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(57) ABSTRACT 

An electrical connector that includes a mass disposed within 
the connector Such that the connector has a first center of 
gravity in the absence of the mass and a second center of 
gravity with the mass is disclosed. Such a connector may 
include a connector housing and an insert molded leadframe 
assembly (IMLA) positioned within the connector housing. 
The IMLA may include an array of electrically-conductive 
contacts and a dielectric leadframe housing overmolded onto 
the array of contacts. The mass may be disposed within the 
connector Such that the mass causes the connector to be 
balanced. The connector may be unbalanced about the first 
center of gravity and balanced about the second center of 
gravity. The connector may be a right angle, ball grid array 
COnnectOr. 
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SHIELDLESS, HIGH-SPEED ELECTRICAL 
CONNECTORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/326,061, filed Jan. 5, 2006, which is a 
continuation of U.S. patent application Ser. No. 10/634,547, 
filed Aug. 5, 2003, now U.S. Pat. No. 6,994,569, which is a 
continuation-in-part of U.S. patent application Ser. No. 
10/294,966, filed Nov. 14, 2002, now U.S. Pat. No. 6,976, 
886, which is a continuation in part of U.S. patent application 
Ser. No. 10/155,786, filed May 24, 2002, now U.S. Pat. No. 
6,652,318, and of U.S. patent application Ser. No. 09/990, 
794, filed Nov. 14, 2001, now U.S. Pat. No. 6,692,272. The 
contents of each of the above-referenced U.S. patents and 
patent applications are incorporated herein by reference in 
their entireties. 

FIELD OF THE INVENTION 

0002 Generally, the invention relates to the field of elec 
trical connectors. More particularly, the invention relates to 
connectors that are initially unbalanced about their initial 
center of gravity. 

BACKGROUND OF THE INVENTION 

0003 Electrical connectors provide signal connections 
between electronic devices using signal contacts. Often, the 
signal contacts are so closely spaced that undesirable inter 
ference, or "cross talk,” occurs between adjacent signal con 
tacts. As used herein, the term “adjacent” refers to contacts (or 
rows or columns) that are next to one another. Cross talk 
occurs when one signal contact induces electrical interfer 
ence in an adjacent signal contact due to intermingling elec 
trical fields, thereby compromising signal integrity. With 
electronic device miniaturization and high speed, high signal 
integrity electronic communications becoming more preva 
lent, the reduction of cross talk becomes a significant factorin 
connector design. 
0004 One commonly used technique for reducing cross 
talk is to position separate electrical shields, in the form of 
metallic plates, for example, between adjacent signal con 
tacts. The shields act to block cross talk between the signal 
contacts by blocking the intermingling of the contacts elec 
tric fields. FIGS. 1A and 1B depict exemplary contact 
arrangements for electrical connectors that use shields to 
block cross talk. 
0005 FIG. 1A depicts an arrangement in which signal 
contacts S and ground contacts G are arranged Such that 
differential signal pairs S+, S- are positioned along columns 
101-106. As shown, shields 112 can be positioned between 
contact columns 101-106. A column 101-106 can include any 
combination of signal contacts S+, S- and ground contacts G. 
The ground contacts G serve to block cross talk between 
differential signal pairs in the same column. The shields 112 
serve to block cross talk between differential signal pairs in 
adjacent columns. 
0006 FIG. 1B depicts an arrangement in which signal 
contacts S and ground contacts G are arranged Such that 
differential signal pairs S+, S- are positioned along rows 
111-116. As shown, shields 122 can be positioned between 
rows 111-116. A row 111-116 can include any combination of 
signal contacts S+, S- and ground contacts G. The ground 
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contacts G serve to block cross talk between differential sig 
nal pairs in the same row. The shields 122 serve to block cross 
talk between differential signal pairs in adjacent rows. 
0007 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. Shields 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 shields Substantially increase the overall costs 
associated with manufacturing Such connectors. In some 
applications, shields are known to make up 40% or more of 
the cost of the connector. Another known disadvantage of 
shields is that they lower impedance. Thus, to make the 
impedance high enough in a high contact density connector, 
the contacts would need to be so small that they would not be 
robust enough for many applications. 
0008. The dielectrics that are typically used to insulate the 
contacts and retain them in position within the connector also 
add undesirable cost and weight. 
0009. Therefore, a need exists for a lightweight, high 
speed electrical connector (i.e., one that operates above 1 
Gb/s and typically in the range of about 10 Gb/s) that reduces 
the occurrence of cross talk without the need for separate 
shields, and provides for a variety of other benefits not found 
in prior art connectors. 

SUMMARY OF THE INVENTION 

0010. The invention provides an electrical connector that 
includes a mass disposed within the connector Such that the 
connector has a first center of gravity in the absence of the 
mass and a second center of gravity with the mass. Such a 
connector may include a connector housing and an insert 
molded leadframe assembly (IMLA) positioned within the 
connector housing. The IMLA may include an array of elec 
trically-conductive contacts and a dielectric leadframe hous 
ing overmolded onto the array of contacts. The mass may be 
disposed within the connector Such that the mass causes the 
connector to be balanced. The connector may be unbalanced 
about the first center of gravity and balanced about the second 
center of gravity. The connector may be a right angle, ball grid 
array connector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIGS. 1A and 1B depict exemplary contact arrange 
ments for electrical connectors that use shields to block cross 
talk. 
0012 FIG. 2A is a schematic illustration of an electrical 
connector in which conductive and dielectric elements are 
arranged in a generally “I” shaped geometry. 
0013 FIG. 2B depicts equipotential regions within an 
arrangement of signal and ground contacts. 
0014 FIG. 3A illustrates a conductor arrangement used to 
measure the effect of offset on multi-active cross talk. 
0015 FIG. 3B is a graph illustrating the relationship 
between multi-active cross talk and offset between adjacent 
columns of terminals in accordance with one aspect of the 
invention. 
0016 FIG. 3C depicts a contact arrangement for which 
cross talk was determined in a worst case scenario. 
0017 FIGS. 4A-4C depict conductor arrangements in 
which signal pairs are arranged in columns. 
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0018 FIG. 5 depicts a conductor arrangement in which 
signal pairs are arranged in rows. 
0019 FIG. 6 is a diagram showing an array of six columns 
of terminals arranged in accordance with one aspect of the 
invention. 
0020 FIG. 7 is a diagram showing an array of six columns 
arranged in accordance with another embodiment of the 
invention. 
0021 FIG. 8 is a perspective view of an illustrative right 
angle electrical connector, in accordance with the invention. 
0022 FIG. 9 is a side view of the right angle electrical 
connector of FIG. 8. 
0023 FIG. 10 is an end view of a portion of the right angle 
electrical connector of FIG. 8. 
0024 FIG. 11 is a top view of a portion of the right angle 
electrical connector of FIG. 8. 
0025 FIG. 12 is a top cut-away view of conductors of the 
right angle electrical connector of FIG. 9 taken along line 
B-B. 

0026 FIG. 13A is a side cut-away view of a portion of the 
right angle electrical connector of FIG. 9 taken along line 
A-A. 

0027 FIG. 13B is a cross-sectional view taken along line 
C-C of FIG. 13A. 
0028 FIG. 14 is a perspective view of illustrative conduc 
tors of a right angle electrical connector according to the 
invention. 
0029 FIG. 15 is a perspective view of another illustrative 
conductor of the right angle electrical connector of FIG. 8. 
0030 FIG. 16A is a perspective view of a backplane sys 
tem having an exemplary right angle electrical connector. 
0031 FIG. 16B is a simplified view of an alternative 
embodiment of a backplane system with a right angle elec 
trical connector. 
0032 FIG. 16C is a simplified view of a board-to-board 
system having a vertical connector. 
0033 FIG. 17 is a perspective view of the connector plug 
portion of the connector shown in FIG. 16A. 
0034 FIG. 18 is a side view of the plug connector of FIG. 
17. 

0035 FIG. 19A is a side view of a lead assembly of the 
plug connector of FIG. 17. 
0036 FIG. 19B depicts the lead assembly of FIG. 19 dur 
ing mating. 
0037 FIG. 20 is an end view of two columns of terminals 
in accordance with one embodiment of the invention. 

