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Technical Field

.The'bresent invention deals broadly with the field of
electrical interconnect éystems. More narrowly, however, the
invention is related to technology, for example, f£for
interconnecting the leads of an integrated circuit device with
corresponding terminals on a printed circuit boarxd. The
preferred embodiment of the invention is directed to contacts

and means for mounting the contacts for effecting such

interconnection:

Background of the Invention

A plethora of applications exist for effecting electrical
contact between two conductors. One significant application
is effecting' interconnection between the leads of an
integrated circuit device and conductive pads or terminals on
a printed circuit board. Numerous considerations bear upon

the structure employed to interconnect the IC and the printed

~circuit board, including both electrical and mechanical

considerations.

One important mechanical consideration is the degree and
type of wiping action that is provided by the interconnect
system. A wiping actioﬁ between the contact itself. and the
lead of an IC, for example, functions to effect maximization
of  effective contact in view of oxide build-up which can
occur. In effect, the wipiﬁg action enables a good interface
to be accomplished between the contact and the iead of the IC.
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Thus, it is desirable for the interconnect system to provide
a wiping action between the contact and the device lead.
Further, and under some circumstances, it is alsoc desirable
for the interconnect system to provide a wiping action between
the contact and the printed circuit board terminal.

In addition to the above, it is desirable that the
interconnect system accoﬁmodate non-planer device leads. 1In
some interconnect systems, device 1eéds_that are non-planer
may be bent or otherwise stressed during the engagement of the
device leads with the interconnect system. To overcome this
difficulty, elastomeric elements may be used to support the
contacts to allow deflection of the contacté. Prior art
interconnect system thgt use elastomer elements are described
in U.S. Patent No. 4,445,735, issued on May 1, 1984 to
annefoy; U.S. Patent No. 4,509,099, issued on April 2, 1985
to Tak&matéu et al.;.U.S. Patent No. 4,593,961, issued on June
10, 1986 to Cosmo; and U.S. Patent No. 4,793,814, issued on
December 27, 1988 to zifcak et al. | |

A potential limitation of using elastomeric elements
within an interconnection system is that the contact may not
maintain a good electrical and ﬁechanical connection between
the contacts and the pads or terminals of a printed circuit
board, and thus may limit the wiping action provided thereby.
For example, the apparatus disclosed in U.S. Patent No.
4,793,814, issued to Zifcak et al. may not pro#ide a good

electrical or mechanical connection between the contact and
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the pads or terminals of the printed circuit board upon
initial engagement of the contacts and the contact pads 34.
That is, and with reference to Figures 3-4 of Zifcak et al.,
the lower ends of the contacts 22 would, upon initial
engagement by the contact pads 34, provide an upward force on
the elastomeric support member 13. However, the elastomeric
support member 13 is not prevented from deforming in an upward
direction until the board surface 15 comes into engagement
thereWith. Thus the lower ends of the contacts may loose
contact or otherwise may be limited in the amount of force
provided between the contact and the contact pads 36. Thus,
during at least this portion of the contact actuation cycle,
the wipihg action provided between the contacts and the
contact pads may be limited.’ |

Another potential limitation of wusing elastomeric
elements within an interconnection system may be caused by the
relative temperature expansion coefficients of the elastomeric
element relative to the corresponding printed circuit board
and/or device package. That is, for some prior art
interconnection systems, the difference between the
temperature expansion coefficients of the elastomeric element
and printed circuit board and/or device package may cause
misalignﬁént between the contacts embedded therein and the
corresponding device and/or printed circuit board terminals.
This may limit the contact pitch provided by such systems.

Another important consideration is the .expected
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reliability of the interconnect system. In one application,
interconnect systems are used as test sockets for testing
integrated circuits. 1In such an application, each fabricated
integrated circuit is inserted into the interconnect system,
tested, and then removed. As indicated above, it is desirable
for a wiping action to occur between the integrated circuit
leads and corresponding contacts of the interconnect system.
However, it is known that the wiping-action may produce
solder—buildup at or near the contacting poftions of the
contact. Thus, it is desirable for the interconnect system to
be design_to minimize solder-buildup, and to.minimize the
effects of solder-buildup on the overall reliability of the
interconnect system.

It is also recognized that the contacts and elastomeric
element themselves may become worn after extended use. 1In
view thereof, it is desirable for the componehts, and in
particular the contacts and fhe elastomer elements, to be
replaceable such that worn components can be easily removed
and replaced.

Another important consideration is the ease of
manufacture of the ihterconnect system. In particular, the
aséembly of the constituent components of the interconnect
system should be made as simple as possible. A simple

assembly process may reduce the manufacturing cost of the

interconnect system, as well as the maintenance thereof.
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Summary of the Invention

The present invention provides an interconnect system
that satisfies many of the above-referenced electrical and
mechanical'considerations, The present invention provides a
short path, high performance, electrical interconnection that
is mechanically stable and reliabié. This is accomplished, at
least in part, by controllihg the movement of the contacts.
Lateral movement of the contacts may be controlled by
providing contact receiving slots formed in a rigid housing
and/or an alignment plate. Movement of the contact during
actuation méy be .controlled by, for example, specifying
predetermined compression properties of the elastomeric
elemént, providing a contact stop portion in the housing,
and/or providing a pre-load between the contacts and the
printed circuit board_terminals. By controlling the movement
of fhe contacts, the wiping action between the contacts and
the device leads and/or the printed-ciréuit.board.pads.may
also be controlled. The controlled wiping action provide by
the present invention may help increase the reliability of the
interconnect system.

The present invention is an assembly which functions to
eléctrically interconnect a first terminal to a second
terminal, wherein the second terminal is spaced a distance
from the £iist terminal. The éssembly includes an elastomeric
element having a first surface and a second surface, wherein

the first surface and the second surface are located on
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opposing sides of the elastomeric element. A contact
receiving slot may be formed between the first surface and the
second surface of the elastomeric element. .

A contact may be.provided in fhe contact receiving slot
of the elastomeric element. The contact may be relatively
rigid, and may have a first portion for engaging the first
terminal, a second portion for engaging the second terminal,
a head portion for engaging the first surface of the
elastémeric element, and a tail portion for engaging the
second surface of the elastomeric element. .In operation, the
first terminal engagés the first portion of the contact, and
as the first terminal is movea toward the contacf, the
elastomeric element may deform to permit movement of the
contact.

The deformation of the elastomeric element may be

controlled to provide a stable pre-load between the contacts

‘and the printed circuit board terminals, throughout the entire

actuation cycle of the contacts.. In an illustrative
embodiment, an alignment plate may be positioned along the top

surface of the elastomeric element, and thus may help prevent

“ the top surface of the elastomeric element from deforming away

from the printed circuit board terminals. During actuation of

‘the contact, the alignment plate may thus help maintain a

stable pre-load between the lower portion of the contact and
the printed circuit board pad or terminal. This may increase

the effectiveness of the wiping action between the contact and
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the printed circuit board pad or termiﬁal;

A housing and/or alignment plate may be provided to
control the movement and positioning of the contacts. ©One
advantaée of controlling the movement and positioning of the
contacts is that a finer contact pitch may be achieved. That
is, the housing and alignment plate may limit the lateral
movement of the contacts relative to the device leads and/or
printgd circuit board pads. This may reduce alignment
problems caused by differences in temperature expansion
coefficients between the elastomeric element and the device
package and/or printed circuit board.

The present invention is' thus an electrical contact
interconnecting‘system improved over prior art systems. More
specific features and advantages obtained in view of those
features will become apparent with reference to the Detailed
Description of the 1Invention, appended claims, and
accompanying drawing figures.

