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MINEMIZING CROSSTALK IN A DATA TRANSFER DEVICE

BACKGROUND

Techiical Field

Embodiments generaly relate to signal integrity. More particularly, embodiments relate to
minimizing crosstalk interference it a data transfer device.
Discussion

Crosstalk management may be a significant design consideration in electronic devices. A
source of crosstalk may be connector components or printed circuit board (PCB) traces that carry
data. Balancing form factor requirements while minimizing crosstalk in these devices may be a
high priority.

BRIEF _DESCRIPTION OF THE DRAWINGS

The various advantages of the embodiments of the present invention will become apparent
to one skilled in the art by reading the following specification and appended claims, and by
referencing. the & Ilowing drawings, in which:

FIG. 1is a block diagram of an example of an apparatus thal implements. crosstalk
minimization in a multi-row data transfer device in accordance with an embodiment of the
invention;

FIG. 2 is a block diagram of ait example of an. apparatus that implements crosstalk
minimization in a stripiine routing data transfer device in accordance with an embodiment of the
invention;

FIG. 3 is a block diagram of an example of an apparatus that implements crosstalk
minimization in a si¥ipline routing data transfer device in accordance with another embodiment
of the invention; and

FIG. 4 is a.flowchart of an example of amethod of arranging components of a data transfer

device to minimize crosstalk hi accordance with an embodi metit of the invention.

DETAILED DESCRIPTION

Embodiments may include an apparatus including a substrate, a first ground pin coupled to
the substrate, and a second ground pin coupled to the substrate. The apparatus may also include
afirst differential pair coupled to the substrate, wherein the first differential pair may include a
first connector pin of the first differential pair located on a first row of the substrate, and a
second connector pin of the first differential pair located on a second row of the substrate. The
f rst connector pin of the first differential pair and the second connector pin of the first
differential pair may have opposing polarities and may be arranged to be substantially diagonally
opposed to one another. The apparatus may also include second differential pair coupled to the
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substrate, wherein di¢ second differential pair may include a first connector pin of the second
differential pair located o the first row of the substrate and a second connector pin of the second
differential pair located on the second row of the substrate. The first connector pis of the second
differential pair and the second connector pin of the second differential pair may have opposing
polarities and may {re arranged to be diagonally opposed to one another.

Embodiments may also include a substrate, a first ground pin embedded in the substrate,
and i second ground pinn embedded in the substrate. The apparatus may also include a first
differential pair embedded in the substrate, wherein the first differential may include a first
connector pin of the first differential pair located on afirst row and a second connector pin of the
first differential pair located oz a second row. The first connector pin of the first differentia pair
and. the second connector pin of the first differential pair may be arranged to be substantialy
diagonally opposed to one another and can have opposing polarities. The apparatus may aso
include a second differential pair embedded in a substrate, wherein the second differential pair
may include g first connector pin of the second differential pair located on the first row and a
second connector pin of the second. differential pair located on the second row. The first
connector pin of the first differential pair and the second ‘connector pin-of the second differential
pair may be arranged to be diagonally opposed to one another and can have opposing polarities.

Embodiments may also include a substrate, a first ground pin embedded in the substrate,
and a second ground pin embedded in the subsirate. The apparatus may also include a first
differential pair embedded in the subsirate on a first row, wherein the first differentiad may
include a first connector pin of the first differential pair and a second connector pix of the first
differential pair having opposing polarities. The apparatus may also include a second differential
pair embedded in a substrate on a second row, wherein the second differential pair may include a
first connector pin of the second differential pair and a second connector pin of the second
differential pair .having opposing polarities. The first differential ‘pair may be offset by an offset
spacing length from the second differential pair to minimize crosstalk.