0038 FIG. 21 is a side view of the terminals of FIG. 20. 
0039 FIG. 22 is a perspective top view of a receptacle in 
accordance with another embodiment of the invention. 
0040 FIG. 23 is a side view of the receptacle of FIG. 22. 
0041 FIG. 24 is a perspective view of a single column of 
receptacle contacts. 
0042 FIG. 25 is a perspective view of a connector in 
accordance with another embodiment of the invention. 
0043 FIG. 26 is a side view of a column of right angle 
terminals in accordance with another aspect of the invention. 
0044 FIGS. 27 and 28 are front views of the right angle 
terminals of FIG. 26 taken along lines A-A and lines B-B 
respectively. 
004.5 FIG. 29 illustrates the cross section of terminals as 
the terminals connect to Vias on an electrical device in accor 
dance with another aspect of the invention. 
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0046 FIG. 30 is a perspective view of a portion of another 
illustrative right angle electrical connector, in accordance 
with the invention. 
0047 FIG.31 is a perspective view of another illustrative 
right angle electrical connector, in accordance with the inven 
tion. 
0048 FIG. 32 is a perspective view of an alternative 
embodiment of a receptacle connector. 
0049 FIG.33 is a flow diagram of a method for making a 
connector in accordance with the invention. 
0050 FIGS. 34A and 34B are perspective views of 
example embodiments of a header assembly for a connector 
according to the invention. 
0051 FIGS. 35A and 35B are perspective views of 
example embodiments of a receptacle assembly for a connec 
tor according to the invention. 
0.052 FIG. 36 is a side view of an example embodiment of 
a connector according to the invention connecting signal 
paths between two circuit boards. 
0053 FIG.37 is a side view of an example embodiment of 
an insert molded lead assembly according to the invention. 
0054 FIGS. 38A-38C depict example contact designa 
tions for an IMLA such as depicted in FIG. 37. 
0055 FIG. 39 is a side view of another example embodi 
ment of an insert molded lead assembly according to the 
invention. 
0056 FIGS. 40A-40C depict example contact designa 
tions for an IMLA such as depicted in FIG. 39. 
0057 FIG. 41 depicts example differential signal pair con 
tact designations for adjacent contact arrays. 
0.058 FIGS. 42A-D provide graphs of measured perfor 
mance for adjacent contact arrays Such as depicted in FIG. 41. 
0059 FIG. 43 depicts example single-ended signal con 
tact designations for adjacent contact arrays. 
0060 FIGS. 44A-E provide graphs of measured perfor 
mance for adjacent contact arrays Such as depicted in FIG. 43. 
0061 FIGS. 45A-45F provide cross-talk measurements 
for a single-ended aggressorinjecting noise onto a differential 
pa1r. 
0062 FIGS. 46A-46F provide cross-talk measurements 
for a differential pair aggressor injecting noise onto a single 
ended contact. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0063 Certain terminology may be used in the following 
description for convenience only and should not be consid 
ered 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. 

I-Shaped Geometry for Electrical Connectors. Theoretical 
Model 

0064 FIG. 2A 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. Pat. No. 5,741,144, entitled 
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“Low Cross And Impedance Controlled Electric Connector.” 
the disclosure of which is herein incorporated by reference in 
its entirety. Low cross talk and controlled impedance have 
been found to result from the use of this geometry. 
0065. As shown in FIG. 2A, the conductive element can be 
perpendicularly interposed between two parallel dielectric 
and ground plane elements. The description of this transmis 
sion 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 dielectric constant 6 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 dielectric constante. In a connec 
tor 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 heighth to dielectric width w controls the 
electric and magnetic field penetration to an adjacent contact. 
Original experimentation led to the conclusion that the ratio 
h/w needed to minimize interference beyond A and B would 
be approximately unity (as illustrated in FIG. 2A). 
0066. The lines 30, 32, 34, 36 and 38 in FIG. 2A are 
equipotentials of voltage in the air-dielectric space. Taking an 
equipotential line close to one of the ground planes and fol 
lowing 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 t t should be 
small compared to the dielectric width w, or module pitch 
(i.e., distance between adjacent modules). 
0067 Given the mechanical constraints on a practical con 
nector 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 pre 
ferred 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. 

Exemplary Factors Affecting Cross Talk Between Adjacent 
Contacts 

0068. In accordance with the invention, the basic prin 
ciples 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. 2B includes a contour plot of voltage in 
the neighborhood of an active column-based differential sig 
nal 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 nec 
essarily 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 
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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. 
0069. Thus, as shown in FIG.2B, 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 adja 
cent 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 integ 
rity applications. 
0070 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: 
0071 a) Less cross talk has been found to occur where 
adjacent contacts are edge-coupled (i.e., where the edge of 
one contactis adjacent to the edge of an adjacent contact) than 
where adjacent contacts are broad side coupled (i.e., where 
the broadside of one contact is adjacent to the broadside of an 
adjacent 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 towards 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 0.3-0.4 mm 
is adequate to provide an impedance of about 100 ohms where 
the contacts are edge coupled, while 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 con 
tact extends through dielectric regions, contact regions, etc.; 
0072 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; 
0073 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 
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number of factors, such as column pitch, row pitch, the shape 
of the terminals, and the dielectric constant(s) of the insulat 
ing 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). 
0074 FIG. 3A illustrates a contact arrangement that has 
been used to measure the effect of offset between adjacent 
columns on cross talk. Fast (e.g., 40 ps) rise-time differential 
signals were applied to each of Active Pair 1 and Active Pair 
2. Near-end crosstalk Nxt1 and Nxt2 were determined at 
Quiet Pair, to which no signal was applied, as the offset d 
between adjacent columns was varied from 0 to 5.0 mm. 
Near-end cross talk occurs when noise is induced on the quiet 
pair from the current carrying contacts in an active pair. 
0075. As shown in the graph of FIG. 3B, the incidence of 
multi-active cross talk (thicker solid line in FIG.3B) is mini 
mized at offsets of about 1.3 mm and about 3.65 mm. In this 
experiment, multi-active cross talk was considered to be the 
sum of the absolute values of cross talk from each of Active 
Pair 1 (dashed line in FIG. 3B) and Active Pair 2 (thin solid 
line in FIG. 3B). Thus, it has been shown that adjacent col 
umns can be variably offset relative to one another until an 
optimum level of cross talk between adjacent pairs (about 1.3 
mm, in this example); 
0076 d) Through the addition of outer grounds, i.e., the 
placement of ground contacts at alternating ends of adjacent 
contact columns, both near-end cross talk (“NEXT) and 
far-end cross talk (“FEXT) can be further reduced; 
0077 e) It has also been found that scaling the contacts 

(i.e., reducing the absolute dimensions of the contacts while 
preserving their proportional and geometric relationship) 
provides for increased contact density (i.e., the number of 
contacts per linear inch) without adversely affecting the elec 
trical characteristics of the connector. 

0078. By considering any or all of these factors, a connec 
tor can be designed that delivers high-performance (i.e., low 
incidence of cross talk), high-speed (e.g., greater than 1 Gbfs 
and typically about 10 Gb/s) communications even in the 
absence of shields between adjacent contacts. It should also 
be understood that such connectors and techniques, which are 
capable of providing Such high speed communications, are 
also useful at lower speeds. Connectors according to the 
invention have been shown, in worst case testing scenarios, to 
have near-end cross talk of less than about 3% and far-end 
cross talk of less than about 4%, at 40 picosecond rise time, 
with 63.5 mated signal pairs per linear inch. Such connectors 
can have insertion losses of less than about 0.7 dB at 5 GHZ, 
and impedance match of about 100+8 ohms measured at a 40 
picosecond rise time. 
007.9 FIG. 3C depicts a contact arrangement for which 
cross talk was determined in a worst case scenario. Cross talk 
from each of six attacking pairs S1, S2, S3, S4, S5, and S6 was 
determined at a “victim' pair V. Attacking pairs S1, S2, S3, 
S4, S5, and S6 are six of the eight nearest neighboring pairs to 
signal pair V. It has been determined that the additional affects 
on cross talk at victim pair V from attacking pairs S7 and S8 
is negligible. The combined cross talk from the six nearest 
neighbor attacking pairs has been determined by Summing 
the absolute values of the peak cross talk from each of the 
pairs, which assumes that each pair is fairing at the highest 
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level all at the same time. Thus, it should be understood that 
this is a worst case scenario, and that, in practice, much better 
results should be achieved. 

