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HAVING A BALL TYPE OF CONTACT
SURFACE

Cross-Reference to Related Application

This .application claims priority of earlier filed U.S. provisional
application Serial No. 60/030799, filed November 14, 1996, entitled
"BALL GRID ARRAY HIGH DENSITY CONNECTOR." (Attorney Docket No.:
EL-4474P).

Background of the Invention

Field of the Invention
The presenf invention relates to electrical connectors and more
particularly to high density I/O connectors such as connectors that are

attachable to a circuit substrate by use of a solder ball contact surface.

Brief Description of Prior Developments

The drive to reduce the size of electronic equipment, particularly
personal portable devices, and to add additional functions to such -
equipment has resulted in an ongoing drive for miniaturization of all
components, especially electrical connectors. Efforts to miniaturize
electrical connectors have included reductions in the pitch between
terminals in single or double row linear connectors, so that a relatively
high number of I/O or other lines can be interconnected by connectors
that fit within the tightly circumscribed areas on circuit substrates that

are allotted for receiving connectors. The drive for miniaturization has
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also been accompanied by a shift in manufacturing preference to surface
mount techniques (SMT) for mounting components on circuit substrates.
The confluence of the increasing use of SMT and the required fine pftch of
linear connectors has resulted in approaching the high volume, low cost
limits of SMT for mounting connectors that employ presently available
mounting designs. The limit is being reached because further reductions
in pitch of the terminals greatly increase the risk of bridging adjacent
solder pads or terminals during reflow of the solder paste. Array electrical
connectors have been proposed to satisfy the need for increased I/O
density. Such elc;.ctrical connectors have a two dimensional array of
terminal tails and can provide limproved density. However, these
connectors present certain difficulties with respect to attachment to the
circuit substrate by SMT techniques because the surface mount tails of
most, if not all, of the terminals must be attached beneath the connector
body. As a result, the mounting techniques used must be highly reliable
because of the difficulty in visually inspecting the solder connections and
repairing them, if faulty.

Mounting techniques for other electronic components have
addressed the reliability of solder connections.in hard to inspect
positions. For 'example, integrated circuit (IC) mounting to plastic or
ceramic substrates have increasingly employed solder balls and other

similar packages to provide such a reliable attachment. In a solder ball
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technique, spherical'solder balls attached to the IC package are
positioned on electrical coptact pads of a circuit substrate to which a
layer of solder paste has been applied, typically by use of a screen or
mask. The unit is then heated to a temperature at which the solder paste
and at least a portion of the solder ball melt and fuse to an underlying
conductive pad formed on the circuit substrate. This heating process is
commonly referred to as solder reflow. The IC is thereby connected to the.
substrate without need of external leads on the IC.

While the use of solder balls and similar systems in cbnnecting ICs
to a substrate has many advantages, a corresponding means for
mounting an electrical connector or similar component on a circuit
substrate has recently become desirable. The use of such techniques in
mounting electrical connectors has lagged the use in mounting ICs
because the use of solder ball technologies in mounting an electrical
connector or similar component to a circuit substrate presents
complexities not encountered with IC mounting. For example, ICs that
have employed solder balls generally preéent a flat attachment surface_.
By contrast, connectors usually do not present a flat attachment surface
but rather present a series of elongated condﬁctors, commonly referred to
as terminal tail ends. - Attachment of a solder ball to the small end surface
presented by the tip of a terminal tail end presents manufacturing

difficulties not present in the attachment of solder balls to a flat surface.
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In addition to the manufacturing difficulties, connectors are
generally more susceptiblg to solder joint stress due to the effects of
differential Coefficients of Thermal Expansion (CTE) between the
connector and the circuit substrate. This susceptibility is primarily due
to size and geometry differences between a connector and an IC. For
example, IC mounting surfaces are generally on the order of 2.5
centimeters square. Connector mounting surfaces, on the other hand,
generally have a narrow width (e.g., 0.5 centimeters or less) and a much
longer length (e.g. 5.0 centimeters or more). Primarily because of the
relatively long leﬁgﬂm of the connector, differences in CTE between a
connector and a circuit substrate potentially have a much greater effect
on the solder joints than the differences in CTE between an IC and a
circuit substrate.

Connectors attached to circuit substrates via solder ball techniques
are also more susceptible to joint stress than a conventional SMT
attachment technique. For example, a conventional SMT attaches
connector terminal tails to a circuit substrate horizontally, providing more
attachment surface area for the solder joint. The additional surface area
of the solder joint in the conventional SMT teéhnique is stronger and,
consequently, more tolerant of differences in CTE between the connector,
terminal tails and circuit substrate. A sdlder ball connection, on the

other hand, attaches a connector terminal tail vertically to the circuit
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substrate w1th the end of the. terminal tail directly mated to the circuit
substrate, reducing the amount of attachment surface area. As aresult
of the smaller attachment surface, differences in CTE are much more
likely to stress the terminal tail to circuit substrate joint resulting in
failure or quality problems.

