WO 2006/020494 A1 |0 |00 000 0 000 O D 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
23 February 2006 (23.02.2006)

' N\
) I 000 0O

(10) International Publication Number

WO 2006/020494 A1l

HO1R 13/502

(51) International Patent Classification7:

(21) International Application Number:
PCT/US2005/027778

3 August 2005 (03.08.2005)
English
English

(22) International Filing Date:
(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
10/917,994 13 August 2004 (13.08.2004) US

(71) Applicant (for BR, CA, MX only): FCI AMERICAS
TECHNOLOGY, INC. [US/US]; One East First Street,
Reno, NV 89501 (US).

(71) Applicant (for all designated States except US): FCI
[FR/FR]; 145/147 rue Yves Le Coz, F-78000 Versailles
(FR).

(72) Inventors; and
(75) Inventors/Applicants (for US only): SHUEY, Joseph,
B. [US/US]; 3425 Logan Street, Camp Hill, PA 17011

(74)

(81)

(84)

(US). SMITH, Stephen [US/US]; 2193 Hastings Drive,
Mechanicsburg, PA 17055 (US).

Agents: GEIBEL, Dean, E. et al.; 825 OId Trail Road,
Etters, PA 17319 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC,LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,

[Continued on next page]

(54) Title: HIGH SPEED ELECTRICAL CONNECTOR WITHOUT GROUND CONTACTS

S2+ S2-

S1 S1- S3+ g3-
] . [; )L
S4 S4- S5+ S5- S6. S6-
L ) E A
— — — — —
S7+ 87- S8 S8- S9 S9-
) i ﬁ il [f
S10 S10- S S11- 8§12 Si2-

) ) ﬁ )

N [ || L]
S13+ ﬂsm- S14+E| i—|814- S15+;2 IS15-
S16+ 516~ S17+ S17- S18+ S18-

(57) Abstract: A connector with differential signal
pairs (100).



WO 2006/020494 A1 II}110 Y A08OH0 AT 000 00000

RO, SE, SI, SK, TR), OAPI (BF, BJ, CE, CG, CI, CM, GA, For two-letter codes and other abbreviations, refer to the "Guid-
GN, GQ, GW, ML, MR, NE, SN, TD, TG). ance Notes on Codes and Abbreviations" appearing at the begin-
Published: ning of each regular issue of the PCT Gazette.

—  with international search report



WO 2006/020494 PCT/US2005/027778

HIGH SPEED ELECTRICAL CONNECTOR WITHOUT GROUND CONTACTS

FIELD OF THE INVENTION

[0001] Generally, the invention relates to the field of electrical connectors. More
particularly, the invention relates to lightweight, low cost, high density electrical connectors that
provide impedance controlled, high speed, low interference communications, even in the absence

of ground contacts in the connector.

BACKGROUND OF THE INVENTION

[0002] Electrical connectors provide signal connections between electronic devices
using signal contacts. Often, the signal contacts are so closely spaced that undesirable
interference, or “cross talk,” occurs between adjacent signal contacts. Cross talk occurs when a
signal on one signal contact induces electrical interference in an adjacent signal contact due to
intermingling electrical fields, thereby compromising signal integrity. With electronic device
miniaturization and high speed, high signal integrity electronic communications becoming more
prevalent, the reduction of noise becomes a significant factor in connector design.

[0003] One method used in the prior art to reduce the effects of cross talk is the use of
ground contacts within the contact arrangement in the connector. Specifically, electrical
connectors are designed to include ground contacts adjacent and/or between the signal contacts

in the connector. Such ground contacts help to prevent unwanted cross talk such that the signal
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integfid‘it"}';"o% the[s'lgnalll‘péssex(‘iffonrq one device through the connector to the second device is
maintained.

[0004] Because of the demand for smaller, lower weight communications equipment, it
is desirable that connectors be made smaller and lower in weight, while providing the same
performance characteristics. Ground contacts take up valuable space within the connector that
could otherwise be used to provide additional signal contacts, and thus limit contact density (and,
therefore, connector size). Additionally, manufacturing and inserting such ground contacts may
increase the overall costs associated with manufacturing such connectors.

[0005] Consequently, there is a need for a high-speed electrical connector (operating

above 1 Gb/s and typically in the range of about 2-20 Gb/s) that is devoid of ground contacts in

the electrical connector to help increase density.