Exemplary Contact Arrangements According to the Invention 
0080 FIG. 4A depicts a connector 100 according to the 
invention having column-based differential signal pairs (i.e., 
in which differential signal pairs are arranged into columns). 
(As used herein, a “column” refers to the direction along 
which the contacts are edge coupled. A “row’ is perpendicu 
lar to a column.) As shown, each column 401–406 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. As can be seen, first column 401 
comprises, in order from top to bottom, a first differential 
signal pair comprising signal conductors S1+ and S1-, a first 
ground conductor G, a second differential signal pair com 
prising signal conductors S7+ and S7-, and a second ground 
conductor G. Each of rows 413 and 416 comprises a plurality 
of ground conductors G. Rows 411 and 412 together com 
prise six differential signal pairs, and rows 514 and 515 
together comprise another six differential signal pairs. The 
rows 413 and 416 of ground conductors limit cross talk 
between the signal pairs in rows 411-412 and the signal pairs 
in rows 414-415. In the embodiment shown in FIG. 4A, 
arrangement of 36 contacts into columns can provide twelve 
differential signal pairs. Because the connector is devoid of 
shields, the contacts can be made relatively larger (compared 
to those in a connector having shields). Therefore, less con 
nector space is needed to achieve the desired impedance. 
I0081 FIGS. 4B and 4C depict connectors according to the 
invention that include outer grounds. As shown in FIG. 4B, a 
ground contact G can be placed at each end of each column. 
As shown in FIG. 4C, a ground contact G can be placed at 
alternating ends of adjacent columns. It has been found that 
the placement of a ground contact G at alternating ends of 
adjacent columns results in a 35% reduction in NEXT and a 
65% reduction in FEXT as compared to a connector having a 
contact arrangement that is otherwise the same, but which has 
no such outer grounds. It has also been found that basically 
the same results can be achieved through the placement of 
ground contacts at both ends of every contact column, as 
shown in FIG. 4B. Consequently, it is preferred to place outer 
grounds at alternating ends of adjacent columns in order to 
increase contact density (relative to a connector in which 
outer grounds are placed at both ends of every column) with 
out increasing the level of cross talk. 
I0082 Alternatively, as shown in FIG. 5, differential signal 
pairs may be arranged into rows. As shown in FIG. 5, each 
row 511-516 comprises a repeating sequence of two ground 
conductors and a differential signal pair. First row 511 com 
prises, in order from left to right, two ground conductors G, a 
differential signal pair S1+, S1-, and two ground conductors 
G. Row 512 comprises in order from left to right, a differential 
signal pair S2+, S2-, two ground conductors G, and a differ 
ential signal pair S3+, S3-. The ground conductors block 
cross talk between adjacent signal pairs. In the embodiment 
shown in FIG. 5, arrangement of 36 contacts into rows pro 
vides only nine differential signal pairs. 
I0083. By comparison of the arrangement shown in FIG. 
4A with the arrangement shown in FIG. 5, it can be under 
stood that a column arrangement of differential signal pairs 
results in a higher density of signal contacts than does a row 
arrangement. However, for right angle connectors arranged 
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into columns, contacts within a differential signal pair have 
different lengths, and therefore, such differential signal pairs 
may have intra-pair skew. Similarly, arrangement of signal 
pairs into either rows or columns may result in inter-pair skew 
because of the different conductor lengths of different differ 
ential signal pairs. Thus, it should be understood that, 
although arrangement of signal pairs into columns results in a 
higher contact density, arrangement of the signal pairs into 
columns or rows can be chosen for the particular application. 
0084 Regardless of whether the signal pairs are arranged 
into rows or columns, each differential signal pair has a dif 
ferential impedance Z between the positive conductor SX-- 
and negative conductor SX- of the differential signal pair. 
Differential impedance is defined as the impedance existing 
between two signal conductors of the same differential signal 
pair, at a particular point along the length of the differential 
signal pair. As is well known, it is desirable to control the 
differential impedance Zo to match the impedance of the 
electrical device(s) to which the connector is connected. 
Matching the differential impedance Z to the impedance of 
electrical device minimizes signal reflection and/or system 
resonance that can limit overall system bandwidth. Further 
more, it is desirable to control the differential impedance Zo 
Such that it is substantially constant along the length of the 
differential signal pair, i.e., such that each differential signal 
pair has a Substantially consistent differential impedance pro 
file. 
0085. The differential impedance profile can be controlled 
by the positioning of the signal and ground conductors. Spe 
cifically, differential impedance is determined by the proxim 
ity of an edge of signal conductor to an adjacent ground and 
by the gap between edges of signal conductors within a dif 
ferential signal pair. 
I0086 Referring again to FIG. 4A, the differential signal 
pair comprising signal conductors S6+ and S6- is located 
adjacent to one ground conductor G in row 413. The differ 
ential signal pair comprising signal conductors S12+ and 
S12- is located adjacent to two ground conductors G, one in 
row 413 and one in row 416. Conventional connectors include 
two ground conductors adjacent to each differential signal 
pair to minimize impedance matching problems. Removing 
one of the ground conductors typically leads to impedance 
mismatches that reduce communications speed. However, the 
lack of one adjacent ground conductor can be compensated 
for by reducing the gap between the differential signal pair 
conductors with only one adjacent ground conductor. For 
example, as shown in FIG. 4A, signal conductors S6+ and 
S6- can be located a distanced apart from each other and 
signal conductors S12+ and S12- can be located a different 
distanced apart from each other. The distances may be con 
trolled by making the widths of signal conductors S6+ and 
S6- wider than the widths of signal conductors S12+ and 
S12- (where conductor width is measured along the direction 
of the column). 
0.087 For single ended signaling, single ended impedance 
can also be controlled by positioning of the signal and ground 
conductors. Specifically, single ended impedance is deter 
mined by the gap between a signal conductor and an adjacent 
ground. Single ended impedance is defined as the impedance 
existing between a signal conductor and ground, at a particu 
lar point along the length of a single ended signal conductor. 
0088. To maintain acceptable differential impedance con 

trol for high bandwidth systems, it is desirable to control the 
gap between contacts to within a few thousandths of an inch. 
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Gap variations beyond a few thousandths of an inch may 
cause an unacceptable variation in the impedance profile; 
however, the acceptable variation is dependent on the speed 
desired, the error rate acceptable, and other design factors. 
I0089 FIG. 6 shows an array of differential signal pairs and 
ground contacts in which each column of terminals is offset 
from each adjacent column. The offset is measured from an 
edge of a terminal to the same edge of the corresponding 
terminal in the adjacent column. The aspect ratio of column 
pitch to gap width, as shown in FIG. 6, is P/X. It has been 
found that an aspect ratio of about 5 (i.e., 2 mm column pitch; 
0.4 mm gap width) is adequate to Sufficiently limit cross talk 
where the columns are also staggered. Where the columns are 
not staggered, an aspect ratio of about 8-10 is desirable. 
0090. As described above, by offsetting the columns, the 
level of multi-active cross talk occurring in any particular 
terminal can be limited to a level that is acceptable for the 
particular connector application. As shown in FIG. 6, each 
column is offset from the adjacent column, in the direction 
along the columns, by a distance d. Specifically, column 601 
is offset from column 602 by an offset distanced, column 602 
is offset from column 603 by a distanced, and so forth. Since 
each column is offset from the adjacent column, each termi 
nal is offset from an adjacent terminal in an adjacent column. 
For example, signal contact 680 in differential pair DP3 is 
offset from signal contact 681 in differential pair DP4 by a 
distanced as shown. 
0091 FIG. 7 illustrates another configuration of differen 

tial pairs wherein each column ofterminals is offset relative to 
adjacent columns. For example, as shown, differential pair 
D2 in column 701 is offset from differential pair D1 in the 
adjacent column 702 by a distanced. In this embodiment, 
however, the array of terminals does not include ground con 
tacts separating each differential pair. Rather, the differential 
pairs within each column are separated from each other by a 
distance greater than the distance separating one terminal in a 
differential pair from the second terminal in the same differ 
ential pair. For example, where the distance between termi 
nals within each differential pair is Y, the distance separating 
differential pairs can be Y+X, where Y+X/Y>> 1. It has been 
found that such spacing also serves to reduce cross talk. 

Exemplary Connector Systems According to the Invention 
0092 FIG. 8 is a perspective view of a right angle electri 
cal connector according to the invention that is directed to a 
high speed electrical connector wherein signal conductors of 
a differential signal pair have a Substantially constant differ 
ential impedance along the length of the differential signal 
pair. As shown in FIG. 8, a connector 800 comprises a first 
section 801 and a second section 802. First section 801 is 
electrically connected to a first electrical device 810 and 
second section 802 is electrically connected to a second elec 
trical device 812. Such connections may be SMT. PIP solder 
ball grid array, press fit, or other Such connections. Typically, 
Such connections are conventional connections having con 
ventional connection spacing between connection pins; how 
ever, Such connections may have other spacing between con 
nection pins. First section 801 and second section 802 can be 
electrically connected together, thereby electrically connect 
ing first electrical device 810 to second electrical device 812. 
0093. As can be seen, first section 801 comprises a plural 
ity of modules 805. Each module 805 comprises a column of 
conductors 830. As shown, first section 801 comprises six 
modules 805 and each module 805 comprises six conductors 
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830; however, any number of modules 805 and conductors 
830 may be used. Second section 802 comprises a plurality of 
modules 806. Each module 806 comprises a column of con 
ductors 840. As shown, second section 802 comprises six 
modules 806 and each module 806 comprises six conductors 
840; however, any number of modules 806 and conductors 
840 may be used. 
0094 FIG.9 is a side view of connector 800. As shown in 
FIG.9, each module 805 comprises a plurality of conductors 
830 secured in a frame 850. Each conductor 830 comprises a 
connection pin 832 extending from frame 850 for connection 
to first electrical device 810, a blade 836 extending from 
frame 850 for connection to second section 802, and a con 
ductor segment 834 connecting connection pin 832 to blade 
836. 

