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STRAIN RELIEF FOR BALL GRID ARRAY CONNECTORS

BACKGROUND OF THE INVENTION

[0001] Surface mounted electrical connectors may include strain relief mechanisms.
Known strain relief mechanisms may take the form of connector posts that extend into a surface
of a mounting substrate. However, creating post receiving through holes in a PCB is not
acceptable in some applications because of the extra manufacturing step and the reduction in
usable board space. Therefore, other connectors include a surface mounted strain relief member.
For example, US Patent No. 4,969,829 discloses a strain relief tab that is surface mounted to a
substrate.

[0002] These strain relief concepts are used to compensate for CTE mismatches, which
in turn can cause electrical connectivity breaks at the intersection of the connector contacts and
the surface of the PCB. However, surface mounted connectors may also be subjected to uni-
directional shear load forces caused by orthogonally mated boards, such as a vertical
motherboard connector connected to an orthogonally mated daughter card. This shear load
force, which is a function of the mass of the orthogonally mated daughter card, the length of the
card with respect to the connection, and gravity, can impart a significant shear force on
connectors that are surface mounted to the motherboard. Therefore, there is a need for a surface

mounted strain relief member that can retard CTE mismatches and carry a shear load.

SUMMARY OF THE INVENTION

[0003] The invention includes a strain relief device for mounting on a surface of a
substrate, wherein the strain relief device is designed to carry a shear load in addition to
compensating for CTE mismatches. In one embodiment, the strain relief device may include a
spring beam end that deflects during insertion into the strain relief housing and a mount end that
may define solder receiving orifices. The resilience of the spring beam and mount end of the
device help, alone or in combination, to provide a vertical connector with resistance against a
shear force created by an orthogonally connected daughter card. The modularity and flatness of
the strain relief device also helps to decrease manufacturing and production costs.

-1-
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[0004] The direction of deflection may be perpendicular to a direction of insertion. The
deflection may be caused by protrusions on the spring beam abutting walls of a slot in the strain
relief housing. When the insert is fully received in the housing, the slot may be shaped such that
the protrusions do not abut the walls and the spring beam may return to a relaxed state, locking
the insert in the strain relief housing. The insert may also include a plate portion perpendicular
to the spring beam such that the plate portion abuts the strain relief housing, preventing the insert
from moving in the direction of insert. The plate portion additionally may be soldered to a
substrate to secure the strain relief device to the substrate.

[0005] In an alternative embodiment, an end of the strain relief insert may be inserted
into the housing in a direction of insertion until straight beams extending from the insert in a
direction perpendicular to the direction of insertion abut shoulders in the slot in the housing.
When the beams abut the slot shoulders, the insert may not move further in the direction of
insertion, and the end of the insert may extend beyond the strain relief housing. This end may be
deformed or bent so that it is perpendicular to the direction of insertion, thus preventing the
insert from moving in a direction opposite the direction of insertion. The deformed or bent end .

may be soldered to a substrate, thereby attaching the strain relief device to the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIGs. 1A and 1B depict perspective views of example strain relief devices
attached to an electrical connector and connected to respective substrates.

[0007] FIG. 2A depicts a perspective view of an example strain relief device attached to
or formed as a part of a header portion that is attached to a receptacle portion.

[0008] FIG. 2B is a perspective view of an example embodiment of a strain relief
insert.

[0009] FIG. 2C depicts a perspective view of an example strain relief device with an
example strain relief insert being received in a strain relief housing.

[0010] FIG. 2D depicts a cutaway perspective view of an example strain relief device.

[0011] FIGs. 3A, 3B, 3C, and 3D depict bottom views of electrical connectors showing
an alternative example embodiment of a strain relief device and alternative example methods of
configuring the strain relief device.

[0012] FIG. 4A depicts a perspective view of an alternative example strain relief device
with an example strain relief insert partially received in a strain relief housing.

