be done in any of the other regions.

{00831 An axamplary sy board 124 is now desoribed with reforances to Figs. 78, Fig. Tis a
schamatic disgram of the sxemplary Hex board 124, Fig. 8 Hlustrates an somelric view of the
sxemplary flex board 124, Fig. § llustrates the individual layers of the exemplary flex board
134, Flex board 134 & 3 printed circuil board made up of a floxible subsirate 140 with 3
dislectric constant {g,) of ahouwt 3.4, Subsirate 140 s 0001 thick and separates top laver 142
from bottormn layer 144, The flax board wraps around mandrel 118 of the front sled 130 whers Hs

top laver 142 makes contact with the PiCs 128 that also wrap around the samse mandrel, The
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flax board contact ares 141 I3 also referred o as "fingers” dus fo the thin nature of this region.
The fingers are an exposed gold plated copper region created by culting away parts of the
cireust board. This culout is made {0 locate flex board 124 on front sted 130,

{00841 Pad capacltors C28, (38, C48 and C37 are created belween the lop laver 142 and
botiom layver 144 on flex board 124, These pad capaciiors add compensating crossialk for pair
combinations 4538, 38412, and 38-78. These palr combinations are located within the flex
board In order o minimize thelr distance from the plug. Palr 45-38 is compensated by
capaciiors O35 and C48, pair 3512 s compensated by capaclor C28, and pair 38-78 is
compensated by capaciior $37.

FGO5S] The compensation on palr combination 45-38 is unigue in that the compensation also
ncludes capaciiance exending info region 141 under fingers 121 where the flex board is in
contact with the PICs. This was done 1o reducs the distance from the plug to these capacitors.
By placing ﬁhase capacitors undsr the PliCs, it is possible to gain more margin with NEXT by
minimizing the distance betwsen the source of the crossialk {(Plug) and sowrcs of the
compensational fax board.  The compensation for NEXT on pair 45-308 is split info two
capaciiors because, given the thickness and dislectric of substrale 124 and the general
geometry of flex board 124, a single capaciior of the appropriate size would tend not be as close
{0 the plug as thess two capaciiors,

{00581 Thus, the flex board 124 may include a compensation slement coupled behween
conductive paths 4 and 8 {Cy), 3 compensation slement coupled between conductive paths 3
and 5§ {Tyg), andf/or some combination thereof. As shown in Figs. 7-8, the exemplary flex board
124 may include both compensation slement G35 and compensation slement C48, sach of
which may bs formad aoross both the main area of the PCB and the fingars. Prefarably, the
compensation slements C3§ and C46 combine o provide the only stage of crosstalk
compensation for pair combination 485-38. Two relatively large capacitors ©38 and 048 are

neaded for palr combination 45-38 becauss of the relatively large orosstalik in the plug for pair
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combination 45-8

e

in this respect, 2 distance {and time delay) between the compensation
slement G35 and s contact points 137 and a distance {and time delay) bebwaen compensation
slament G468 and s contact points will preferably be substantially the same. In one example,
the compensation slements 38 and C48 may sach be a pad capaciior with a surface area of
approximately 0.0011 inches® (& 20%) and @ capacitance of approximately 0.9 pF. Other
axamples ars possible as well

{GO8TY To compensale for the crosstalk in palr combination 38-12, the fex board 124 may
include a compensation slement coupled between conductive paths 1 and 3 {Cu), @
compansation slement coupled beblween conductive paths 2 and 8 {Ugg), andior some
combination thereol, As shown in Figs, 7-8 and mantionsd above, the sxemplary fex board 124
includes only compensation alemeant €286, In one exampls, the compensation slemeant C28 may
be a pad capaciior with a surface area of approximately 0.000874 inches® (& 20%) and a
capacitance of approximately 0.8 pFF. Gther examples are possibie as wall,

[O088T To compensate for the crosstalk In palr combination 38-78, the flex board 124 may
include a compeansation element coupled betwsen conductive paths 3 and 7 {Gy) 8
compansation clement coupled between conductive paths 8 and 8 {Gg), andior soms
combination thareof,  As shown In Figs. 7-8, the sxemplary fax board 124 ncludes only
compensation slemant C37. In one example, the compensation slement C3F mav be a pad
capacitor with a surface area of approximately 0.0011 inches? {3 20%) and a capacitance of
approximately 0.9 pF. Gther sxamplos are possible as well,

fGO55] An exemplary rigid board 118 is described with reference {o Figs., 10412, Fig. 10 is a
schematic diagram of the exemplary rigid board 118, Fig. 11 flustrales an isomaetric view of the
axempiary rigid board T8, Fig. 12 Hlusirates the Individus! lavers of the sxemplary sigid board
118, Righd board 118 s g 4 layer printed circult board,  Rigid board 118 includes g 0.028°
laminate layer 182 separating the fop conductive trace layer 181 from inner conduclive frace

lavar 1 {1683}, a 0.004" core substrate laver 184 separating sy fgyer 1 (183 from inner
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conductive trace laver 2 (185}, and & 0.028" laminale layer 180 separating innsr layer 2 {185}
from the boltom conductive tracs layer 167,