Embodiments may involve a computer implemented method including arranging a first
connector pin of afirst differentia pair and a second connector pin of the f rst differential pair to
minimize crosstalk. The first connector pin of the first differential pair and the second connector
pin of the first differential pair may have opposing polarities. The method may also provide for
arranging a first connector pin of a second differential pair and a second connector pin of the
second differential pair to minimize crosstalk. The frst connector pi of the second differential
pair and the second connector pin of the second differential pair may have opposing polarities.
The method may also provide for adjusting a first spacing arrangement between the first
connector pin of the first differential pair and the second connector pin of the first differentia
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pair to minimize crosstalk. The method may also provide for adjusting a second spacing
arrangement between the first connector pin of the second differential pair and the second
connector pin of the second differential pair t o minimize crosstalk.

Turning now io FIG. 1, a block diagram of a substrate 6f) is.shown. The substrate 68 may
be, for example, a pnnied circuit board (PCB) or a connecting device such as a connector
housing, In this embodiment, the substrate 60 mav be amulti-row connecting device, wherein a
first row of ground pirs and connecting or connector pins iniay be located on a top surface of the
substrate 60, and a second row of ground pins and connecting pins in&y he located on a bottom
surface of the substrate 60.

The substrate 60 may include ground pins 2-9 and connector pins %i-21. As shown, a
ground pin may be located at intervals preceding and/or following at least one connector pin.
For example, the connector pins {{}, 12 may he located in between the ground pins 2, 3, and the
connector pins 11, 13 may be located in between the ground pins 6 and 7.

The connector phes 1§}, 1i may form g first differential, pair 22. The first connector pin [{}
and the seconid connector pin 11 of the first differentia pair 22 may have opposing polarities,
arid may be arranged to be substantially diagonally opposed to one another. Thai is, the first
connector pin {{} may be located on the top row of the substrate 60, and the second connector pin
11 may be located to form a substantially opposing diagona on the bottom row of the substrate
60. Similarly, the connector pins 12, 13 may form asecond differential pair 23, wherein the first
connector pin 12 and the second connector pin 13 .0f the second differential pair 23 may have
opposing polarities, and may arranged to be substantially - diagonally opposed © one another.
This arrangement may minimize crosstalk between. the first differentia pair 22 and the second
differential pair 23,

A first differential cancellation property may be taken advantage of with respect to the
arrangement of the differential pairs. Specifically, if the first connector pin 10 of the first
differential pair 22 (i.e., afirst crosstalk "aggressor*”) may be configured to create an equal or
approximately equal amount of crosstalk as the second connector pin 11 (i.e., a second crossialk
"aggressor") of the first differential pair 22 in opposing polarities, then the net crosstalk effect of
the first differential pair 22 on the second differential pair 23 (i.e., the crossialk "victim") may be
minimized. The net crosstalk effect of the second differential pair 23 on the first differential pair
22 may be minimized in asimilar manner as well.

A second differential cancellation property may be taken advantage of with respect to the
arrangement of the individual pins of the differential pairs as well. Specificaly, the first
connector pin 10 of the first differential pair 22 (i.e., the "aggressor') may be configured io

generate an amount of crosstalk in a first polarity in the first connector pin 12 (i.e, the first
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"victim") of the second differential pair 23 that may be approximately equal or equal to the
amnount of crosstalk generated in tbe same polarity in the second connector pin 13 (i.e, the
second. "Victim") of the second differential pair..23. Thai: is, the crosstalk generated by the
aggressor f rst connector pin .10 on the victim first connector pin 12 and the victim second
connector pin 13 may be configared © neutralize each other, thereby leaving the second
differential pair 23 with minimal differential crosstalk effect from the aggressor first connector
pin 10.

Similarly, is the case of the second connector pin 11 (i.e., another "aggressor") of the first
differential pair 22, the second connector pin 1! may be configured to generate an amount of
crosstalk in a first polarity ‘in the first connector pin {2 (i.e, the first "victim") - of the second
differentia) pair .23 that may be approximately equal or equal b the amount of crosstalk
generated in the same polarity in the second connector pin 13 (i.e.,, the second "victim") of the
second differential pair 23, That is, the crosstalk generated by the aggressor second connector
pin 11 on the victim first connector pin 12 and the victim second connector pin {3 may he
configured to neutralize each other, thereby leaving tbe second differential pair.23 with minimal
differentia) crosstalk effect from the aggressor first connector pin i}, Similar principles may be
‘utilized to minimize the co sstalk effect from the differential pair 23 on the differential pair 22.