SUMMARY OF THE INVENTION

[0006] The invention provides high speed electrical connectors (operating above 1 Gb/s
and typically in the range of about 2-20 Gb/s) wherein signal contacts are arranged so as to limit
the level of cross talk between adjacent differential signal pairs. The connector can be, and
preferably is, devoid of ground contacts within the contact arrangement of the electrical
connector. The contacts may be dimensioned and arranged relative to one another such that a
differential signal in a first signal pair produces a high field in a gap between the contacts that
form the signal pair, and a low field near adjacent signal pairs. Air may be used as a primary
dielectric to insulate the contacts and thereby provide a low-weight high speed electrical

connector.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The invention is further described in the detailed description that follows, by
reference to the noted drawings by way of non-limiting illustrative embodiments of the
invention, in which like reference numerals represent similar parts throughout the drawings, and
wherein:

[0008] FIG. 1A is a schematic illustration of an electrical connector in the prior art in
which conductive and dielectric elements are arranged in a generally “I”” shaped geometry;

[0009] FIG. 1B depicts equipotential regions within an arrangement of signal and
ground contacts;

[0010] FIG. 2A is a diagrammatic view of a typical arrangement of ground and signal

contacts in an electrical connector;
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T0011] "FIG. 3B is 4 diagramiatic view of another typical arrangement of ground and
signal contacts in an electrical connector;

[0012] FIG. 3A illustrates a differential signal pair of an electrical connector having a
ground that is adjacent to the differential signal pair;

[0013] FIG. 3B illustrates a differential signal pair of an electrical connector not having
a ground that is adjacent to the differential signal pair;

[0014] FIGS. 4A and 4B are graphs illustrating impedance test results as performed on
differential signal pairs of FIGS. 3A and 3B respectively;

[0015] FIGS. 5A and 5B show eye pattern test results of the differential signal pairs of
FIGS. 3A and 3B, respectively;

[0016] FIGS. 6A and 6B are tables showing eye pattern test results of the differential
signal pairs of FIGS. 3A and 3B, respectively;

[0017] FIG. 7 illustrates an arrangement of signal contacts within an electrical
connector according to the present invention;

[0018] FIG. 8 illustrates another arrangement of signal contacts within an electrical
connector according to the present invention;

[0019] FIG. 9 is a perspective view of an exemplary mezzanine-style electrical
connector having a header portion and a receptacle portion in accordance with an embodiment of
the invention;

[0020] FIG. 10 is a perspective view of a header insert molded lead assembly pair in
accordance with an embodiment of the invention;

[0021] FIG. 11 is a perspective view of a receptacle insert molded lead assembly pair in
accordance with an embodiment of the invention;

[0022] FIG. 12 is a perspective view of an operatively connected header and receptacle

insert molded lead assembly pair in accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0023] Certain terminology may be used in the following description for convenience
only and should not be considered as limiting the invention in any way. For example, the terms
“top,” “bottom,” “left,” “right,” “upper,” and “lower” designate directions in the figures to which
reference is made. Likewise, the terms “inwardly” and “outwardly” designate directions toward
and away from, respectively, the geometric center of the referenced object. The terminology
includes the words above specifically mentioned, derivatives thereof, and words of similar

import.
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" [0024] “FiG.'TA'is a'schematic illustration of an electrical connector in which
conductive and dielectric elements are arranged in a generally “I” shaped geometry. Such
connectors are embodied in the assignee’s “I-BEAM” technology, and are described and claimed
in U.S. Patent No. 5,741,144, entitled “Low Cross And Impedance Controlled Electric
Connector,” the disclosure of which is hereby incorporated herein by reference in its entirety.
Low cross talk and controlled impedance have been found to result from the use of this
geometry.

[0025] The originally contemplated I-shaped transmission line geometry is shown in
FIG. 1A. As shown, the conductive element can be perpendicularly interposed between two
parallel dielectric and ground plane elements. The description of this transmission line geometry
as I-shaped comes from the vertical arrangement of the signal conductor shown generally at
numeral 10 between the two horizontal dielectric layers 12 and 14 having a permitivity € and
ground planes 13 and 15 symmetrically placed at the top and bottom edges of the conductor.
The sides 20 and 22 of the conductor are open to the air 24 having an air permitivity &. Ina
connector application, the conductor could include two sections, 26 and 28, that abut end-to-end
or face-to-face. The thickness, t; and t, of the dielectric layers 12 and 14, to first order, controls
the characteristic impedance of the transmission line and the ratio of the overall height h to
dielectric width wq controls the electric and magnetic field penetration to an adjacent contact.
Original experimentation led to the conclusion that the ratio h/wgy needed to minimize
interference beyond A and B would be approximately unity (as illustrated in FIG. 1A).

[0026] The lines 30, 32, 34, 36 and 38 in FIG. 1A are equipotentials of voltage in the
air-dielectric space. Taking an equipotential line close to one of the ground planes and following
it out towards the boundaries A and B, it will be seen that both boundary A or boundary B are
very close to the ground potential. This means that virtual ground surfaces exist at each of
boundary A and boundary B. Therefore, if two or more I-shaped modules are placed side-by-
side, a virtual ground surface exists between the modules and there will be little to no
intermingling of the modules’ fields. In general, the conductor width w, and dielectric
thicknesses t1, t, should be small compared to the dielectric width w4 or module pitch (i.e.,
distance between adjacent modules).

