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MI Z G CROSSTALK IN A DATA TRANSFER DEVICE

BACKGROUND
T ic Field

Embodiments generally relate to signal integrity. More particularly, embodiments relate to

minimizing crosstalk interference i 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 (PC ) 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 o e skilled in the art by reading the following specification an appended claims, and by

referencing. the fo llowing drawings, n which:

FIG. 1 is a block diagram of an example of an apparatus tha 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 a example of an. apparatus that implements crosstalk

minimization in a strip ne routing data transfer device i accordance with an embodiment of the

invention;

F G. 3 s a block diagram of a example of an apparatus that implements crosstalk

minimization in a s pline routing data transfer device in accordance with another embodiment

of the invention; and

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

device to minimize crosstalk h accordance with an embodi me t 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

a first differential pair coupled t the substrate, wherein the first differential pair may include a

first connector pin of the first differential pair located on a first row of he substrate, and a

second connector pin of the first differential pair located on a second row of the substrate. The

fi rst connector p in of the first differential pair and the second connector pin of the first

differential pair may h e 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

t



substrate wherein d seco d differential pair may include a first connector pin of the second

differentia! pa located o the first row of the substrate and a second connector pin of the second

differential pa r located o the second row of the substrate. The first connector pi of the second

differential pair and the second connector pin of the second differentia! pair may have opposing

polarities and ma e arranged to be diagonally opposed to one another.

Embodiments may also include a substrate, a first ground pin embedded in the substrate,

and second ground pi embedded in the substrate. The apparatus may also include a first

differential pair embedded in the substrate, wherein the first differentia! include a first

connector pin of the first differential pair located on a first row and a second connector pin of the

first differentia! pa r located o a second row. The first connector pin of the first differential pair

and. the second connector pi of the first differential pair may be arranged to be substantially

diagonally opposed to one another and can have opposing polarities. The apparatus may also

include a second differential pair embedded in a substrate, wherein the second differential pair

include first connector pin of th seco d differential pair located o n 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,

n 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 differential may

include a first connector pin of the first differential pair and a second connector pi 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 differentia! 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 a first differential pair and a second connector pin of the fi rs differential pair to

minimize crosstalk. The first connector pin of the first differentia! pair and the second connector

pin of the first differentia! pair may have opposing polarities. The method ma also provide for

arranging a first connector pin of a second differential pair and a second connector p n of the

second differentia! pair to minimize crosstalk. The fi rs 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 differentia! pair and the second connector pin of the .first differential



pair to minimize crosstalk. The method may a so provide for adjusting a sec nd spacing

arrangement between the first connector pin of the second differential pair and th second

connector pin of the second differential pair t o ni i e crosstalk.

Turning now io FIG. a block diagram of a substrate 6 is shown. The substrate 6 may

be, for example, a pnnied circuit board (PCB) or a connecting device such as a connector

housing, n this embodiment, the substrate 60 av be a multi-row connecting device, wherein a

first row of ground pi s and connecting or connector pins ay be located on a top surface of the

substrate 60, and a second row of ground pins and connecting pins he located on a bottom

surface of the substrate 60.

T e substrate 60 may include ground pins 2-9 and connector pins 1 - 1. 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 ma e located in between the ground pins 2 3, and the

connector pins 11, 3 may be located in between the ground pins 6 and 7.

The connector ph , 1ί may form first differential, pair 22. The first connector pin

and the seco connector pin of the first differential pair 22 may have opposing polarities,

a d may be arranged t 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 seco d connector pin

ma e located to form a substantially opposing diagonal on the bottom row of the substrate

60. Similarly, the connector pins , ay form a second differential pair 23, wherein the first

connector pin 12 and the second connector pin 3 of the second differential pair 23 may have

opposing polarities, and may arranged to be substantially diagonally opposed to one another.