Other design aspects of the substrate 6ff may be configured to achieve crosstalk
cancellation. For example, a connector pin distance 30 between first connector pin 1 of the first
differential pair 22 and the first connector pm 12 of the second differential pair 23, measured
here by the midpoint of the connector pins, may be chosen to minimize crosstalk. In addition, a
pin width 35 and a pin height 40 of a connector pin may be chosen to minimize crosstalk as well.
In certain embodiments, the pin width 35 or the height 40 of connector pins o the substrate 60
may be uni form. In other embodiments, this may not be so, A substrate thickness 50 may be
designed b minimize differential crosstalk as well.

The arrangement and numbering of blocks -depicted inn FIG. 1is not intended to.imply an
order of operations to the exclusion of other possibilities. Those of skill in the art will appreciate
that dye foregoing systems ad methods are susceptible of various modifications and alterations,
In this embodiment, the ground pins may be located before and after a uniform number of
connector pins (e.g., two connector pins). For example, the ground pins 2, 3 surround the two
connector pins (i, 12, and the ground pins 3, 4 surround the two connector pins {4, 16.
However, in other embodiments, the ground pins may be located randomly between the
connector pins.

Turning now to FIG. 2, a block diagram of a substrate 200 is shown. In this exemplary

embodiment, the substrate 200 may be a printed circuit board (PCB) utilizing dua stripline
4
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routing toroute signals. The PCE substrate 200 may include az embedded top ground plane 2{}}
aiid an embedded bottom ground plane 202,

{n additi o, the PCB sobstrate 200 .may include afi tst differential pair 217 embedded it the
PCB substrate 200, wherein the first differential pair 217 may include a first connector pin 203
located on a first row of connector pins and a second connector pin 204 located on a second row
of connector pigs, The first connector pin 203 of the first differential pair 217 and the second
connector pint 204 of the first differential par 217 may have opposing polarities. The PCB
substrate 200 may aso include a second differential pair 218 embedded . in the PCB substrate
200, wherein the second differential pair 218 may include a first connector pin 205 located on
the first row of connector pins and a second connector pin 206 located on the second row of
connector pins. The first connector pin 205 of the second differential pair 2i8 and the second
connector pin 206 of the second differentia pair 2!8 may have opposing polarities. The PCB
substrate may also include athird differential pair 219 including & first connector pin 207 and a
second connector pin 208 and a fourth differential pair 220 including afirst connector pm 2
and a second connector pin 210.

Similar to the embodiment described in F{G. 1, the first connector pin 203 of thg first
differential pair 217 and the second connector pin 204 of the first differential pair 21? may be
arranged to be substantially diagonally opposed to one another. Also, the first connector pin 205
of the second differential pair 218 and the second connector pin 206 of the second differential
pair 218 may be arranged.to be substantially diagonally opposed to one anoiher as well. As will
be discussed in greater detail, the embodiment may utilize differential cancellation properties to
minim-tee crosstalk.

For example, with regard b the first differential cancellation property, the first connector
pin 203 of the first differential pair 21? (i.e., afirst crosstalk "aggressor') may be configured to
create an equal or approximately equal amount. of crosstalk on the second differential pair 21 % as
the secorl connector pin 204 of the second differential pair 2i¥ (i.e., a second crosstalk
"aggressor") in an opposing polarity. Thus, the net crosstalk effect of the first differential pair
217 on the second differential pair 218 may be minimized, and the net crosstalk effect of the
second differential pair 218 on the first differential pair 217 wmay be minimized in g similar
manner as well