[O080T The rigid board 118 connects the PICs 128 of nose 114 to the 1DCs 118, and additionally
pravides single slage compensation for palr combinations 4512 {14} and 45-78 {C88), and a
return loss slement C38 for Palr 36, The PiCs 120 and DCs 118 connect to the rgid board 118
by means of plated through hole vias (123A-H and 115 A-H, respectively} on the rigid board.
Traces on the top laver 181 and bottom layver 187 of the rigid board connact sach conductive
path on the PiCs 128 {o ity corrssponding conductive path on the IDCs 118,

{0081} Pad capacitors are created between inner laver 1 (183} and inner layer 2 {1858}, Thess
pad capacitors add compensating crosstalk for palr combinations 458412 and 4578, Dus o the
fower amount of crossialk caused by the plug, these capaciiors do not need {o be placed as
close o the plug, 80 they are placed furthar away in the righd circull board 118 {although they
could be placed on the flexible dircudt board 124}, Falr 45-12 18 compensated by capaciior G4
and palr 45-78 s compansated by ©88.

{00821 Another pad capacitor {38 between inner layer 1 {183} and inner layer 2 (188} is used o
improve the refum ioss on palr 38, 36 adds capacitancs between wires 3 and 8 In order {o
fowear the impedance of that region to achieve betler overall return loss.,

{G083T Therefore, as described above, the rigid board 118 preferably includes the only stage of
grosstalk compensation for the less problematic palr combinations. For sxample, the rigid board
118 may include the only stage of crosstalk compansation, T4 and C88, for palr combinations
4512 and 45-78, respectfully.  The compensation slemeni{s) for sach pelr combination
praferably has a polarily opposite 1o thal of the composite crossialk slement for thal palr
combination. In one example, the compensation elaments may be pad capacitors, sach having
a first pad on ons layer of the rigid board 118 and & second pad on another layer of the rigid
board 118 as indicated partculardy in Figs. 11 and 12, As shown In Figs. 11 and 12, ths pad

capaciors may be locatad on the inner lavers of the rigid board 118, bul may also be locsted on
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the ouler layers of the rgld board 118, Further, as shown, the pad capaciiors may be
gconnectad betwean the PIC vias, but may also be connected at some othar location along the
gonductive palh betwaen the PIC vigs and the IDU vias. Additionally, the compensation
capaciors can be realized with interdigitized capachors, cther discrele capacitors mountad on
rigid board 118, other capacitors based on distributed electdcal parameters, and & combination
of distributed and discrate components,

f00841 Yo compensale for crosstalk in pair combination 4812, the rigid board 118 may include
a compensation slement coupled between conductive paths 1 and 4 {Ty), & compensation
element coupled between conductive paths 2 and 8 {Csg), andfor some combination thereof. As
shown in Figs. 10412, the exemplary rigid board 118 includes only compensation element C14.
In one axample, the compensation slement 14 may be 8 pad capachor with an ares of
approximately 007 inches x 0.01 inches (& 20%) and 2 capaciiance of approximately 0.3 pF.
{Other sxamples are possible as wall,

1H085] To compensate for the crosstalk in pair combination 45-78, the rigid board 118 may
nclude a compensation slement coupled bebween conductive paths 4 and 7 {Cy), &
compsansation alement coupled between conductive paths § and 8 {Tg), andfor some
combination thereol.  As shown in Figs. 10-12, the sxemplary rigid board 118 includes only
compensation slement CH8.  In one example, compeansation slement C88 may be a pad
capaciior with an area of approximately 0.03 inchas by .03 inches {& 20%) and a capacitancs
of approximately 0.4 pF. Other examples are possible as well,

{G088] Iy addition o the crosstalk compensation, the rigid board 118 may also include other
types of compensation, such as relum loss compensation. For example, the rigid board 118
may include return loss compensation for conductive path pairs with poor retum loss
performance. This return loss compensation on the rigid board 118 may taks the form of one or
more disorele capacitive compensalion clements, each coupled bebwveen a pairs two

conductive paths. The capsacitive compensalion slements are usad to ensure that the oversll
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impedance of that region is closer to 100 ohms in order to provide the optimal relurn loss
performance for that palr. In one example, the compensation slement may be a pad capacitor
having a first pad on one layer of the rigéd’ board 118 and a second pad on another laver of the
rigid board 118, As shown in Figs. 11-12, the pad capacitor{s) may be located on the inney
tayars of the rgid board 118, but may also be located on the outer layers of the rigid board T8
Further, as shown, the pad capacitor(s) may be connecled between the PIC vias, but may also
be connected at some other location along the conductive path botwsen the PIC vias and the
DG vigs.