[0027] Given the mechanical constraints on a practical connector design, it was found
in actuality that the proportioning of the signal conductor (blade/beam contact) width and
dielectric thicknesses could deviate somewhat from the preferred ratios and some minimal
interference might exist between adjacent signal conductors. However, designs using the above-

described I-shaped geometry tend to have lower cross talk than other conventional designs.
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[0028] In accordance with the invention, the basic principles described above were
further analyzed and expanded upon and can be employed to determine how to even further limit
cross talk between adjacent signal contacts, even in the absence of shields between the contacts,
by determining an appropriate arrangement and geometry of the signal and ground contacts.
FIG. 1B includes a contour plot of voltage in the neighborhood of an active column-based
differential signal pair S+, S- in a contact arrangement of signal contacts S and ground contacts
G according to the invention. As shown, contour lines 42 are closest to zero volts, contour lines
44 are closest to -1 volt, and contour lines 46 are closest to +1 volt. It has been observed that,
although the voltage does not necessarily go to zero at the “quiet” differential signal pairs that
are nearest to the active pair, the interference with the quiet pairs is near zero. That is, the
voltage impinging on the positive-going quiet differential pair signal contact is about the same as
the voltage impinging on the negative-going quiet differential pair signal contact. Consequently,
the noise on the quiet pair, which is the difference in voltage between the positive- and negative-
going signals, is close to zero.

[0029] Thus, as shown in FIG. 1B, the signal contacts S and ground contacts G can be
scaled and positioned relative to one another such that a differential signal in a first differential
signal pair produces a high field H in the gap between the contacts that form the signal pair and a
low (i.e., close to ground potential) field L (close to ground potential) near an adjacent signal
pair. Consequently, cross talk between adjacent signal contacts can be limited to acceptable
levels for the particular application. In such connectors, the level of cross talk between adjacent
signal contacts can be limited to the point that the need for (and cost of) shields between adjacent
contacts is unnecessary, even in high speed, high signal integrity applications.

[0030] Through further analysis of the above-described I-shaped model, it has been
found that the unity ratio of height to width is not as critical as it first seemed. It has also been
found that a number of factors can affect the level of cross talk between adjacent signal contacts.
A number of such factors are described in detail below, though it is anticipated that there may be
others. Additionally, though it is preferred that all of these factors be considered, it should be
understood that each factor may, alone, sufficiently limit cross talk for a particular application.
Any or all of the following factors may be considered in determining a suitable contact
arrangement for a particular connector design:

a) Less cross talk has been found to occur where adjacent contacts are edge-
coupled (i.e., where the edge of one contact is adjacent to the edge of an adjacent contact) than

where adjacent contacts are broad side coupled (i.e., where the broad side of one contact is
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adjacent to the broad sidé of an ddjacéiit contact) or where the edge of one contact is adjacent to
the broad side of an adjacent contact. The tighter the edge coupling, the less the coupled signal
pair’s electrical field will extend towards an adjacent pair and the less toward the unity height-to-
width ratio of the original I-shaped theoretical model a connector application will have to
approach. Edge coupling also allows for smaller gap widths between adjacent connectors, and
thus facilitates the achievement of desirable impedance levels in high contact density connectors
without the need for contacts that are too small to perform adequately. For example, it has been
found that a gap of about 0.2-0.7 mm is adequate to provide an impedance of about 100 ohms
where the contacts are edge coupled. A gap of about 0.3-0.4 mm is preferred. A gap of about 1
mm is necessary where the same contacts are broad side coupled to achieve the same impedance.
Edge coupling also facilitates changing contact width, and therefore gap width, as the contact
extends through dielectric regions, contact regions, efc.;

b) It has also been found that cross talk can be effectively reduced by varying
the “aspect ratio,” i.e., the ratio of column pitch (i.e., the distance between adjacent columns) to
the gap between adjacent contacts in a given column;

c) The “staggering” of adjacent columns relative to one another can also
reduce the level of cross talk. That is, cross talk can be effectively limited where the signal
contacts in a first column are offset relative to adjacent signal contacts in an adjacent column.
The amount of offset may be, for example, a full row pitch (i.e., distance between adjacent
rows), half a row pitch, or any other distance that results in acceptably low levels of cross talk for
a particular connector design. It has been found that the optimal offset depends on a number of
factors, such as column pitch, row pitch, the shape of the terminals, and the dielectric constant(s)
of the insulating material(s) around the terminals, for example. It has also been found that the
optimal offset is not necessarily “on pitch,” as was often thought. That is, the optimal offset may
be anywhere along a continuum, and is not limited to whole fractions of a row pitch (e.g., full or
half row pitches).

[0031] FIG. 2A is a diagrammatic view of a typical arrangement of ground and signal
contacts in an electrical connector. Figure 2A is a side diagrammatic view of conductors of a
connector 100°, in which conductors are arranged in columns. As shown in Figure 2A, each
column 501-506 comprises, in order from top to bottom, a first differential signal pair, a first
ground conductor, a second differential signal pair, and a second ground conductor. It should be
appreciated that such an arrangement is commonly referred to as an edge coupled arrangement.