The arrangement of the individual connector pins of the differential pairs may be
configured to minimize crosstalk as well. Specifically, the first connector pin 203 of the first
differential pair 217 (i.e., the "aggressor") may be configured to generate an amount of crosstalk
in a first polarity in the first connector pin. 205 (i.e., the first "victim") of the second differential

pair 218 that may be approximately equal or egqual to the amount of crosstalk generated in the
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same polarity io the second connector pia 206 (i.e., the second “victint’} of the second
differential pair 218, Thatis, the crosstalk generated by the aggressor first connector pin 203 on
the victim iirst connector pin 205 and thg victim second connector pin 206 may generally
neutralize each other, thereby leaving the second differential pair 218 with aminimal differential
crosstalk - effect from the aggressor first connector pin 203, The differential crosstalk effect of
the second connector pin 204 of the first differential pair 21.7 on the second differential pair 2%
may be minimized in asimilar manner as well.

Other design aspects may be implemented to obtain the condition for crosstalk
cancelfaticn.  For example, a connector pin distance 214 (e.g., a distance between the first
connector pin 203 of the first differential pair 217 and the first connector pin 205 of the second
differential pair 218) may be chosento minimize crosstalk. in addition, an in-row separation 215
(e.g., adistance between first connector pist 205 of the second differential pair 218 and a first
connector pin 207 of a third differential pair 219) may be chosen to minimize differential
crosstalk.. Also, afirst ground separation 211 (e.g., the distance f a1 the first ground 201 b the
first connector pin 203 of the first differential pair 217} and a.second ground separation 213 (e.g.,
the distance from the second ground 202 to the second connector pis 206 of the second
differential pair 218), along with the selection of a differential pair separation 212 (e.g., the
distance from the first connector pit! 203 of the first differential pair 2.17 to the second connector
pia 204 of the first differential pair 217), may all be selected to minimize differential crosstalk as
well.

The arrangement and numbering of blocks depicted in FIG. 2 is not intended to-imply an
order of operations to the exclusion of other possibilities. Those of skill in the art will appreciate
that the foregoing systems and methods are susceptible of various modifications and alterations.
For example, in the embodiment described in FIG. 2, the distances of the first ground separation
21.1 and the second ground separation 213 may be equal . However, in other embodiments, this
may hot be so.

Turning now to FIG. 3, ablock diagram of -a substrate 1000 is shown. inthis exemplary
embodiment, the substrate .{$00 may be a printed circuit board (PCB) utilizing dual stripline
routing b route signals. The PCH substrate {000 may include an embedded top ground plane
1061 and an embedded bottom ground plane 1602,

The PCB substrate 1000 may also include a first differential pair 1303 embedded in the
PCB substrate 1000, wherein the first differential pair {003 may be locaied on a first row of
connector pins, and may include a first connector pin 1004 and a second connector pin 1005.
The first connector pin 1004 of the first differential pair 103 and the second connector pin {05

of the first differential ‘pair 1£J03 may have opposing polarities.

f
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In addition, the PCH substrate {000 may include a second differential pair 1006 embedded
in the PCB substrate 1300, The second differential pair 1006 may be located on a second row of
connector  pins, and may include a first connector pin {07 and a second connector pir 1{08.
The first connector pin 1007 and the second connector pint 1008 of the second differential pair
1006 may have opposing polarities. The PCS substrate 1000 may aso include a third
differential pair 1009 including a first connector pin }{}{) and a second connector pixn i0}} and a
fourth differential pair 1{112 including a first connector pin 113 and a second connector pit
1014.

As shown, the first differential pair 1003 may be offset by using an offset spacing length
2000 from the second differential pair 1006. More particularly, the first connector pin {}04 of
the first differential pair 1003 .may be offset from the first connector pin 1{}0? of the second
differential pair $(306 in an amount thai is approximately equal or equal to an amount that the
second connector pin 1405 of the first differential paiy 14103 isoffset from the second pin 1008 of
the second differential pair 1006, Similar to the embodiments described above, the embodiments
described in PIG. 3 may be configured to utilize multiple differential cancellation properties to
niitnmize crosstalk.