{00871 As shown in Figs. 1012, to Improve the return ioss on pair 38, the exemplary rigid bosard
116 may include a compensation slement C38. In one example, the compensation elemeant
{38 may be a pad capacitor with an area of approxdmadaly 0.02 inches x 0.02 inches (& 20%
and a capacifance of approximately (.3 pF. Other examples are possible as well

FODER] While this invention has besn described as having a preferred design, the present
invention can be further modifisd within the spivit and scope of this disclosure. This application
is therefore infended fo cover any varlations, uses, or adaptations of the nvention using its
general principles.  Further, this application is inlanded {0 cover such departures from the
prasent disclosure as come within known or customary practice in the ant to whish this invention

periaing and which fall within the mits of the appended claims.
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laims

1. A communication jack for compensating a source of creosstalk & a mated
gommunication plug over a rangs of sional operating frequancies, comprising:

a housing having a first face with a plug receiving aperturs thersing

a plurality of conductive path pairs extending Fom corresponding plug interfacs contacts
focated al sald plug recelving apseriure o corasponding cutput terminals, sald plurality of
conductive path pairs including a first olrcult board connacted o said plug erface contacts and
a sscond circult board connected {o sald plug interface contacts and sald oulput termingls, sald
firat clrcui! board Including 3 first single stage of crosstalk compensation with opposite polarity of
the orosstalk of the plug Tor at ieast a first combination of said conductive path pairs, said
sacond oiroull board including & second single stage of erosstalk compensation with opposite
polarity of the orosstalk of the plug Tor &t least some of sald conductive path pairs not
compensated on said first cireult board, wherein said stages cancel substantially all of the
crosstalik caused by the plug over the rangs of the signal operating frequencias, for

gerrasponding combinations of sald plurality of conductive path palrs,

2. The communication jack of clalmy 1. whereln saild first glrcult board conlacts sald

sonductive path pairs &t sald plug interface contacts and does not contact sald output terminals.

3. The communication fack of claim 1, wharein sald first clreult board comprizses a

flaxible ciroult board,

4. The communication jack of claim 3, further including a front sled within said housing,
said front slad having @ mandred, said plug interface contacts being at least partially wrapped
around said mandrsl, and sald first clrcult board being locatad batwean saild plug interface

comntacts and saild mandrel,
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§. The communication jack of claim 4, wherain said first oireult board s located
betwasen a first snd of said plug interface contacts and a second and of said plug interface

contacts.,

&. The communication jack of claim 1, whersin sald second olroult board comprises a

rigid oiroult board.

7. The communication jack of alaim 1, whersin at lzast one of said first single stage of
grosstalk compensation and sald second single stage of crossialk compensation includes a pad

capaciior,

8. Ths communication jack of daim 1, wherain sald second circult board further

includes a retum loss compensation for at least one of sald conductive path palrs.

8. The communication jack of claim 1, whersin sald plurality of conductive path pairs
inoludes pairs 12, 38, 48 and 78, and whareiln said firs! single slage of crosstalk compensation

includes respective compensation capaciiors for palr combinations 45-38, 368-12, and 36-78.

10, The commurdcation jack of claim 8, wharain said second single stage of crosstalk
compeansation includes raspactive compensation capaciiors for pair combinations 4512 and 45-

78,

11, The communication jack of claim 1, wherein sald oulput terminals are insulation

displacement contacts,
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12. A communication system for connection {0 at Izast one communication plug over a
range of signal eperating frequencies, the communication plug having a source of crossialk,
said communication system comprising:

slectrical squipmeant having atl lsast one jack receiving aperiure;

a communicalion fack connected o said slectrical equipment at sald jack receiving
aperture, sald sommunication jack including a housing having a first face with a plug recaiving
aperiure thereln; a plurality of conductive path palrs sxtending from corresponding plug interface
contacts focated at sald plug receiving aperture to corresponding output tenminals, said plurality
of conductive path pairs including = first cirouit board connectad o said plug interface contacts
and & second cirault board connactad o said plug inferface contacts and said cutput terminals,
said first clroult board including & first singls stage of crosstalk compensation with opposite
polarity of the crosstalk of the plug for at least a first combination of sald conductive path palrs,
said second circull board including a second single stage of crosstalk compensation with
opposite polarily of the crosstalk of the plug for at least some of said conductive path pairs not
compensated on said first ciretlt board, whersin said slages cancel substantially ali of the
crossialk causad by the plug, for all of the signal operating frequencies, for coresponding

combinations of sald plurality of conductive path pairs,

13, The communication system of claim 12, whersin said first oirouit board contacts said

conductive path pairs af sald plug interface contacts and doas not contast said oulpud terminals.