This arrangement may minimize crosstalk between the first differential 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., a first crosstalk "aggressor * ) may be configured to create an equal or

approximately equal amount of crosstalk as the second connector pin (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 et crosstalk effect of the second differential pair 23 on the first differential pair

22 may be minimized in a similar 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. Specifically, the first

connector pin 1.0 of the first differential pair 22 (i.e., the "aggressor") may be configured io

generate a amount of crosstalk in a first polarity in the first connector pin 12 (i.e., the first



"victim") of the second differe tia pair 23 that may be approximately equal or equal to the

a ou t of crosstalk generated i tb same polarity in the second connector pi 13 (i .e., the

second. "Victim") of the second differential pa r ..23. Thai: is, the crosstalk generated by the

aggressor fi rst connector pin .10 on the victim first connector pin .2 and the victim second

connector pin 13 may be configared to neutralize each other, thereby leaving the second

differential pair 23 with minimal differential crosstalk effect from the aggressor first connector

pin 10.

Similarly, i the case o f the second connector pin (i.e., another "aggressor") of the first

differential pair 22, the second connector pin 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 m be approximately equal or equa to the amount o 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 1 1 on the victim first connector pin 12 and the victim second connector p n 3 may he

configured to neutralize each other, thereby leaving tbe second differential pair 23 w ith minimal

differentia) crosstalk effect from the aggressor first connector pin , Similar principles may be

utilized to minimize the cro sstalk effect from the differential pair 23 on the differential pair 22.

Other design aspects of the substrate 6 may be configured to achieve crosstalk

cancellation. For example, a connector pin distance 30 between first connector pin of the first

differential pair 22 and the .first connector pm o f the second differential pair 23, measured

here by the midpoint of the connector pins, may be chosen to minimize crosstalk n 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 o 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 to minimize differential crosstalk as well.

Th arrangement and numbering of blocks depicted i FIG. 1 i not intended to imply an

order of operations to the exclusion of other possibilities. Those of skill in the art will appreciate

that d e foregoing systems a d methods are susceptible of various modifications and alterations

n 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 , 12, a d 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 F G. 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 dual stripline



routi g to route signals. The PC substrate 200 may include a embedded top ground plane 2

a d an embedded bottom ground plane 202,

n addi io , the PCB sobs ra 200 .may include a fi t differential pair embedded i the

PCB substrate 200, wherein the first differential pair 2 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 pi s, The first connector pin 203 o f the first differential pair 2 and the second

connector pi 204 of the first differential pa r 2 may have opposing polarities. The PCB

substrate 200 may also include a second differential pair 2 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 2 and the second

connector pin 206 of the second differential pair 2!8 may have opposing polarities. The PCB

substrate may also include a thir differential pair 2 9 including first connector pin 207 a d a

second connector pin 208 and a fourth differential pair 220 including a first connector pm

and a second connector pin 2 0.

Similar to the embodiment described in F G. 1, the first connector pin 20 of th 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 th second connector pin 206 of the second differential

pa r 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 to the first differential cancellation property, the first connector

pin 203 of the first differential pair 21? (i.e., a first crosstalk "aggressor") may be configured to

create an equal or approximately equal amount of crosstalk on the second differential pair 2 as

the seco connector pin 204 of the second differential pair 2 (i.e., a second crosstalk

"aggressor") in an opposing polarity. Thus, the net crosstalk effect of the first differential pair

7 on the second differential pair 218 may be minimized, the net crosstalk effect of the

second differential pair 18 on the first differential pair 2 17 ay be minimized in 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 7 (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 2 8 that may be approximately equal or equal to the amount of crosstalk generated in the



same polarity o the second connector pia 206 (i.e., the second "v icti ' of the second

differential pair 2 8. Thatis, the crosstalk generated by the aggressor first connector pin 203 on

the victim iirst connector pin 205 and th victim second connector p n 206 may generally

neutralize each other, thereby leaving the econd differential pair 2 8 with a minimal differential

crosstalk effect from the aggressor first connector pin 203, The differential crosstalk effect o

the second connector pin 204 of the first differential pair .7 on the second differential pair 2

ay be mini ize in a similar manner as well.

Other design aspects may be implemented to obtain the condition for crosstalk

ca at Gn. For example, a connector pin distance 214 (e.g., a distance between the first

connector pin 203 of the first differential pair 2 . and the first connector pin 205 of the second

differential pair 2 ) may be chosen to minimize crosstalk. n addition, an in-row separation 2 .5

(e.g., a distance between first connector pi 205 of the second differential pair 2 8 and a first

connector pin 207 of a third differential pair 219) may e chosen to minimize differential

crosstalk. Also, a first ground separation 211 (e.g., the distance ft the first ground 201 to the

first connector pin 203 of the first differential pair 2 7} a . seco d ground separation 213 (e.g. ,

the distance fro the second ground 202 to the second connector pi 206 of the second

differential pair 8), along with the selection of a differential pair separation 2 (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 2 7), may all be selected to minimize differential crosstalk as

well.