First as discussed above, the arrangement of the individual consiector pins of the
differential pairs nay be configured to minimize crosstalk. For example, in the case of the f rst
connector pin 1004 of the first differential pair 1003 (i.e., a first "aggressor"}, the aggressor first
connector pin 1.004 may generate an amount of crosstak in. a first polarity: in the second
connector pin 1008 (i.e, the first "victira ) of the second differential pair 1006 that is
approximately egual or equal to the amount of crosstalk in an same polarity that is generated by
the second connector pin 1005 (i.e,, a second "aggressor”) of the first differential pair 11203 on
the victim second connector pin 1{i08 of the second differential pair 1{}06. That is, the crosstalk
generated by the aggressor first connector pin 1004 and the crosstalk generated by the aggressor
second connector -pin {005 on the victim first connector pin 1008 may generally neutralize each
other, thereby leaving -the victim first connector pin 1008 with a minima differential crosstalk
effect from the first differential pah 1003. This differential cancellation property may be utilized
to minimize crosstalk in other connector pins in the embodiment aswell,

A second differential cancellation property may be taken advantage of by the arrangement
of the differential pairs themselves. The crosstalk effect on the first connector pin 1007 and the
second . connector pin 1008 of the second differential pair }(306 may be affected by, among other
tilings, the crosstalk effect from first connector pin {{}04 and the second connector pin 1005 of
the first differential pair 1003, However; the embodiment . may be configured such that the et
effect of the first differential . pair 1003 on both the first connector pin 1007 and the second

-
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connector pin }0{i% of the second differential pair {105 is approximately equal or equa to zero.
The total crosstalk effect of the second differential pair {106 on the first differential pair 1003
fi1ay be mini.rai.zed in asimilar ‘manner -as well.

Other design aspects may be implemented to minimize crosstalk in the FCB substrate 1000
between the differential pairs. For example, a connector pin distance 1018 (e.g., a distance
between the first connector pin 1007 and the second connector pin 1008 of the second
differential pair 1{}06) may be chosen to minimize crosstalk. I addition, an in-row separation
1019 (e.g., adistance between the second connector pin {008 of the second differential pair 1006
and a first connector pin 1013 of a third differential pair 1012} may be chosen to mininize
differential crosstalk. Also, a first ground separation 1013 (e.g., the distance from the first
ground 130! b the first connector pin. 1007 of the second differential pair 1006) and a second
ground separation 1017 (e.g, thedistance from the second ground 1002 to the first connector pin
1004 of the first differential pair }403), along with the selection of a differential pair separation
1016 (e.g.. the distance from the first connector pin 1,004 of the first :differential .pair 1003 b the
first connector pin 1007 of the second differential pair 1006), may be selected to minimiee
differential crosstalk aswell.

The arrangement and numbering of blocks depicted in FIG. 3 is not intended to insply an
order of operations to the exclusion of other possibilities. Those of skill inthe art will appreciate
that the foregoing . systems -and methods -are susceptible of various modifications and alterations.
Other embodiment may provide for different or modified configurations for crosstak
cancellation. For example, in other embodiments, the crosstalk cancellation between rows may
be designed so that the sum of the crosstalk effect of a first connector pin of a first differential
pair on a first connector pin of a second differential pair and the crosstalk . effect of a second
connector pin of af st differential pair on a second connector pin of a second differential pair is
approximately equal or equal to the sum of the crossiak effect of a first connector pin of a first
differential pair on a second connector pin of asecond differential pair and the crosstalk effect of
a second connector pit: of a first differential pair on a first connector ' pin of a second differential
pair.