Furthermore, in most circuit substrate applications, the electrical
component mpunﬁng surfaces of the ;uﬁéce mount connections must
meet strict coplanarity re_ciuirements. Thus, the use of solder balls to
attach a connector to a circuit substrate imposes the requirement that the
solder balls are coplanar in order to ensure a substantially flat mounting
interface. Thus, in the final application the balls will reflow and solder
evenly to a planar circuit substrate. Any significant differences in solder
coplanarity on a given mounting connection can cause poor soldering
performance when the connector is reflowed onto a printed circuit board.
Accordingly, users specify very tight coplanarity requirements to achieve
high soldering reliability, on the order of 0.1 to 0.2 mm for example. By
providing a connection using a solder ball technique, the coplanarity )
requirements can be met and sometimes exceeded. Unlike conventional
SMT, the solder ball can absorb variations in ferminal tail length by
changing shape upon the application of heat to bridge the gaps between

the terminal tail ends and the circuit substrate connections.
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The present invention recognizes that there is a need for an
improved electrical conneqtor apparatus and accompanying electrical
connector construction techniques that address the shortcomings of
present electrical connectors.

Summary of the Invention

' The invention meets the above needs by providing an improved
electrical connector for use in forming an electrical connection between a
contact portion of an electrical component and a contact portion of a
circuit substrate and method for constructing the electrical connector.
The electrical coﬁnector comprises a connector body, a plurality of .
electrical contacts disposed on the connector body and arranged to
electrically mate with the contact portion of the electrical component, a
plurality of electrical elongated conductors, alternately referred to as
terminal tails, disposed on the connector body and arranged to form an
electrical connection with the circuit substrate. The elongated conductors
are in electrical comrnunication with corresponding electrical contacts. A
substrate contact, such as a solder ball, is connected via a butt joint on
an end of each of the elongated conductors such that an electrical
connection between the elongated conductors '.and the contact portion of
the circuit substrate is selectively accommodated.

Each of the elongated conductors is disposed in a spacer member

passage that has a cross-sectional diameter a little larger than the cross-
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sectional diameter of the elongated conductor. As a result, clearance is
provided between the sides of the electrical conductor and the side walls
of the passage. Preferably, the cross-section is substantially rectangular
in shape. The passages terminate in wells that are disposed across a
planar face of the spacer. The wells have a rectangular top opening that
is longer along a length of the spacer; Moreover, a portion of the spacer
proximate the elongated connector tail end is coated with an anti-
migration solution such as oleophobic-hydrophobic flourochemical
polymer to assist the process of solder ball formation and attachment.
One of the primary manufacturing challenges in manufacturil?g the
above described connector involves the method of fusing substrate
contact material (e.g., a solder ball) to the end of the tail portion of the
elongated conductors. The invention accomplishes this attachment task
by first forming a well, as described above, within a planar surface of the
conductor. Here, the planar surface is provided by a spacer member that
can be formed separately and attached to the body of the connector or
alternatively formed as an integral component with the body. In eithext
case, the tail ends of the elongated conductors are inserted into passages
formed in the spacer member such that the tail ends terminate within a
predefined range of the mounting surface and are exposed within the well.

The well is then filled with solder paste. Finally, the substrate contacts
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are fused to the ends of the elongated conductors according to two
embodiments.

In the first embodiment, a pre-manufactured substrate contact
member such as a solder ball is seated into the paste. The tail end of the
elongated connector, thé solder ball (substrate contact member), and
solder paste are then heated to a predefined temperature above the
melting point of the paste such that the molten solder paste coalesces
around the solder board and fuses the solder ball to the elongated
conductor end.

According to a second embodiment, no pre-manufactured substrate
contact member is used. Rather, a pre-specified amount of solder paste is
applied to and over the well. Thereafter, the tail end and solder paste are
heated to a pi'edeﬁned temperature, above the melting point of the solder
paste. As a result, the solder paste coalesces into a spherical body
attached to the end of the elongated conductor and clear of the well.

. The process for forming a substrate contact on an elongated
conductor as described above is further enhanced by coating the well with
an anti-migration solutioh such as oleophobic-hydrophobic
fluoropolymer. Thereafter, when the solder péste is heated, the paste is
repelled from the treated surfaces of £he well and spacer member. This
results in a more uniform ball formation. The substrate contact

attachment process can be further enhanced by passivating a portion of

i
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the tail end such that solder paste will not attach to the passivated
portion. As a result, the solder can attach only to the very end of the
elongated conductor. Solder flow restriction at the tail end can be
enhanced by passivating the tail end, coating the tail end with an anti-
migration solution or both.