[0032] As can be seen, first column 501 comprises, in order from top to bottom, a first

differential signal pair S1 (comprising signal conductors S1+ and S1-), a first ground conductor
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G, a second differential sighial pair S7'(comprising signal conductors S7+ and S7-), and a second
ground conductor G. Rows 513 and 516 comprise all ground conductors. Rows 511-512
comprise differential signal pairs S1 through S6 and rows 514-515 comprise differential signal
pairs S7 through S12. As can be seen, arrangement into columns provides twelve differential
signal pairs. Further, because there are no specialized ground contacts in the system, all of the
interconnects are desirably substantially identical.

[0033]  Alternatively, conductors 130 may be arranged in rows. FIG. 2B depicts a
conductor arrangement in which signal pairs and ground contacts are arranged in rows. As
shown in FIG. 2B, each row 311-316 comprises a repeating sequence of two ground contacts and
a differential signal pair. In this manner, it should be appreciated that FIG. 2B depicts an
arrangement of broad-sided coupled contacts. Row 311, for example, comprises, in order from
left to right, two ground contacts G, a differential signal pair S1+, S1-, and two ground contacts
G. Row 312, for exampile, comprises, in order from left to right, a differential signal pair S2+,
S2-, two ground contacts G, and a differential signal pair S3+, S3-. In the embodiment shown in
FIG. 2B, it can be seen that the columns of contacts can be arranged as insert molded leadframe
assemblies (“IMLAs”), such as IMLAs 1-3. The ground contacts may serve to block cross talk
between adjacent signal pairs. However, the ground contacts take up valuable space within the
connector. As can be seen, the embodiment shown in FIG. 2B is limited to only nine differential
signal pairs for an arrangement of 36 contacts because of the presence of the ground contacts.

[0034] FIG. 3A illustrates a differential signal pair of an electrical connector having a
ground that is adjacent the signal pair in an electrical connector. Particularly, FIG. 3A shows a
printed circuit board 110 having a differential signal pair 100 disposed thereon. Differential
signal pair 100 comprises two signal contacts 105A and 105B, and is adjacent to a ground plane
120. As illustrated, the ground plane 120 is adjacent to signal contacts 105A and 105B and is
adapted to connect the ground references of near-end and far-end electrical devices (not shown).

- [0035] For description purposes, the board 110 may be divided into five regions R1-RS5.
In the first region, R1, respective SMA connectors 150 with threaded mounts connected thereto
are attached to the respective ends of the signal contacts 105A and 105B. The SMA connectors
in region R1 are used to electrically connect a signal generator (not shown) to the signal pair 100
such that a differential signal can be driven through the signal pair 100. In region R1, the two
signal contacts 105A and 105B are separated by a distance L, with both contacts being adjacent
to the ground plane 120. In region R1, the ground plane 120 helps to maintain the signal
integrity of the signal passing through signal contacts 105A and 105B.
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70036]" 'Tn'the 'séctid région, R2, the signal contacts 105A and 105B jog together until
they are separated by a distance L2. In region R3, the signal contacts 105A and 105B are
positioned to simulate a differential pair of signal contacts as such contacts might be positioned
relative to one another in a high-density, high-speed electrical connector.

[0037] In the fourth region, R4, the signal contacts 105A and 105B jog apart until
separated by a distance L. In region R5, the two signal contacts 105A and 105B are separated by
a distance L, with both contacts 105A and 105B being adjacent to the ground plane 120. Also in
region R5, respective SMA connectors 150 having threaded mounts connected thereto are
attached to respective ends of the signal contacts 105A and 105B. The SMA connectors in
region R5 are used to electrically connect the signal contacts 105A and 105B to a signal receiver
(not shown) that receives the electrical signals passed through the signal pair 100.

[0038] FIG. 3B illustrates a differential signal pair of an electrical connector devoid of
a ground that is adjacent to the differential signal pair. FIG. 3B shows a printed circuit board
210 having a differential signal pair 200 thereon. Differential signal pair 200 comprises two
signal contacts 250A and 250B.

[0039] Like board 110, for description purposes, board 210 may be divided into five
regions R1-R5. Though not shown in FIG. 3A, respective SMA connectors were attached for
test purposes to the ends of the signal contacts 250A and 250B in the first region, R1. The SMA
cormectors (not shown) are used to electrically connect a signal generator (not shown) to the
signal pair 200 such that a differential signal can be driven through signal pair 200. In region
R1, the two signal contacts 250A and 250B are separated by a distance L, with both contacts
being adjacent to the ground plane 220A. In region R1, the ground plane 220A helps to maintain
the signal integrity of the signal passing through signal contacts 250A and 250B.

[0040] In the second region, R2, the signal contacts 250A and 250B jog together until
they are separated by a distance L2. In region R3, the signal contacts 250A and 250B are
positioned to simulate a differential pair of signal contacts as such contacts might be positioned
relative to one another in a high-density, high-speed electrical connector.