Brief Description of the ﬁrawings_

Figure 1 is an eﬁlarged side elevational view of an
individual contact in accordance with a preferred embodiment
of'the present .invention;

Figure 2 is a partial cross-sectional side elevational
view of a preferred embodiment of an interconnect system
providing an interconnection between a number of device leads
and a printed circuit board, with the interconnect system in

a rest position;
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Figure 3 is a view similar to Figure 2 showing the
contacts positively engaged by a number of integrated circuit
deviée leads;_

Figure 4 is cross-sectional view taken along line 4-4 of
Figure 2, showing fhe elastomeric deformation of the
separating portion 64;

Figure 5 is an enlarged fragmentary cross-sectional side
elevational view showing articulation of the contact in dashed
lines, and further showing the housing stop ?ortion and the
separating portion of the elastomeric element;

Figure 6 is a partial fragmentary perspective view of a
preferred embodiment of the presént invention providing an
interconnection between a number of device leads and a printed
circuit board;

Figure 7 is a partial perspective top view of a preferred
embodiment of the present invention, showing the gross and
fine alignment features of the.alighment plate;

Figure 8 is a partial crbss-sectional side elevational
view of an alternative embodiment of the invention wherein a
single printed circuit board terminal is interconnected to two
device leads;

Figure 9A 1is a ~fragmentary cross-sectional side
elevational view of another embodiment of the invention
wherein a éingle device lead is interconnected to two printed
circuit board terminals;

 Figure 9B is a partial elevational top view of the
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embodiment shown in Figure 9A;

Figure 10 is a perspective view illustrating an assembly
diagfam for the preferred embodiment of the present invention;

Figure 11 is a fragmentary cross-sectional side view of
an alternative embodiment of the housing of the present
invention, wherein the center portibn of the housing is
removable;

Figure 12 is fragmentary cross-sectional side view of
another embodiment of the present invention wherein the second
portion of the contact engages a via or through-hole in a
printed circuit board;

Figure 13 is a partial créss-ééctional side elevational
view of yet another embodiment of an interconnect system
providing an interconnection between a number of device leads
and a printed circuit board, with the interconnect system in
a rest positién;

Figure 14 is a view similar to Figure 13 showing the
contacts positively engaged by a number of integrated circuit
device leads;

. Figure 15 is a partial cross-sectional side elevational
view similar to Figure 13, with an opening formed in the lower
surface of the elastoﬁeric element;

Figure 16A is cross-sectional view taken along line 16-16
of Figure 15, showing tﬁe contact in an unactuated state;

Figure 16B is cfoss-sectional view taken along line 16-16

of Figure 15, showing the.cqntéct in an actuated state;
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Figure 17 is a partial cross-sectional side elevational
view of another embodiment of the invention wherein a lower:
laterally extending portion of the contact extends. away from
the contact and substantially parallel to the élastomeric
element for a predetermined distance;

Figure 18 is a partial cross-sectional side elevational
view of an embodiment similar to that shown in Figures 13-15,
with the device lead contacting a front face portion of the
contact;

Figuré 19 is a partial cross-sectional side elevational
view of an embodlment similar to that shown in Figure 18, with

a back leg portion extending laterally away from the contact

~and over the top surface of the elastomeric element;

Figure 20 is a partial cross-sectional side elevational
view of an embodiment similar to that shown in Figure 17, with
a PGA pin engaging the goose necked shaped portion of the
contadt;

Figure 21 is a partial cross-sectional side elevational .
view of an embodiment similar to that shown in Figures 17 and
20, with a'protruding top portion extending upWardly for
engaging a PGA pin;

Figure 22 is a partial cross-sectional side elevational
view of an embodiment similar to that shown in Figures 17 and.
20, with a pad structure cohtaqting a top portion of the
contact; | |

Figure 23 is a partial cross-sectional side elevational
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view of aﬁ embodiment similar to that shown in Figure 2-6 and
12, showing illustrative force vectors;

Figure 24.is a partial cross-sectional side elevationél
view of an embodiment similar to that shown in Figure 23, with
the tail portion of the contact in direct engagement with the
lower surface of the elastomeric elementf

Figure 25 is cross-sectional view taken along line 25-25
of Figure 24, showing the contact in an unactuated stéte; and

figure 26 is a.pa:tial cross-sectional side elevational
view of an embodiment similar to that shown in Figure 18, with
a pad structure contacting a top portion of the contact.

Detailed Description of the InventiOn

Referring now to the diawings_wherein like reference
numerals denote like elements throughout the several views.
Figure 1 illustrates an enlarged side elevational view of an
individual contact in accordance with a preferred embodiment
of the present invention. The contact 10 may be relatively
rigid, and may have a first portion 12, a second portion 14,
a head portion 16, and a tail poFtion 18. Further, the
contact 10 may be generally "S" shaped as shown.

In a preferred embodiment, the first pértion 12 of the
contact 10 may be géose neck shaped, as shown, having an
angled back portion 20. The tail portion 18 of the contact
may include a hook portion 22, proximate the second portion 14
of the coﬁtact, for encircling at least part of a separating

portion of the elastomeric element (see for example, Figures

11
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2-3). Finally, the head portion 16 may include a nub 24 as
shown. The width and height of the nub 24 may be adjusted to
provided the desired depression force characteristics of -the
contact. That is, the nub 24 is initially the only portion of
the head portion 16 that engages the first surface of the
elastomeric element. Accordingly, the nub 24 may be increased
in cross-sectional area to increase the compression
characteristics of the contact.

Thé aspect ratio of the contact 10 provides a number of
advantages. Because the lateral width of the contact 10 is
greater than the thickness, conventional high volume
manufacturing techniques may be used. Further, this.geometry
provides a greater area to distribute the load, thereby
providing a stronger interconnection than a "wire" type
contact. Finally, the contact provides a relatively short
electrical path, with minima; inductance, thereby providing
improved electrical performance over other types.of contacts.

The contact 10 may be constructed from-. a conductive.
material, a combinatipn of a numbef of conductive material,
and/or a number of conductive and insulative materials. In a
preferfed embodiment, the contact 10 is constructed from a
BeCu base, and is plated with Ni and Au. |

Figure 2 shows a partial cross-sectional side elevational
view of a preferred embodiment of the interconnect system-of
the present invention. The interconnect system 40 provides an

interconnection between a number of device leads 42a, 42b,-42c

12
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and 42d, and a number of printed circuit board pads or
terminals 46a, 46b, 46c and 46d.

The interconnect system 40 includes a number of contacts
48a, 48b, 48c and 48d a§ shown, wherein each of the number of
contacts are preferably constructed in accordance with Figure
1. Contacts 48a, 48b, 48c and 48d provide an electrical
interconnection between device leads 42a, 42b, 42c and 424,

and the corresponding printed circuit board terminals 46a,

 46b, 46c and 46d.

The interconnect system 40 preferably includes an
elastomeric sheet 50, a housing 52 and an alignment plate 54.
The elastomeric sheet-SO has a first sﬁrface 56 and a second
surface 58, wherein the first surface 56 and the second
surface 58 are on opposing sides of the elastomeric sheet 50.
The elastomeric sheet further includes a number of contact
receiving slots extehding from the first surface 56 to the
second surface 58, for example contact receiving slot 60, for
receiving the corresponding contacts 48a, 48b, 48c and 48d..
It is contemplated that the array of contaéts 48a, 48b, 48c
and 48d are positioned such that they correspond to the array
of device leads 42a, 42b, 42c¢ and 42d.

In a preferred embodiment, the contact receiving slots
may extend through the elastomeric sheet 50 along
corresponding generally parallel axes, whefein the axes are
generally perpendiculér to the first surface 56 and the second

surface 58, as shown. Because the contact receiving slots

13
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extend along axes which are generally perpendicular to the
surfaces 56, 58 of the elastomeric element, conventional
manufacturing processes may be used to form the slots in the
elastomeric element. Further, since conventional
manufacturihg processes are generally more controllable, this
may allow the location of the contact receiving slots to be
more precisely located, particularly over those slots that are
angled relative to the first and second surfaces 56,58 of the
elastomeric element 50.

The elastomeric sheet 50 further includes a number of
openings, for example opening 62, each for receiving the tail
portion of a corresponding contact. Each opening is
positioned a prédetérmined distance from a corresponding
contact receiving slot, for example, opening 62 is positioned
a predetermined distance from contact receiving slot 60.
Accordingly, a separating portion of elastomeric sheet 50 is
provided between each opening and each contact:receiving slot.
For example, separating portion 64 separates opening 62 from
contact receiving slot 60. Separating portion 64 may provide
a pre-load to bias the second portion 68 of the contact
against the corresponding printed circuit board terminal 46a.
‘This may help provide é good mechanical aﬁd electrical
connection between the contacts and the printed circuit board
terminals, throughout the entire actuation c¢cycle of the
contacts.

The opening 62 may be a recess in the second surface 58

14
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of the elastomeric element 50 having a predetermined depth, or
a through hole extending between the first surface 56 and the
second surface 58 of the elastomeric element 50.  In a
preferred embodiment, the opening 62 is a through-hole that is
pdsitioned generally along the plane formed by the contact.

The contact receiving slot 60 may receive a corresponding
contact 48a, wherein the head portion 66 of the contact may
engage the first surface 56 of the elastomeric element 50, the
tail portion 68 of the contact may be positioned in the
opening 62 as shown, the first portion of the contact may
engage a qorresponding device lead 42a, and the second portion
of the contact méy engage a corresponding prinfed circuit
board pad 46a. Since the contéct is electrically conductive,
an electrical interconnection is made between the device lead
42a and the corresponding printed circuit board pad 46a. It
is recognized that the present invention is not limited to
interconnecting a device lead and a printed circuit pad.
Rather, it is contemplated that the present invention may be
used to interconnect any number of first terminals fo any
number of second terminals.

