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NEXT HIGH FREQUENCY IMPROVEMENT 
USING HYBRID SUBSTRATES OF TWO 

MATERIALS WITH DIFFERENT 
DIELECTRIC CONSTANT FREQUENCY 

SLOPES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation of application Ser. No. 
10/800,696, ?led Mar. 16, 2004,now US. Pat. No. 7,265,300, 
which claims the bene?t of US. Provisional Application No. 
60/456,236, ?led on Mar. 21, 2003. The entire contents of 
both prior applications are herein fully incorporated by ref 
erence. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to near-end crosstalk (NEXT) 

compensation in communication connectors and, more par 
ticularly, to a technique of canceling or reducing NEXT uti 
liZing substrates such as printed circuit boards (PCBs) com 
posed of different dielectric constant materials. 

2. Discussion of the RelatedArt 
Noise or signal interference between conductors in a con 

nector is known as crosstalk. Crosstalk is a common problem 
in communication devices using connectors. Particularly, in a 
communication system where a modular plug often used with 
a computer is to mate with a modular jack, the electrical wires 
(conductors) within the jack and/or plug produce near-end 
crosstalk (NEXT), i.e., a crosstalk over closely-positioned 
wires over a short distance. A plug, due to its con?guration or 
to the manner in which cordage is terminated to it, can pro 
duce a high crosstalk or a low crosstalk. A plug with a high 
crosstalk is herein referred to as a high crosstalk plug, and a 
plug with a low crosstalk is herein referred to as a low 
crosstalk plug. 
US. Pat. No. 5,997,358 issued to Adriaenssens et al. (here 

inafter “the ’358 patent”) describes a two-stage scheme for 
compensating such NEXT. The entire contents of the ’358 
patent are incorporated by reference. Further, the subject 
matters of US. Pat. Nos. 5,915,989; 6,042,427; 6,050,843; 
and 6,270,381 are also incorporated by reference. 

The ’358 patent reduces the NEXT (original crosstalk) 
between the electrical wire pairs of a modular plug by adding 
a fabricated or arti?cial crosstalk, usually in the jack, at two 
stages, thereby canceling the crosstalks or reducing the over 
all crosstalk for the plug-jack combination. The fabricated 
crosstalk is referred to herein as a compensation crosstalk. 
This idea is typically implemented by crossing the path of one 
of the conductors within the connector, over the path of 
another of the conductors within the connector twice, thereby 
providing two stages of NEXT compensation. This scheme is 
more e?icient at reducing the NEXT than a scheme whereby 
the compensation is added at a single stage, especially when, 
as is usually the case, the compensation can not be introduced 
except after a time delay. 

Although effective, the NEXT compensating scheme of 
the ’358 patent suffers a drawback in that the NEXT margin 
relative to the Telecommunications Industry Association 
(TIA) limit line deteriorates at low frequency (below approxi 
mately 100 MHZ) when a high crosstalk plug is used with the 
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2 
jack, and at high frequency (beyond approximately 250 MHZ) 
when a low crosstalk plug is used with the jack. More spe 
ci?cally, when the net compensation crosstalk in a two-stage 
compensated jack is less than the original crosstalk (i.e. when 
a high crosstalk plug is inserted into the jack), the plug-jack 
combination is said to be under-compensated, and the result 
ant NEXT frequency characteristic will build-up to a peak at 
low frequencies before a null sets in at a frequency point 
determined by the inter-stage delays and the magnitudes of 
the compensating stages. In such a case, the NEXT margin 
relative to the TIA limit line is worst at low frequencies. On 
the other hand, when the net compensation crosstalk in such 
a jack is more than the original crosstalk (i.e. when a low 
crosstalk plug is inserted), the plug-jack combination is said 
to be over-compensated, and the resultant NEXT frequency 
characteristic will not have a null, but the slope of the NEXT 
frequency characteristic will gradually increase tending 
towards 60 dB/ decade at very high frequencies, far exceeding 
the TIA limit slope of 20 dB/decade. In such a case, the NEXT 
margin relative to the TIA limit line is worst at high frequen 
cies. 

Thus, while the low frequency margin (low frequency per 
formance of the connector), when a high crosstalk plug is 
used with the jack, can be improved by increasing the com 
pensation level, such an action would lead to further deterio 
ration of the high frequency margin (high frequency perfor 
mance of the connector) when a low crosstalk plug is used 
with the jack. Conversely, while the high frequency margin, 
when a low crosstalk plug is used with the jack, can be 
improved by decreasing the compensation level, such an 
action would lead to ?irther deterioration of the low fre 
quency margin when a high crosstalk plug is used with the 
jack. 

Therefore, there exists a need for a technique capable of 
simultaneously reducing or canceling NEXT at high frequen 
cies such as at or above 250 MHZ when low crosstalk plugs 
are used, and at low frequencies such as at or below 100 MHZ 
when high crosstalk plugs are used. 