The arrangement and numbering of block 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

tha 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 2 may be equal . However, n other embodiments, this

may not be so.

Turning now to FIG. 3, a block diagram of a substrate 1000 is shown in this exemplary

embodiment, the substrate .1 00 may be a printed circuit board (PCB) utilizing dual stripline

routing to route signals. The PC substrate 000 may include an embedded top ground plane

and an embedded bottom ground plane 1 02,

The PCB substrate 1000 may also include a first differential pair 03 embedded n 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 03 and the second connector pin 05

of the first differential pair 03 may have opposing polarities.

ft



In addition, the PC substrate 000 may include a second differential pair 1006 embedded

in the PCB substrate 00 , The seco d differential pa r 1006 may be located on a second row of

connector p ns and may include a .first connector pin 07 an a second connector pi . 0 8 .

The first connector pin 1007 and the second connector pi 1008 of the second differential pair

1006 may have opposing polarities. The PCS substrate 1000 ma also include a third

differential pair 009 including a first connector pin and a second connector p i 0 and a

fourth differential pair 12 including a first connector pin 13 and a second connector pi

1014.

As shown, the first differential pair 1003 may be offset by using an offset spacing length

2000 fro the second differential pair 1006. More particularly, the first connector pin . 04 o

the first differential pair 1003 .may be offset from the first connector pin 0? of the second

differential pair 06 in an amount tha is approximately equal or equal to an amount tha the

second connector pin 05 of t e first differentia! pa i 03 is offset from the second pin 1008 of

the second differential pair 1006 Similar to the embodiments described above, the embodiments

described i P G. 3 may b configured to utilize multiple differential cancellation properties to

i nmi e crosstalk.

First as discussed above, the arrangement of the individual co ector pins of the

differential pairs ay be configured to minimize crosstalk. For example, in the case of the fi rst

connector pin 1004 o f the first differential pair 1003 (i.e., a first "aggressor''}, the aggressor first

connector pin 1.004 may generate an amount of crosstalk in. a first polarity in the second

connector pin 008 (i.e., the first "victira' ) o f the secon differential pair 1006 that is

approximately equal or equal to the amount of crosstalk in a same polarity that is generated by

the second connector pi 005 (i.e., a second "aggressor") of the first differential pair 03 on

the victim second connector pin . 0 8 of the second differential pair 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 minimal differential crosstalk

effect from the first differential pah 1003. This differential cancellation property may be utilized

to minimize crosstalk in other connector pins i the embodiment as wel

A second differential cancellation property may be taken advantage of by the arrangement

o f the differential pairs themselves. The crosstalk effect on the first connector p n 1007 and the

second connector pin 1008 of the second differential pair 06 ay be affected by, among other

tilings, the crosstalk effect from first connector pin 04 and the second connector pin 1005 of

the first differentia! 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



connector pin . 0 of the second differentia! pair 05 is approximately equal or equal to zero.

The total crosstalk effect of the second differential pair 06 on th first differential pair 003

ay be mini.rai.zed in a similar manner as well.

Other design aspects may be implemented to minimize crosstalk n the FCB substrate 1000

between the differential pairs. For example, a connector pin distance 0 18 (e.g., a distance

between the first connector pin 007 and the second connector pin 1008 of the second

differentia! pair 06) ay be chosen to minimize crosstalk. addition, an in-row separation

1019 (e.g., a distance between the second connector pin 008 of the second differential pair 006

and a first connector pin 10 3 of a third differential pair 1012} may be chosen to m e

differential crosstalk. Also, a first ground separation 10 (e.g., the distance fro the first

ground 1 0 to the first connector pin. 1007 of the second differential pa r 1006) and a second

ground separation 1017 (e.g„ t e distance from the second ground 002 to the first connector pin

1004 of the first differentia! pair 03), along with the selection of a differentia! pa r separation

1016 (e.g.. the distance rom the first connector pin 1,004 of the first differential pair 1003 to the

first connector pin 1007 o the second differentia! pair 1006), ay be selected to n m i

differential crosstalk as well.