In a preferred embodiment, the first portion of the
contacts, for example contact 48a, may be goose'neck shaped
having an angled back portion. The cérresponding device lead
42a may be aligned with the goose neck shaped first portiop of

the contact 48a. As the device lead 42a_is moved toward the

_ contact 48a, the elastomeric elément 50 deforms, as shown at

135

'\‘

——

T—

This Shee; Has Beep, p

Wi




10

15

20

25

79 of Figure 3, and a wiéing action occurs between the device
lead 42a and the angled back portion of the contact 48a. This
contact point allows for a robust wipe of the device leads
without actually flexing the contact itself, and provides a
great deal of coﬁtact actuation distance. It is contemplated
ﬁhat the angle of the angled back portion may be altered to

change the performance and/or mechanical parameters of the

interconnect system, depending on the application.

In addition to the above, the tail portion 68 of the
contact 48a (see Figure 1) may include a hook portien,
proximate the second portion of the contact, for encircling at
least part of the separating porfion 64 of the elastomeric
element 50. The geometry may be such that after the head
portion 66 of the contact 48a is inserted through the contact
receiving slot 60 in the elastomer element 50, the tail
portion 68 is positioned in the opening 62. A slight pre-load
is maintained by the head portion 66 of the contact 48a
pressing against the first surface 56 of the elastomeric
element 50, and by an equal pressing force on the tail portion
68 of the contact 48a by the separating portion 64 of the
elastomeric element 50. As such, a stable independent
assembly is provided, and the contact is retained in the
desired position within the elastomeric element 50.

| In addition, and as indicated above, each of. the
separating portions may provide a downward force on the tail

of the corresponding contacts such that the second portion of

16
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the contact maintains a good connection with the corresponding
printed circuit board terminal. That is, the separating
portion may be slightly compressed when the corresponding tail
portion of. the contact is placed therearound, and a
corresponding printed circuit board pad is brought into
engagement therewith. This provides a "live" connection
between the contacts and the corresponding printed circuit
board pads. This may be enhanced by providing an alignment
plate 54 (see below) to control the deformation of the top
surface of the elastomeric element 50. That is, the alignment
platé 54 may prevent the tail portion of the contact from
moving the top portion of the elastomeric element in an upward
direction during contact actuation.

The contact receiving slot 60 may extend along an axis
that is substantially perpendicular to the first and second
surfaces 56, 58 of the elastomeric element 50. Further, the
device lead 42a and the corresponding printéd circuit board:
terminal 46a may be positiéned along the axis, and may be
axially aligned with one another as shown. ‘In this
configuration, the interconnect apparatus 40 may be removed,
an@ the device lead 42a may be brought into direct_engagement
with the corresponding printed circuit board terminal 46a.
This feature may be useful for testing a aevice 38 in
combination with a functional printed circuit board 44, and
under actual operating conditions.

Another feature of the present invention is that the head

17
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portion 66 of a first one of the number of contacts 48a may
engage the first surface 56 of the elastomeric element 50
proximate an adjacent opening 75 in the elastomeric element.50
that receives a tail portion of a second one of the number of
contacts 48b. It is contemplated that the adjacent opening 75
may provide an elastomeric deformation region for the
elastoméric element. Referring to Figures 2-3, as a
corresponding device lead 42b engages contact 48b, the head
portion of contact 48b caused the elastomeric elemenf 50
proximate the opening 75 to deform, as shown at 79. The
deformed elastomeric element 79 is permitted to expand into
the adjacent opening 75. This tends to increase the lifetime
of the elastomeric element 50.

It is contemplated that a housing 52 may be positioned
between the printed circuit board 44 and the elastomeric
element 50. 1In a preferred embodiment, the housing 52 is
constructed from Amoco Torlon. The housing 52 may have a
contact receiving slot 70 formed therein, and the contact .
receiving slot 70 may be in general alignmeﬁt with the contact
receiving slot 60 of the elastomeric element 350. The
cogtacts, for example contact 48a, may be received by the
contact receiving slot 70 of ﬁhé hdusing 44 and the contact
receiving slot 60 of the elastomeric element 50.

In a preferred embodiment, the housing 44 is interppsed
between the elastomeric element 50 and a printed circuit board

44 such that the second portion of the contact 48a extends

18
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through'the contact receiving slot 70 in the housing 44 and

engages the corresponding printed circuit board terminal 46a.

The housing may thus control the lateral movement of the

contacts relative to the printed circuit board terminals. It
is contemplated that the housing could be placed anywhere
between the device leads (first terminal) and the printed
circuit board (second terminal).

To  improved -the performance and/or reliability_
charaeteristics of the elastomeric element 50, at least a
portion of the first and/or second surfaces 56, 58 of the
elastomer element 50 may be coated with a coating material 72
that has a different elastomeric characteristic than the
elastomer element 50. This may have a number of advantages.
First, the coating 72 may be used to selectively customize the
compre551ve properties of the elastomerlc element. Second,
the coating 72 may be used to substantxally increase the
llfetlme of the elastomeric element: 50.

| In an illustrative embodiment, a polymer material such as
polyimide, PTFE or even fibefglass may be laminated to
selective portions of the elastomeric element such that the
elastic properties of the laminated portions of the
elastomeric element are reduced (stiffehed). The polymer
laminate 72 may prevent the selected portions of the
elastomeric element 50 from being cut or otherwise damaged by
the compressive forces imposed by the contact elements. This

may substantially increase the lifetime of the elastomeric

y 19
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element 50. Further, the polymer laminate 72 may be used to
increase the force/deflection rate required to deform the
elastomeric element 50. As such, predetermined contacts, for
example contact 48d, may be selected to_haﬁe a higher contact
force/deflection force requirement. This feature is shown in
Figures 2 and 3. Coating 72 has been selectively applied to
the first surface 56 of the elastomeric element 50, proximate
the head portion of fhe contact 48d.

In a preferred embodiment, the thickness of the
elastomeric sheet is +tightly controlled to maintain
compression properties and the planarity of the contacts. The
material used for the elastomeric sheet, the thickness
thereof, and the geometry of the élastomeric sheet relative to
the contact can all be varied to control the compression
characteristics of the contacts. Further, these parameters
can be varied within a given interconnect system.

Finally, it is contemplated that an alignment plate 54
may be positioned substantially parallel to the housing 44 and
adjacent the device leadé 42a, 42b, 42c and 42d. The
alignment plate 54 may have a number of terminal alignment
slots formed therein for aligning and guiding the device leads

to the corresponding contacts. For example, the alignment

‘plate 54 may have a terminal alignment slot 76 formed therein

for aligning and guiding the device lead 42a to the
corresponding contact 48a. Acco:dingly, as the device lead

48a is brought into engagement with the contact 48a; the

20
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terminal alignment slot 76 may subsfantially-align and guide
the device lead 42a to the contact 48a.

"In a_préferred embodiment, the alignment plate may-be
interchangeable, depending on the.configuration of the device
leads and/or test configuration. In addition, the contact
receiving slots in the elastomeric element may be configured
to be compatible with a particular device lead configuration.
For the elastomeric element, this may be accomplished by
providing a.custom elastomeric element for each device type,
or by only inserting the contact into the elastomeric element
at positions that correspond to the leads of a particular
device.

It is contemplated that the alignment plate 54 may
include both gross alignment features and finer alignment
features. The gross alignﬁent features may direct the edges
of a device package 38 to the proper position (see for
example, Figures 6 and 10). The finer alignment'features, for
exaﬁple alignment slot 76; may direct and guide-the'individuél
device leads 42a, 42b, 42c and 42d, to the appropriate
contacts 48a, 48b, 48c and 48d. |

In a preferred embodlment the allgnment plate 54 may be
posxtloned adjacent the dev;ce leads 42a, 42b, 42c and 42d.
The housing 52 may be positioned adjacent the printed circuit
board terminals 46a, 46b, 46c and 46d, and the elastomeric
element 50 may be positioned.between'the housing 52 and the.

alignment plate 54. In this configuration, the alignment
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plate and housing may sandwich the elastomeric element, and
substantially prevent unwanted deformation of the elastomeric
element (e.g. the defbrmation of the top surface of the
elastomeric element caused bf the movement of the tail portion
of the contact, and/or the deformation of the bottom surface
of the elastomeric element caused by the movement of the head
portion of the contact). Accordingly, the alignment plate
may help provide and control the above-referenced pre-load
between the contact and the cérresponding printed circuit
board terminal, throughout the entire actuation cycle of the
contact. o

In the above-~described configuration, each contact is

' restricted from vertical and rearward movement by the lower

edge of the slot in the alignment plate. Forward movement is
restricted by the supportive force of the elastomer acting on
the head of the contact and the upper edge of the contact
receiving slot in the housing. Thus, the contact is
positioned in such a way as only the desi;éd motion is-
allowed. This allows a precise alignment of the contacts with
the corresponding printed circuit terminéls,-enabling the
present invention to be used as a sﬁrface mount device.
Eurther, a controlled wiping action is pro#ided, which helps
increaée the reliability of the interconnect system. It is
contemplated that the alignment plate 54 and the héusing 52
may be of a singular construction. |

As indicated above, both the housing and alignment plate

22

—_—

—_—
This Sheet Has B Been

by Illl i !"I




10

15

20

25

may help control the movement and positioning of the contacts.
This may reduce the alignment problems caused by the
difference in temperature expansion coefficients between the
elastomeric element and the device packagg and/or printed
circuit board. Accordingly, the present invention may allow
a finer contact pitch over the prior art.