SUMMARY OF THE INVENTION 

The present invention overcomes the problems and limita 
tions of the related art techniques of reducing NEXT in con 
nectors. Particularly, the present invention provides an appa 
ratus and method that simultaneously improves the NEXT 
high frequency performance when low crosstalk plugs are 
used, and the NEXT low frequency performance when high 
crosstalk plugs are used, by making different substrates of a 
multi-stage compensation system in materials having differ 
ent dielectric frequency characteristics. Accordingly, the 
present invention improves both the low frequency (e.g., 
1-100 MHZ) crosstalk performance and the high frequency 
(e.g., 250-500 MHZ; or 500 MHZ and greater) crosstalk per 
formance of modular outlets and panels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The aspects of the invention will be apparent from the 
following detailed description of the embodiments of the 
present invention with reference to the accompanying draw 
ings, in which: 

FIG. 1(a) is a side view of a connector according to a ?rst 
embodiment of the present invention; 

FIG. 1(b) is a top plan view of the printed circuit board and 
compensation capacitors of FIG. 1(a) according to the ?rst 
embodiment of the present invention; 



US RE43,510 E 
3 

FIG. 2 is a top plan view of a printed circuit board and 
compensation capacitors of a connector according to a second 
embodiment of the present invention; 

FIG. 3(a) is a side view of a printed circuit board of a 
connector according to a third embodiment of the present 

invention; 
FIG. 3(b) is a top plan view of the printed circuit board and 

compensation capacitors of FIG. 3(a) according to the third 
embodiment of the present invention; 

FIG. 4(a) is a side view of printed circuit boards of a 
connector according to a fourth embodiment of the present 

invention; 
FIG. 4(b) is a top plan view of the printed circuit boards and 

compensation capacitors of FIG. 4(a) according to the fourth 
embodiment of the present invention; and 

FIG. 5 is a side view of a connector according to a ?fth 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which are 
illustrated in the accompanying drawings. In the present 
application, a ‘stage’ is referred to a place of compensation, 
which occurs at a compensation delay point. 

The present invention provides various con?gurations of 
printed circuit boards (PCBs) which can replace the printed 
wiring board of FIG. 7A in the ’358 patent. In some embodi 
ments, the PCBs of the present invention are constructed by 
stacking multiple substrates having different dielectric con 
stants (DK). 

FIG. 1(a) is a side view ofa connector and FIG. 1(b) is a top 
plan view of the printed circuit board and compensation 
capacitors of FIG. 1(a), all according to the ?rst embodiment 
of the present invention. 

Referring to FIGS. 1(a) and 1(b), the connector includes 
contacts 30 having crossovers 14, and a hybrid PCB 10, where 
a plug 20 is to mate with the connector. The plug 20 can be a 
modular plug such as one used at the end of a phone line or a 
patch cord used to connect a personal computer to a wall 
outlet. The contacts 30 can be soldered or press-?tted into 
plated-through holes located at the appropriate portions of the 
PCB 10 and can be spring wire contacts. Moreover, the con 
tacts 30 have a current carrying portion 30b and a non-current 
carrying portion 30a, where a boundary BD between these 
portions 30a and 30b are indicated in FIG. 1(a). The contacts 
30 and the PCB 10 can be housed in a housing such as a 
modular jack, so that when the plug 20 enters the jack, the 
electrical contacts on the plug 20 mate with the electrical 
contacts on the PCB 10 via the contacts 30. 

The PCB 10 according to the ?rst embodiment is com 
posed of ?ve substrates (S1-S5) and six metalized layers 
(ML1-ML6) alternatingly stacked up. More speci?cally, the 
substrates and the metalized layers are stacked up in the 
following order (from top to bottom): ML1, S1, ML2, S2, 
ML3, S3, ML4, S4, ML5, S5, and ML6. The ?rst substrate S1, 
the second substrate S2, and a half/portion of the third sub 
strate S3 are formed of a material having a low slope DK (i.e., 
a low rate of decline in dielectric constant with respect to 
frequency).A dielectric constant is a well-known term used to 
describe the ability of a material to store electrostatic energy. 
The other half/portion of the third substrate S3, the fourth 
substrate S4, and the ?fth substrate S5 are formed of a mate 
rial having a high slope DK (i.e., a high rate of decline in 
dielectric constant with respect to frequency). The use of the 
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4 
two different DK materials for the substrates S1-S5 is indi 
cated by the presence and absence of hatched lines. 
The metalized layers ML1-ML6 each represent metal con 

ductive patterns formed on the upper surface of the substrate 
directly below the corresponding metalized layer. In FIG. 
1(b), the contacts 30 having the cross-overs 14 as shown in 
FIG. 1(a) are indicated as, e.g., wire pairs 12 and are shown to 
be formed on the ?rst metalized layer ML1. Interdigital 
capacitors 40a and 40b that act as ?rst stage compensation 
capacitors are formed on or as part of the fourth and ?fth 
metalized layers ML4 and ML5, respectively. Interdigital 
capacitors 42a and 42b that act as second stage compensation 
capacitors are formed on or as part of the second and third 
metalized layers ML2 and ML3, respectively. An interdigital 
capacitor is a capacitor having a co-planar arrangement of 
two inter-meshed metal combs each at a different potential, 
and is known. 