[0041] In the fourth region, R4, the signal contacts 250A and 250B jog apart until
separated by a distance L. In region RS, the two signal contacts 250A and 250B are separated by
a distance L, with both contacts 250A and 250B being adjacent to the ground plane 220B. Also
in region RS, respective SMA connectors (not shown) having threaded mounts connected thereto
are attached to respective ends of the signal contacts 250A and 250B. The SMA connectors in
region RS are used to electrically connect the signal contacts 250A and 250B to a signal receiver

(not shown) that receives the electrical signals passed through the signal pair 200.
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“fobd2]"" The printed ¢ircuif bdard 210 contains a ground plane 220. Ihe ground plane

220 is illustrated as the darker region on the printed circuit board 210. The ground plane 220
comprises three portions 220A, 220B, and 220C. In portions 220A and 220B, the ground plane
is adjacent to the signal contacts 250A and 250B in regions R1-R2 and R4-R5. However, unlike
board 110, board 210 lacks a ground plane in region R3. Consequently, board 210 was designed
to simulate a cormector that was devoid of a ground in the contact arrangement of an electrical
connector. In other words, the design of board 210, which lacked a ground adjacent to signal
contacts 250A and 250B in region R3, was designed to simulate a high speed electrical connector
that lacked a ground contact adjacent to the pair of signal contacts 250A and 250B.

[0043] As shown in FIG. 3B, ground plane portion 220C connects ground plane
portions 220A and 220B. In this manner, though not adjacent to signal contacts 250A and 250B
in region R3, the ground plane 220 may simulate a connector that contains a ground connection
that was adapted to connect the ground reference of one electrical device connected to one end of
the connector to the ground reference of another electrical device connected to the other end of
the connector.

[0044] The electrical connectors depicted in FIGs. 3A and 3B were subject to a number
of tests to determine whether the removal of ground adjacent to the signal contacts affected the
signal integrity of a high-speed signal passing through the differential signal pair. In other
words, a high-speed electrical connector that was devoid of a ground contact between linear
arrays of signal contacts in an electrical cormector was tested to see whether the connector was
suitable for impedance-controlled, high-speed, low-interference communications. Prior to
testing, it was believed that the removal of a ground contact in the contact arrangement of a
connector would render the connector unsuitable for impedance-controlled, high-speed, low-
interference communications.

[0045] For testing purposes, a test signal was generated in a signal generator (not
shown) that was connected to the end of each of the signal contacts in region R1 of boards 110,
210. A signal receiver (not shown) was attached to the other end of signal contacts in region R5
of boards 110, 210. A test signal was then driven through boards 110, 210 to determine whether
the signal receiver received the generated signal without significant loss.

[0046] Impedance tests were one such test performed on the differential signal pairs of
FIGs. 3A and 3B. Specifically, impedance tests were conducted to determine whether the
removal of a ground adjacent to the signal contacts of the connector adversely affected the
impedance. FIGs. 4A-B illustrate various differential impedance test results as performed on the

differential signal pairs of FIGS 3A and 3B. As shown, impedance, illustrated along the y-axis,
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was measured for each ditterential signal pair with respect to time, illustrated along the x-axis.
Also as shown, the impedance of each signal pair was measured with vary degrees of skew
introduced. Specifically, skews of 0-20 ps was introduced and the impedance of each pair was
measured. It should be appreciated that as the data points in the graphs move from left to right
along the x-axis (time), the data points depict the impedance of the signal pair as the signal
moves sequentially through regions R1-R5 of the tested boards.

[0047] The differential impedance test results for the differential signal pair 100 is
represented in graph FIG. 4A. As stated above, differential signal pair 100 contains a ground
adjacent to the signal pair. As shown, when the test signal was passed through board 110, the
differential impedance, regardless of the amount of introduced skew, remained between about
90.5 ohms and 102 ohms. It should be appreciated that in FIG. 4A the impedance of differential
signal pair 100 remained within the industry standard deviation of 10%.

[0048] FIG. 4B illustrates the measured impedance of differential signal pair 200 after
introducing various degrees of skew. Specifically, skews of 0-20 ps were introduced and the
impedance of differential signal pair 200 was measured at each level of introduced skew. As
stated above, differential signal pair 200 is devoid of a ground adjacent to the signal pair. As
shown in FIG. 4B, the differential impedance of the board 210, regardless of the amount of
introduced skew, remained between 93.5 ohms and 110 ohms. It should be appreciated that at all
times the impedance of differential signal pair 200 remained within the industry standard
deviation of 10%.

[0049] By comparison of the plots provided in FIGS. 4A and 4B, it may be understood
that, even without any ground adjacent to the differential signal pair in the connector, the
differential impedance between the connectors that form the signal pair remained within
accepted industry standards.

[0050] FIGs. 5A and 5B show the results of the eye pattern testing performed on the
differential pairs in FIG 3A and 3B. Eye pattern testing is used to measure signal integrity as a
result of various causes of signal degradation including, for example, reflection, radiation, cross
talk, loss, attenuation, and jitter. Specifically, in eye pattern testing, sequential square wave
signals are sent through a transmission path from a transmitter to a receiver. In the present case,
sequential square waves were sent through the signal contacts of boards 110, 210. In a perfect
transmission path (one with no loss), the received signal will be an exact replica of the
transmitted square wave. However, because loss is inevitable, loss causes the square wave to
morph into an image that is similar to a human eye, hence the term eye pattern testing.