Brief Description of the Drawings

The methzgd and connector of the present invention is further
described with reference to the accompanying drawings in which:

FIG. 1 is a top plan view of a. card edge connector which represents
a preferred embodiment of the connector of the present invention; )

FIG. 2 is a front view of the card edge connector shown in FIG. 1;

_FIG. 3 is a side view of the card edge connector shown in FIG. 1;

FIG. 4 is an cross-sectional view through 4-4 in FIG. 1;

FIG. 5 is a detailed view of the substrate contact area of FIG. 4,

FIG. 6 is a schematic cross-sectional view of completed substrate
contact connection to a first tail end embodiment;

FIG. 7 is a schematic cross-sectional view of a completed substrate
contact connection to a first tail end embodiment;

FIG. 8 is a bottom plan view of a substréte contact connection;

FIG. 9 is a schematic cross-sectional view of a substrate contact

connection according to a first method;
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FIG. 10 is a schematic cross-sectional view of a substrate contact
connection according to a ;econd method; and

FIG. 11 is a graph comparing relative terminal tail height versus
substrate contact height.

Detailed Description of Preferred Embodiments

According to presently preferred embodiments, a linear connector
having a solder ball type electrical contact surface and methods for
attaching the solder balls to the connector will now be described with
reference to the Figures. It will be appreciated by those of ordinary skill
in the art that thé description given herein with respect to those Fig}lres is
for exemplary purposes only and is not intended in any way to limit the
scope of the invention. For example, an electrical connector is described
herein having a subsi':antially rectangular mounting surface wherein the
length of the mounting surface is substantially greater than its width.
However, the particular dimensions described herein with reference to
that connector are merely for the purpose of illustration and are not
intended to be iimiting. The concepts disclosed herein have.a broader_
application to a much wider variation of connector mounting sﬁrface
geometries. The concepts disclosed with referénce to this connector could
be employed, for example, with a connector having a connection mounting

surface having a more square or radial geometry.
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Referring now to Figures 1-3, there is shown top, front and side
views, respectively, of an e}ectrical connector 1 of the present invention.
As shown, connector 1 comprises a connector body 5, a plurality of
elongated conductors 8, an interface or spacer member 10, electrical
element contacts 9, hold down element 13 v.vith an upwardly extending
arm 15 and connector latches 24. As best shown in Figure 2, the front of
connector 1 comprises a plurality of electrical contacts 9 arranged within
two openings, which are designed to selectively engage and mate with
corresponding electrical contacts for an electrical element such as those
electrical contacts present on a daughter board. As is described in
further detail below, each electrical contact 9 is in electrical
communication with a corresponding elongated conductor 8 such that a
current flow ;Sath is established therebetween. Elongated conductors 8
are designed for permanent connection to electrical contacts on a circuit
substrate (not shown). Thereafter, electrical communication can be
selectively established between an electrical element inserted into
electrical connector 1 and a circuit substrate to which it is attached. In
this way, for example, electrical connector 1 can be connected to a circuit
substrate such as a card edge connector of thé type used in a computer
motherboard. Thereafter, a user, via attached electrical connector 1, can
selectively add a daughter board or boards (e.g., memory modules) to the

computer motherboard.
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.The electrical contacts 9 of connector 1 comprise a linear array
stacked in two pa;rallel rows 36A and 36B, each row accepting a single
daughter board. A user inserts an electrical element laterally into
connector 1. As each daughter board is inserted, connector latches 24
that correspond to the particular row, 36A or 36B, engage and lock the
electrical element into place on connector 1. Although two parallel rows
are shown with respect to connector 1, the concepts disclosed herein are
equally applicable to a connector having one row, three rows and so on.
Preferably, connector body 5 and connector latches 24 are constructed
from a molded plastic material to reduce weight.

Further details of the arrangement of connector 1 can be seen with
reference to Figure 4. Figure 4 presents a cross-sectional view of
connector 1 taken along the line 4-4. As shown tﬁerein, connector 1
further comprises stacked insert molded wafers 2, which are locked
tégether in a pin and socket arrangement 4. Thus locked together, wafers
2 are retained in housing 5 by a series of dimples 6 which are fitted into
cylindrical openings 7. A plurality of elongated conductors 8 extend into
each of wafers 2. Each elongated conductor therein joins in electrical
communication with a corresponding electricai contact 9. Each elongated
condqctor 8 also extends out from wafer 2 and into spacer member 10. A
bend 29, preferablﬁr about 90 degrees in the disclosed embodiment, along

with the length of elongated conductor 8 allows connector 1 to provide
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interfaces on two different planes. For example, the bend allows
connector 1 to interface ve.rtically with respect to the board, while
interfacing with an electrical element that is positioned horizontally with
respect to the board. As such, the electrical element projects horizontally
over the circuit substrate surface conserving circuit substrate height.
Other degrees of bends 29 could be used as required to adjust to a variety
of application geometries without departing from the inventive aspects of
the present invention. For example, the elongated conductors could have
no bend, in which case, the electrical element would project vertically with
respect to the ciréuit substrate. The tail end of each elongated conductor
8 extends through a corresponding passage 25 in spacer member 10 and
is terminated by a substrate contact 12 such as a solder ball. Each
elongated conductor 8 preferably has a substantially rectangular cross-
sectional shape such as a square; however, other cross-sectional shapes
such as round may function equally as well.