0095. Each module 806 comprises a plurality of conduc 
tors 840 secured in frame 852. Each conductor 840 comprises 
a contact interface 841 and a connection pin 842. Each con 
tact interface 841 extends from frame 852 for connection to a 
blade 836 of first Section 801. Each contact interface 840 is 
also electrically connected to a connection pin 842 that 
extends from frame 852 for electrical connection to second 
electrical device 812. 

0096. Each module 805 comprises a first hole 856 and a 
second hole 857 for alignment with an adjacent module 805. 
Thus, multiple columns of conductors 830 may be aligned. 
Each module 806 comprises a first hole 847 and a second hole 
848 for alignment with an adjacent module 806. Thus, mul 
tiple columns of conductors 840 may be aligned. 
0097 Module 805 of connector 800 is shown as a right 
angle module. That is, a set of first connection pins 832 is 
positioned on a first plane (e.g., coplanar with first electrical 
device 810) and a set of second connection pins 842 is posi 
tioned on a second plane (e.g., coplanar with second electrical 
device 812) perpendicular to the first plane. To connect the 
first plane to the second plane, each conductor 830 turns a 
total of about ninety degrees (a right angle) to connect 
between electrical devices 810 and 812. 

0098. To simplify conductor placement, conductors 830 
can have a rectangular cross section; however, conductors 
830 may be any shape. In this embodiment, conductors 830 
have a high ratio of width to thickness to facilitate manufac 
turing. The particular ratio of width to thickness may be 
selected based on various design parameters including the 
desired communication speed, connection pin layout, and the 
like. 

0099 FIG. 10 is a side view of two modules of connector 
800 taken along the corresponding line shown in FIG. 9. FIG. 
11 is a top view of two modules of connector 800 taken along 
the corresponding line shown in FIG. 9. As can be seen, each 
blade 836 is positioned between two single beam contacts 849 
of contact interface 841, thereby providing electrical connec 
tion between first section 801 and second section 802 and 
described in more detail below. Connection pins 832 are 
positioned proximate to the centerline of module 805 such 
that connection pins 832 may be mated to a device having 
conventional connection spacing. Connection pins 842 are 
positioned proximate to the centerline of module 806 such 
that connection pins 842 may be mated to a device having 
conventional connection spacing. Connection pins, however, 
may be positioned at an offset from the centerline of module 
806 if such connection spacing is Supported by the mating 
device. Further, while connection pins are illustrated in the 
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Figures, other connection techniques are contemplated Such 
as, for example, solder balls and the like. 
0100 Returning now to illustrative connector 800 of FIG. 
8 to discuss the layout of connection pins and conductors, first 
section 801 of connector 800 comprises six columns and six 
rows of conductors 830. Conductors 830 may be either signal 
conductors S or ground conductors G. Typically, each signal 
conductor S is employed as either a positive conductor or a 
negative conductor of a differential signal pair; however, a 
signal conductor may be employed as a conductor for single 
ended signaling. In addition, such conductors 830 may be 
arranged in either columns or rows. 
0101. In addition to conductor placement, differential 
impedance and insertion losses are also affected by the dielec 
tric properties of material proximate to the conductors. Gen 
erally, it is desirable to have materials having very low dielec 
tric constants adjacent and in contact with as much as the 
conductors as possible. Air is the most desirable dielectric 
because it allows for a lightweight connector and has the best 
dielectric properties. While frame 850 and frame 852 may 
comprise a polymer, a plastic, or the like to secure conductors 
830 and 840 so that desired gap tolerances may be main 
tained, the amount of plastic used is minimized. Therefore, 
the rest of connector comprises an air dielectric and conduc 
tors 830 and 840 are positioned both in air and only minimally 
in a second material (e.g., a polymer) having a second dielec 
tric property. Therefore, to provide a substantially constant 
differential impedance profile, in the second material, the 
spacing between conductors of a differential signal pair may 
vary. 
0102. As shown, the conductors can be exposed primarily 
to air rather than being encased in plastic. The use of air rather 
than plastic as a dielectric provides a number of benefits. For 
example, the use of air enables the connector to be formed 
from much less plastic than conventional connectors. Thus, a 
connector according to the invention can be made lower in 
weight than convention connectors that use plastic as the 
dielectric. Air also allows for Smaller gaps between contacts 
and thereby provides for better impedance and cross talk 
control with relatively larger contacts, reduces cross-talk, 
provides less dielectric loss, increases signal speed (i.e., less 
propagation delay). 
0103) Through the use of air as the primary dielectric, a 
lightweight, low-impedance, low cross talk connector can be 
provided that is suitable for use as a ball grid assembly 
(“BGA) right-angle connector. Typically, a right angle con 
nector is "off-balance, i.e., disproportionately heavy in the 
mating area. Consequently, the connector tends to "tilt in the 
direction of the mating area. Because the solder balls of the 
BGA, while molten, can only supporta certain mass, prior art 
connectors typically are unable to include additional mass to 
balance the connector. Through the use of air, rather than 
plastic, as the dielectric, the mass of the connector can be 
reduced. Consequently, additional mass can be added to bal 
ance the connector without causing the molten solder balls to 
collapse. 
0104 FIG. 12 illustrates the change in spacing between 
conductors in rows as conductors pass from being Surrounded 
by air to being surrounded by frame 850. As shown in FIG. 12, 
at connection pin 832 the distance between conductor S+ and 
S- is D1. Distance D1 may be selected to mate with conven 
tional connector spacing on first electrical device 810 or may 
be selected to optimize the differential impedance profile. As 
shown, distance D1 is selected to mate with a conventional 
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connector and is positioned proximate to the centerline of 
module 805. As conductors S-- and S-travel from connection 
pins 832 through frame 850, conductors S+, S-jog towards 
each other, culminating in a separation distance D2 in air 
region 860. Distance D2 is selected to give the desired differ 
ential impedance between conductor S+ and S-, given other 
parameters, such as proximity to a ground conductor G. The 
desired differential impedance Zo depends on the system 
impedance (e.g., first electrical device 810), and may be 100 
ohms or some other value. Typically, a tolerance of about 5 
percent is desired; however, 10 percent may be acceptable for 
Some applications. It is this range of 10% or less that is 
considered Substantially constant differential impedance. 
0105. As shown in FIG. 13A, conductors S-- and S- are 
positioned from air region 860 towards blade 836 and jog 
outward with respect to each other within frame 850 such that 
blades 836 are separated by a distance D3 upon exiting frame 
850. Blades 836 are received in contact interfaces 841, 
thereby providing electrical connection between first section 
801 and second section 802. As contact interfaces 841 travel 
from air region 860 towards frame 852, contact interfaces 841 
jog outwardly with respect to each other, culminating in con 
nection pins 842 separated by a distance of D4. As shown, 
connection pins 842 are positioned proximate to the center 
line of frame 852 to mate with conventional connector spac 
1ng. 
0106 FIG. 14 is a perspective view of conductors 830. As 
can be seen, within frame 850, conductors 830 jog, either 
inwardly or outwardly to maintain a substantially constant 
differential impedance profile along the conductive path. 
0107 FIG. 15 is a perspective view of conductor 840 that 
includes two single beam contacts 849, one beam contact 849 
on each side of blade 836. This design may provide reduced 
cross talk performance, because each single beam contact 849 
is further away from its adjacent contact. Also, this design 
may provide increased contact reliability, because it is a 
“true' dual contact. This design may also reduce the tight 
tolerance requirements for the positioning of the contacts and 
forming of the contacts. 
0108. As can be seen, within frame 852, conductor 840 
jogs, either inward or outward to maintain a Substantially 
constant differential impedance profile and to mate with con 
nectors on second electrical device 812. For arrangement into 
columns, conductors 830 and 840 are positioned along a 
centerline of frames 850, 852, respectively. 
0109 FIG. 13B is a cross-sectional view taken along line 
C-C of FIG. 13A. As shown in FIG. 13B, terminal blades 836 
are received in contact interfaces 841 such that beam contacts 
839 engage respective sides of blades 836. Preferably, the 
beam contacts 839 are sized and shaped to provide contact 
between the blades 836 and the contact interfaces 841 over a 
combined Surface area that is Sufficient to maintain the elec 
trical characteristics of the connector during mating and 
unmating of the connector. 
0110. As shown in FIG.13A, the contact design allows the 
edge-coupled aspect ratio to be maintained in the mating 
region. That is, the aspect ratio of column pitch to gap width 
chosen to limit cross talk in the connector, exists in the contact 
region as well, and thereby limits cross talk in the mating 
region. Also, because the cross-section of the unmated blade 
contact is nearly the same as the combined cross-section of 
the mated contacts, the impedance profile can be maintained 
even if the connectoris partially unmated. This occurs, at least 
in part, because the combined cross-section of the mated 
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contacts includes no more than one or two thickness of metal 
(the thicknesses of the blade and the contact interface), rather 
than three thicknesses as would be typical in prior art con 
nectors (see FIG. 13B, for example). Unplugging a connector 
Such as shown in FIG. 13B results in a significant change in 
cross-section, and therefore, a significant change in imped 
ance (which causes significant degradation of electrical per 
formance if the connector is not properly and completely 
mated). Because the contact cross-section does not change 
dramatically as the connector is unmated, the connector (as 
shown in FIG. 13A) can provide nearly the same electrical 
characteristics when partially unmated (i.e., unmated by 
about 1-2 mm) as it does when fully mated. 
0111 FIG. 16A is a perspective view of a backplane sys 
tem having an exemplary right angle electrical connector in 
accordance with an embodiment of the invention. As shown 
in FIG.16A, connector 900 comprises a plug 902 and recep 
tacle 11100. 
0112 Plug 902 comprises housing 905 and a plurality of 
lead assemblies 908. The housing 905 is configured to contain 
and align the plurality of lead assemblies 908 such that an 
electrical connection Suitable for signal communication is 
made between a first electrical device 910 and a second elec 
trical device 912 via receptacle 1100. In one embodiment of 
the invention, electrical device 910 is a backplane and elec 
trical device 912 is a daughtercard. Electrical devices 910 and 
912 may, however, be any electrical device without departing 
from the scope of the invention. 
0113. As shown, the connector 902 comprises a plurality 
of lead assemblies 908. Each lead assembly 908 comprises a 
column of terminals or conductors 930 therein as will be 
described below. Each lead assembly 908 comprises any 
number of terminals 930. 
0114 FIG. 16B is backplane system similar to FIG. 16A 
except that the connector 903 is a single device rather than 
mating plug and receptacle. Connector 903 comprises a hous 
ing and a plurality of lead assemblies (not shown). The hous 
ing is configured to contain and align the plurality of lead 
assemblies (not shown) Such that an electrical connection 
Suitable for signal communication is made between a first 
electrical device 910 and a second electrical device 912 