In this embodiment, the capacitors 40a and 40b are dupli 
cated on the layers ML4 and MLS, and the capacitors 42a and 
42b are duplicated on the layers ML2 and ML3. In the present 
application, “duplicated”0 with respect to the compensation 
capacitors means identically copied on all the designated 
metalized layers. In other words, the capacitor 40a would 
have the identical shape and size as the capacitor 40b and 
would align with the capacitor 40b vertically. Similarly, the 
capacitor 42a would have the identical shape and size as the 
capacitor 42b and would align with the capacitor 42b verti 
cally. The reason for duplicating the interdigital capacitors is 
to increase the capacitance without having to increase the 
foot-print (surface coverage). Also larger foot-print interdigi 
tal capacitors could be used without the need for this dupli 
cation. On the other hand, if the printed circuit board was 
constructed with more metalized layers, the interdigital 
capacitors can be duplicated on more than two metalized 
layers to make the foot-print even smaller if desired. 

According to the present invention, the use of different DK 
materials for the substrates and the use of interdigital capaci 
tors and cross-over wire pairs of the metalized layers reduce 
the NEXT introduced by the plug 20 at high frequencies if the 
plug 20 is a low crosstalk plug and at low frequencies if the 
plug 20 is a high crosstalk plug. An explanation on how this 
works is as follows. 
NEXT is attributed to two factors: capacitive coupling and 

inductive coupling. The close proximity of two wires creates 
capacitive coupling, whereas the current ?owing through 
these wires creates inductive coupling. Thus, the plug 20 
introduces both the capacitive coupling and inductive cou 
pling as it mates with the contacts 30, and thereby generates 
NEXT. 

To reduce or compensate for the NEXT caused by the 
inductive coupling, the wire pairs 12 (contacts 30) have the 
cross-overs 14. This is known and disclosed in the ’358 
patent. 

To reduce or compensate for the NEXT caused by the 
capacitive coupling, the PCB 10 includes capacitive compen 
sation factors at two stages. In FIGS. 1(a) and 1(b), the ?rst 
stage is at a minimal delay from the original crosstalk, being 
at a portion of the PCB 10 where electrically it is directly 
connected, via the non-current carrying portion 30a of the 
contacts 30, to where the contacts of the plug 20 intercept the 
contacts 30. The second stage is at some delay from the ?rst 
stage, being at a portion of the PCB 10, which is removed 
from where the contacts of the plug 20 intercept the contacts 
30 via the current carrying portion 30b of the contacts 30. 

In the various embodiments of the present invention, the 
interdigital or parallel plate capacitors are placed on the met 
alized layers associated with the substrate(s) made of a high 
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slope DK material at the ?rst stage. A parallel plate capacitor 
is a capacitor composed of two parallel metal plates each at a 
different potential, and is known. At the second stage, the 
interdigital or parallel plate capacitors are placed on the met 
alized layers associated with the substrate(s) made of a low 
slope DK material. For instance, in the ?rst embodiment, 
since the substrates S4 and SS are made of a high slope DK 
material, the interdigital capacitors 40a and 40b are respec 
tively placed on the metalized layers ML4 and MLS at the ?rst 
stage area. Also since the substrates S1 and S2 are made of a 
low slope DK material, the interdigital capacitors 42a and 42b 
are respectively placed on the metalized layers ML2 and ML3 
at the second stage area. 

In the present invention, the magnitude of the ?rst stage 
capacitive coupling is made to decline with frequency by 
placing the ?rst stage interdigital capacitors (or other types of 
capacitors) in the PCB substrates having a high DK slope. The 
second stage capacitive coupling, on the other hand, is made 
relatively ?at with frequency by placing the second stage 
interdigital capacitors (or other types of capacitors) in the 
PCB substrates having a low DK slope. As a result, the net 
compensation crosstalk (fabricated crosstalk) of the connec 
tor, which is comprised of the ?rst stage compensation 
crosstalk minus the second stage compensation crosstalk, 
declines with frequency (i.e., with the increase of frequency). 
In other words, the net compensation crosstalk becomes vari 
able depending on the frequency, such that the present inven 
tion provides a low-level compensation crosstalk at a high 
frequency to minimize the crosstalk over-compensation in the 
connector and provides a high-level compensation crosstalk 
at a low frequency to minimize the crosstalk under-compen 
sation in the connector. By providing the low-level compen 
sation crosstalk at a high frequency, the present invention 
improves the high frequency margin of the connector when a 
low crosstalk plug is inserted into the jack. On the other hand, 
by providing the high-level compensation crosstalk at a low 
frequency, the present invention improves the low frequency 
margin of the connector when a high crosstalk plug is inserted 
into the jack. 

FIG. 2 is a top plan view of the printed circuit board and 
compensation capacitors of FIG. 1(a) according to the second 
embodiment of the present. The second embodiment is iden 
tical to the ?rst embodiment, except that different types of 
compensation capacitors are used. That is, the ?rst stage 
compensation capacitors are implemented using parallel 
plate capacitors 46a and 46b, and the second stage compen 
sation capacitors are implemented using parallel plate capaci 
tors 48a and 48b. The parallel plate capacitors 46a and 46b are 
respectively formed on the metalized layers ML4 and MLS, 
and the parallel plate capacitors 48a and 48b are respectively 
formed on the metalized layers ML2 and ML3 of FIG. 1(a). 
As a result, the second embodiment operates in the same 
manner as the ?rst embodiment with the same bene?ts as 
discussed above. 