- Figure 5 presents a more detailed view of elongated conductors 8 in
relation to spacer member 10. Spacer member. 10 can be a separate
component that is attached to connector body S or, alternatively, could be -
integrally formed therewith. As shown, spacer; member 10 has a plurality
of passages 25, one passage 25 being provided to guide and support one
tail end of each eio_ngated conductor 8 disposed within a passage 25.

Significantly, the diameter of passage 25 is a little larger than the
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diameter of elongated conductor 8. Accordingly, the tail end of elongated
conductor 8 is disposed wifchin passage 25 such that clearance 18 is
provided between the sides of elongated conductor 8 and the walls of
passage 25. For example, whereas elongated conductor 8 has a width of
about 0.305 mm, passage 25 has a-;ﬂidth of about 0.38 mm. Clearance
18 pfovides an important feature in tolerating differences in Coefficients
of Thermal Expansion (CTE) betweeﬁ the material forming the spacer
member 10 and the material forming the circuit substrafe on which the
connector is mounted. That is, passages 25 are sized to provide guidance
to elongated conductors 8 during substrate contact 12 attachment and
further during connector 1 attachment to a circuit substrate. However,
elongated conductors 8 have a lclearance with and are not physically
cpnnected to épacer member 10, permitting spacer member 10 to expand
and contract without the side walls of the passages 25 impinging upon
elongated conductors 8 bécause of the clearance. The amount of
clearance is related to the differential in CTE noted above. As a result,
stress is reduced in a solder joint between elongated conductors 8 and the
circuit substrate during thermal expansion and contraction cycles.
Passage 25 preferably comprises a cross-sectién substantially similar to
the cross-section of elongated conductor 8. For example, if elongated
conductor 8 has a substantially rectangular cross-section then passage

25 also has a substantially rectangular cross-section. Each passage 25 -
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terminates in the bottom of well 11 and includes a wide inlet cavity 27
that provides guida_nce to glongated conductor 8 during insertion into
épacer member 10. Each end of a conductor 8 terminates within well 11
and therein is fused to a substrate contact 12, which is also partially
disposed within well 11. For a variety of ;'easons, including the bend in
elongated conductors 8, the termination height of the elongated
conductors 8 within wells 11 will vary among conductors 8. This height
variation is commonly referred to as coplanarity.

Referring now to Figure 8, a bqttom plan view of a substrate contact
12 in relation to \;‘rell 11 is depicted. As shown, well 11 is substantially
rectangular in cross-section having a length 1 slightly larger than a width
w. For example, width w is preferably 0.5 mm; whereas, length l is
preferably 0.55 mm. Additionally, according to a first embodiment,
substrate contact 12 .is on the order of .3 mm to .5 mm. Thus, there is a
clearance of at least about 0.05 mm between substrate contact 12 and
two sides of well 11. -As with passages 25, the rectangular shape of well
11 also accommodates effects of thermal expansion and contraction. The
clearance between the sides of well 11 and substrate contact 12 ensures
that well 11 will not impinge upon the solder j;)int during expansion and
contraction.

The length of well 11 is aligned with the length of spacer member 10

to accommodate thermal cycles while maximizing conductor 8 density.
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Because spacer member 10 is longer along its lehgth than its width, the
effects of expansion and contraction will be correspondingly greater along
the length of spacer member 10 than along the width. Accordingly, a top
opening of well 11 has dimensions that accommodate the lengthwise
thermal expansion and contraction. Along the width of spacer member
.10, the effects of expansion and contraction are less of an issue because
of the smaller size relative to the length. Consequently, the width of well
11 can be narrower than the length. The 0\.rera11 resultis a well 11 thatis
sized to accommodate expansion and contraction along the length of
connector 1 while allowing a higher density of wells 11 and conductors 8
along the width of connector 1. Additionally, because the top opening of
well 11 is dimensioned in this way, tighter elongated conductor 8
densities acréss the width of spacer member 10 are possible while
allowing well 11 to maintain a required volume of solder paste during
substrate contact attachment.

" Further details of the connection of substrate contacts 12 to
elongated connecto.rs 8 will now be described with reference to Figures 6-
9. Referring now to Figure 6, an embodiment of the attachment of
substrate contact 12 to end of the elongated conductor 8 is shown. The
substrate ;:ontact 12 is fused to the end of elongated conductor 8 with a
butt joint. To ensure a quaiity butt joint between substrate contact 12

and elongated conductor 8, a portion of the tail end of each elongated
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conductor 8 has a passivated surface 17. Passivated surface 17 ensures
that molten solder, used du_.ring the attachment process, does not wick
along the sides'of elongated conductor 8 and potentially enter clearance
18 during substrate contact reflow. As described above, clearance 18
accommodates differences in Coefficients of Thermal Expansion.
Accordingly, if solder enters clearance 18, the reliability of a
corresponding solder joint is jeopardized as spacer member 10 expands
and contracts. Therefore, an anti-solder wicking or non-solder wettable
material is applied to the surface 17. One preferred material for this
purpose is nickel plating. While not intending to be bound by any
particular theory, it is believed that the solder resistant feature of this
nickel plated area results from or is enhanced by the oxidation of the
nickel plaﬁng, for exa#nple, by laser oxidation, steam exposure or ambient
air exposure. Other solder wick resistant materials are believed to be
useable for this purpose, such as fluorine containing solder resist
coatings. Alternatively, a combination of nickel and fluorine could be
used.