0115 FIG.16C is a board-to-board system similar to FIG. 
16A except that plug connector 905 is a vertical plug connec 
tor rather than a right angle plug connector. This embodiment 
makes electrical connection between two parallel electrical 
devices 910 and 913. A vertical back-panel receptacle con 
nector according to the invention can be insert molded onto a 
board, for example. Thus, spacing, and therefore perfor 
mance, can be maintained. 
0116 FIG. 17 is a perspective view of the plug connector 
of FIG. 16A shown without electrical devices 910 and 912 
and receptacle connector 1100. As shown, slots 907 are 
formed in the housing 905 that contain and align the lead 
assemblies 908 therein. FIG. 17 also shows connection pins 
932, 942. Connection pins 942 connect connector 902 to 
electrical device 912. Connection pins 932 electrically con 
nect connector 902 to electrical device 910 via receptacle 
1100. Connection pins 932 and 942 may be adapted to pro 
vide through-mount or Surface-mount connections to an elec 
trical device (not shown). 
0117. In one embodiment, the housing 905 is made of 
plastic, however, any suitable material may be used. The 
connections to electrical devices 910 and 912 may be surface 
or through mount connections. 
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0118 FIG. 18 is a side view of plug connector 902 as 
shown in FIG. 17. As shown, the column of terminals con 
tained in each lead assembly 908 are offset from one another 
column of terminals in an adjacent lead assembly by a dis 
tance D. Such an offset is discussed more fully above in 
connection with FIGS. 6 and 7. 
0119 FIG. 19A is a side view of a single lead assembly 
908. As shown in FIG. 19A, one embodiment of lead assem 
bly 908 comprises a metal lead frame 940 and an insert 
molded plastic frame 933. In this manner, the insert molded 
lead assembly 933 serves to contain one column of terminals 
or conductors 930. The terminals may comprise either differ 
ential pairs or ground contacts. In this manner, each lead 
assembly 908 comprises a column of differential pairs 935A 
and 935B and ground contacts 937. 
0120. As is also shown in FIG. 19A, the column of differ 
ential pairs and ground contacts contained in each lead 
assembly 908 are arranged in a signal-signal-ground configu 
ration. In this manner, the top contact of the column of ter 
minals in lead assembly 908 is a ground contact 937A. Adja 
cent to ground contact 937A is a differential pair 935A 
comprised of a two signal contacts, one with a positive polar 
ity and one with a negative polarity. 
0121. As shown, the ground contacts 937A and 937B 
extend a greater distance from the insert molded lead assem 
bly 933. As shown in FIG. 19B, such a configuration allows 
the ground contacts 937 to mate with corresponding recep 
tacle contacts 1102G in receptacle 1100 before the signal 
contacts 935 mate with corresponding receptacle contacts 
1102S. Thus, the connected devices (not shown in FIG. 19B) 
can be brought to a common ground before signal transmis 
sion occurs between them. This provides for “hot” connection 
of the devices. 
0122) Lead assembly 908 of connector 900 is shown as a 
right angle module. To explain, a set of first connection pins 
932 is positioned on a first plane (e.g., coplanar with first 
electrical device 910) and a set of second connection pins 942 
is positioned on a second plane (e.g., coplanar with second 
electrical device 912) perpendicular to the first plane. To 
connect the first plane to the second plane, each conductor 
930 is formed to extenda total of about ninety degrees (a right 
angle) to electrically connect electrical devices 910 and 912. 
0123 FIGS. 20 and 21 are end and side views, respec 

tively, of two columns of terminals in accordance with one 
aspect of the invention. As shown in FIGS. 20 and 21, adja 
cent columns of terminals are staggered in relation to one 
another. In other words, an offset exists between terminals in 
adjacent lead assemblies. In particular and as shown in FIGS. 
20 and 21, an offset of distanced exists between terminals in 
column 1 and terminals in column 2. As shown, the offset d 
runs along the entire length of the terminal. As stated above, 
the offset reduces the incidence of cross talk by furthering the 
distance between the signal carrying contacts. 
0.124. To simplify conductor placement, conductors 930 
have a rectangular cross section as shown in FIGS. 20 and 21. 
Conductors 93.0 may, however, be any shape. 
0.125 FIG. 22 is a perspective view of the receptacle por 
tion of the connector shown in FIG. 16A. Receptacle 1100 
may be mated with connector plug 902 (as shown in FIG. 
16A) and used to connect two electrical devices (not shown). 
Specifically, connection pins 932 (as shown in FIG. 17) may 
be inserted into apertures 1142 to electrically connect con 
nector 902 to receptacle 1100. Receptacle 1100 also includes 
alignment structures 1120 to aid in the alignment and inser 
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tion of connector 900 into receptacle 1100. Once inserted, 
structures 1120 also serve to secure the connector once 
inserted into receptacle 1100. Such structures 1120 thereby 
prevent any movement that may occur between the connector 
and receptacle that could result in mechanical breakage ther 
ebetween. 
0.126 Receptacle 1100 includes a plurality of receptacle 
contact assemblies 1160 each containing a plurality of termi 
nals (only the tails of which are shown). The terminals pro 
vide the electrical pathway between the connector 900 and 
any mated electrical device (not shown). 
(O127 FIG. 23 is a side view of the receptacle of FIG. 22 
including structures 1120, housing 1150 and receptacle lead 
assembly 1160. As shown, FIG. 23 also shows that the recep 
tacle lead assemblies may be offset from one another in 
accordance with the invention. As stated above, such offset 
reduces the occurrence of multi-active cross talk as described 
above. 
I0128 FIG. 24 is a perspective view of a single receptacle 
contact assembly not contained in receptacle housing 1150. 
As shown, the assembly 1160 includes a plurality of dual 
beam conductive terminals 1175 and a holder 1168 made of 
insulating material. In one embodiment, the holder 1168 is 
made of plastic injection molded around the contacts; how 
ever, any suitable insulating material may be used without 
departing from the scope of the invention. 
I0129 FIG. 25 is a perspective view of a connector in 
accordance with another embodiment of the invention. As 
shown, connector 1310 and receptacle 1315 are used in com 
bination to connect an electrical device, such as circuit board 
1305 to a cable 1325. Specifically, when connector 1310 is 
mated with receptacle 1315, an electrical connection is estab 
lished between board 1305 and cable 1325. Cable 1325 can 
then transmit signals to any electrical device (not shown) 
Suitable for receiving such signals. 
0.130. In another embodiment of the invention, it is con 
templated that the offset distance, d, may vary throughout the 
length of the terminals in the connector. In this manner, the 
offset distance may vary along the length of the terminal as 
well as at either end of the conductor. To illustrate this 
embodiment and referring now to FIG. 26, a side view of a 
single column of right angle terminals is shown. As shown, 
the height of the terminals in section A is height H1 and the 
height of the cross section of terminals in section B is height 
H2. 