To improve the wiping action between the contact and the
second terminal, the housing may include a contact stop
portion 78 for engaging a lower portion of the contact 48c
after the elastomeric element deforms a predetermined amount.
The contact stop portion 78 may cause the second portion of
the contact 48c to move in a lateral direction across the
corresponding printed circuit board terminal 46c, thereby
improving the wiping action between the contact and the second
terminal. In addition, and as indicated above, the separating
portion and alignment plate may provide a prelocad to the
sécond portion of the contact 48c to hold the second portion
against the corresponding printed circuit board terminal 46c.

Figure 4 is cross—sectional view taken along line 4-4 of
Figure 2, showing the elastomeric deformation of the
separating portion 64 as shown at 51. In an exemplary
embodiment, the geometry of the alignment plate 54, the

separating portion 64, and the housing 52 are such that the

~tail portion 68 of the contact 48a deforms the separating

portion 64 away from the corresponding printed circuit board

terminal 46a, when inserted between the separating portion 64
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and the corresponding printed circuit board terminal 46a. As
shown at 51, the lower surface of the separating portion 64 is
defdrmed”upwardly and away from the printed circﬁit.boérd
terminal 46a, thereby providing a pre-load between the tail
portion 68 of the contact 48a and the corresponding printed
circuit board terminal 46a.

Providing a pre-load may help prevent contaminates from
migrating betwgen the-interconnection of the contaqt 48a and
the corresponding printed circuit board pad or terminal 46a,
thus helping to preserve the electrical contact resistance
thereof. Further, a pre-load may help provide a relatively
constant force between the contact 48a and the corresponding
printed circuit board pad or terminal 46a, thereby helping to
maintain a good electrical interconnection throughout the
actuation cycle of the contact 48a. In the exemplary
embodiment, the pre-load is maintained between the contact 48a
and the corresponding printed circuit board terminal 46a, even
when the contact 48a is not engaged or actuated by the
corresponding device lead 42a (see Figures 2 and 3).

With reference to Figure 5, and in an illustrative

embodiment, the contact stop portioh 78 may induce the contact

' 48c to move in two separate modes. In the first mode, the

device lead 42c engages the first portion of the contact 48c,
causing the head of the contact 48c to deform the elastomeric
element, as clearly shown in Figure 3. The contact 48c thus

rotates or pivots roughly around a centrally dlsposed axis.
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This is illustrated by contact 90 of Figure 5, shown in dashed
lines. The second mode is activated by continued downward
movement of the device lead 42c relative to the contact 48c.
That is, the contact 48c rotates in the first mode until a
lower portion 82 of the contact 48c engages the contact stop
portion 78. The contact 48c continues to fotate, but the
contact stop portion 78 causes the second portion of the
contact 48c to also move laterally relative to the
corresponding printed circuit board terminal 46c. This is
shown by contact 92 of Figure 5, shown in dashed lines. As
such, the wiping action between the second portion of the
contact 48c and the printed circuit board terminal 46c is
enhanced. It is contemplated that the lower portion 82 of the
contact 48c may engage the contact stop porticon 78 immediately
upon engagement of the contact 48c by the device lead 42c¢c. 1In
this configuration, only the second mode of operation may be
utilized. In either mode, separating portion 80 may provide:
a pre-load ﬁo bias the contact against the corresponding
printed circuit board terminal 46c, as described above.

With reference to Figure 6, it is contemplated that each
of the number of contacts méy be orientated in a predetermined
direction relative to the elastomeric element. Iﬁ a preferred
embodiment, a first portion of the number of contacts 48c, 48d
are orientated in first direction relative to the elastomeric
element 50, and a second portion of the number of contacts

100a, 100b are orientated in a second direction relative to
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the elastomeric element 50 as shown. That is, alternating
rows of the number of contacts may be reversed in orientation

relative to the elastomeric element 50. Accordingly, a

‘selected first row of contacts 48d, 48c may engage a first

side 102 of the corresponding device leads, while an adjacent
second row of contacts 100a, 100b may engage tﬁe opposite side
104 of the corresponding device leads. These opposing contact
points may provide a self centering action that distributes
the forces involved, and centers the device 28 relative to the
interconnect device 40.

Also with réference to Figure 6, the alignment plate 54
may have a number of terminal alignment slots 76c, 76d formed
therein for aligning the deviée leads 42c¢, 42d to the
corresponding contacts 48c, 48d. It is contemplated that the
alignment plate 54 may include both gross alignment features
110 and' finer alignment features 76c, 76d. The dgross
alignment features 110 may direct the edges of a device
package 38 to the proper position. The finer alignment ..
features 76c, 76d may direct the individual device leads 42c,
42d to align with the appropriate contacts 48c, 48d.

Referring to Figure 7, the finer alignment features may
include a key-hole shape alignment slot. The key-hole shaped
alignment slots may have a narrow portion 112 and a through-
hole portion 114. The dimensions of the narrow portion 112
may be such that the correépondihg device lead (not shown)

cannot pass therethrough. The dimensions of the through-hole
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portion 114 may be such that the device leads (not shown) can
pass therethrough and engage a corresponding contact 116. The
narréw portion 112 may guide the corresponding device lead to
the through-hole pdrtion 114. The dimensions of the through-
hole portion 114 may be such that the corresponding device
lead (not shown) is substantially guided to the angled back
portion of the corresponding contact 116. The proper
alignment of the device lead and the corresponding contact 116
may protect both the device lead and the contact 116 from
damage during engagement.

With reference to Figure 8, and in an alternative
embodiment, it is Eontemplated that more than one device lead
may be interconnected to a single printed circuit board
te:minal.. In the illustrative embodiment, a first contact 120

may interconnect a first device lead 122 to a printed circuit

‘board terminal 124. Similarly, a second contact 126 may

interconnect'a second device lead 128 to the same printed
circuit board terminal 124. In this embodimént, contact 126
is positioned behind contact 120, and both share a common
separating portion 130 of elastomeric element 50.

Figure 9a shows an embodiment that is related to the
embodiment shown in Figure 8. In this embodiment, more than
one printed circuit board terminal may be interconneéted to a
single device lead. That is, a first contact 140 may
interconnect a first printed circuit béard terminal 142 to a

device lead 144. similarly}- a second contact 148 may
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interconnect a second printed circuit terminal 146 to the same
device lead 144. In this embodiment, contact 140 is
positioned behind contact 148 and faces in aﬁ__opposite
direction relative to contact 148. Further, and with
reference to Figure 9b, contacts 140 and 148 engage opposing
sides of device lead 144,las shown. This embodiment may be
particularly useful for perférming Kelvin type and other
related testing oflintegrated circuits.

Figure 10 is an assembly diagram for the preferred
embodiment of the present invention. First, the elastomeric
element 50 is loaded with a number of contacts. This may be
accomplished by inserting eacﬁ contact into a corresponding
contact receiving slot; providing the head of the contacf
against the top surface of the elasfomeric element; and
inserting the tail of the contact into the corresponding
opening. It is contemplated that the contact may be pulled
towafd the second surface of the eléstomeric element, thereby -
depressing the first surface éf the.elastomeric element with
the head of the contact. The contact may be released once the
tail of the contact is positioned in the opening. This latter
step may retain the position of the contacts felatiVe to the
elastomeric element. Alternatively, it is recognized that the
tail of the contact may be inserted into the opening before
providing the head of the contact against the first surface of
the elastomeric element.