Specifically, the corners of the square wave become rounder and less like a right angle.
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i i

['065";1111"" In terms of signal infégrity, a signal has better integrity as the eye pattern
becomes wider and taller. As the signal suffers from loss or attenuation, the vertical height of
the eye becomes shorter. As the signal suffers from jitter caused for example by skew, the
horizontal width of the eye becomes less. The height and width of the eye may be measured by
building a mask in the interior of the eye. A mask may be a rectangle having its four corners
tangent to the created eye pattern. The dimensions of the mask can then be calculated to
determine the signal integrity of the transmitted signal.

[0052] As illustrated in FIG. 5A, eye pattern testing was performed at 6.25 Gb/s on the
differential signal pair 100 of FIG. 3A with introduced skew of 0 ps, 2 ps, 4 ps, 6 ps, 8 ps, 10 ps,
20 ps, 50 ps, and 100ps. Prior to testing, it was believed that a differential signal pair having an
adjacent ground on printed circuit board 110 (or a high speed connector) and introducing various
levels of skew with a test signal of 6.25 Gb/s, the resulting eye pattern would be acceptable and
such signal transmission configuration suitable for use in a high speed electrical connector. As
shown in FIG. 5A, as expected, the eye pattern test results are considered commercially
acceptable for certain applications.

[0053] Asillustrated in FIG. 5B, eye pattern testing was performed at 6.25 Gb/s on the
differential signal pair 200 of FIG. 3B with introduced skew of 0 ps, 2 ps, 4 ps, 6 ps, 8 ps, 10 ps,
20 ps, 50 ps, and 100ps. Prior to testing, it was believed that by removing the ground adjacent to
the signal pair 200 on printed circuit board 210 (or a high speed connector) and introducing
various levels of skew with a test signal of 6.25 Gb/s, the resulting eye pattern would be
unacceptable and such signal transmission configuration unsuitable for use in a high speed
electrical connector. As shown in FIG. 5B, the eye pattern test results are considered
commercially acceptable for certain applications.

[0054] FIGs. 6A and 6B are tables that quantitatively show the results of the eye pattern
testing as performed on differential signal pair 100 and 200. FIG. 6A shows jitter measurements
from signal pairs 100 and 200 when test signals of 6.25 Gb/s and 10 Gb/s were passed
therethrough. Jitter is determined by measuring the horizontal dimension of the mask in the eye
pattern. As shown in FIG. 6A, when 200ps of skew was introduced in signal pairs 100 and 200
at 6.25 Gb/s, the resulting jitter could not be measured. In other words, too much skew rendered
the eye pattern unreadable. Also, when 100ps and 200ps of skew was introduced in signal pairs
100 and 200 at 10 Gb/s, the resulting jitter could not be measured because of too much skew.

[0055] FIG. 6B shows the eye height taken at 40% of the unit interval of the signal
pairs 100 and 200 when test signals of 6.25 Gb/s and 10 Gb/s were passed therethrough. As
shown in FIG. 7B, when 200ps of skew was introduced in pairs 100 and 200 at 6.25 Gb/s, the
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i

eye heipht and jitfer could fiot bé nieasured because of too much skew. Also, when 100ps and
200ps of skew was introduced in pairs 100 and 200 at 10 Gb/s, the eye height could not be
measured because of too much skew.

[0056] FIG. 7 illustrates an arrangement of signal contacts within an electrical
connector according to the present invention. In particular, FIG. 7 shows a plurality of
differential signal pairs arranged in columns. As shown in Figure 7, each column 701-706
comprises, in order from top to bottom, a first differential signal pair, a second differential signal
pair, and a third differential signal pair. It should be appreciated that such an arrangement is
commonly referred to as an edge coupled arrangement.

[0057] As can be seen, first column 701 comprises, in order from top to bottom, a first
differential signal pair S1 (comprising signal conductors S1+ and S1-), a second differential
signal pair S7 (comprising signal conductors S7+ and S7-), and a third differential signal pair
S13 (comprising signal conductors S13+ and S13-). Rows 711-716 comprise all differential
signal pairs. As can be seen, arrangement into columns provides eighteen differential signal
pairs. Unlike the arrangement discussed above in connection with FIG. 2A, no ground contacts
are needed. Thus, in an embodiment of the invention, and as shown in FIG. 7, the connector
may be devoid of ground contacts.

[0058] Turning now to FIG. 8, a conductor arrangement is depicted in which signal
pairs are arranged in rows. In parcicular; FIG. 8 shows a plurality of differential signal pairs that
are broad-sided coupled. As can be seen in FIG. 8, each row 811-816 comprises a plurality of
differential signal pairs. First row 811 comprises, in order from left to right, three differential
signal pairs: S1+ and S1-, S2+ and S2-, and S3+ and S3-. Each additional row in the exemplary
arrangement of FIG. 8 contains three differential signal pairs. Unlike the arrangement discussed
above in connection with FIG. 2B, no ground contacts are needed. Thus, in an embodiment of
the invention, and as shown in FIG. 8, the connector may be devoid of ground contacts.