[0013] FIG. 4B is a perspective view of an alternative example strain relief insert.
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[0014] FIG. 4C depicts a perspective view of an alternative example strain relief device
with an example strain relief insert partially received in a strain relief housing.

[0015] FIG. 4D depicts a perspective view of an alternative example strain relief device
with a strain relief insert received in the strain relief housing.

[0016] FIGs. 4E, 4F, 4G, and 4H depict bottom views of electrical connectors showing
alternative example methods of configuring an alternative strain relief device.

[0017] FIGs. 5A, 5B, and 5C depict an example method of attaching an example
embodiment of a strain relief housing to a substrate when contacts in a receptacle portion of a
connector are attached to the substrate.

[0018] FIGs. 6A and 6B depict perspective views of a header portion of an electrical
connector with alternative example configurations of strain relief devices to minimize footprints

of the devices on a substrate.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0019] FIGs. 1A and 1B are perspective views of example strain relief devices 200
connected to respective substrates 110, 120. FIG. 1A shows an electrical connector 130
connecting a substrate 110 to a substrate 120. FIG. 1B depicts an exploded view of the electrical
connector 130. The electrical connector 130 may include a receptacle portion 220 and a header
portion 230. The receptacle portion 220 may be connected to a substrate 120 such as, for
example, a mother board. The header portion may be connected to a substrate 110 such as, for
example, a daughter card. That is, the electrical connector 130 may electrically connect a
daughter card to a mother board. Those skilled in the art, however, will recognize that
embodiments of the invention may be used in any electrical connections between an electrical
connector and a substrate.

[0020] The electrical connector 130 may include the strain relief devices 200. Such
devices may be attached to or formed as part of a housing of the electrical connector 130 or,
more specifically, a housing of the receptacle portion 220 or the header portion 230. The strain
relief devices 200 may be connected to the substrates 110, 120 to which the electrical connector
130 1s connected.

[0021]) FIGs. 2A, 2B, 2C, and 2D depict perspective views of the example strain relief
device 200 and an example strain relief insert 205. FIG. 2A depicts a perspective view of the
example strain relief device 200 attached to or formed as a part of a receptacle portion 220 that is
attached to a header portion 230 of a connector such as the connector 130. FIG. 2B is a

perspective view of the example strain relief insert 205. FIG. 2C depicts a perspective view of
-3-
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the example strain relief device 200 with the example strain relief insert 205 being received in a
strain relief housing 202. FIG. 2D depicts a cutaway perspective view of the example strain
relief device 200.

[0022] The strain relief device 200 may include the strain relief housing 202 and the
strain relief insert 205. The strain relief insert 205 may be inserted into and thus received in the
strain relief housing 202. The strain relief device 200 may be attached to or molded as part of a
housing of a connector such as the connector 130 or, more specifically, to the housing of a
receptacle portion 220 or a header portion 210 of a connector. The strain relief insert 205 may
be received and locked in the strain relief housing 202 such the insert 205 may not be removed or
may be removed only with the use of a mechanism to unlock the insert 205 from the strain relief
housing 202. Once received in the strain relief housing 202, the strain relief insert 205 may be
disposed to be soldered to a respective location on a substrate, such as the substrate 120, when
solder balls 250 attached to individual contacts (not shown) in a connector 130 are soldered to
the substrate.

[0023] The strain relief housing 202 may include a slot 204 into which the strain relief
insert 205 may be inserted. The slot 204 and the insert 205 may each be in a complementary
shape to lock and hold the insert 205 in the strain relief housing 202. The strain relief insert 205
may include, for example, one or more spring beams 207 for insertion into the strain relief
housing 202 and a plate portion 209 that extends in a direction perpendicular to a direction of
insertion into the strain relief housing 202. Additionally, respective ends 207a of the spring
beams 207 may be connected by a body 207b such that the spring beams 207 form a “U” shape,
as best seen in FIG. 2B.