Turning now to FIG. 4, flowchart of an example of a method of arranging components of a
data transfer device to minimize crosstalk ifi accordance with an embodiment of the invention is
shown. The process may begit at processing block 4000. At block 4018, afirst differential pair,
such as differential par 21 (FIG. 1) and a second differential pair, such as differential pair 22
(FIG. J), on a substrate, such as substrate . (FIG. 1), may be configured to implement a
differential crossiadk cancellation properly. For example, the first connector pin of the first
differential pair, such as the first connector pix 10 (FIG, 1), and the second connector pin of the

g
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first differentia pair, such as (fee second connector pin 1} (FIG. 1), may be arranged to be
substantially diagonally opposed to one mother. Also, the first connector pin of the second
differential pair, such as tha first connector pin 12 (FIG. 1), and. the second connector pin of the
second . differential pair, such as the second connector pin 13 «(FIG. 11 may be arranged to be
diagonally opposed to one another aswell At block 4020, the spacing arrangements, such as the
spacing between the first differential pair and the second differential pair, and the spacing
between the first connector pin of the first differential pair and the second  connector pin of the
first differential pair, may be configured to minimise crosstalk as well At block 4030, the
process miay terminate.

The sequence and numbering of blocks depicted in FI.G. 4'isnot intended to imply an order
of operations to the exclusion of other possibilities. Those of skill in the art will apprecia te that
the foregoing systems and methods are susceptible of various modifications, variations, and
aterations. For example, in the embodiment described above, the first and the second connector
pin of the first differential pair and the frst. and the second connector " pin. of the second
differential pair may be aranged to bg substantially - diagonaly opposed to onie another.
However, in other embodiments, crosstak ‘in the first and the second differential pair may be
minimized by, among other things, utilizing an offset spacing length between the first differential
pair from the second differential pair.

It witl be evident to persons having the benefit of this disclosure that various modifications
and. changes may be.made to these embodiments without departing from the broader spirit and
scope of the embodiments described herein. The specification and drawings are, -accordingly, to
be regarded in an illustrative rather than arestricti ve sense.

Those skilled in the art will appreciate from the foregoing description that the broad
techniques - of the embodiments of the present invention can be implemented in a variety of
forms. Therefore, while the embodiments of this invention have been described in. connection
with particular examples thereof, the true scope of the embodiments of the invention should not
be so limited since other modifications will become apparent to the skilled practitioner upon a
study of the drawings, specification, and following claims.

In addition, in some of the drawings, signal conductor Hues are represented with lines.
Some may be thicker, to indicate more constituent signal paths, have a number label, to indicate
anumber of constituent signal paths, and/or have arrows at one or more ends, to indicate primary
information flow direction.  This, however, should not be construed in a limiting manner.
Rather, such added detail may be used in connection with one or more exemplary embodiments
to facilitate easier understanding. Any represented signal lines, whether or not having additional

information, may actually include one or more signals that may travel in multiple directions and
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may be implemented with any suitable type of signai scheme, eg., digital or analog Hues
implemented ‘with differential pairs, optical fiber lines, and/or single-ended lines.

Example sizes/models/valiesranges may have been given, although embodiments ' of the
present invention are not limited to the same. As manufacturing techniques (eg.,
photolithography) mature over time, it is expected that devices of smaller size could be
manufactured. In addition, well known power/ground connections and other components may or
may noi be shown within the figures, for simplicity of illustration and discussion, and so as not
to obscure certain aspects of the embodiments “of the invention. Further, arrangements may be
shown iz block diagram form in order to avoid ‘obscuring embodiments -of the invention, and aso
in view of the fact that specifics with respect. b implementation of such block diagram
arrangements are highly dependent upor: the platform within which the embodiment is to be
implemented, i.e., such specifics should be well within purview of one skilled in the art. Where
specific details are set. forth in. order b describe example embodiments of the invention, it should
be apparent b one skilled in the art that embodiments ‘of the invention can be practiced without,
or with variation of, these specific details. The description is thus to be regarded asillustrative
instead of limiting:

The term "coupled® may be used herein ty refer to any type of relationship, direct. or
indirect, between the components in question, and may apply to electrical, mechanical, fluid,
optical, electromagnetic, . electromechanical or other ‘connections, = in-addition, the terms "first",
"second", etc. are used herein only to facilitate discussion, and carry no particular tempora or

chronological significance unless otherwise indicated.
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CLAIMS
We claim:
i. A apparatus comprising:
a substrate;

afirst ground pin coupled b the substrate;

a second ground pin coupled to the substrate;

afirst differential pair coupled to the substrate, wherein the first differential pair includes
afirst connector pin of the first differential pair located on afirst row of the substrate, and a
second connector pin of the first differential pair located on a second row: of the substrate,
wherein the first connector pin of the first differential pair and the second connector pin of the
first differential pair have opposing polarities and are arranged to be substantially diagonally
opposed to one ancther; and

a second differential pair coupled to the substrate, wherein the second differential pair
includes afirst connector pin of the second differential pair located on the first row of the
subslrate and a second connector pin of the second differential pair iocated on the second row of
the substrate, and wherein the first connector pin of the second differential pair and the second
connector pin of the second differential pair have opposing polarities and are arranged to be

diagonally opposed to one another.

2. The apparatus of claim |, wherein the substrate is one of a printed circuit board

(PCB) and a connecting device.

3. The apparatus of claim }, wherein at least one of the first connector pin of the first
differential pair, the second connector pin of the first differential pair, the first connector pin of
the second differential pair, aid the second connector pin of the second differential pair are

iocated in between the first ground pin and the second ground pin.

4, The apparatus of claim 1, wherein the first connector pin of the first differentia
pair isconfigured to create approximately .asame amount of crosstalk asthe second connector

pin of the first differential pair in opposing polarities.

3. The apparatus of claim i, wherein the first connector pin of the f rst differential

pair isto generate an amount of crosstalk in afirst polarity in the first connector pin of the

{i
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second differential pair that is approximately equal to an.amount of crosstalk to be generated in a

same polarity inthesecond connector pin of the second differential pair.

6. The apparatus of claim 1, wherein a connector pin distance of the apparatus is

configured to minimize crosstalk.

7. The apparatus of claim |, wherein at least one of apin.width and apin height of

the first connector pin of the first differential pair isconfigured to minimize crosstalk.

8. The apparatus of claim 1, wherein athickness of the substrate is configured to

minimize differential crosstalk.

9. An apparatus comprising;

a substrate;

af rst:ground pin embedded in the substrate:

a second ground pin embedded in the substrate;

afirst differential pair embedded in the substrate, wherein the first differential includes a
first connector pin of the first differential pair located on afirst row and a second connector pin
of the first differential pair located on a second row, and wherein the first connector pin of the
first differential pair and the second connector pin of the first differential pair are arranged to.be
substantially diagonally opposed to one another and have opposing polarities; and

a second differential pair embedded in. a substrate, wherein the second differential pair
mdiides afirst connector pin of the second differential pair located on the first row and a second
connector pin of the second differential jpair located on the second row, and wherein the first
connector pin. of the first differential pair and the second connector pin of the second differential

pair are arranged to be diagonally opposed to one another and have opposing polarities,

10, The apparatus of claim % wherein the substrate is.apri.nted circui t board {PCE).

11.  The apparatus of claim 9, wherein the first differential parr and the second

differential pair are embedded in between the first ground plane and the second ground plane.

i2, The apparatus . of claim 9, wherei:n the first connector pin of the first differential

pair isto generate an amount of crosstalk in. a first.polarity on the second differential pair that is

2
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approximately equal to #i1 amount of crosstalk in. an opposing polarity that the second connector

pin of the first differential pair isto generate on the second differential pair.

13, The apparatus of claim 9, wherein the first connector pin of the first differential
pair 1sto generate an amount of crosstalk in afirst polarity in the first connector pin of the
second differential pair that isapproximately equal to an amount of crosstalk to be generated in a

same polarity inthe second connector pin of the second differential pair.

