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METHOD AND APPARATUS FOR LOCATING
ELECTRICAL CIRCUIT MEMBERS

Field of the Invention
This invention relates to the field of electrical connectors.
More particularly, it relates to a method and apparatus for
locating and aligning electrical circuit members such as integrated
circuit or chip modules, printed circuit boards, and electrical
connectors for these components so that they can be connected
prebisely and economically.

Background of the Invention

With the continuing trend towards ﬁiniaturization of
electrical systems such as information handling systenms
{computers), set top boxes, automotive computers and the like, the
margin of error for connecting components in these systems
continues to decrease. As the pitch of the array tightensi i.e. as
the distances between balls decreases, the tolerances for
misalignment gét smaller and the risk of connections to incorrect
pads gets bigger.

One type of system for connecting electrical components or
modules, commonly referred to as a ball grid array or BGA, uses an

. array of small solder balls, typically of 90/10 solder, i.e. solder

that is 90% tin and 10% lead. These balls are connected to contact
pads on the module with lower melting temperature solder, typically
63/37 solder (63% tin and 37% lead). The wodule, with balls
attached, is positioned so that the balls contact pads or other
conductors on the surface of another electrical combonent, such as
a printed circuit board, a connector for a printed circuit board,
or another module. The pads on the other conductor will alsoc have
solder paste, usually 63/37 solder, screened on to accept the
module. Typically, the assembly is then heated to melt the solder
paste and bond the two components together. With this type of
attachment, the module is located and held by the reflowed 63/37




solder. The balls and contact pads must be aligned precisely to
avoid improper connections.

The solder process actually sell centers the modile on the
contact pads. However, in some instances, such as when the
components are being temporarily assembled for testing, permanent
attachment is not desirable. In these situations, another
wechanism is needed to perform the same function at a minimal cost
with the same degree of accuracy. '

Summaxrv of the Invention

It is an.object of this invention to provide an improved
method and apparatus for locating and connecting electrical circuit
members. A further objective is to provide an economical mechanism
for locating ball'grid arrays, including TBGA or taped ball grid
arrays that use a tape (typically a polyimid) carrier for wiring
and mounting the balls, CBGA or ceramic ball grid arrays wherein
the balls are applied to pads or contacts on a circuitized ceramic
carrier, and ?BGA or plastic ball grid arrays, which use a plastic
or organic carrier, with reference to othexr circuit components with
location tolerances within + 0.003 inches of the ball center.

These objectives are accomplished with a connector system
employing an electrically insulating component locator positioned
between two electrical components to be connected. One of the
components has a plurality of conductive contacts on at least one
surface. The other component has a plurality of solder balls,
solder columns or other conductive members protruding from at least
one surface. Each of the protruding conductive members is spaced
to contact at least one of the contacts on the first component.
The component locator has a plurality of ball capture openings that
are sized and spaced so that at least some of the protruding
conductive members extend into the openings and make connections
with pre-selected contacts on the first component. The component
locator aligns the second coxzponent progerly, and maintains it in
the desired position.
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Another cbjective of the invention is to provide an improved
method for positioning an electrical component, having conductors
protruding from at least one surface, with respect to a second
electrical component. A component locator, having openings adapted
to receive said protruding conductors, is aligned with the second
electrical component. The first electrical component is placed
against the component locator so that the protruding conductors
extend into the openings in the component locator and contact pre-
determined contacts on the second component. The first component
is pressed against the locator to hold it in position and ensure
electrical contact.

Yet another object of this invention is to provide a method of
temporarily comnecting a plurality of electrical components so that
at least one can be tested. A component locator is aligned with
one of the components, which has contacts on at least one surface.
The component locator has openings spaced to correspond to at least
some of the contacts. A second component, with protruding
conductors spaced’and adapted to complete electrical circuits with
preselected contacts; is aligned with the component locator. The
second component is placed against the locator frame so that at
least some of said protruding conductors extend into some of said
openings and make contact with some of said contacts. The second
component is then pressed against ;pe components locator to ensure
good electrical contact for testing.