FIG. 3(a) is a side view of a printed circuit board of a 
connector and FIG. 3(b) is a top plan view of the printed 
circuit hoard and compensation capacitors of FIG. 3(a), all 
according to the third embodiment of the present invention. 
The third embodiment is similar to the ?rst embodiment in 
that the connector includes the contacts 30 and a PCB and 
receives a plug such as the plug 20. However, instead of using 
the hybrid PCB 10 made of high slope and low slope DK 
materials as in the ?rst embodiment, in the third embodiment 
a homogeneous PCB 50 is used where all the substrates of the 
PCB are made of a high slope DK material. Also, instead of 
integrating the capacitors in the PCB by the use of interdigital 
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6 
or parallel plate capacitors, surface mount type capacitors 
may be used at the second stage area. 

Particularly, referring to FIG. 3(a), the PCB 50 according 
to the third embodiment is composed of four substrates S1-S4 
and ?ve metalized layers MLl-MLS, which are alternatingly 
stacked up. All the four substrates S1-S4 are made of a high 
DK material. The contacts 3 0 on the ?rst metalized layer MLl 
are not shown in FIG. 3(a), but are shown in FIG. 3(b) as the 
wire pairs 12 having the crossovers 14. 

Referring to FIG. 3(b), at the ?rst stage, parallel plate 
capacitors 60a and 60b are respectively formed on or as part 
of the second and third metalized layers ML2 and ML3, 
where the two plates 60a and 60b of each capacitor parallel 
each other. At the second stage, surface mount capacitors 62a 
and 62b are mounted on the ?rst metalized layer MLl (or 
under the last metalized layer). 

In this embodiment, the magnitude of the ?rst stage capaci 
tive coupling declines with frequency because the ?rst stage 
parallel plate capacitors 60a and 60b reside in the PCB 50, 
which has a high DK slope. The second stage capacitive 
coupling, on the other hand, is relatively ?at with frequency 
since it is implemented using the discreet surface mount 
capacitors. As a result, the net compensation crosstalk, which 
is comprised of the ?rst stage compensation crosstalk minus 
the second stage compensation crosstalk, declines with fre 
quency. By providing a low-level compensation crosstalk at a 
high frequency, the present invention improves the high fre 
quency margin of the connector when a low crosstalk plug is 
inserted into the jack. On the other hand, by providing a 
high-level compensation crosstalk at a low frequency, the 
present invention improves the low frequency margin of the 
connector when a high crosstalk plug is inserted into the jack. 

FIG. 4(a) is a side view of printed circuit boards of a 
connector and FIG. 4(b) is a top plan view of the printed 
circuit boards and compensation capacitors of FIG. 4(a), all 
according to the fourth embodiment of the present invention. 
The fourth embodiment is similar to the ?rst embodiment 

in that the connector includes the contacts 30 and receives a 
plug such as the plug 20. However, instead of using one 
hybrid PCB 10 made of high and low DK materials as in the 
?rst embodiment, in the fourth embodiment two homo genous 
PCBs are provided in the connector, where all the substrates 
of the ?rst PCB are made of a high slope DK material and all 
the substrates of the second PCB are made of a low slope DK 
material. 

Particularly, referring to FIG. 4(a), in the fourth embodi 
ment, the ?rst PCB 70 is composed of four substrates S1-S4 
and ?ve metalized layers MLl-MLS, which are alternatingly 
stacked up. All the four substrates S1-S4 in the ?rst PCB 70 
are made of a high slope DK material. The second PCB 72 is 
composed of four substrates S1-S4 and ?ve metalized layers 
MLl-MLS, which are alternatingly stacked up. All the four 
substrates S1-S4 in the second PCB 72 are made of a low 
slope DK material. The contacts 30 on the ?rst metalized 
layer MLl are not shown in FIG. 4(a), but are shown in FIG. 
4(b) as the wire pairs 12 having the cross-overs 14. 

Referring to FIG. 4(b), at the ?rst stage, capacitors 80a and 
80b are interdigital capacitors formed respectively on or as 
part of the second and third metalized layers ML2 and ML3 of 
the ?rst PCB 70. At the second stage, capacitors 82a and 82b 
are interdigital capacitors formed respectively on or as part of 
the second and third metalized layers ML2 and ML3 of the 
second PCB 72. 

In this embodiment, the magnitude of the ?rst stage capaci 
tive coupling declines with frequency because the ?rst stage 
interdigital capacitors reside in the PCB 70, which has a high 
DK slope. The second stage capacitive coupling, on the other 
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hand, is rather ?at with frequency since the second stage 
interdigital capacitors reside in the PCB 72, which has a low 
DK slope. As a result, the net compensation crosstalk, which 
is comprised of the ?rst stage compensation crosstalk minus 
the second stage compensation crosstalk, declines with fre 
quency. By providing a low-level compensation crosstalk at a 
high frequency, the present invention improves the high fre 
quency margin of the connector when a low crosstalk plug is 
inserted into the jack. On the other hand, by providing a 
high-level compensation crosstalk at a low frequency, the 
present invention improves the low frequency margin of the 
connector when a high crosstalk plug is inserted into the jack. 