0131 FIGS. 27 and 28 are end views of the columns of 
right angle terminals taken along the corresponding lines 
shown in FIG. 26. In addition to the single column of termi 
nals shown in FIG. 26, FIGS. 27 and 28 also show an adjacent 
column of terminals contained in the adjacent lead assembly 
contained in the connector housing. 
0.132. In accordance with the invention, the offset of adja 
cent columns may vary along the length of the terminals 
within the lead assembly. More specifically, the offset 
between adjacent columns varies according to adjacent sec 
tions of the terminals. In this manner, the offset distance 
between columns is different in section A of the terminals 
than in section B of the terminals. 

0.133 As shown in FIGS. 27 and 28, the cross sectional 
height of terminals taken along line A-A in section A of the 
terminal is H1 and the cross sectional height of terminals in 
section B taken along line B-B is height H2. As shown in FIG. 
27, the offset of terminals in section A, where the cross 
sectional height of the terminal is H1, is a distance D1. 
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0134 Similarly, FIG. 28 shows the offset of the terminals 
in section B of the terminal. As shown, the offset distance 
between terminals in section B of the terminal is D2. Prefer 
ably, the offset D2 is chosen to minimize crosstalk, and may 
be different from the offset D1 because spacing or other 
parameters are different. The multi-active cross talk that 
occurs between the terminals can thus be reduced, thereby 
increasing signal integrity. 
0135. In another embodiment of the invention, to further 
reduce cross talk, the offset between adjacent terminal col 
umns is different than the offset between vias on a mated 
printed circuit board. A via is conducting pathway between 
two or more layers on a printed circuit board. Typically, a via 
is created by drilling through the printed circuit board at the 
appropriate place where two or more conductors will inter 
COnnect. 

0136. To illustrate such an embodiment, FIG. 29 illus 
trates a front view of a cross section of four columns of 
terminals as the terminals mate to Vias on an electrical device. 
Such an electric device may be similar to those as illustrated 
in FIG.16A. The terminals 1710 of the connector (not shown) 
are inserted into vias 1700 by connection pins (not shown). 
The connection pins, however, may be similar to those shown 
in FIG. 17. 

0137 In accordance with this embodiment of the inven 
tion, the offset between adjacent terminal columns is different 
than the offset between vias on a mated printed circuit board. 
Specifically, as shown in FIG. 29, the distance between the 
offset of adjacent column terminals is D1 and the distance 
between the offset of vias in an electrical device is D2. By 
varying these two offset distances to their optimal values in 
accordance with the invention, the cross talk that occurs in the 
connector of the invention is reduced and the corresponding 
signal integrity is maintained. 
0138 FIG.30 is a perspective view of a portion of another 
embodiment of a right angle electrical connector 1100. As 
shown in FIG. 30, conductors 930 are positioned from a first 
plane to a second plane that is orthogonal to the first plane. 
Distance D between adjacent conductors 930 remains sub 
stantially constant, even though the width of conductor 930 
may vary and even though the path of conductor 930 may be 
circuitous. This Substantially constant gap D provides a Sub 
stantially constant differential impedance along the length of 
the conductors. 
0139 FIG. 31 is a perspective view of another embodi 
ment of a right angle electrical connector 1200. As shown in 
FIG. 12, modules 1210 are positioned in a frame 1220 to 
provide proper spacing between adjacent modules 1210. 
0140 FIG.32 is a perspective view of an alternate embodi 
ment of a receptacle connector 1100'. As shown in FIG. 32. 
connector 1100' comprises a frame 1190 to provide proper 
spacing between connection pins 1175. Frame 1190 com 
prises recesses, in which conductors 1175 are secured. Each 
conductor 1175 comprises a single contact interface 1191 
and a connection pin 1192. Each contact interface 1191 
extends from frame 1190 for connection to a corresponding 
plug contact, as described above. Each connection pin 1942 
extends from frame 1190 for electrical connection to a second 
electrical device. Receptacle connector 1190 may be 
assembled via a Stitching process. 
0141. To attain desirable gap tolerances over the length of 
conductors 903, connector 900 may be manufactured by the 
method as illustrated in FIG. 33. As shown in FIG.33, at step 
1400, conductors 930 are placed in a die blank with predeter 
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mined gaps between conductors 930. At step 1410, polymer is 
injected into the die blank to form the frame of connector 900. 
The relative position of conductors 930 are maintained by 
frame 950. Subsequent warping and twisting caused by 
residual stresses can have an effect on the variability, but if 
well designed, the resultant frame 950 should have sufficient 
stability to maintain the desired gap tolerances. In this man 
ner, gaps between conductors 930 can be controlled with 
variability of tenths of thousandths of an inch. 
0.142 Preferably, to provide the best performance, the cur 
rent carrying path through the connector should be made as 
highly conductive as possible. Because the current carrying 
path is known to be on the outer portion of the contact, it is 
desirable that the contacts be plated with a thin outer layer of 
a high conductivity material. Examples of Such high conduc 
tivity materials include gold, copper, silver, and tin alloy. 
Connectors Having Contacts that May be Selectively Desig 
nated 
0.143 FIGS. 34A and 34B depict example embodiments of 
aheader assembly for a connector according to the invention. 
As shown, the header assembly 200 may include a plurality of 
insert molded lead assemblies (IMLAs) 202. According to an 
aspect of the invention, an IMLA 202 may be used, without 
modification, for single-ended signaling, differential signal 
ing, or a combination of single-ended signaling and differen 
tial signaling. 
0144. Each IMLA 202 includes plurality of electrically 
conductive contacts 204. Preferably, the contacts 204 in each 
IMLA 202 form respective linear contact arrays 206. As 
shown, the linear contact arrays 206 are arranged as contact 
columns, though it should be understood that the linear con 
tact arrays could be arranged as contact rows. Also, though 
the header assembly 200 is depicted with 150 contacts (i.e., 
10 IMLAs with 15 contacts per IMLA), it should be under 
stood that an IMLA may include any desired number of 
contacts and a connector may include any number of IMLAS. 
For example, IMLAs having 12 or 9 electrical contacts are 
also contemplated. A connector according to the invention, 
therefore, may include any number of contacts. 
0145 The header assembly 200 includes an electrically 
insulating lead frame 208 through which the contacts extend. 
Preferably, the lead frame 208 is made of a dielectric material 
Such as a plastic. According to an aspect of the invention, the 
lead frame 208 is constructed from as little material as pos 
sible. Otherwise, the connector is air-filled. That is, the con 
tacts may be insulated from one another using air as a second 
dielectric. The use of air provides for a decrease in crosstalk 
and for a low-weight connector (as compared to a connector 
that uses a heavier dielectric material throughout). 
0146 The contacts 202 include terminal ends 210 for 
engagement with a circuit board. Preferably, the terminal 
ends are compliant terminal ends, though it should be under 
stood that the terminals ends could be press-fit or any surface 
mount or through-mount terminal ends. The contacts also 
include mating ends 212 for engagement with complemen 
tary receptacle contacts (described below in connection with 
FIGS. 35A-B). 
0147 As shown in FIG.34A, a housing 214A is preferred. 
The housing 214A includes a first pair of end walls 216A. 
FIG. 34B depicts a header assembly with a peripheral shield 
assembly 214B that includes a first pair of end walls 216B and 
a second pair of end walls 218B. 
0.148. According to an aspect of the invention, the header 
assembly may be devoid of any internal shielding. That is, the 
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header assembly may be devoid of any shield plates, for 
example, between adjacent contact arrays. A connector 
according to the invention may be devoid of Such internal 
shielding even for high-speed, high-frequency, fast rise-time 
signaling. 
0149 Though the header assembly 200 depicted in FIGS. 
34A-B is shown for a right-angle connector, it should be 
understood that a connector according to the invention may 
be any style connector, Such as a mezzanine connector, for 
example. That is, an appropriate header assembly may be 
designed according to the principles of the invention for any 
type connector. 
0150 FIGS. 35A and 35B depict an example embodiment 
of a receptacle assembly 220 for a connector according to the 
invention. The receptacle assembly 220 includes a plurality of 
receptacle contacts 224, each of which is adapted to receive a 
respective mating end 212. Further, the receptacle contacts 
224 are arranged in an arrangement that is complementary to 
the arrangement of the mating ends 212. Thus, the mating 
ends 212 may be received by the receptacle contacts 224 upon 
mating of the assemblies. Preferably, to complement the 
arrangement of the mating ends 212, the receptacle contacts 
224 are arranged to form linear contact arrays 226. Again, 
though the receptacle assembly 220 is depicted with 150 
contacts (i.e., 15 contacts per column), it should be under 
stood that a connector according to the invention may include 
any number of contacts. 
0151. Each receptacle contact 224 has a mating end 230, 
for receiving a mating end 212 of a complementary header 
contact 204, and a terminal end 232 for engagement with a 
circuit board. Preferably, the terminal ends 232 are compliant 
terminal ends, though it should be understood that the termi 
nals ends could be press-fit, balls, or any surface-mount or 
through-mount terminal ends. A housing 234 is also prefer 
ably provided to position and retain the IMLAs relative to one 
another. 