Other embodiments are possible to prevent solder wicking. For
example, Figure 7 depicts a second embodimeﬁt of the suBstrate contact
and elongated conductor 8 interface. In this embodiment, the end of
elongated conductor 8 is beveled. As a result of the bevel, solder filet 21

is formed between substrate contact 12 and the end of elongated
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conductor 8 during the attachment of substrate contact 12 to elongated
conductor 8. This second qmbodiment also reduces the potential for
solder to wick into the clearance 18 by capturing solder within a bevel.

In the embodiments previously described, the tail end of each
elongated conductor 8 is positioned in a well 11. Each well 11 is
substantially uniform in size and shape and provides several features of
importance with respect to the present invention. Referring to Figure 9,
for example, each well 11 ensures that a generally uniform amount of
solder paste 19 is received therein using a process such as a éimple
deposit and squeegee operation.. Thus, the amount of solder available for
securing each solder ball (substrate contact 12) onto an end of elongated
conductor 8 is substantially uniform. The wells 11 locate the position of
each substrate contact in the lateral X-Y directions prior to attachment of
the substrate contacts in the Z direction with respect to the bottom
surface of spacer member 10 and the end of elongated conductor 8. After
solder reflow, as best shown in Figure 6, the solder contained in .paste 19
in well 11 increases the solder ball (substrate contact 12) size by area 16.

The size of area 16 is affected by the height of the tip of conductor 8
within well 11. The amount of solder paste 1§ deposited in each well 11
is altered by the variation in elongated conductor 8 height. For example,
a conductor 8 tip that is 'higher in well 11 will displace more solder paste;

whereas, a conductor 8 tip that is lower in well 11 will displace less solder
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paste. If less paste is available in the well, duriﬁg reflow of the solder
paste less paste is available_ to coalesce around the substrate contact,
resulting in a slightly smaller substrate contabt 12. A smaller substrate
contact will result in a lower contact height. On the other hand, when
more paste is available in the well a larger substrate contact will result,
corresponding to a higher substrate contact height.

The process above describes a substrate contact attachment via the
use of preformed substrate contacts 12 such as solder balls. However,
according to a second embodiment, the substrate contact interface can be
formed without the use of preforﬁed substrate contacts. Referring now to
Figure 10 there is shown a method of substrate contact 12 attachment
using only solder paste. According to this method, a pre-specified améunt |
of solder pasté 19A is deposited in and over well 11. This pre-specified
amount of solder paste can be deposited by a commercial dispensing
machine such as a CAM/A LOT 1818 available from Camelot Systems,
Inc. After the solder paste deposition, the connector is heated above the
solder paste melting point. The solder within the paste then coalesces
into a substrate contact 16A, which forms on the end of elongated
conductor 8. As described above with referent;e to the preformed
substrate contact technique, the variable volume of paste ih the well 11
will effect the size and coplanarity of the resultant substrate contacts.

Similar to the preformed substrate contact method, the displacement of
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solder paste by the height of conductor 8 within well 11 will affect the
final coplanarity in this meq:lod as well.

As previously mentioned, coplanarity of the substrate mounting
face of a connector utilizing substrate contact mounting is critical with
any SMT device. .In connector 1, there are two primary factors that
influence the coplanarity of the connector to circuit substrate interface:
(1) the coplanarity of the end surfaces, i.e., the tips, of elongated
conductors 8; and (2) fhe coplal;iarity of substrate contacts 12. The
coplanarity of the tips of elongated conductors 8 is affected by a variety of
factors such as length of the conductor 8, uniformity of the bends, the
ability to keep the conductors consistently parallel and the like. As a
result, it is extremely difficult to maintain the conductor tips within the
final coplanaﬁty requirement of the circuit substrate manufacturers while
maintaining high yields and low costs. As described more fully below,
however, through the use of the substrate contact attachment in
connection with well 11, the restrictive coplanarity requirements for the
completed connector 1 is met while imposing a less restrictive coplanarity
requirement on the tips of elongated conductors 8.

Referring to Figure 11, there is shown an exemplary graph of the
coplanarity of the tips of elongated conductors 8 before the attachment of
substrate contacts 12 (curve 32) versus the coplanarity of elongated

conductors 8 with the attached substrate contacts 12 (curve 34). The
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units along the abscissa represents different sarriples used in the co-
planarity measur;ement. Tl}é units along the ordinate represent unit
sample height labeled O, 1, 2 and so on; however, these units are labeled
to merely illustrate the relative relationship between the tip position and
corresponding substrate contact height. Actual units and values will vary
depending on factors such as well dimensions and substrate contact size.

Curve 32 represents the height of an elongated conductor tip as
measured above the bottom of well 11 (see also Figure 6). Thus, at sample
0, for example, the measured tip height is 0 units. At sample 1, the tip
height is about 0..75 and so on. At sample 5, the tip height is about 4
units.