FIG. 5 is a side view of a connector according to the ?fth 
embodiment of the present invention. The ?fth embodiment is 
similar to the ?rst embodiment in that the connector includes 
the contacts 30 and a PCB and receives a plug such as the plug 
20. However, instead of having ?ve substrates in the PCB, a 
PCB 90 in the ?fth embodiment has four substrates. 

Particularly, referring to FIG. 5, the hybrid PCB 90 is 
composed of four substrates S1-S4 and ?ve metalized layers 
ML1-ML5 altematingly stacked up. The ?rst and second 
substrates S1 and S2 are made of a high slope DK material, 
whereas the third and fourth substrates S3 and S4 are made of 
a low slope DK material. At the ?rst stage, an interdigital 
capacitor 94a is formed on or as part of the metaliZed layer 
ML2. At the second stage, an interdigital capacitor 96a is 
formed on or as part of the metaliZed layer ML4. 

In this embodiment, the magnitude of the ?rst stage capaci 
tive coupling declines with frequency because the ?rst stage 
interdigital capacitor resides between the substrates S1 and 
S2, which have a high DK slope. The second stage capacitive 
coupling, on the other hand, does not signi?cantly decline 
with frequency since the second stage interdigital capacitor 
reside between the substrates S3 and S4, which have a low DK 
slope. As a result, the net compensation crosstalk, which is 
comprised of the ?rst stage compensation crosstalk minus the 
second stage compensation crosstalk, declines with fre 
quency. By providing a low-level compensation crosstalk at a 
high frequency, the present invention improves the high fre 
quency margin of the connector when a low crosstalk plug is 
inserted into the jack. On the other hand, by providing a 
high-level compensation crosstalk at a low frequency, the 
present invention improves the low frequency margin of the 
connector when a high crosstalk plug is inserted into the jack. 

In the various embodiments of the present invention, pref 
erably the high slope DK material used in the PCB substrates 
has a dielectric constant of at or about 4.0 at l MHZ with a rate 
of decline being 0.4 per decade of frequency between 1 MHZ 
and l GHZ. The low slope DK material used in the PCB 
substrates preferably has a dielectric constant of at or about 
4.0, which should remain ?at across the frequency range of l 
MHZ and l GHZ. As an example, materials such as FR-4 
and/ or Te?on can be used as the PCB substrates. Other com 
mercially available high and low slope DK materials can be 
used. For instance, Nelco N4000-7 is an example of a high 
slope DK material usable in the PCB substrates of the present 
invention, and Nelco N4000-l3 SI is an example of a low DK 
slope material usable in the PCB substrates of the present 
invention Nelco N4000-7 has a dielectric constant of 4.5 at l 
MHZ and 3.9 at l GHZ (e.g. a rate of decline of about 0.2 per 
decade of frequency across the frequency range of l MHZ to 
l GHZ), whereas Nelco N4000-l3 SI has a dielectric constant 
of 3.6 at l MHZ and 3.5 at l GHZ. Also, if needed, the 
dielectric constant level of these materials can be easily 
adjusted by known techniques. As such, a material having the 
dielectric constant in the range of about 3.0 to 5.0 at l MHZ 
can be used. Obviously other materials may be used. 
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Generally, the dielectric constant (DK) of most printed 

circuit board materials declines with frequency. In the con 
ventional 2-stage compensated systems, the effect of this 
decline has been largely diluted by the deployment of oppo 
sitely polariZed ?rst and second compensation stages on same 
material substrates. This subjects the ?rst and second stages 
to the same rate of decline in DK. The present invention 
deliberately uses a material having a very steep DK rate of 
decline in the ?rst stage and uses a material having a very low 
DK rate of decline in the second stage. This biases the result 
ant capacitive coupling in such a way as to reduce the overall 
level of compensation as the frequency increases, thus 
improving the high frequency NEXT performance. 

Although four or ?ve PCB substrates are illustrated, it 
should be readily apparent that any other number of PCB 
substrates and/or metalized layers may be used for the 
PCB(s). An important aspect is that there is a big difference in 
the DK slope, when comparing the material used to make the 
low slope DK substrates versus the high slope DK substrates. 
A difference between the high DK slope and the low DK slope 
can be in the range of 0.15 to 0.45 per decade of frequency. 
By having two different DK slope materials, the connector 

designer has a greater ?exibility to tailor/ enhance the capaci 
tor values to better suppress NEXT at the connector. Further, 
the stages of the NEXT suppression can be placed on/be 
tween substrates having very different DK slopes. The result 
ant connector of the present invention can be associated with 
housings, insulation displacement connectors, jack spring 
contacts, etc. 