[0024] The spring beams 207 may extend from the body 207b in a first direction and
may each include an extension, that is, protrusion 208 extending in a direction perpendicular to
the first direction. The protrusion 208 may form a shoulder 208a on the spring beam 207.
During insertion of the strain relief insert 205 into the strain relief housing 202, the protrusions
208 may press against walls 204a of the slot 204, forcing the spring beams 207 to deflect toward
each other, that is, in a direction perpendicular to the first direction. The deflection may also be
perpendicular to a direction of insertion. The spring beams 207 may be inserted into the strain
relief housing 202 until the plate portion 209 abuts the strain relief housing 202. When the plate
portion 209 abuts the strain relief housing 202, the protrusions 208 may extend past a
complementary slot shoulder 203 in the slot 204. When the protrusions 208 extend past the slot

shoulder 203, the deflected spring beam 207 may return to a relaxed, undeflected state as the
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protrusions 208 no longer abut respective walls 204a of the slot 204 to cause the spring beams
207 to deflect. This may best be seen in FIG. 2D.

[0025] When each of the spring beams 207 returns to a relaxed state, the strain relief
insert 205 may be locked in the strain relief housing 202, preventing the insert 205 from being
moved in a direction opposite the direction of insertion (i.e., preventing the insert 205 from being
removed from the strain relief housing 202). Additionally, the plate portion 209 and the strain
relief housing may cooperate to prevent the strain relief insert 205 from moving any farther in
the direction of insertion as the plate portion 209 abuts the strain relief housing 202. It should be
understood that the direction of insertion of the strain relief insert 205 may be away from a
substrate to which the insert 205 may be connected. The strain relief insert 205 may be locked in
the strain relief housing 202 in the absence of barbs, spurs, or other mechanisms used to cut into
the spring relief housing 202.

[0026] After the strain relief insert 205 is received in the strain relief housing 202, the
strain relief device 200 may be soldered or otherwise connected to a substrate such as a printed
circuit board. The plate portion 209 may be soldered to the substrate when the solder balls 250
are soldered to the substrate. The plate portion 209 may include solder holes 206 that may be
used to firmly solder the strain relief device 200 to the substrate.

[0027] The strain relief housing 202 may be constructed of a suitable material such as
plastic or of the same material as the housing of the electrical connector 130 to which it is
attached. Alternatively, the strain relief housing 202 may be molded as part of the housing of the
electrical connector 130. The strain relief insert 205 may be constructed of a conductive material
or a material otherwise amenable to being soldered to a substrate. The spring beams 207 and the
plate portion 209 may be stamped or otherwise formed from a sheet of conductive material. The
plate portion 209 may be bent or deformed such that it is perpendicular to the spring beams 207
before inserting into the strain relief housing.

[0028] FIGs. 3A, 3B, 3C, and 3D depict bottom views of electrical connectors showing
another example embodiment of a strain relief device 300 and example methods of configuring
the strain relief devices 300. The strain relief device 300 may be substantially similar to the
strain relief device 200 but may include two strain relief inserts 305a, 305b received in respective
slots instead of one insert as shown with regard to the strain relief device 200. This doubling of
the strain relief inserts may allow for a longer strain relief connection with a substrate without

detrimentally increasing the strain relief footprint on the substrate.
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[0029] The strain relief device 300 may be configured in various ways to provide
optimal strain relief for an application. As shown in FIG. 3A, the strain relief inserts 3052, 305b
may be positioned such that a plate portion 309a faces towards the receptacle portion 220, while
the adjacent plate portion 309b faces away from the receptacle portion 220. As shown in FIGs.
3B and 3C, the strain relief inserts 305a, 305b may be positioned such that the plate portions
309a, 309b may face away from (FIG. 3B) or toward (FIG. 3C) the receptacle portion 220. FIG.
3D shows that the strain relief inserts 305a, 305b may be positioned such that the plate portions
309a, 309b on one side of the receptacle portion 220 may face away from the receptacle portion
and the plate portions 309a, 309b on the opposite side of the receptacle portion 220 may face
toward the receptacle portion 220. Such positioning may be equally applicable on the header
portion 210 of the electrical connector 130 or on any other type of electrical connector.