Curve 34 represents the height‘ above the bottom of well 11 of the
same tip after attachment of the substrate contact 12 (see also Figure 6).
For sample O, the corresponding height after attachment of substrate
contact 12 is about 4.5 units. At sample 1, the corresponding substrate
contact height is about 5 units and so on. Finally, for sample 5, the
substrate contact height is about than 6.5 units.

Comparing the curves 32 and 34 illustrates that the process of
attaching substrate contact 12 to the end of cc.)nductor 8 absorbs some of
the variations in coplanarity of the tips of conductors 8. For example, in
sample O, the difference between the tip height (preattachment curve 32)

and the substrate contact height (post attachment curve 34) is about 4.5

| lill
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units. By contrast, at sample 5, the tip height is about 4 units, whereas
the substrate contact height is about 6.5 units, for a difference of only 2.5
unit. Moreover, the total change in tip height over the entire range of
samples was about 4 units, but the total change of substrate contact
height over the same éé.mple range was only about 2 units.

To further illustrate the coplanarity regulaﬁon performed by the
wells consider the following example. A typical connector before substrate
contact attachment will have a number of elongated conductors 8 with
different tip heights. If, for example, one coﬁductor 8 has a tip height of 0
(i.e., the tip is exéctly flush with the bottom of the well) and another .
connector has a tip height of 4 units, the coplanarity between the tips
would be about 4 units. Under some circumstances this coplanarity
variation of 4 units may be unacceptable. However, after the attachment
of substrate contacts 12 accordiﬁg to the methods described herein, the
corresponding substrate contact. heights will be 4.5 units and 6.5 units
respectively, for a final coplanarity of about 2 units. Significantly, the |
final coplanarity is only 2 units versus 4 units.

In summary, t_he coplanarity differences of the tips of elongated
conductor 8 is counteracted during the attacﬁmenfc of substrate contacts .
12. Substrate contact size is transformed by the variable volume of solder
paste placed in w.ell 11 as a result of variations in heights of elongated

conductor tips. Consequently, the overall height of the substrate contact
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after attaéhment to the tip of conductors 8 is somewhat equalized.
Accordingly, a connector 1 can be constructed with a higher tolerance for
elongated conductors coplanarity than would be possible otherwise.

According to another aspect of the invention, the quality of
substrate contact 12 attachment is enhanced by the application of an
anti-migration or anti-wicking solution to an area in and around well 11.
Without the anti-migration solution, substrate contacts may form
unevenly, sometimes wicking to the well edges. With the anti-migrations
solution applied, solder is fepelled from the well edges and forms more
uniform substraté contacts on the ends of elongated conductors 8. 'I_‘he
preferred anti-migration solution is oieophobic—hydrophobic
fluoropolymer. Such a solution is commercial available from 3M
corporation uhder the Fluorad brand name.

In the method of this inve.ntion, the substrate contact will
preferably be a solder ball. Those skilled in the art, however, will
appreciate that it may be possible to substitute other fusible materials
which have a melting temperature less than the melting temperature o_f
conductor body 5 and elongated conductors 8. The fusible element can
also have a shape other than a sphere. The eﬁds of elongated éonductors
8 will extend into well 11 by a sufficient amount to present adequate
surface area for the substrate contact to fuse to, and will usually

preferably extend into the well from about 25 percent to 75 percent and
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more preferably to about 50 percent of the depth of the well as previously
mentioned. The well ordina}rily \&ill be circular, square or the shape of
any other regular polygon in cross-section. When tﬁe conductive element
is solder, it will preferably be an alloy which is in the range of about 10%
Sn and 90% Pb to about 90% Sn and 10% Pb. More preferably the alloy
~ will be eutectic which is 63% Sn and 37% Pb and has a melting point of
183 degrees C. Typically, a "hard" solder alloy with a higher lead content
would be used for mating to materials such as ceramics. The "hard"
substrate contact will "mushroom" or deform slightly as it softens under
typical SMT conditions, but will not melt . A "soft" eutectic ball is used for
attachment to printed circuit boards and will usually reflow and reform
itself under typical SMT conditions. Other solders known to be suitable
for electronic purposes are also believed to be acceptable for use in this
method. Such solders include, without limitation, eléctronically
acceptable tin-antimony, tin-silver and lead silver alloys and indium.
Before the substrate contact or other conductive element is positioned in
a well, that well would usually be filled with solder paste.

Alternatively, in place of the substrate contact previously described,
a body of material which is not fusible at SMT.temperatures may be
attached by reflow of the solder paste in the well onto the contacts. The

connector mounting interface would comprise a plurality of infusible
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spheres in a tighﬂy coplanar array. Such a connector would be secured
on a substrate by conventiqnal SMT techniques.