Also, the various con?gurations and features of the above 
embodiments may be combined or replaced with those of 
other embodiments. For instance, the parallel plate capacitors 
60a, 60b in FIG. 3(b) can be replaced with interdigital capaci 
tors. The interdigital capacitors 80a, 80b, 82a, 82b in FIG. 
4(b) can be replaced with parallel plate capacitors. Wherever 
the interdigital capacitors are used, such capacitors can be 
duplicated with respect to the corresponding other interdigital 
capacitors. In one connector, some of the interdigital capaci 
tors can be implemented on a single metaliZed layer or on 
several metaliZed layers. Further, as mentioned above, any 
number of metalized layers/ substrates for one or more PCBs 
may be used; the location of the high and/or low slope DK 
material may vary; the location of compensation capacitors 
may vary according to the use and location of the high and/or 
low DK slope material; and different types of capacitors (e. g., 
parallel plate, interdigital, surface mount, etc.) may be used. 

Although the present invention has been explained by the 
embodiments shown in the drawings described above, it 
should be understood to the ordinary skilled person in the art 
that the invention is not limited to the embodiments, but rather 
that various changes or modi?cations thereof are possible 
without departing from the spirit of the invention. 
What is claimed is: 
1. A printed circuit board for providing crosstalk compen 

sation in an electrical connector comprising: 
a plurality of contacts for electrical connection with a mat 

ing connector, said plurality of contacts being mounted 
to said printed circuit board; 

a ?rst stage of compensation including a ?rst capacitor 
having a ?rst dielectric with a ?rst dielectric constant 
that has a ?rst rate of change with frequency; 

a ?rst conductive path electrically connecting said ?rst 
capacitor to a portion of a ?rst contact of said plurality of 
contacts, which portion is intended to make electrical 
contact with the mating connector; 

a second stage of compensation including a second capaci 
tor having a second dielectric with a second dielectric 
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constant that has a second rate of change with frequency 
different than said ?rst dielectric by at least about 0.15 
across a decade of frequency; and 

a second conductive path electrically connecting said sec 
ond capacitor to said portion of said ?rst contact of said 
plurality of contacts. 

2. The printed circuit board of claim 1, wherein said plu 
rality of contacts are spring wire contacts. 

3. The printed circuit board of claim 1, wherein said ?rst 
capacitor is an interdigital capacitor. 

4. The printed circuit board of claim 1, wherein said ?rst 
capacitor is a plate capacitor. 

5. The printed circuit board of claim 1, wherein said second 
capacitor is a component that is surface mounted to said 
printed circuit board. 

6. The printed circuit board of claim 1, wherein said ?rst 
capacitor and said second capacitor are connected to said 
printed circuit board. 

7. The printed circuit board of claim 6, wherein saidprinted 
circuit board includes multiple stacked substrates, and 
wherein said ?rst capacitor is formed on one or more surfaces 
of said multiple stacked substrates. 

8. The printed circuit board of claim 7, wherein said ?rst 
capacitor is an interdigital capacitor. 

9. The printed circuit board of claim 7, wherein said ?rst 
capacitor is a plate capacitor. 

10. The printed circuit board of claim 7, wherein said 
second capacitor is a component that is surface mounted to 
said printed circuit board. 

11. The printed circuit board of claim 6, wherein said 
printed circuit board includes multiple stacked substrates, 
wherein a ?rst substrate of said multiple stacked substrates 
serves as said ?rst dielectric with said ?rst dielectric constant, 
and wherein a second substrate of said multiple stacked sub 
strates serves as said second dielectric with said second 
dielectric constant. 

12. The printed circuit board of claim 11, wherein said 
printed circuit board includes four stacked substrates, two 
substrates having said ?rst dielectric constant and two other 
substrates having said second dielectric constant. 

13. The printed circuit board of claim 11, wherein said 
printed circuit board includes ?ve stacked substrates, two 
substrates having said ?rst dielectric constant and two other 
substrates having said second dielectric constant, and a ?fth 
substrate having a ?rst portion with said ?rst dielectric con 
stant and a second portion with said second dielectric con 
stant. 

14. The printed circuit board of claim 1, wherein said 
printed circuit board is includes a ?rst circuit board portion 
and a separate second circuit board portion, wherein said ?rst 
capacitor is connected to said ?rst circuit board portion and 
wherein said second capacitor is connected to said second 
circuit board portion. 

15. The printed circuit board of claim 14, wherein said ?rst 
circuit board portion includes multiple stacked ?rst sub 
strates, wherein at least one of said stacked ?rst substrates 
serves as said ?rst dielectric with said ?rst dielectric constant, 
wherein said second circuit board portion includes multiple 
stacked second substrates, and wherein at least one of said 
stacked second substrates serves as said second dielectric 
with said second dielectric constant. 

16. The printed circuit board of claim 1, wherein said 
plurality of contacts extend away from said printed circuit 
board, and include at least one crossover, where an ordering 
of said plurality of contacts is changed prior to free ends of 
said plurality of contacts. 
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17. The printed circuit board of claim 1, wherein said 

plurality of contacts have ?xed ends mounted to said printed 
circuit board and free ends opposite said ?xed ends, and 
wherein said ?rst conductive path passes through said free 
end of said ?rst contact of said plurality of contacts. 

18. The printed circuit board of claim 17, wherein said 
second conductive path passes through said ?xed end of said 
?rst contact of said plurality of contacts. 

19. The printed circuit board of claim 1, further compris 
ing: a modular jack housing for housing at least a portion of 
said plurality of contacts, said modular jack housing having 
an opening for receiving the mating connector. 