14, The communication system of claim 12, whersin said Sret ciroult board comprises a

floxible cirouit board,

18, The communication system of claim 14, further including a front sled within said

housing, sald front sled having a mandral, said plug interface contacts being at lpast partially
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wrapped around sald mandrel, and sald first circult board being located bebwaen sald plug

interface cordacts and said mandral

18, The communication system of claim 15, wherein saild first circult board is located
batween a first end of sald plug inferface contacts and a second end of sald plug interface

coniacts.

17. The communication system of clalm 12, wherein saild second cirult board

comprises a rigid cirewdt board.

18, The communication system of clalm 12, wherain at least one of said first single
stage of crosstalk compensation and said second single stage of crosstalk compensation

includes a pad capaciior.

18, The communication systam of claim 12, whereln said second olroult board further

includes a return loss compensation for at least one of said conductive path palrs.

20, The communication system of clalm 12, whersin said plurality of conductive path
pairs includes pairs 12, 38, 48 and 78, and wherein said first single stage of crossialk
compensation includes respactive compensation capaciiors for pair combinations 48-38, 38-12,

and 38-78,
21, The communication system of clalm 20, wherein said ssoond single stage of

crosstalk compensation includes respactive compensation capaciors for palr combinations 45-

12 and 45-78,
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22. The communication system of olaim 12, wherein said output terminals are Insulation

displacement conlacts.

23. The communioation systam of claim 12, whereln sald slectical aguipment is a patch

panst.

24 A meathod of compensation in a communication Jack having a pluraiity of conductive
path palrs exdending directly from plug interface contacts to corresponding output terminals, said
compensation for compensating for a source of crosstalic it a mating plug, sald method
comprising the steps oft

providing a circuit board in dirgct contact with sald plug Interface confacts and located at
said plug interface contacts beyond whers the plug contacts said plug interface conladts,
wharain said circult board is not in direct contact with said output terminals; and

sompensaling at sald clroult board Tor substantially all said crosstak of the plug for at

loast one combination of the conductive path pairs,

25, The method of olalm 24, further including the step of flexing said clireult board at

laast partially around a mandrel of & front sled of said communication jack,

28, The methad of claim 24, further including the step of compensating al & second
cireull board for substantially all crosstalk of the plug for at least another combination of the

ponductive path pairs.

27. A communication jack for compensating for a sowree of near-end crosstatkin a
matad communication plug over a range of signal operating frequencies, the mated plug

including a plurality of plug contacts, comprising:
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a housing baving & frst face with a plug recelving aperiure therein;

a plurality of conductive path pairs directly exdending from corresponding plug interface
coriacts located at said plug receiving aperture (o corresponding output lerminals, said plurality
of conductive path pairs including a cireull board connected o sald plug interface contacts
beyond whers the plug contacts engags sald plug interface contacts, sald ciroult board being
not in direct contact with said outpul lerminals, said ciroudt board including @ single stage of
orosstalk compensation with opposiie polarity of the crosstalk of the plug for &t least ong
combination of sald conduclive path pairs, whorein sald single stage of crosstalk compensation
cancels substantially all of the near-end crosstalk caused by the plug, over the range of signal
gperating fregquencies, for said at isast one combination of said conductive path pairs, sald plug
intarface contacls including a plug contact point approximately where the plug conlacts engags
said plug interface contacts, said single stage of crosstall compeansation being localed a
physical distance from said plug contact point and along sald plurslity of conductive path pairs,
and said single stage of crosstalk providing compensation approximatsly squivalentfo a

maximum of 3.0 degrees of slectrical phase of the signal af the highest frequency in the range

of signal oparating freguencies.

28, The communioation jack of olaim 27, wherein said physical distance is betwean 1.5
degreas and 3.0 degress of sleclrical phase of the signal &t the highest fraguency in the rangs

of signal operating frequencies.
29, Ths communication ack of claim 27, whereln said physica! distance is batween 2.5

dagroas and 2.0 dogrees of alectrical phase of the signal at the highest frequency in the range

of signal operating frequencies.
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