After the elastomeric sheet 50 is loaded with the number
28
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of contacté, the loaded elastomeric sheét 50 is sandwiched
between housing 52 and alignment plate 54. It is contemplated
that the interior 150 of the housing 52 may be formed to
accept the elastomeric sheet 50, as shown. Further, contact
receiving slots (shown generally) may be provided in the
housing 52 wherein the confact receiving slots are in genefal
alignment with the contact receiving s;ots of the elastomeric
sheet 50. Similarly, the alignment plate 54 may include
alignment slots that are in general alignment with the number
of contacts. _

The alignment plate 54 and the housiné 52 may be attached
by screws 155 or other means. Alignment pins 151 may be
pfovided to help properly align the alignment plate 54 and the
housing 52. The entire assembly 125 may then be placed on a
printed circuit board (not shown). It is contemplated that
assembly alignment pins (not shown) may be used to help align
the assembly 125 and the printed circuit board. A device 38
ﬁay then be positioned such that the éross alignment features
110 .of the alignment plate direct the device 38 to a proper
position. Thereafter, the leads of the device 38 may entef
the finer alighmént slots of the alignment plate, and engage
thé-corresponding contacts.

It is recognized that the assembly 125 may be dismantled
5y simply reversing thg above process. Further, the contacts
may be easily replaced either individually or in a fully

loaded elastomeric sheet.
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It should also be recoénized that the assembly 125 is a
solder-less design. That is, in a preferred embodiment, the
assembly 125 is placed directly on a printed circuit board and
the contacts are not soldered to the printed circuit board
terminals. This may allow the removal gnd/or replacement of
the assembly 125 without flowing solder and damaging the
printed circuit board. Further, the elastomeric sheet may act
as a shield, retaining solder debris, including oxide dust
from the above-reference wiping action. This minimizes
contamination to the printed circuit board terminals and
reduces the need for maintenance. o

Figure 11 shows an alternative embodiment of the housing
of thelpresent invention. The embodiment is generélly shown
at 200, and is similar to the embodiments shown in, for
example, Figures 1-2, 6, 8 and 10. However, the housing 204
includes a removable portion 206 that is removable from the
remainder of the housing 204. In the illustrative embodiment,
the removable portion 206 engages the housing 204 at locations

212A and 212B as shown. An elastomeric sheet 208 may be

provided between the removable portion 206 and the alignment

plate 202, and held in position thereby. It is contemplated
thét the removable portion may include a number of slots 210
as shown. It should be recogﬁized that slot 210 is not shown
to scaie, but has been enlarged for il;ustrative purposes.
In the above configuratibn, the interconnect apparatus

200 is rendered modular, and the removable portion 206 and/or
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the elastomeric sheet 208 may be removable and replaceable.
Depending on the configuration of the device or family of
aeviCes to be tested, a suitable removable portion 206 and
elastomeric sheet 208, having proper .slot locations, may be
provided. This may allow the same overall interconnect
apparatus 200 to be used with a variety of devices, wherein
each of the variety of devices may include a different device
lead foot print. This may also allow the elastomeric sheet to
be bonded to the removable portion 206, which may aid in
contact insertion and still maintain the replaceability of the
contacts and the elastomeric sheet.

With reference to Figure 12, another embodiment of fhe
present invention is shown wherein the second portion of the
contact engages a via or through-hole in a printed circuit
board. In the illustrative embodiment, a housing is not
provided between the elastomeric sheet 168 and a corresponding
printed circuit board 164. However, it is recognized that a
housing:may'be provided as shown in, for example, Figures 1-2,
6 and 8.

In this configuration, the second portion 170 of the
contact 162 may engage the top portion of a via 166 or
through-hole. Thus, printed circuit board pads are not
reduired. It is contemplated that the second portion 170 of
the contact may rotate or pivot on the top portion of the via
or through-hole, ‘and provide a wiping action thereto.

Further, it is contemplated that the via 166 may be filled or
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unfilled.

In a preferred embodiment, the via 166 may be positioned

to receive or engage a device lead and to align to the

corresponding contacts in the interconnect device. In this
configuration, the device may bé tested with the interconnect
device 160 interposed between the device and the printea
circuit board. Thereafter, the interconnect device may be
removed from the printed circuit board, and the device may be
connected directly to the printed circuit board. This may

enable the device to be tested in conjunction with a

functional printed circuit board, and under normal operating

conditions.
Figure 13 is a partial cross-sectional side elevational

view of yet another embodiment of the present invention in a

‘rest position. The embodiment is generally shown at 230, and

is similar to the embodiment shown in Figure 2 but the tail
portions of the contﬁcts, for example tail portion 232 of
contact 228, are positioned below the cbrres?on&ing head
portions. Thus; the contact are generally "“C" shape, with the
elastomeric element 236 positioned between the head and tail
portions thereof.

Referring to Figure 14, as the device leads engage the
corresponding goose-necked shaped portions of the contacts,
the contacts may rotate about a predetermined axis. As
described with reference to Figures 2-3, a wiping action may :

result between the device terminals and the corresponding
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goosé-necked shaped portioﬁs of the contacts. The tail
portions of the contacts, for example tail portion 232 of
contact 228, may thus simply rock relative to the
corresponding printed circuit board terminals, as shown in
Figure 14. 1In an alternative embbdiment, the housing 237 may
be positioned such that the tail portion 232 engages the
housing, thereby causing the tail portion 232 to slide
laterally across the corresponding printed circuit terminal
233, and provide a wiping action therebetween.

Because the tail portions of the "C" shaped contacts
e*tend below the corresponding head portions, a higher density
interconnection system may be achieved. That is, the "C"
shaped contacts may require less lateral spacing than the "S*"
shaped contacts described with reference to Figﬁre 1.

Figure 15 is a partial cross-sectional side elevational
view similar to Figures 13-14. However, an opening, for
example opening 240, is formed in the lower surface of the
elastomeric element 244 for selected contacts. The opening
240 may be adapted to receive the tail portion 242 of the "C"
shaped contact, as shown. The opening 240 may be a recess
having a predetermined depth, or a fhrough hole extending
between the first surface and the second surface of the
elastomeric element. 1In a preferred embodiment,-the opening
240 is a through-hole that extends substantially parallel to
the contact receiving slot. Further, the elastomeric element

244 may include a top layer 246 and a bottom layer 248,
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wherein the opening 240 ie formed in the bottom layer 248, as
shown.

“Each opening 240 is positioned a predetermined distance
from a corresponding contact receiving slot, for example,
opening 240 is positioned a predetermined distance from
contact receiving slot 238. Accordingly, a number of
separating portions are provided between each opening and each
contact receivin; slot. For example, separatiqg portion 250
separetes opening 240 from contact receiving slot 238.
Separating portion 250 may provide a pre-load to bias the tail
portion 242 of the contact against the corresponding printed
circuit board terminal 252. |

Figure 16A is cross-sectional view taken along line 16-16
of Figure 15, showing the contact 245 in an unactuated state.
The contact is shown at 245. The head portion 253 of the
contact 245 may engage the top layer 246 of the elastomeric
element 244, and the tail 255 portien may be. positioned in.
opening 251, as shown. In the exemplary embodiment, the tail
portion 255 does not occupy the entire opening 251, but rather
leaves a deformation region just below the top layer.

Figure 16B is cross-sectional view taken along line 16-16

of Figure 15, showing the contact in an actuated state. Upon

actuation, the contact 245 may be pressed against the top
layer 247, and may deform the top layer 247 in a downward
direction, as shown at 257. Because a deformation region is

provided just below the top layer 247, as discussed above, the
34
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top layer 247 is permitted to deform into the opening 251, as
shown. This may increase the mechanical lifetime of the
elastomeric element 244. L

Figure 17 is a partial cross-sectional side elevational
view of another embodiment of the present invention. 1In this
embodiment, contact 300 is similar fo the contact 10 shown in
Figure 1, but the tail portion'lé of contact 10 is replaced
with a lower laterally extending portion 302. The lower
latgrally extending portion 302 may extend substantially
parallel to the elastomeric element 306 for a predetermined
distance "d". The top portion. of the lower laterally
extending portion.302 may engage the lower surface of the
elastomeric eleﬁent 306,:as shown.

As a device lead 308 engages the goose neck shaped
portion 310 of the contact 300, the head portion 312 may be
pressed into the top surface of the elastomeric element 306.
The force between the device lead 305 and the' goose. neck -
shaped portion 310 is in a downward-lateral airection as. shown
by force vector 314. The downward-lateral force between the
device lead 308 and the contact 300 may urge the contact to
rotate about an axis, thereby causing the lower laterally
extending portion 302 to press against the lower surface of
the elastomeric element 306. Itlis contemplated that the
length of the lower laterally extending portion 302, as
illustrated by distance "a“, may be varied to provide the

desired compression characteristics of the contactiné system.
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In a preferred embodiment, an alignment plate 318 may be
positioned along the top surface of the elastomeric element
306, as shown. The alignment plate 318 may help prevent the
top surface of the elastomeric element 306 from deforming away
from the lower laterally extending portion 302 of the contact
300. Thus, during actuation of the contact, the alignment
plate 318 may help maintain and control the pre-load between
the lower laterally extending portion 302 and 'a printed
circuit board pad or terminal. (not shown). This may
increasing the effectiveness of any wiping action between the
contact 300 and the printed circuit board pad or terminal.