The arrangement and numbering of blocks depicted in FIG. 3 is not intended to i pl an

order of operations to the exclusion of other possibilities. Those of skill in the ar 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 crosstalk

cancellation. For example, in other embodiments, the crosstalk cancellation between rows ma

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 a fi st differential pair on a second connector pin of a second differential pair is

approximately equal or equal to the sum of the crossialk effect of a first connector pin of a first

differential pair on a second connector pin of a second differential pair and the crosstalk effect of

a second connector pi o f a first differentia! pair on a first connector pin of a second differential

pair.

Turning no to FIG. 4, flowchart of an example of a method of arranging components of a

data transfer device to minimize crosstalk accordance with an embodiment of the invention is

shown. The process a begi at processing block 4000. At block 40 , a first differential pair,

such as differential pair 2 1 (FIG. 1) and a second differential pair such as differential pair 22

(FIG. J), on a substrate, such as substrate 1 (FIG. ), may be configured to implement a

differential crossialk cancellation properly. For example, the first connector pin of the first

differential pair, such as the first connector p i (FIG, 1), and the second connector pin of the

g



first differential pair, such as (fee second connector pin (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 th first connector pin 12 (FIG . 1), and. the second connector pin of the

second differential pa r , such as the second connector pin 13 (FIG. 11 may be arranged to be

diagonally opposed to one another as well 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 A t block 4030, the

process ay terminate.

The sequence and numbering of blocks depicted in FI.G. 4 is not intended to imply an order

of operations to the exclusion o f other possibilities. Those of skill in the art will apprecia te that

the foregoing systems and methods are susceptible of various modifications, variations, and

alterations. For example, in the embodiment described above, the first and the second connector

p n of the first differential pair and the fi rs and the second connector pin. o the second

differential pair may be arranged to b substantially diagonally opposed to o e another.

However, in other embodiments, crosstalk 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 wi l 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 n an illustrative rather than a restricti ve sense.

Those skilled in the art wil 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 o f 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, a d 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

a number of constituent signal paths, and/or have arrows a t 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

in formation, may actually include one or more signals that may travel in multiple directions and



may be implemented with any suitable type of signa scheme, e.g., digital or analog Hues

implemented with differential pairs, optica! fiber lines, and/or single-ended lines.

Example s es/ de /va es/ranges ma have been given, although embodiments of the

present invention are not limited to the same. As manufacturing techniques (e.g.,

photolithography) mature over time, it is expected that devices of smaller size could be

manufactured. n 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 i block diagram form in order to avoid obscuring embodiments of the invention, and also

in view of the fact t t specifics with respect to implementation of such block diagram

arrangements are highly dependent upo the platform within which th embodiment is to be

implemented, i.e., such specifics should be well within purview of one ski lled in the a . Where

specific details are set. forth n. order to describe example embodiments of the invention, t should

be apparent to one skilled in the art that embodiments of the invention can be practiced without,

or w th variation of, these specific details. The description is thus to be regarded as illustrative

instead of limiting:

The term "coupled" may be used herein t refer to any type of relationship, direct or

indirect, between the components in question, and ma 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 temporal or

chronological significance unless otherwise indicated.

to



CLAIMS

W claim:

. apparatus co prising

a substrate;

a first ground pin coupled to the substrate;

a second ground pin coupled to the substrate;

a first differential pair coupled to the substrate, wherein the first differentia! pair includes

a first connector pin of the first differential pair located on a first row of the substrate, an a

second connector pin of the first differential pair located on a second r of the substrate,

wherein the first connector pi 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 another; and

a second differential pai coupled to the substrate, wherein the second differential pair

includes a first 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 ro of

the substrate, and wherein the first connector pin of the second differentia! pair a d the second

connector pin of the second differentia! pair have opposing polarities and are arranged to be

diagonally opposed to one another.

2 . he apparatus of clai I , wherein the substrate is one of a printed circuit board

(PC B) and a connecting device.