0152. According to an aspect of the invention, the recep 
tacle assembly may also be devoid of any internal shielding. 
That is, the receptacle assembly may be devoid of any shield 
plates, for example, between adjacent contact arrays. 
0153 FIG. 36 depicts an example embodiment of a con 
nector according to the invention connecting signal paths 
between two circuit boards 240A-B. Circuit boards 240A-B 
may be mother and daughter boards, for example. In general, 
a circuit board 240A-B may include one or more differential 
signaling paths, one or more single-ended signaling paths, or 
a combination of differential signaling paths and single 
ended signaling paths. A signaling path typically includes an 
electrically conductive trace 242 that is electrically connected 
to an electrically conductive pad 244. The terminals ends of 
the connector contacts are typically electrically coupled to the 
conductive pads (e.g., by soldering, BGA, press-fitting, or 
other techniques well-known in the art). If the circuit board is 
a multi-layer circuit board (as shown), the signaling path may 
also include an electrically conductive via 243 that extends 
through the circuit board. 
0154 Typically, a system manufacturer defines the signal 
ing paths for a given application. According to an aspect of the 
invention, the same connector may be used, without structural 
modification, to connect either differential or single-ended 
signaling paths. According to an aspect of the invention, a 
system manufacturer may be provided with an electrical con 
nector as described above (that is, an electrical connector 
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comprising a linear array of contacts that may be selectively 
designated as either ground or signal contacts). 
0155 The system manufacturer may then designate the 
contacts as either ground or signal contacts, and electrically 
connect the connector to a circuit board. The connector may 
be electrically connected to the circuit board, for example, by 
electrically connecting a contact designated as a signal con 
tact to a signaling path on the circuitboard. The signaling path 
may be a single-ended signaling path or a differential signal 
ing path. The contacts may be designated to form any com 
bination of differential signal pairs and/or single-ended signal 
conductors. 
0156 FIG.37 is a side view of an example embodiment of 
an IMLA 202 according to the invention. The IMLA 202 
includes a linear contact array 206 of electrically conductive 
contacts 204, and a lead frame 208 through which the contacts 
204 at least partially extend. According to an aspect of the 
invention, the contacts 204 may be selectively designated as 
either ground or signal contacts. In a first designation, the 
contacts form at least one differential signal pair comprising 
a pair of signal contacts. In a second designation, the contacts 
form at least one single-ended signal conductor. In a third 
designation, the contacts form at least one differential signal 
pair and at least one single-ended signal conductor. 
(O157 FIGS. 38A-38C depict example contact designa 
tions for an IMLA such as depicted in FIG. 37. As shown in 
FIG. 38A, contacts b, c, e, f, h, i, k, l, n, and o. for example, 
may be defined to be signal contacts, while contacts a, d, g,j. 
and m, for example, may be defined to be ground contacts. In 
Such a designation, signal contact pairs b-c, e-f, h-i, k-1, and 
n-o form differential signal pairs. As shown in FIG. 38B, 
contacts b, d, f, h, j 1, and n, for example, may be defined to 
be signal contacts, while contacts a, c, e.g. i., k, m, and o. for 
example, may be defined to be ground contacts. In Such a 
designation, signal contacts b, d, f, h, j. 1, and n form single 
ended signal conductors. As shown in FIG.38C, contacts b, c, 
e, f, h, j. 1, and n, for example, may be defined to be signal 
contacts, while contacts a, d, g, i, k, m, and o. for example, 
may be defined to be ground contacts. In Such a designation, 
signal contact pairs b-c and e-f form differential signal pairs, 
and signal contacts h, j, l, and n form single-ended signal 
conductors. It should be understood that, in general, each of 
the contacts may thus be defined as either a signal contact or 
a ground contact depending on the requirements of the appli 
cation. 
0158. In each of the designations depicted in FIGS. 38A 
38C, contacts g and m are ground contacts. As discussed in 
detail above, it may be desirable, though not necessary, for 
ground contacts to extend further than signal contacts. This 
may be desired so that the ground contacts make contact 
before the signal contacts do, thus bringing the system to 
ground before the signal contacts are mated. Because contacts 
g and mare ground contacts in either designation, the termi 
nal ends of ground contacts g and m may be extended beyond 
the terminal ends of the other contacts so that the ground 
contacts g and m mate before any of the signal contacts mate 
and, still, the IMLA can Support either designation without 
modification. 
0159 FIG. 39 is a side view of another example embodi 
ment of an insert molded lead assembly according to the 
invention. FIGS. 40A-40C depict example contact designa 
tions for an IMLA such as depicted in FIG. 39. 
0160. As shown in FIG. 40A, contacts a, b, d, e.g., h, j, k, 
m, and n, for example, may be defined to be signal contacts, 
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while contacts c, f, i. 1, and o, for example, may be defined to 
be ground contacts. In Such a designation, signal contact pairs 
a-b, d-e; g-h, j-k, and m-n form differential signal pairs. As 
shown in FIG. 40B, contacts a, c. e. g. i., k, and m, and o for 
example, may be defined to be signal contacts, while contacts 
b, d, f, h, j. 1, and n, for example, may be defined to be ground 
contacts. In such a designation, signal contacts a, c, e.g. i., k, 
and m, and o form single-ended signal conductors. As shown 
in FIG. 40C, contacts a, c, e.g., h, j, k, m, and n, for example, 
may be defined to be signal contacts, while contacts b, d, f, i. 
l, and o. for example, may be defined to be ground contacts. In 
Such a designation, signal contacts a, c, and e form single 
ended signal conductors, and signal contact pairs g-h, j-k, and 
m-n form differential signal pairs. Again, it should be under 
stood that, in general, each of the contacts may thus be defined 
as either a signal contact or a ground contact depending on the 
requirements of the application. In each of the designations 
depicted in FIGS. 40A-40C, contacts f and 1 are ground con 
tacts, the terminals ends of which may extend beyond the 
terminal ends of the other contacts so that the ground contacts 
fand 1 mate before any of the signal contacts mate. 
0161 The contact array may configured such that a 
desired impedance between contacts is achieved, and Such 
that insertion loss and cross-talk are limited to acceptable 
levels—even in the absence of shield plates between adjacent 
IMLAs. Further, because desired levels of impedance, inser 
tion loss, and cross-talk may be achieved within a single 
IMLA even in the absence of shields, a single IMLA may 
function as a connector system independently of the presence 
or absence of adjacent IMLAs, and independently of the 
designation of any adjacent IMLAs. In other words, an IMLA 
according to the invention does not require adjacent IMLAS 
to function properly. 
0162 Though the present invention provides for light 
weight, high contact density connectors, contact density may 
be sacrificed in instances where manufacturing costs or spe 
cific product requirements negate the need for high density. 
Because an IMLA according to the invention does not require 
adjacent IMLAs to function properly, IMLAs may be spaced 
relatively closely together or relatively far apart from one 
another without a significant reduction in performance. 
Greater IMLA spacing facilitates the use of larger diameter 
contact wires, which are easier to make and manipulate using 
known automated production processes. 
0163 FIG. 41 depicts a contact arrangement for an adja 
cent pair of IMLAs I1, I2 wherein the contacts are defined to 
form a respective plurality of differential signal pairs in each 
IMLA. For purposes of this description, the linear contact 
arrays 246A and 246B may be considered contact columns. 
The rows are referred to as A-O. Signal contacts are desig 
nated by the letter of the corresponding row, ground contacts 
are designated by GND. As shown, contacts 1A and 1B form 
a pair, contacts 2B and 2C form a pair, etc. 
0164. A number of parameters may be considered in deter 
mining a Suitable contact array configuration for an IMLA 
according to the invention. For example, contact thickness 
and width, gap width between adjacent contacts, and adjacent 
contact coupling may be considered in determining a suitable 
contact array configuration that provides acceptable or opti 
mal levels of impedance, insertion loss, and cross-talk, with 
out the need for shields between adjacent contact arrays, in an 
IMLA that may be designated as differential, single-ended, or 
a combination of both. Issues relating to the consideration of 
these and other such parameters are described in detail above. 
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Though it should be understood that such parameters may be 
tailored to fit the needs of a particular connector application, 
an example connector according to the invention will now be 
described to provide example parameter values and perfor 
mance data obtained for Such a connector. 