Figure 18 is a partial croés-sectional side elevational
view of an embodiment similar to that shown in Figures 13-15.
However, the device lead 328 contacts a front face 330 of the
contact 332, rather than the goose neck shaped portion.
During actuation, this may result in a downward-lateral force
toward the-left, as shown by force vector 334. Tﬁis may urge
the head portion 342 of contact 332 to press against the top
surface of the elastomeric element 336, as shown. Further,
the 40wnward-lateral force may urge ihe back portion 344 of
thg contact 332 against the left lateral surface 338 of the
contact receiving slot 346 formed in the elastomeric element
336. Thus, during actuation, the conﬁact 332 may slide in a
leftward direction, thereby providing a wiping action between
the contact 332 and a corresponding printed circuit board pad:

or terminal (not shown).
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In addition to the above, the lower surface 340 of the
elastomeric element 336 may provide a pre-load between the
contact and a corresponding printed circuit board terminal.
Providing a pre-load may help prevent contaminates from

migrating between the interconnection of the contact 332 and

~ the corresponding printed circuit board pad or terminal, thus

helping to preserve the electrical contact resistance thereof.
Fﬁrther, a pre-load may help provide a relatively constant
force between the contact 332 and the corresponding printed

circuit board pad or terminal, thereby helping to maintain a

- good electrical interconnection throughout the actuation cycle

of the contact 332.
Figure 19 is a partial cross-sectional side elevational

view of an embodiment similar to that shown in Figure 18, with

a back leg portion 360 extending laterally away from the

contact 362 and over the top surface of the elastomeric‘
element 364, és shown. The back leé portion 360 may help
prevent the contact 362 from rotating back during contact.
actuation, thereby helping to maintain a lateral sliding
action between the lowér portion 366 of the contact 362 and a

corresponding printed circuif-board pad (not shown). This may

‘help control and improve the wiping action between the contact

362 and the printed circuit board pad.
Figure 20 is a partial cross-sectional side elevational
view of an embodiment similar to that shown in Figure 17, with

a PGA type pin 370 engaging'the goose necked shaped portion
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310 of the contact 300. The actuation of the contact 300 is
similar to that discussed with reference to Figure 17.

" Figure 21 is a partial cross-sectional side elevational
view of an embodiment similar to that shown in Figures 17 and
18. However, the contact 400 includes a protruding top
portion.402'extending upwardly. The protruding top portion
402 may include a contacting portion 404 for engaging a PGA
type pin 406. In this embodiment, the PGA type pin 406 is
alignéd with the contacting portion 404 such that the PGA type
pin 406 engages the contacting portion 404 and provides a
downward-lateral force thereto as shown by force arrow 408.
The actuation of the contact 400 is similar to that discussed
with reference to Figures 17 and 20.

Figure 22 is a partial cross-sectional side elevational
view of an embodiment similar to that shown in Figures 17 and
18, with a pad structure 420 contacting a top portion 422 of
the contact, as shown.. The top poftion 422 of the contact is
formed between the goose neck shaped portion. 426 and the frant
facing portion 424 of the contact 300.

Because the top portion 422 is laterally offset from the
center of the contact 300, the contact may tend to rotate
about an axis and cause the lower laterally extending portion
302 to exert an upward force on the lower surface of the
elastomeric element 306. However, as with the embodiments

shown in Figures 17 and 20, an alignment plate 318 may be

- positioned along the top surface of the elastomeric element
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306, as shown. The alignment plate 318 may help prevent the
top surface of the elastomeric element 306 from deforming away
from the lower laterally extending portion 302 of the contact
300. Thus, during actuation of the contact 300, the alignment
plate 318 may help maintain and control the pre-locad between
the lower laterally extending portion 302 ‘and a printed
circuit board pad or terminal (not shown). This may increase
the effectiveness of the wiping action between the contact and
the printed circuit board pad or terminal.

Figure 23 is a partial cross-sectional side elevational
view of an embodiment similar to that shown in Figure 2-6 and
11, showing illustrative force vectors. Both in the at rest
position and during actuation of the contact 442, 'the
separating portion 452 may provide a pre-load force between
the lower portion 454.of the contact 442 and a corresponding
printed circuit board pad or terminal (not shown). To improve
and controi.the pre-load force, and as discussed above, an
alignment plate 456 may be positioned above the. separating
portion 452 to limit the upward deformation of the.elastomeric
element away from the printed circuit board terminal.

The device lead 440 may be initially moved in a downward
direction towérd the contact 442, as shown by force arrow 444.
Upon engagement with the goose neck shaped portion 441 of the
cqntact 442, the device lead 440 may exert a downwérd—lateral
force on the contact 442, as shown by force vector 445. Thisl

contact point may provided an enhanced wiping action between
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the device lead 440 and the contact 442.

As indicated above, the head portion 446 of the contact
442 ﬁay exerts a force oﬁ the top surface of the elastomeric
element 448, as shown by force arrow 450. The top surface of
the elastomeric element 448 may deform to permit movement of
the contact. At the same time, the separating portion 452 may
maintain a pre-load between the lower portion 454 of the
contact 442 and the corresponding printed circuit board
terminal (not shown). Because the lower portion 454 of the
contact remains engaged with a corresponding printed circuit
board pad, the contact may move substantially about an axis.
As a result, the lower portion of the contact 454 may provide
a wiping action to the corresponding printed circuit board

pad. The pre-load provided by the separating portion 452 and

.the alignment plate 456 may provide a measure of control over

the wiping action, and may maintain a good electrical and

mechanical connection between the contact 442 and the printed

circuit board terminal during. the entire:actuatioh cycle of
the contact 442. |

Figure 24 is a partial cross-sectional side elevational
view of an embodiment similar to.that shown in Figure 23, with
the tail portion 460 of the contact 458 in direct engagement
with the lower surface of the elastomeric element 462. Unlike
the embodiﬁents shown in Figures 2-3, for example,. the

elastomeric element 462 may not include an opening to receive

the tail portion 460 of the contact 458. Rather, the tail
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portion 460 of the contact may actually engage and deform the
lower surface of the elastomeric element 462 in a rest
position.- ' SR

As indicated above, and to help control the movement of
the contact 458, an alignment plate 470 may be positioned to
engage the tbp surface of the elastomeric element 462. The
alignment plate 470 may limit the upward deformatioﬁ of the
elastomeric element 462 away from the printed circuit board
términal (not shown). This may help to stabilize the pre-load
force between the lower portion 460 of the contact 458 and the
corresponding pripted circuit board terminal. The pre-load
force may help improve and control the wiping action provided
therebetween. -

In the exemplary embodimént, an opening 471 may be
provided in the top surface of the elastomeric element 462, as
shown. The opening 471 may provide a deformation region for
the upward deformation of the elastomeric element 462. This
may increase the mechanical 1lifetime of the elastomeric
element 462.

Figure 25 is cross-sectional view taken along line 25-25
of Figure 24, showing the contact in an unactuated state.
Unliké the embodiments shown in Figures 2-3, for example, the
eiastoﬁeric element 462 may not include an opening to receive

the tail portion 460 of the contact 458. Rather, the tail

- portion 460 of the contact may directly engage and deform the

lower surface _of the elastomeric element 462 in a rest
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position. In an illustrative embodiment, and to improve the
mechanical lifetime of the elastomeric element 462, an opening
471 may be provided in the top surface of the elastomeric
element 462, as shown. The opening 471 may provide a
deformation region for the upward deformation of the
elastomeric element 462. This may increase the mechanical
lifetime of the elastomeric element 462.

Figure 26 is a partial cross-sectional side elevational
view of an embodiment.similar to that shown in Figure 18, with
a pad structure 500 contacting a top portion 502 of the
contact 332. The top portion 502 of the contact 332 is formed
between the goose neck shaped portion 504 and the front facing
portion 506 of the contact 332.

Numerous characteristics and advantages of the invention
have been set forth in the foregoiné description. It will be
understood, of course, that this disclosure is, in many
respects, only illustrative. Changes can be made in details,
particularly in matters of shape, size, and arrangement of
parts without exceeding the scope of the invention. The
invention‘’s scope is defined in the language in which the

appended claims are expressed.
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WHA'.IE IS CLAIMED IS:

1. Apparatus for electrically interconnecting a first
terminal to a second terminal, wherein the first terminal is
spaced a distance from the second terminal, comprising:

(a) a contact having a first portion for engagement by
the first terminal and a second portion for engagement of the
second terminal; and

(b) pre-load means for providing a pre-load between the
second portion of said contact and said second terminal, said
pre-load means providing a pre-load even when said first

portion of said contact is not éngaged by said first terminal.