[0030] FIGs. 4A, 4B, 4C, and 4D depict perspective views of an alternative example
strain relief device 400 and an alternative example strain relief insert 405. FIG. 4A isa
perspective view of the example strain relief device 400 with the example strain relief insert 405
partially received in a strain relief housing 402. FIG. 4B is a perspective view of the example
strain relief insert 405. FIG. 4C is a perspective view of the example strain relief device 400
with the example strain relief insert 405 partially received in the strain relief housing 402. FIG.
4D is a perspective view of the example strain relief device 400 with the strain relief insert 405
received in the strain relief housing 402.

[0031] The strain relief device 400 may include the strain relief housing 402 and the
strain relief insert 405. The strain relief device 400 may be attached to a housing of a connector
such as the connector 130 or, more specifically, to the housing of a receptacle portion 220 or a
header portion 210 of a connector. The strain relief insert 405 may be inserted into and thus
received in the strain relief housing 402. The strain relief housing 402 thus may include a slot
404 into which the strain relief insert 405 may be received, as may best be seen in FIG. 4C. A
direction of insertion may be towards a substrate to which the strain relief insert 405 may be
connected.

[0032] The strain relief insert 405 may be include a body 407 extending in a first
direction with beams 407a extending in a direction perpendicular to the first direction. The
beams 407 may form an insert shoulder 408 that may correspond to a shoulder 412 in the slot
404 of the strain relief housing 402. This may best be seen in FIG. 4C. The complementary
shapes of the insert 405 and the slot shoulders 412 may create a positive stop, preventing the
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insert 405 from moving in the direction of insertion when the slot shoulder 412 abuts the insert
shoulder 408.

[0033] After the strain relief insert 405 is received in the strain relief housing 402 and
the insert shoulder 408 abuts the slot shoulder 412, plate portions 409 of the strain relief insert
405 may extend beyond the strain relief housing 402. This may best be seen in FIG. 4D. The
plate portions 409 of the insert may be bent or deformed by any suitable method and with any
suitable tool such that the plate portions 409 abut the strain relief housing 402. This may be best
seen in FIGs. 4E-4H. In this way, the strain relief insert 405 may be prevented from being
moved in a direction opposite the direction of insertion (i.e., from being removed from the strain
relief housing 402). Additionally, the plate portions 409 may be suitably located to be soldered
to respective locations on a substrate, and may include solder holes 406 to facilitate soldering.

[0034] As may best be seen in FIG. 4B, the strain relief insert may include reliefs 401a,
401b, 401c to aid in bending the plate portion 409 to facilitate providing a snug abutment of the
plate portions 409 against the strain relief housing 402. Additionally, the plate portion 409 may
include a plate portion slot 403 to allow for easier bending of the slot portion and also to enable
the strain relief device 400 to be configures in various ways for optimal strain relief. Various
configurations are depicted in FIGs. 4E-4H.

[0035] As shown in FIG. 4E, the plate portion 409 may be bent or deformed such that
half of the plate portion 409 faces towards the receptacle portion 220, while the other half faces
away from the receptacle portion 220. As shown in FIGs. 4F and 4G, the plate portion 409 may
be configured such both halves face away from (FIG. 4F) or toward (FIG. 4G) the receptacle
portion 220. FIG. 4H shows that the plate portions 209 on both sides of the receptacle portion
220 may be bent or deformed in the same direction such that the plate portion 409 on one side of
the receptacle portion 220 may face away from the receptacle portion and the plate portion 409
on the opposite side of the receptacle portion 220 may face toward the receptacle portion 220.
Such configurations may be equally applicable on the header portion 210 of the electrical
connector 130 or on any other type of electrical connector.