While it is believed that a solder paste or cream incorporating any
conventional organic or inorganic solder flux may be adapted for use in
this method, a no clean solder paste or cream is preferred. Such solder
pastes or creams would include a solder alloy in the form of a fine powder
suspended in a suitable fluxing material. This powder will ofdinarily be
an allo-y ahd not a mixture of constituents. The ratio of solder to flux will
ordinarily be high and in the range of 80% - 95% by weight solder or
approximately 56% by volume. A solder cream will be formed when the
solder material is suspended in a rosin flux. Preferably the rosin flux will
be a white rosin or a low activity rosin flux, although for various purposes
activated or superactivated rosins may be used. A solder paste will be
formed when a solder alloy in the form of a fine powder is suspended in
an organic acid flux or an inorganic acid flux. Such organic acids may be
selected from lactic, oleic, stearic, phthalic, citric or other similar acids.
Such inorganic acids may be selected from hydrochloric, hydrofluoric and
orthophosphoric acid. Cream or paste may be applied by brushing,
screening, or extruding onto the surface which may advantageously have

been gradually preheated to ensure good wetting.
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Heating is preferably conducted in a panel infra red (IR) solder
reflow conveyor oven. The ponnector would then be heated to a
temperature above the melting point of the solder within the solder paste.

While the present invention has been described in connection with
the preferred embodiments of the various figures, it is to be understood
that other similar embodiments may be used or modifications and
additions may be made to the described embodiment for performing the
same function of the present invention without deviating therefrom.
Therefore, the present invention should not be limited to any single
embodiment, but rather construed in breadth and scope in accordance

with the recitation of the appended claims.
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WHAT IS CLAIMED IS:

1. An electrical connector for use in forming an electrical connection
between a contact portion of an elec&onic component and a contact
portion of a circuit substrate, the electrical connector comprising:

a connector body;

a plurality of electrical contacts disposed on the connector body and
arranged to electrically mate with the contact portion of the electronic
component;

a spacer member fomﬁng a mounting interface for mounting of the
connector on the circuit.substrate,.the member having a phira.lity of
passages therethrough;

a plurality of elongated conductors disposed on the connector body
and arranged to form an electrical connection with the circuit substrate,
each elongated conductor being in electrical communication with a
corresponding one of said plurality of electrical contacts, each one of said
plurality of elongated conductors having a tail end that is unattachedb;
disposed within a corresponding one of said péssages of said spacer
member; and

a plurality.of substrate contact members each having a curvilinear
substrate contact surface connected on the tail end of a corresponding

one of said elongated conductors such that an electrical connection
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between said elongatéd conductors and said contact portion of the circuit

substrate is selectively accommodated.

2. The electrical connector of claim 1, wherein the substrate contact
members are solder balls, and said passages have a cross-section area

larger than a cross-section area of said elongated conductors.

3. The electrical connector as recited in claim 1, further comprising a
plurality of wells disposed on said mounting interface of said spacer
member, each of said plurality of wells being in communication with one

of said plurality of said passages.

4. The electrical connector of claim 3, wherein the wells have sides
with side dimensions and the substrate contact members have cross
dimensions and the cross dimensions are less the side dimensions so that
the substrate contact members are spaced from the sides of the wells to

provide a clearance.

5. The electrical connector as recited in claim 4, wherein each
substrate contact member is fused to one tail end of said elongated
conductors to form a spherical body which extends partially outside of

said well.
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6. The electrical connector as recited in claim 1, wherein said wells are
elongated in one direction and the direction of elongation of the wells is

substantially aligned with a length of said spacer member.

7. The electrical connector as recited in claim 1, wherein the substrate

contact members are coplanar within a range of 0.1 to 0.2 millimeters.

8. The electrical connector as recited in claim 1, wherein one substrate
contact member is fused to one tail end of the elongated conductors in a

substantially spherical shape.

9. The electrical connector as recited in claim 1, wherein said
elongated conductors are passivated such that said substrate contact

members can attach on a single surface thereof..

10.  An electrical connector for use in forming an electrical connection
with a circuit substrate, the electrical connector comprising:

a spacer member, having a planar surfa.ce forming an inferface
surface with the circuit substrate and having a plurality of wells disposed

on said interface surface, each well having a corresponding passage
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extending from a bottom of the well through said spacer member, said
wells having sides. forming an opening;

a plurality of elongated conductors each having a tail end wherein
each elongated conductor is disposed within a selected one of said
passages such that said tail ends terminate in said corresponding wells
within a predefined range of said planar surface; and

an electrically coﬁductive material fused on said corresponding tail
end of said plurality of elongated conductors, said conductive material
having a spherical Shaped body which extends partially outside said well

opening.

11. The electrical connector of claim 10, wherein said conductive
material has a melting temperature lower than the melting temperature of
said elongated conductor for fusibly joining said elongated conductor with

the circuit substrate.

12. The electrical connector as recited in claim 11, wherein said

electrically conductive material is solder.