2. Apparatus according to claim 1 wherein said pre-load

means comprises an elastomeric element.

3. Apparatus according to claim 2 wherein said
elastomeric element is compressed and deformed: even when said
first portion of said contact  is not engaged by said first

terminal.

4. Apparatus according to claim 3 wherein said

elastomeric element engages a first side of said second

portion of said contact, and said second terminal engages a

second side of said second portion of said contact.
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5. Apparatus according to claim 4 wherein said first
side and said second side of said second portion of said
contact are on opposing sides of said second portion of said

contact.

6. Apparatus according to «claim 5 wherein said
elastomeric element has a first surface and a second surface,
wherein said first surface and said second surface are on

opposing sides of said elastomeric element.

7. Appératus according to claim 6 wherein said second

surface of said elastomeric element engages said first side of

said second portion of said contact.

8. Apparatus according to claim 7 wherein said second
surface of said elastomeric element is compressed and deformed
by said contact .even when said first portion of said contact

is not engaged by said first terminal.

9. Apparatus according to claim 8 wherein said first
surface of said elastémeric element engages an aligﬁment
pléte, wherein the alignment plate substantially prevents the
first surface of said elastomeric element from deforming éwaj

from said second terminal.
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10. Apparatus according to claim 6 wherein said contact
includes a head portion and a tail portion, said head portion
engaging the first surface of said elastomeric element and
said tail portion engaging said second surface of said

elastomeric element.

11. Apparatus according to claim 10 wherein said head
portion of said contact extends in a first lateral direction
and said tail portion of said contact extends in a second

lateral direction.

12. Apparatus according to claim 10 wherein said head

.portion and said tail portion of said contact extend in a

first lateral direction.

13. Apparatus according to claim 11 wherein said tail

portion of said. contact includes a hooked shaped. portion.

14. Apparatus according to claim 11 wherein said tail
portion of said contact includes a laterally extending

portion.

15. Apparatus according to claim 11 wherein said contact
includes a back leg portion extending away from said head of
said contact and along the first surface of said elastomeric

element.
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16. Apparatus for électrically interconnecting a first
terminal to a second terminal, wherein the first terminal is
spaced a distance from the second terminal, comprising: _

(a) an elastomeric element having a first surface and a
second surface, wherein said first surface and said second
surface are located on opposing sides of said elastomeric
elemeﬁt, said elastomeric element. further having a contact
receiving slot formed between said first surface and said
second surface of said elastomeric element;

(b) a contact received within said contact receiving
slot of said elastomeric element, said contact having a first
portion for engagement by the first terminal and a second
portion for engagement of the second terminal; and

(c}) said elastomeric element engaging said contact such
that a pre-load is provided between said se;ond portion of

said contact and said second terminal, even when said first

- portion of said . contact is not engaged by said first terminal.

17. Apparatus according to claim 16 wherein said
elastomeric element is deformed to provide the pre-load

between said second portion of said contact and said second

terminal.
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18. Apparatus for electrically interconnecting a first
terminal to a second terminal, wherein the first terminal is
spaced a distance from the second terminal, comprising: -

(a) an elastomeric element having a first surface and a
second surface, wherein said first surface and said second

surface are located on opposing sides of said elastomeric

.element, said elastomeric element further having a contact

receiving slot formed between said first surface and said
second surface of said elastomeric element;

(b) a contact received within said contact receiving
slot of said elastomeric element, said contact having a first
portion for engagement by the first terminal and a second
portion for engagement of the second terminal; and

(c) £irst preventing means positioned along at least a

portion of said first surface of said elastomeric element for

substantially preventing at least a portion of said first
surface of said elastomeric element from deforming away from
said second surface; |
(d).whereby, as said first portion is engaged by the
first terminal, said elastomeric element deforms to permit
movement of said contact, and s#id first preventing means
substantially preventing the first surface of said elastomefic
element from deforming away from said second surface of said

elastomeric element.
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19. Apparatus according to claim 18 further comprising
second preventing means positioned along at least a portion of
said second surface of said elastomeric element for
substantially preventing said second surface of said
elastomeric element from deforming away from said first

surface.

20. Apparatus according to claim 18 wherein said contact
includes a head portion and a tail portion, wherein said head
portion engages the first surface of said elastomeric element
and said tail portion engages the second surface of said

elastomeric element.

21. Apparatus according to claim 20 wherein said head
portion of said contact extends in a first lateral direction
and said tail portion of said contact extends in a second

lateral direction.
22. Apparatus according to claim 20 wherein said head
portion and said tail portion of said contact extend in a

fi;st lateral direction.

23. Apparatus according to claim 21 wherein said tail

portion of said contact includes a hooked shaped portion.
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24. Apparatus according to claim 21 wherein said tail
portion of said contact includes a laterally extending

portion.

25. Apparatus according to claim 22 wherein said contact
includes a back leg portion extending away from said head of
said contact and along the first surface of said elastomeric

eiement.

26. Apparatus for electrically interconnecting a first
terminal to a second terminal, wherein the first terminal is
spaced a distance from the second terminal, comprising:

(a) an elastomeric element, said elastomeric element

. having:

i. a.first surface and a second surface, wherein
the first surface and the second surface are
located on oppesing sides of said elastomeric
eleﬁent;

ii. a contact receiving slot formed between said
first surface and said second surface of said
elastomeric element;

iii. an opening formed in said second surface of
said elastomeric element, said opening
positioned a predetermined distance from said
contact receiving slot such that a separating

portion of said elastomeric element separates
49
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said opening from said contact receiving slot;

and

(b) a contact received within said contact receiving

slot, said contact having a first portion for engagement by

the first terminal, a second portion for engagement of the
second terminal, a head portion for engagement of said first
surface of the elastomeric element, and a tail portion
positioned in said opening; _

(c) whereby, as said first portion is engaged by the
first terminal, said elastomeric element deforms to permit

movement of said contact.

27. Apparatus according to claim 26 wherein said first
portion of said contact is goose neck shaped such that as said
goose neck shaped first portion is engaéed by the first
terminal, said elastomeric element deforms and a wiping action

occurs between the first terminal and said first portion.

28; Apparatus according to claim 26 wherein said opening
comprises a through-hole formed between said first surface and
said second surface of said elastomgric element, said'through-
hoie located in substantially in the same plane as defined by

said contact receiving slot.
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29. Apparatus according to claim 26 wherein said tail
portion comprises a hock portion, proximate said second
portion, encircling at least part of said separating portion

of said elastomeric element.

30. Apparatus according to claim 26 wherein said second

terminal comprises a via in a printed circuit board.

31. Apparatus according to claim 26 wherein said contact
receiving slot extends along an axis that is substantially
perpendicular to said first and second surfaces of said

elastomeric element.

32. Apparatus according to claim 31 wherein said first

and second terminals are positioned along said axis..

33. Apparatus according to claim 32 wherein the first.

terminal comprises a device lead.

34. Apparatus according to claim.33 wherein the second

terminal comprises a printed circuit board pad.

35. Apparatus for electrically interconnecting a first
terminal to a second terminal, wherein the first terminal is
spaced a distance from the second terminal, comprising:-

(a) a housing positioned between the first terminal and
51
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the second terminal, said housing having a contact receiving

slot formed therein;

'(b) .an elastomeric element positioned substantially

parallel to said housing, said elastomeric element including:

i. a first surface and a second surface, wherein

|
e

the first surface and the second surface are
located on opposing sides of said elastomeric
element;

a contact receiving slot formed between said
first surface and said second surface of said
elastomeric element; and in general alignment
with said contact receiving slot of said

housing;

iii. an opening formed in said second surface of

said elastomeric element, said opening
positioned a predetermined distance from said
contact receiving slot such that a separating
portion of said_eléstomeric element separates
said opening from said contact receiving slot;

and

{c)] a contact received within said contact receiving slot

of said housing and said contact receiving slot of said

elastomeric element, said contact having a first portion for

engagement
engagement

engagement

by the first terminal, a second portion for
of the second terminal, a head portion for

of said first surface, and a tail portion

52.
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positioned in said opening; and
(d) whereby, as said first portion is engaged by the
first terminal, said elastomeric element deforms to permit

movement of said contact.

36. Apparatus according to claim 35 wherein said contact

is relatively rigid.

37. Apparatus accordiﬁg to claim 36 wherein said first
portion of said contact is goose neck shaped such that as said
goose neck shaped first portion is engaged by the first
terminal, said elastémeric element deforms and a wiping action

occurs between the first terminal and said first portion.

39. Apparatus according to claim 37 wherein said tail
portion comprises a hook portion, proximate said second
portion, encircling at least part of said separating portion

of said elastomeric element.