[0059] As can be seen, therefore, the embodiment shown in FIG. 8 provides 18
differential signal pairs for an arrangement of 36 contacts, which is a significant improvement
over the nine differential signal pairs in the arrangement depicted above in FIG. 2B. Thus, a
connector according to the invention may be lighter and smaller for a given number of
differential signal pairs, or have a greater concentration of differential signal pairs for a given
weight and/or size of the connectors. It should be understood that an embodiment of the
invention may encompass any number of conductor arrangements. For example, another
conductor arrangement according to the invention could have offset adjacent columns of

broadside-coupled pairs.
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" 00601 " FIG. 9 depicts a typical mezzanine-style connector assembly. It will be
appreciated that a mezzanine connector is a high-density stacking connector used for parallel
connection of one electrical device such as, a printed circuit board, to another electrical device,
such as another printed circuit board or the like. The mezzanine connector assembly 800
illustrated in FIG. 9 comprises a receptacle 810 and header 820.

[0061] In this manner, an electrical device may electrically mate with receptacle portion
810 via apertures 812. Another electrical device may electrically mate with header portion §20
via ball contacts. Consequently, once header portion 8§20 and receptacle portion 810 of
connector 800 are electrically mated, the two electrical devices that are connected to the header
and receptacle are also electrically mated via mezzanine connector 800. It should be appreciated
that the electrical devices can mate with the connector 8§00 in any number of ways without
departing from the principles of the present invention.

[0062] Receptacle 810 may include a receptacle housing 810A and a plurality of
receptacle grounds 811 arranged around the perimeter of the receptacle housing 810A, and
header 820 may include a header housing 820A and a plurality of header grounds 821 arranged
around the perimeter of the header housing 820A. The receptacle housing 810A and the header
housing 820A may be made of any commercially suitable insulating material. The header
grounds 821 and the receptacle grounds 811 serve to connect the ground reference of an
electrical device that is connected to the header 820 to the ground reference of an electrical
device that is connected to the receptacle 810. The header 820 can also contains header IMLAs
(not individually labeled in FIG. 9 for clarity) and the receptacle 810 can contains receptacle
IMLAs 1000.

[0063] The receptacle connector 810 may contain one or more alignment pins 850.
Alignment pins 850 mate with alignment sockets 852 found in the header 820. The alignment
pins 820 and alignment sockets 852 serve to align the header 820 and the receptacle 810 during
mating. Further, the alignment pins 820 and alignment sockets 852 serve to reduce any lateral
movement that may occur once the header 820 and receptacle 8§10 are mated. It should be
appreciated that numerous ways to connect the header portion 820 and receptacle portion 8§10
may be used without departing from the principles of the invention.

[0064] FIG. 10 is a perspective view of a header insert molded lead assembly pair that
may be used in a high speed connector in accordance with an embodiment of the invention. In
FIG. 10, the header IMLA pair 1000 comprises a header IMLA A 1010 and a header IMLA B
1020. IMLA A 1010 comprises an overmolded housing 1011 and a series of header contacts
1030, and header IMLA B 1020 comprises an overmolded housing 1021 and a series of header
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contacts 1030, As ¢afi be §&eh ih FIG 10, the header contacts 1030 are recessed into the
housings of header IMLAs 1010 and B 1020. It should be appreciated that header IMLA pair
1000 may contain only signal contacts with no ground contacts or connections contained therein.

[0065] IMLA housing 1011 and 1021 may also include a latched tail 1050. Latched tail
1050 may be used to securely connect IMLA housing 1011 and 1021 in header portion 820 of
mezzanine connector 800. It should be appreciated that any method of securing the IMLA pairs
to the header 820 may be employed.

[0066] FIG. 11 is a perspective view of a receptacle insert molded lead assembly pair in
accordance with an embodiment of the invention. Receptacle IMLA pair 1200 comprises
receptacle IMLA A 1210 and receptacle IMLA B 1220. Receptacle IMLA A 1210 comprises an
overmolded housing 1211 and a series of receptacle contacts 1230, and a receptacle IMLA B
1220 comprises an overmolded housing 1221 and a series of receptacle contacts 1240. As can be
seen in FIG. 12, the receptacle contacts 1240, 1230 are recessed into the housings of receptacle
IMLAs 1210 and B 1220. It will be appreciated that fabrication techniques permit the recesses
in each portion of the IMLA 1210, 1220 to be sized very precisely. In accordance with one
embodiment of the invention, the receptacle IMLA pair 1200 maybe devoid of any ground
contacts.

[0067] IMLA housing 1211 and 1221 may also include a latched tail 1250. Latched tail
1250 may be used to securely connect IMLA housing 1211 and 1221 in receptacle portion 910 of
connector 900. It should be appreciated that any method of securing the IMLA pairs to the
header 920 may be employed.