0.165. In an embodiment of the invention, each contact 
may have a contact width W of about one millimeter, and 
contacts may be set on 1.4 millimeter centers C. Thus, adja 
cent contacts may have a gap width GW between them of 
about 0.4 millimeters. The IMLA may include a lead frame 
into or through which the contacts extend. The lead frame 
may have a thickness T of about 0.35 millimeters. An IMLA 
spacing IS between adjacent contact arrays may be about two 
millimeters. Additionally, the contacts may be edge-coupled 
along the length of the contact arrays, and adjacent contact 
arrays may be staggered relative to one another. 
(0166 Generally, the ratio W/GW of contact width W to 
gap width GW between adjacent contacts will be greater in a 
connector according to the invention than in prior art connec 
tors that require shields between adjacent contact arrays. 
Such a connector is described in published U.S. patent appli 
cation 2001/0005654A1. Typical connectors, such as those 
described in application 2001/0005654, require the presence 
of more than one lead assembly because they rely on shield 
plates between adjacent lead assemblies. Such lead assem 
blies typically include a shield plate disposed along one side 
of the lead frame so that when lead frames are placed adjacent 
to one another, the contacts are disposed between shield 
plates along each side. In the absence of an adjacent lead 
frame, the contacts would be shielded on only one side, which 
would result in unacceptable performance. 
0.167 Because shield plates between adjacent contact 
arrays are not required in a connector according to the inven 
tion (because, as will be explained in detail below, desired 
levels of cross-talk, impedance, and insertion loss may be 
achieved in a connector according to the invention because of 
the configuration of the contacts), an adjacent lead assembly 
having a complementary shield is not required, and a single 
lead assembly may function acceptably in the absence of any 
adjacent lead assembly. 
(0168 FIG. 42A provides a reflection plot of differential 
impedance as a function of signal propagation time through 
each of the differential signal pairs shown in FIG. 41. Differ 
ential impedance was measured for each signal pair at various 
times as a signal propagated through a first test board, asso 
ciated header Vias, the signal pair, associated receptacle Vias, 
and a second test board. As shown, each differential signal 
pair has a differential impedance of about 90-110 ohms, and 
the differential impedance is relatively constant (i.e., 
+/-about 5 ohms over the length of the connector) through 
each of the signal pairs. A differential impedance of about 
92-108 ohms is preferred The impedance profile for each 
signal pair is about the same as the impedance profile for 
every other signal pair. Differential impedance was measured 
for a 40 ps rise time from 10%-90% of signal level. 
0169 FIG. 42B provides a plot of insertion loss as a func 
tion of signal frequency for each of the differential signal 
pairs shown in FIG. 41. As shown, insertion loss is relatively 
constant (less than about -2dB) for signals up to 10 GHz, and 
insertion loss for each pair was about the same as the insertion 
loss for every other pair. 
(0170 FIGS. 42C and 42D provide, respectively, worst 
case measurements of multi-active near-end and far-end 
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crosstalk as measured at each of the signal pairs. The cross 
talk was measured for 40 and 100 ps rise times from 10%- 
90% of signal level. 
0171 FIG. 43 depicts a contact arrangement for an adja 
cent pair of IMLAs wherein the contacts are defined to form 
a respective plurality of single-ended signal conductors in 
each IMLA. The IMLAs are the same as those depicted in 
FIG. 41, the only difference being the contact definitions. 
Again, the linear contact arrays 246A and 246B may be 
considered contact columns, and the rows are referred to as 
A-O. Signal contacts are designated by the letter of the cor 
responding row, ground contacts are designated by GND. As 
shown, contacts 1A, 2B, 1C, etc., are single-ended signal 
conductors. 
0172 FIG. 44A provides a reflection plot of single-ended 
impedance as a function of signal propagation time through 
each of the signal contacts shown in FIG. 43. Single-ended 
impedance was measured for each signal contact at various 
times as a signal propagated through a first test board, an 
associated header via, the signal contact, an associated recep 
tacle Via, and a second test board. As shown, each single 
ended signal conductor has a single-ended impedance of 
about 40-70 ohms, and the single-ended impedance is rela 
tively constant (i.e., +/-about 10 ohms over the length of the 
connector) through each of the signal contacts. A single 
ended impedance of about 40-60 ohms is preferred. The 
impedance profile for each signal contact is about the same as 
the impedance profile for every other signal contact. Single 
ended impedance was measured for a 40 ps rise time from 
10%-90% of signal level. 
0173 FIG. 44B provides a reflection plot of single-ended 
impedance as a function of signal propagation time through 
each of the signal contacts shown in FIG. 43 measured for a 
150 ps rise time from 20%-80% of signal level. 
0.174 FIG. 44C provides a plot of insertion loss as a func 
tion of signal frequency for each of the signal contacts shown 
in FIG. 43. As shown, insertion loss is relatively constant (less 
than about -2 dB) for signals up to about four GHZ, and 
insertion loss for each contact was about the same as the 
insertion loss for every other contact. 
(0175 FIGS. 44D and 44E provide, respectively, worst 
case measurements of multi-active near-end and far-end 
crosstalk as measured at each of the signal contacts. The 
cross-talk was measured for a 150 ps rise time from 20% to 
80% of signal level. 
(0176 FIGS. 45A-45F provide cross-talk measurements 
for a single-ended aggressorinjecting noise onto a differential 
pair. Signal contacts are designated by the letter of the corre 
sponding row; pairs are surrounded by boxes. Ground con 
tacts are designated by GND. For each differential pair in 
each array, half of the pair was driven (i.e., contacts B, E, H, 
K, and N). The near-end and far-end differential noise voltage 
was measured on the adjacent pair. The non-driven half of the 
aggressor pair was terminated in 50 ohms. Cross-talk percent 
ages are shown for rise-times of 40 ps (10%-90%), 100 ps 
(10%-90%), and 150 ps (20%-80%). The numbers shown 
indicate the percentage of the single-ended signal Voltage that 
would show up as differential noise on the adjacent differen 
tial pair. 
0177 FIGS. 46A-46F provide cross-talk measurements 
for a differential pair aggressor injecting noise onto a single 
ended contact. Again, signal contacts are designated by the 
letter of the corresponding row, and ground contacts are des 
ignated by GND. For each differential pair in each array, the 
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pair was driven, and the near-end single-ended Voltage was 
measured on one half of an adjacent pair (i.e., contacts B, E, 
H. K. and N). The unused half of the victim pair was termi 
nated in 50 ohms. Cross-talk percentages are shown for rise 
times of 40 ps (10%-90%), 100 ps (10%-90%), and 150 ps 
(20%-80%). The numbers shown indicate the percentage of 
the differential signal Voltage that would show up as single 
ended noise on an adjacent single-ended contact. 
0178. In summation, the present invention can be a scal 
able, inverse two-piece backplane connector system that is 
based upon an IMLA design that can be used for either dif 
ferential pair or single ended signals within the same IMLA. 
The column differential pairs demonstrate low insertion loss 
and low cross-talk from speeds less than approximately 2.5 
Gb/sec to greater than approximately 12.5 Gb/sec. Exem 
plary configurations include 150 position for 1.0 inch slot 
centers and 120 position for 0.8 slot centers, all without 
interleaving shields. The IMLAs are stand-alone, which 
means that the IMLAs may be stacked into any centerline 
spacing required for customer density or routing consider 
ations. Examples include, but are certainly not limited to, 2 
mm, 2.5 mm, 3.0 mm, or 4.0 mm. By using air as a dielectric, 
there is improved low-loss performance. By taking further 
advantage of electromagnetic coupling within each IMLA, 
the present invention helps to provide a shieldless connector 
with good signal integrity and EMI performance. The stand 
alone IMLA permits an end user to specify whether to assign 
pins as differential pair signals, single ended signals, or 
power. At least eighty Amps of capacity can be obtained in a 
low weight, high speed connector. 
0179. 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, rather than words of limitation. 
Further, 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. 
What is claimed: 
1. A connector, comprising: 
a connector housing: 
an insert molded leadframe assembly (IMLA) positioned 

within the connector housing, the IMLA comprising an 
array of electrically-conductive contacts and a dielectric 
leadframe housing overmolded onto the array of con 
tacts; and 

a mass disposed within the connector Such that the connec 
tor has a first center of gravity in the absence of the mass 
and a second center of gravity with the mass, wherein the 
connector is unbalanced about the first center of gravity 
and balanced about the second center of gravity. 

2. The connector of claim 1, wherein the connector is a 
right angle, ball grid array connector. 

3. A right angle connector, comprising: 
a connector housing: 
an insert molded leadframe assembly (IMLA) positioned 

within the connector housing, the IMLA comprising an 
array of electrically-conductive contacts and a dielectric 
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leadframe housing overmolded onto the array of con- 4. The connector of claim 3, wherein the connector is a 
tacts; and right angle, ball grid array connector. 

a mass disposed within the connector Such that the mass 
causes the right-angle connector to be balanced. ck 