13. An electrical connector for use in forming an electrical connection

between a first electrical element having an electrical contact portion and
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a second electrical element having an electrical contact portion, the
electrical connector comprising:

a connector body;

a first electrical contact disposed within said body, said first
electrical contact comprising an electrically conductive surface for mating
with the electrical contact portion of the first electrical element such that
an electrical connection can be selectively formed between said first
electrical contact and the first electrical element;

a spacer member comprising a planar surface and a well disposed
within the planar surface of said spacer member and a passage .
connecting said well with a second surface of said spacer member;

a second electrical contacf comprising a shaped body of an
electrically cohdﬁctive material having an outer surface for joining said
electrical connector with the electrical contact portion of the second
electrical element;

- an elongated conductor having a tail end, said elongated conductor
being in electrical communication between said first electrical contact and
said second electrical contact, said connector body and said spacer
member being separated along a length of said elongated conductor, said

elongated conductor tail end being disposed within said passage of said

spacer member and terminating in said well within a predefined range of

—_—
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said planar surface, wherein said tail end is fusibly joined with said

electrically conductive material.

14. The electrical connector as recited in claim 13, wherein said shaped

body of electrically conductive material extends partially outside said well.

15. The electrical connector as recited in claim 13, wherein said
elongated conductor comprises a bend of about ninety degrees so that
said first electrical contact is disposed angularly with respect to said

second electrical contact.

16. The electrical connector as recited in claim 13, wherein said

passage comprises a substantially rectangular cross-section.

17. The electrical connector as recited in claim 13, wherein said
passage comprises a cross-section with an area larger than the cross-
sectional area of said elongated conductor such that clearance is provided

bétween the sides of the electrical conductor and the side walls of the

passage.

_—“\
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18. The electrical connector as recited in claim 13, wherein a portion of
said elongated conductor proximate said tail end is passivated to prevent

solder wicking.

19. An electrical element for performing a predefined ele’é:trical function
for use with a circuit substrate, the electrical element comprising:

a spacer member having a planar surface for mounting on the
circuit substrate, a well with a bottom disposed within said planar surface
and a passage aisposed through said spacer member proximate the
bottom of said well; |

an elongated conductor for providing an electrical current flow
between said electrical element and said circuit substrate, said elongated
conductor haﬁng a tail portion within and laterally movable in the
passage and an end of said tail portion that terminates within said well
above said bottom and within a predefined range of the planar surface of
said spacer member; and,

a conductive material fused to the end of said tail portion for being
selectively fused to said circuit substrate thereby forming an electrical

current path between said elongated conductor and said circuit substrate.

20. The electrical element as in claim 19, wherein the elongated

conductor comprises a plurality of conductors forming a linear array.
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21. The electrical element as in claim 19, wherein the element

comprises an edge card connector.

22. An electrical component comprising:

an insulative body;

an elongated conductive element mounted on and extending from
the body, the element having a side surface and an end surface transverse
to the side surface;

a fusible m.ember fixed only on the end surface by a butt joint_

between the member and the end surface.

23. An electrical component as in claim 22, wherein the member is a
solder ball having a cross-sectional area greater than the cross-sectional

area of the end surface.

24. An electrical component as in claim 22, wherein the component

comprises an electrical connector.

25. A method for forming a substrate contact on an electrical element,
wherein the electrical element comprises a mounting surface and an

elongated conductor, said elongated conductor providing an electrical
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current flow path betweeﬁ said electrical element and a circuit substrate,
the method comprising the steps of:

(@) forming a well in the mounting surface of the electrical
element;

(b) inserting a tail end of the elongated conductor into a portion
of said electrical element such that the tail end of the elongated conductor
occupies a portion of said well and terminates within a predefined range
of the mounting surface;

(c) Mfilling said well with an amount of solder paste;

(d) placing a conductive body in said paste;

(¢) melting said solder paste such that the conductive body fuses
to said tail end of said elongated conductor and said body coalesces with
molten solder paste to form a spherical body wich at least partially

extends outside said well.

26. - The method for forming a conductive body on an electrical element
as recited in claim 25 further comprising the step of treating a portion of
the tail end such that molten solder paste will not attach to the treated

portion.

27. A method of forming a fusible material to a tail end of an elongated

conductor in an electrical connector for use with an electronic component
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and a substrate circuit wherein the electrical connector includes a
substrate mounting surfaqe and the elongated conductor provides an
electrical current flow path between the electronic component and the
circuit substrate comprising steps of:

() forming a well within said mounting surface;

(b)  inserting the tail end of the conductor into the electrical
connector within a predefined range of the mounting surface such that a
portion of the tail end is exioose_d within said well;

(c) filling in and over said well with a predetermined amount of
the fusible material in the form of a paste;

(d) heating said paste to at least a first melting point such that
| said paste coalesces into a ball and said ball fuses to said tail end of said

conductor.

28. The method of forming a body of fusible material in an electrical
connector as recited in claim 27 further comprising the step of treating a
portion of the tail end such that the fused material formed from the paste
will not attach to the treated portion so that said ball is at least partially

outside said well.

29. The method of forming a body of fusible material in an electrical

connector as recited in claim 28 wherein the treating step comprises at
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least one of passivating said tail end portion and coating said tail end
portion with a oleophobic-hydrophobic fluoropolymer and coating said

well with an anti-migration solution.
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