[0068] FIG. 12 is a perspective view of a header and receptacle IMLA pair in
accordance with an embodiment of the invention. In FIG. 12, aheader and receptacle IMLA
pair are in operative communications in accordance with an embodiment of the present
invention. In FIG. 12, it can be seen that header IMLAs 1010 and 1020 are operatively coupled
to form a single and complete header IMLA. Likewise, receptacle IMLAs 1210 and B 1220 are
operatively coupled to form a single and complete receptacle IMLA. FIG. 12 illustrates an
interference fit between the contacts of the receptacle IMLA and the contacts of the header
IMLA, it will be appreciated that any method of causing electrical contact, and/or for operatively
coupling the header IMLA to the receptacle IMLA, is equally consistent with an embodiment of
the present invention.

[0069] It is to be understood that the foregoing illustrative embodiments have been
provided merely for the purpose of explanation and are in no way to be construed as limiting of

the invention. Words which have been used herein are words of description and illustration,
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rathier thah words'of Timitatioh. “Fdrtfiér, although the invention has been described herein with
reference to particular structure, materials and/or embodiments, the invention is not intended to
be limited to the particulars disclosed herein. Rather, the invention extends to all functionally
equivalent structures, methods and uses, such as are within the scope of the appended claims.
Those skilled in the art, having the benefit of the teachings of this specification, may affect
numerous modifications thereto and changes may be made without departing from the scope and

spirit of the invention in its aspects.
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whht i§ Clainied: "
1. An electrical connector comprising:
a connector housing; and
a first signal contact disposed within the cavity of the connector housing,
wherein the electrical connector is devoid of any ground contact adjacent to the signal

contact.

2. The electrical connector of claim 1, further comprising a second signal contact adjacent
to the first signal contact, wherein the first and second signal contacts form a differential signal

pair.

3. The electrical connector of claim 2, wherein the wherein the electrical connector is

devoid of any ground contact adjacent to the second signal contact.

4. The electrical connector of claim 2, wherein the differential signal pair has an impedance
of about 100 + 10 OHMS.
5. The electrical connector of claim 2, wherein the first signal contact and the second signal

contact each define an edge and broadside, and the first signal contact and the second signal

contact are positioned edge to edge.

6. The electrical connector of claim 1, wherein the connector housing is filled at least in part

with a dielectric material that insulates the contacts.

7. The electrical connector of claim 6, wherein the dielectric material is air.

8. An electrical connector comprising:

a first plurality of signal contacts arranged in a first linear array;

a second plurality of signal contacts arranged in a second linear array that is adjacent to
the first linear array;

wherein the electrical connector is devoid of any ground contact adjacent to the first

linear array and is further devoid of any ground contact adjacent to the second array.

9. The electrical connector of claim 8, further comprising a leadframe assembly disposed
within the connector housing, wherein the leadframe assembly includes a leadframe housing and
-16-
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wheteiti'the first piﬂfalﬁy dfsigrial-cdiitacts extends at least partially through the leadframe

housing.

10.  The electrical connector of claim 9, wherein the first plurality of signal contacts define a
first differential signal pair and the second plurality of signal contacts define a second differential
signal pair, wherein the first and second differential signal pairs are offset from one another by

one row pitch, or less than one row pitch, or more than one row pitch.

11.  The electrical connector of claim 9, wherein the leadframe assembly is devoid of any

ground contact.

12.  An electrical connector comprising:

a connector housing; and

a signal contact that defines an elongated, cross- sectional mating end disposed within the
connector housing,

wherein the electrical connector is devoid of any ground contacts within the connector

housing.

13.  The electrical connector of claim 12, wherein the electrical connector is adapted to
electrically connect a first electrical device having a first ground reference to a second electrical
device having a second ground reference, further comprising:

a ground connection disposed on the perimeter of the housing, said ground connection

adapted to electrically connect the first ground reference and the second ground reference.
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Skew Ops |2ps | 4ps | 6ps 8ps |10ps |20ps |50ps | 100ps|200ps

6.25Gb/s [18 [22.2]18.6/19.8 |19.2 |21 21 18.6 |(60.6 |TMS

6.25 :3(:35 19.8120.4 1 19.2/19.2 |21.6 |19.8 {228 |19.8 |58.2 |TMS

10 Gs/zo 20 |18.6|16.8|17.6 |[20.4 |20 22 224 |TMS |TMS

10 Gé/:;o 20.4 |19.2|18.8/20.8 (232 (172 |22 26.8 |TMS |TMS
0

FIG. BA - JITTER (ps)

Skew Ops |2ps |4ps | 6ps 8ps | 10ps | 20ps | 50ps | 100ps| 200ps
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10 G?/s 609 |621 | 639 |615 |615 |605 [585 [387 |TMS |TMS
10 Gl;/;:sz 603 |615 | 615|603 |615 |621 |561 405 |TMS | TMS
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