20. The printed circuit board of claim 1, wherein said 
second dielectric is lower in rate of decline with frequency 
than said ?rst dielectric. 

21. The printed circuit board of claim 1 wherein said ?rst 
dielectric constant is about 4.0 at 1 MHZ with a rate of decline 
being about 0.4 per decade of frequency between 1 MHZ and 
1 GHZ. 

22. The printed circuit board of claim 21, wherein said 
second dielectric constant is about 4.0 at 1 MHZ and remains 
constant across a frequency range of 1 MHZ to 1 GHZ. 

23. The printed circuit board of claim 1, wherein said 
second dielectric constant is about 4.0 at 1 MHZ and remains 
constant across a frequency range of 1 MHZ to 1 GHZ. 

24. The printed circuit board of claim 1, wherein said ?rst 
dielectric constant is in the range of 3.0 to 5.0 at 1 MHZ with 
a rate of decline being about 0.4 per decade of frequency 
between 1 MHZ and 1 GHZ. 

25. The printed circuit board of claim 24, wherein said 
second dielectric constant is in the range of 3.0 to 5.0 at 1 
MHZ and remains constant across a frequency range of 1 
MHZ to 1 GHZ. 

26. The printed circuit board of claim 1, wherein said 
second dielectric constant is in the range of 3.0 to 5.0 at 1 
MHZ and remains constant across a frequency range of 1 
MHZ to 1 GHZ. 

27. The printed circuit board of claim 1, wherein the dif 
ference in the decline rate of said ?rst dielectric and said 
second dielectric is in the range of 0.15 to 0.45 per decade of 
frequency. 

28. The printed circuit board of claim 1, wherein said ?rst 
stage of compensation further includes a third capacitor hav 
ing said ?rst dielectric with said ?rst dielectric constant, and 
said second stage of compensation includes a fourth capacitor 
having said second dielectric with said second dielectric con 
stant, further comprising: 

a third conductive path electrically connecting said third 
capacitor to a portion of a second contact of said plural 
ity of contacts, which portion is intended to make elec 
trical contact with the mating connector; and 

a fourth conductive path electrically connecting said fourth 
capacitor to said portion of said second contact of said 
plurality of contacts, wherein said fourth conductive 
path is longer than said third conductive path. 

29. The printed circuit board of claim 28, wherein said 
plurality of contacts have ?xed ends mounted to said printed 
circuit board and free ends opposite said ?xed ends, and 
wherein said third conductive path passes through said free 
end of said second contact of said plurality of contacts. 

30. The printed circuit board of claim 29, wherein said 
fourth conductive path passes through said ?xed end of said 
second contact of said plurality of contacts. 

31. The printed circuit board of claim 28, further compris 
mg: 

a ?fth conductive path electrically connecting said ?rst 
capacitor to a portion of a third contact of said plurality 
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of contacts, Which portion is intended to make electrical 
contact With the mating connector; and 

a sixth conductive path electrically connecting said second 
capacitor to said portion of said third contact of said 
plurality of contacts, Wherein said sixth conductive path 
is longer than said ?fth conductive path; 

a seventh conductive path electrically connecting said third 
capacitor to a portion of a fourth contact of said plurality 
of contacts, Which portion is intended to make electrical 
contact With the mating connector; and 

a eighth conductive path electrically connecting said fourth 
capacitor to said portion of said fourth contact of said 
plurality of contacts, Wherein said eighth conductive 
path is longer than said seventh conductive path. 

32. The printed circuit board of claim 31, Wherein said 
plurality of contacts have ?xed ends mounted to said printed 
circuit board and free ends opposite said ?xed ends, Wherein 
said ?rst conductive path passes through said free end of said 
?rst contact of said plurality of contacts, Wherein said third 
conductive path passes through said free end of said second 
contact of said plurality of contacts, Wherein said ?fth con 
ductive path passes through said free end of said third contact 
of said plurality of contacts, and Wherein said seventh con 
ductive path passes through said free end of said fourth con 
tact of said plurality of contacts. 

33. The printed circuit board of claim 32, Wherein said 
second conductive path passes through said ?xed end of said 
?rst contact of said plurality of contacts, Wherein said fourth 
conductive path passes through said ?xed end of said second 
contact of said plurality of contacts, Wherein said sixth con 
ductive path passes through said ?xed end of said third con 
tact of said plurality of contacts, and Wherein said eighth 
conductive path passes through said ?xed end of said fourth 
contact of said plurality of contacts. 

34. The printed circuit board of claim 1, Wherein said 
second conductive path is longer than said ?rst conductive 
path. 

35. A printed circuit board for providing crosstalk compen 
sation in an electrical connector, the printed circuit board 
comprising: 

a plurality of conductors; 
a ?rst capacitor electrically connected to a ?rst of the 

conductors and providing crosstalk compensation to a 
signal communicated on the ?rst of the conductors, the 
?rst capacitor having a ?rst dielectric With a ?rst dielec 
tric constant slope; and 

a second capacitor electrically connected to the ?rst of the 
conductors and providing crosstalk compensation to the 
signal communicated on the ?rst of the conductors, the 
second capacitor having a second dielectric With a sec 
ond dielectric constant slope, different than the ?rst 
dielectric constant slope. 