[0036] The strain relief housing 402 may be constructed of a suitable material such as
plastic or of the same material as the housing of the electrical connector 130 to which it is
attached. Alternatively, the strain relief housing may be molded as part of the housing of the
electrical connector 130. The strain relief insert 405 may be constructed of a conductive material
or a material otherwise amenable to being soldered to a substrate. The strain relief insert 405

may be stamped or otherwise formed from a sheet of conductive material.
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[0037] FIGs. 5A, 5B, and 5C depict an example method 500 of attaching the strain
relief housing 200 to the substrate 120 when solder balls 250 of a ball grid array of the receptacle
portion 220 are attached to the substrate 120. At step 510, the strain relief insert 205 may be
received in the strain relief housing 202. At step 520, the receptacle portion 220 may be placed
on the substrate 120. The solder balls 250 may abut the substrate 120. A gap G1 may form
between the strain relief device 200 and the substrate 120. At step 530, reflow of the solder balls
250 may commence and, as the solder balls 250 are reflowed to the substrate 120, the gap G1
may decrease until the strain relief device 200 abuts the substrate 120. That is, the gap G1 may
account for a distance that the receptacle portion 220 may move towards the substrate 120 during
reflow. Upon completion of reflow or when the strain relief device 200 abuts the substrate 120,
the strain relief device 200 may be soldered to the substrate 120. The method 500 may be
equally applicable to other strain relief devices such as, for example, the strain relief devices 300,
400.

[0038] FIGs. 6A and 6B depict perspective views of the header portion 230 with
alternative example configurations of strain relief devices 200 to minimize footprints of the
devices 200 on a substrate 110. FIG. 6A depicts a perspective view of an example header
portion 230 with four strain relief devices 200a, 200b, 200¢, 200d. One or more respective strain
relief devices 200a, 200b may be located on each side of the header portion 230, and one or more
respective strain relief devices 200c, 200d may be located on an end of the header portion 230
that abuts the substrate 110. The distance F that a footprint of a strain relief device 200b extends
beyond the footprint of the housing of the header portion 230 may be minimized through the
design of the strain relief devices, 200, 300, 400 described herein. The distance F may be, for
example, 0.3-1.5mm.

[0039] FIG. 6B depicts a perspective view of an example header portion 230 with two
strain relief devices 200c, 200d. The strain relief devices 200c, 200d may be located on the end
of the header portion 230 that abuts the substrate 110. In this way, the connector pitch of the
substrate 110 may not be affected by the addition of the strain relief devices 200¢, 200d.

[0040] Thus there have been described systems and methods for improved strain relief
devices for electrical connectors. It is to be understood that the foregoing illustrative
embodiments have been provided merely for the purpose of explanation and are in no way to be
construed as limiting of the invention. For example, the strain relief devices may be attached to
other connector types, not just to those including a receptacle portion and a header portion.

‘Words which have been used herein are words of description and illustration, rather than words

-8-



WO 2006/086091 PCT/US2006/000142

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

the invention in its aspects.
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‘What is Claimed:

1. A strain relief device for an electrical connector, comprising:

a strain relief housing adapted for connection to the electrical connector; and

a strain relief insert received in the strain relief housing, comprising a spring beam
extending in a first direction and defining a plane, wherein the spring beam is adapted for
insertion into the strain relief housing, and

wherein the spring beam is adapted to deflect in a direction perpendicular to the first

direction during insertion into the strain relief housing.

2. The strain relief device of claim 1, wherein the spring beam is further adapted to deflect

in a direction parallel to the plane.

3. The strain relief device of claim 1, wherein the spring beam comprises a protrusion
extending in a direction perpendicular to the first direction, and
wherein the protrusion and the strain relief housing are adapted to deflect the spring beam

during insertion of the spring beam into the strain relief housing.