3. The apparatus of claim , wherein at least one of the first connector pin of the first

differential pai , the second connector pin of the first differential pair, the first connector pin of

the second differential pair, a d 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 differential

pair is configured to create approximately a same amount of crosstalk as the second connector

pin of the first differential pair in opposing polarities.

. The apparatus of clai , wherein the first connector of the fi rst differential

pair is to generate an amount of crosstalk in a first polarity in the firs t connector pin of the

i



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

same polarity in the second connector pin of the second differentia! pair.

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

configured to minimize crosstalk.

7 . The apparatus of claim I , wherein at least one of a pi .width a ! a pin height of

the first connector pin of the first differential pair is configured to minimize crosstalk.

8. The apparatus of claim , wherein a thickness of the substrate is configured to

minimize differential crosstalk.

9. An apparatus comprising;

a substrate;

a fi rst ground pin embedded in the substrate:

a second ground pin embedded in the substrate;

a first differential pair embedded in the substrate, wherein the first differential includes a

first connector pin of the first differential pair located on a first row and a second connector pi

of the first differential pair located on a second row, an wherein the first connector pin of t e

first differential pair and the second connector pin of the first differential pair are arranged to b e

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 a first connector pin of the second differential pair located on the first row and a second

connector pin of the second differen tia l pair 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 arranged to be diagonally opposed to one another and have opposing polarities,

(), The apparatus of claim ¾ wherein the substrate is a pri nted circui t board PC ).

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

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

ί 2, The apparatus of claim 9, wherei n the first connector of the .first differentia!

pair is to generat an amount of crosstalk in. a first polarity on the second differentia! pair that is



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

pin of the first differential pai s to generate on the second differential pair.

. The apparatus of claim 9, wherein the first connector pin of the first differential

pair s to generate an amount of crosstalk in a first polarity in the first connector pin of the

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

same polarity in the 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.

. The apparatus of claim wherein an in-row separation of the apparatus is

configured to .minimize crosstalk.

. 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;

a first ground pin embedded in the substrate;

a second ground p embedded in the substrate;

first differential pair embedded in the substrate on a first row, wherein the first

differentia! includes a first connector pin o f th first differential pair and a second connector pin

of th first differential pair have opposing polarities; a d

a second differential pair embedded n a substrate on a second row, wherein the second

differential pair includes a first connector pin of the second di fere ial pair and a second

connector pin of the second differentia ! pair have opposing polarities, and wherein the first

differentia! pair is off set by an offset spacing length fro th second differential pair to minimize

crosstalk.

. The apparatus of claim , wherein the substrate is a printed circuit board (PC )

1 . The apparatus of J7 wherei the first differential pai d the second

diff erential pair are embedded i between the first ground plane- and the second ground plane.



20. The apparatus o claim , wherein th first connector pin of the first differential

pai r is to generate an amount of crosstalk in a first polari ty i the second connector pin of the

second differential pair tha is approximately equal the amou t 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 differentia pa r

2 1. 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 differentia! pair.

22. The apparatus of claim , wherein a of a .crosstalk to be generated from the

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

pair and a crosstalk to be ge er ed from the second connector p n of the first differential pair on

the second connector pin of the second-differential pair is approximately equal to of

crosstalk to be generated front the first connector in 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 claim 7, wherein an in- o separation of the apparatus is

configured to minimize crosstalk.

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

is configured to minimize differential crosstalk,

26. A method comprising:

arranging a iirst connector pin of a first differential pair and a second connector pin of the

first differential pair to minimize crosstalk, wherein the first connector p n of the first differential

pair and the second connector pin of the first differential pair have opposing polarities;

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

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

}



differe tial pair and the second connector pin of the second differential pair have opposing

polarities;

adjusting a first spacing arrangement between the firsi connector pin of the fi rs

differential pair and the secood connector pin of the first differentia! pair to minimize crosstalk;

a d

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 iffe rent l

pair is arranged to be substantially diagonally opposed to the second connector pin of the first

differential pair.

28. The method of clai 2.6, wherein th first differential pair is offset a spacing

length from the seco d differentia! pair.

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

configuring a connector pin distance t inimi e crosstalk.

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

configuring in-row separation to minimize crosstalk.
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