40. App&ratus according to claim 35 wherein said housing
inglﬁdes a contact stop portion for engaging said contact as
said elastomeric elgment deforms, causing said second portiocn
of said contact to move in a lateral direction across the

second terminal.
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41. Apparatus according to claim 37 wherein said housing
includes a contact stop portion for engaging said contact as
said elastomeric element deforms, such that as said goose neck
shaped first portion is eﬁgaged by the first terminal, said
elastomeric element deforms and a wiping action occurs between
the first terminal and said goose neck shaped first portioh,
and a wiping action occurs between said second portion of said

contact and the second terminal.

42. Apparatus according to claim 41 wherein said wiping
action between the first terminal and said goose neck shaped
first portion, and said wiping action between said second
portion of said contact and the second terminal, are in

directions along two mutually-perpendicular axes.

43. Apparatus according to claim 35 wherein said housing

is positioned between said elastomeric element and the second

terminal.

44. Apparatus according to claim 35 wherein said housing

includes a removable portion.

45. Apparatus according to claim 44 wherein said contact

receiving slot of said housing is in said removable portion.
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46. Apparatus according to claim 35 wherein at least a
portion of said first surface of said elastomer element is

coated with a material that has different elastomeric

characteristics than the elastomer element.

47. Apparatus according to claim 35 wherein at least a
portion of said second surface of said elastomer element is
coated with a material that has different elastomeric

characteristics than the elastomer element.

48. Apparatus for electrically interconnecting a first
terminal to a second terminal, wherein the first terminal is
spaced a distance from the second terminal, comprising:

(a) a housing positioned between the first terminal and

the second terminal, said housing having a contact receiving

slot formed therein;

(b} an elastomeric element positioned substantially
parallel to said.houéing, said elastomeric element including:
i. a first surface and a second surface, wherein
the first surface and the second surface are
located on opposing sides of said elastomeric

element;
ii. a contact receiving slot formed between said
first surface and said second surface qf said
elastomeric element, and in general alignment

with said contact receiving slot in said
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housing;

iii. an opening formed in said second surface of
said elastomeric element, said . opening
positioned a predetermined distance from said
contact receiving slot such that a separating
portion of said elastomeric element separates
said opening from said contact receiving slot;

(c) a contact received.within said contact receiving slot
of séid housing and said contact receiving slot of said
elastomeric element, said contact having a first portion for
engagement by the first terminal, a second portion for
engagement of the second terminal, a head portion for
engagement of said first surface, and a tail portion
positioned in said opening; and

(d) an alignment plate positioned substantially parallel
to said housing and adjacent the f£first terminal, said
alignment plate having a terminal alignment slot formed
therein for aligning the first.terminal to said contact;

(e} whereby, as the first terminal is brought into
engagement with said contact, said terminal alignment slot
substantially aligns the first terminal to said contact, and
as the first terminal sub#equently engages said contact, said

elastomeric element deforms to permit movement of said

contact.
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49. Apparatus for electrically interconnecting a number
of first terminals to a number of second terminals, wherein
the number of first terminals are spaced a distance from the
number of second terminals, comprising:

(a) a housing positioned between the number of first
terminals and the number of second terminals, said housing
having a number of contact receiving slots formed therein;

(b) . an elastomeric element positioned substantially
parallel to said housing, said elastomeric element including:

i. a first surface and a second surface, wherein
the first surface and the second surface are
located on opposing sides of said elastomeric
element;

ii. a number of contact receiving slots formed
between said first surface and said second
surface-of said elastomeric element, and in
general ali gnment with said number of contact
receiving slots in said housing;

iii. a number of openings formed in said second
surface of said elastomeric element, each of
'said number of openings positioned a
predetermined distance from a correséonding
one of said number of contact receiving slots
such that a number of separating portions of
said elastomeric element separate

corresponding ones of said number of openings
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from corresponding ones of said number of
contact receiving slots;

(c) a number of contacts wherein each of said number of
contacts is received within a corresponding one of said number
of contact receiving slots of said housing and said number of
contact receiving slots of said elastomeric element, each of
said number of contacts having a first portion for engagement
by a corresponding one of the number of first terminals, a
second portion for engagement of a corresponding one of the

number of second terminals, a head portion for engagement of

‘said first surface of said elastomeric element, and a tail

portion positioned in said corresponding one of said number of
openings; and

(d) an alignment plate positioned substantially parallel

to said housing and adjacent the number of_first terminals,

said alignment plate having a number of terminal alignment
slots formed therein for aligning each of the number of first -
terminals to the corresponding one of said number of contacts;

(e) whereby, as the number of first terminals are brought
into engagement with said nﬁmber of contacts, said number of.
te;minal alignment slots substantially align each of the
number of first terminals to said corresponding one of said
number of contacts, and as the number of first terminals
subsequently engage said number of contacts, said elastomeric

element deforms to permit movement of said number of contacts.
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50. Apparatus according to claim 49 wherein said head-
portion of a first one of the number of contacts engages said
first surface of said elastomeric element proximate an
adjacent opening in the elastomeric element that receives a

tail portion of a second one of the number of contacts.

51. Apparatus according to claim 50 wherein said
adjacent opening provides an élastomeric deformation region
for the elastomeric element, such that as a corresponding
first terminal engages said first one of the number of
contacts, thereby causing said head portion of said first one
of the number of contacts to‘deform said elastomeric element
proximate said adjacent opening, said deformed elastomeric
element is permitted to expand into said elastomeric

deformation region.
52. Apparatus according to claim 49 wherein each of said
number of contacts are orientated in a predetermined direction

relative to said elastomeric element.

53. Apparatus according to claim 52 wherein a first

 portion of said number of contacts are orientated in first

direction relative to said elastomeric element, and a second
portion of said number of contacts are orientated in a second

direction relative to said elastomeric element.
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54. Apparatus according to claim 49 wherein said number

of contacts are relatively rigid.

55. Apparatus according to claim 49 wherein a first
contact interconnects a first one of the number of first
terminals to a first one of the number of second terminals,
and a second contact interconnects said first one of the
number of first terminals to a second one of the number of

second terminals.

56. Apparatus according to claim 49 wherein a first
contact interconnects a first one of the number of first .
terminals to a first one of the number of second terminals,
ahd a second contact interconnects a second one of the number
of first terminals to said first one of the number of second

terminals.

57. A method for mounting a contact in an elastomeric
element, comprising the steps of:

(a) providing a contact having a head portion, a tail
portion and a body porfion;

(b) providing an elastomeric element having a first and
a second surface, said elastomeric element having a contact
receiving slot extending throuéh said elastomeric element from
said first surface to said second surface, said elastomeric

element further having an opening in the second surface of the
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elastomeric element, said opening positioned adjacent said
contact receiving slot such that a separating portion of said
elastomeric element separates at least the lower portion of
the contact receiving slot and said openiﬁg;

(c}) inserting the contact iﬁto the contact receiving
slot; | |

(d) providing the head of the contact against the first
surface of the elastomeric element; and

(e) inserting the tail of the contact into said opening.

58. A method according to cléim 57 wherein said
inserting étep.(e) further includes the step of pulling the
contact toward the second surface of said elastomeric element,
thereby depressing first surface of the elastomeric element
with the head of the contact, and releasing the contact once
the tail of the contact is in said opening such that a preload
is maintained between said first surface and second surfaces

of said elastomeric element.

5%. A method according to claim 57 further comprising
the step of repeating steps (a) through (e) until a number of
contacts are provided in said elastomeric element thereby

resulting in a loaded elastomeric element.
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60. A method according to claim 59 further comprising
the step of sandwiching the loaded elastomeric element between

a housing and an alignment plate. -

5 61. A method for mounting a contact in an elastomeric
element, comprising the steps of:
(a) providing a contact having a head portion, a tail
portiqn and a body portion;
{b) providing an elastomeric element having a first and -
10 a second-surface, said elastomeric element having a contact
receiving slot extending through said elastomeric element from
said first  surface té said second surface, said elastomeric
element further having an opening in the second surface of the
elastomeric element, said opening positioned adjacent said
15 contact receiving slot such that a separating portion of said
elastomeric element separates at least the lower portion of
the contact receiving slot and said opening;
(c)' inserting the contact into the contact receiving
slot; |
20 ' (d) inserting the tail of the contact into said opening;
and
(e) providing the head of the contaét against the first

surface of the elastomeric element,

25 ' 62. A method according to claim 61 wherein said

.providing step (e) further includes the step of pulling the
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contact toward the firsﬁ surface of said elastomeric element,
thereby depressing the second surface of said elastomeric
element with the tail of the contact, and releasing the
contact once theé head of the contact is positioned against the
top surface of the elastomeric element such that a preload is

maintained between said first surface and second surfaces of

said elastomeric element.
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