14. The apparatus -of claim 9, wherein a connector pin. distance of the apparatus is

configured to minimize crosstalk.

15 The apparatus of claim %, wherein an in-row separation of the apparatus is

configured to .minimize crosstalk.

16. The apparatus of claim 9, wherein a differential pair separation of the apparatus is

configured to minimize differential crosstalk.

17. An apparatus comprising:

a substrate;

afirst ground pin embedded in the substrate;

asecond ground pix embedded in the substrate;

g first differential pair embedded in the substrate on a first row, wherein the first
differential includes afirst connector pin of the first differential pair and a second connector pin
of the first differential pair have opposing polarities; aid

a second differential ‘pair embedded in asubstrate on a second row, wherein the second
differential pair includes a first.connector pin of the second differential pair and a second
connector pin of the second differentia! pair have opposing polarities, and wherein the first
differential pair is of set by an offset spacing length from the second differential pair to minimize

crosstalk.

18.  The apparatus of clam {7, wherein the substrate is aprinted circuit board (PCR).

¥4, The apparatus of ¢latin J7, wherein the first differential pair and the second

dif erential pair are embedded i1 between the first ground plane- and the second ground plane.

3
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20. The apparatus of claim {7, wherein the first connector pin of the first differential
pair isb generate an amount of crosstalk in afirst polarity in the second connector pin of the
second differential pair thal is approximately ‘equal i the amount of crosstalk to be generated in
a:same polarity between the second connector pin of the first differential pair and the second

connector pin of the second differential pair.

21.  The apparatus of claim {7, wherein the crosstalk generated from the first
differential pair on the first connector pin of the second differential pair is approximately equal
to the crosstalk generated from the first differential pair on the second connector pin of the

second differential pair.

22. The apparatus of claim {7, wherein asutit of a.crosstalk to be generated from the
first connector pin of the first differential pair on the first connector pin of thg second differential
pair and a crosstalk to be generated from.the second connector pin of thefirst differential pair on
the second connector pin of the second- differential pair is approximately equal to 4 suin of 2
crosstalk to'be generated front the first connector pin of the first differential pair on the second
connector pin of the second differential pair and a crosstalk to be generated from the second

connector pin of the first differential pair on the first connector pin of the second differential pair

23. The apparatus of claim 17, wherein a.connector pin distance of the apparatus is

configured to minimize crosstalk.

24, The apparatus of clam }7, wherein an intow separation of the apparatus is

configured to minimize crosstalk.

25. The apparatus of claim i7, wherein a differential pair separation of the apparatus

is configured to minimize differential crosstalk,

26. A method comprising:

arranging aiirst connector pin of afirst differential pair and a second connector pin of the
first differential pair to minimize crosstalk, wherein the first connector pin of the first differential
pair and the second connector pin of the first differential pair have opposing polarities;

arranging a first connector pin of asecond differential pair and a second connector pin of

the second differential pair to minimize crosstalk, wherein the first connector pin of the second

M
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diffee nitial pair and the second connector pin of the second differential pair have opposing
polarities;

adjusting afirst spacing arrangement between the firsi connector pin of thef rst
differential pair and the secood connector pin of the first differential pair to minimize crosstalk;
and

adjusting a second spacing -arrangement. between the first connector pin of the second
differential pair and the second connector pin of the second differential pair to minimise

crosstalk.

27. The method of claim 26, wherein the first connector pin of the first dif& rentizl
pair isarranged to be substantially diagonally opposed to the second connector pin of the first

differential pair.

28. The method of claim 2.6, wherein the first differential pair is offset a spacing

length from the second differential pair.

29. The method of claim 26, wherein -adjusting a first spacing arrangement includes

configuring -a connector pin distance tg minimize crosstalk.

30. The method of claim 26, wherein adjusting a first spacing arrangement includes

configuring as in-row separation to minimize crosstalk.
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