4. The strain relief device of claim 1, wherein the strain relief insert further comprises a
plate portion perpendicular to the spring beam, and
wherein the plate portion is adapted to abut the strain relief housing to prevent the strain

relief insert from moving in the first direction.

5. The strain relief device of claim 1, wherein the strain relief housing comprises a slot for

receiving the spring beam.

6. The strain relief device of claim 5, wherein the slot is shaped to allow the spring beam to

return to a relaxed state when the strain relief insert is received in the strain relief housing.

7. The strain relief device of claim 1, wherein the strain relief insert and the strain relief

housing are adapted to lock the strain relief insert in the strain relief housing.

8. The strain relief device of claim 1, wherein the electrical connector comprises a side

housing, and
-10 -
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wherein the strain relief device is attached to the side housing of the electrical connector
and extends in a direction perpendicular to the side housing a distance equal to or between 0.3

and 1.5mm.

9. The strain relief device of claim 1, wherein the electrical connector comprises a side
housing and a plurality of solder balls that define a second plane,

wherein the strain relief device is attached to the side housing of the electrical connector,

wherein a gap between the strain relief device and the second plane is formed in a
direction perpendicular to the second plane, and

wherein the gap is equal to a distance that the electrical connector moves toward a

substrate during reflow of the solder balls.

10. The strain relief device of claim 1, wherein the strain relief device further comprises two

opposed cantilever spring beams. '

11. A strain relief device for an electrical connector, comprising:

a strain relief housing adapted for connection to the electrical connector; and

a strain relief insert received in the strain relief housing, wherein the strain relief insert
comprises a first end inserted through the strain relief housing in a direction of insertion and
extends beyond the strain relief housing;

wherein the strain relief insert and the strain relief housing are adapted to prevent the
strain relief insert from moving in the direction of insertion and the first end is deformed to

prevent the insert from moving in a direction opposite to the direction of insertion.

12.  The strain relief device of claim 11, wherein the first end is adapted to be deformed to

prevent the strain relief insert from moving in a direction opposite to the direction of insertion.

13. The strain relief device of claim 12, wherein the first end is deformed such that it extends

in a direction perpendicular to the direction of insertion.

14. The strain relief device of claim 13, wherein a first half of the first end is deformed in a
direction towards the electrical connector and a second half of the first end is deformed in a

direction away from the electrical connector.
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15.  The strain relief device of claim 11, wherein the strain relief insert comprises a body
extending in a first direction and a beam extending in a direction perpendicular the first direction,
wherein the slot comprises a stop, and
wherein the beam abuts the stop and prevents the strain relief insert from moving in the

direction of insertion.

16.  The strain relief device of claim 10, wherein the electrical connector comprises a side
housing extending in a second direction, and

wherein the strain relief device is connected to the side housing of the electrical
connector and extends in a direction perpendicular to the second direction a distance equal to or

between 0.3 and 1.5mm.

17. A strain relief insert for an electrical connector strain relief device, comprising:
a body extending in a first direction:
abeam the extends from the body in a direction perpendicular to the first direction; and
a plate portion that extends from the body for soldering to a substrate, wherein the strain

relief insert is adapted for insertion into a strain relief housing of the strain relief device.

18.  The strain relief insert of claim 17, wherein the beam is a spring beam adapted to deflect
in a direction parallel to the first direction during insertion of the strain relief insert into the strain

relief housing.

19.  The strain relief insert of claim 18, wherein the beam defines a plane and is further

adapted to deflect in a direction parallel to the plane.

20.  The strain relief insert of claim 17, wherein the strain relief insert is adapted for insertion
into the strain relief housing in the first direction,

wherein the beam is adapted to prevent the strain relief insert from moving in the first
direction when received in the strain relief housing, and

wherein the plate portion is adapted to be bent after the strain relief insert is received in
the strain relief housing to prevent the strain relief insert from moving in a direction opposite the

first direction.
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