36. The printed circuit board of claim 35, Wherein the ?rst 
dielectric constant slope or the second dielectric constant 
slope is substantially constant across the frequency range of 
about 1 MHZ to about 1 GHZ. 

37. The printed circuit board of claim 35, Wherein the ?rst 
dielectric constant slope is about 0.2 per decade of frequency 
across the frequency range of l MHZ to l GHZ. 

38. The printed circuit board of claim 35, Wherein the ?rst 
dielectric constant slope is about 0.4 per decade of frequency 
across the frequency range of l MHZ to l GHZ. 

39. A printed circuit board comprising: 
a plurality of conductive paths that extend from a plurality 

of respective inputs of said printed circuit board to a 
plurality of respective outputs of said printed circuit 
board; 
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a ?rst compensation stage for capacitively coupling 

crosstalk compensation having a ?rst polarity onto a ?rst 
path of said plurality of conductive paths, said ?rst com 
pensation stage including at least one ?rst capacitive 
element that includes a ?rst dielectric constant material 
that has a ?rst rate of change With frequency; and 

a second compensation stage for capacitively coupling 
crosstalk compensation having a polarity opposite the 
?rst polarity onto said ?rst path of said plurality of 
conductive paths, said second compensation stage 
including at least one second capacitive element that 
includes a second dielectric constant material that has a 
second rate of change With frequency, different than the 
?rst rate of change With frequency. 

40. The printed circuit board of claim 39, Wherein the ?rst 
rate of change is about 0.2 per decade of frequency across the 
frequency range of l MHZ to l GHZ. 

41. The printed circuit board of claim 39, Wherein the ?rst 
rate of change is about 0.4 per decade of frequency across the 
frequency range of l MHZ to l GHZ. 

42. The printed circuit board of claim 39, Wherein the 
second rate of change is substantially ?at With frequency 
across the frequency range of l MHZ to l GHZ. 

43. The printed circuit board of claim 39, Wherein the ?rst 
and second rates of change are pre-selected to reduce the 
near-end crosstalk on said ?rst path of said plurality of con 
ductive paths in the l MHZ to 100 MHZ frequency range When 
a high crosstalk plug is electrically connected to said plurality 
of respective inputs, and to reduce the near-end crosstalk on 
said ?rst path of said plurality of conductive paths at frequen 
cies above 250 MHZ When a loW crosstalk plug is electrically 
connected to said plurality of respective inputs. 

44. A printed circuit board comprising: 
a plurality of conductors; 
a ?rst compensation structure that is con?gured to provide 

a ?rst compensating crosstalk having a ?rst magnitude 
to a ?rst of the plurality of conductors; and 

a second compensation structure that is con?gured to pro 
vide a second compensating crosstalk having a second 
magnitude to the ?rst of the plurality of conductors; 

wherein a ratio ofthe?rst magnitude to the second mag 
nitude varies with frequency. 

45. The printed circuit board of claim 44, wherein the 
printed circuit board includes a ?rst printed circuit board 
portion and a second printed circuit board portion that is 
separate from the ?rst printed circuit board portion, and 
wherein the ?rst printed circuit board portion includes the 
?rst compensation structure and the second printed circuit 
board portion includes the second compensation structure. 

46. Theprinted circuit board ofclaim 45, wherein the?rst 
compensation structure is at a ?rst delay from a point where 
the conductors of the electrical connector intercept conduc 
tors ofa matingplug connector and the second compensation 
structure is at a second delayfrom the point where the con 
ductors of the electrical connector intercept conductors of the 
mating plug connector, where the ?rst delay is less than the 
second delay. 

47. Theprinted circuit board ofclaim 46, wherein the?rst 
compensation structure includes a parallel plate capacitor. 

48. Theprinted circuit board ofclaim 47, wherein the?rst 
printed circuit board portion includes a ?rst dielectric mate 
rial that has a ?rst dielectric constant that has a ?rst rate of 
change with frequency, and the second printed circuit board 
portion includes a second dielectric material that has a sec 
ond dielectric constant that has a second rate of change with 
frequency that is di?'erent than the ?rst rate of change with 
frequency. 
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49. Theprinted circuit board ofclaim 48, wherein the?rst 
rate of change with frequency is higher than the second rate 
of change with frequency. 

50. The printed circuit board of claim 1, wherein the 
printed circuit board includes a ?rst printed circuit board 
portion and a separate second printed circuit board portion, 
and wherein the ?rst printed circuit board portion includes 
the ?rst stage of compensation and the second printed circuit 
board portion includes the second stage of compensation. 

5]. The printed circuit board of claim 35, wherein the 
printed circuit board includes a ?rst printed circuit board 

14 
portion and a separate second printed circuit board portion, 
and wherein the ?rst printed circuit board portion includes 
the?rst capacitor and the secondprinted circuit boardpor 
tion includes the second capacitor. 

52. The printed circuit board of claim 44, wherein the 
printed circuit board comprises a unitary printed circuit 
board structure and the ?rst compensation structure and the 
second compensation structure are both on the unitary 
printed circuit board structure. 
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