If desired, the second component and the locator frame can be
removed after the test so that the frame can be used for other
tests with other components. Alternatively, the locator frame can
be left in place while the two components are soldered together,
which helps to ensure good connections and minimizes the risks of
short circuits.

Other objects and advantages of this invention will be
apparent fxom the following detailed description.



Drawings

Figure 1 is an exploded perspective view of one embodiment of
this invention.

Figure 2 is a perspective view of an integrated chip module
suitable for use in the systém shown in Figure 1, turned over to
illustrate the protruding electrical connectors on one side of the
module.

Figure 3 is & perspective view of a component locator.

Figure 4 is an enlarged, partial cross-sectional view showing
the positions of the components in Figure 1, as assembled.

; Figure 5 is a further enlarged detail view of a buckling beam
connector used in the compressible connector assembly of the
illustrated system. _

Figure 6 is a still further enlarged detail view of the
buckling beam connector, taken along lines 6-6 of Figure 5. This
Figure shows the relationship of the buckling beam connector to
sclder balls on a IC circuit module, to vias in a redistribution
film, to the cdmponent locator used in this system, and to contacts
on a printed circuit board. ,

Figure 7 is a partial cross-sectional plan view along lines
7-7 of Figure 4.

Figures BA, 8B, and 8C are perspective, fragmentary detail
views of alternative component locators.

Figure 9 is an exploded persbective view of a compressible
connector assembly used in the system of Figure 1.

Figure 10 is a partially sectioned perspective view of a
housing frame for the compressible connector assembly,ﬁénd the
connector assembly, illustrating the assembly of these components.

Figure 11 is a plan view of the latch shown in Figure 1. The
heads of two of the four pins that locate the components and, in
cooperation with the latch, hold the system together, are shown in
phantom in their position at the beginning of the latching process.

Figure 12A is a cross-sectional elevation view along  lines
12-12 in Figure 11, when the latching process is complete. Figures



12B and 12C are cross-sectional detail views of slots in the latch
in which the pins are secured.

Figure 13 is a perspective view of an actuator that may be
used in place of the latch illustrated in Figures 1, 11 and 12.

Figure 14 is an elevation view of the actuator shown in Figure

13.
M Detailed Descrivtion

The embodiment of this inpvention illustrated in Figure 1
includes, from bottom to top, a locator/stiffener 120, a spacer
146, a printed circuit board assembly 160, a compressible connector
assembly 170 with an outer housing 190, a redistribution film 210
with vias 213, a component locator 220, an integrated circuit or
IC module 240, and a latch or actuator 260. The locator/stiffenef,
spacer, compressible connector  assembly, outer  housing,
redistribution film, component locator and latch are sometimes
referred to as a socket, which connects IC module 240 to PC board
160. '

As may be seen in Figure 2, wherein the IC module 240 is
inverted to better illustrate connecting members thereon, module
240 includes a housing cap 242 for a chip {not shown), and a
circuitized carrier 244 with several rows of solder balls 246 on
its surface. The circuitized carr@er 244 may be of ceramic, of an
organic such as KAPTON™, a polyimid made by Dupont which is
frequently used in TBGA carriers, or of epoxy glass laminates,
which are frequently used in PBGA carriers. Balls 246 are
electrically connected to the chip in housing 242 by circuits in
the circuitized carrier 244. ) - -

For ease of illustration, IC module 240 is shown with 3 rows
of balls 246 (per side), with 19 balls in the outer row on -each
side. In most installation, balls will be uniformly spaced over
the surface of the carrier 244, and the number of balls will be
matched with the number of contacts on compressible connector
assembly 170. The compressible connector assewmbly shown herein has
25%25 or 625 contacts. This invention can be used for a wide



variety of connector assemblies and modules, however, including
modules with a 12x17 solder ball grid up to the largest grids
normally available at the present - a 50mm square module with a
39x39 ball grid. )

Figure 3 illustrates the component locator 220 used to align
the IC wodule 240 (as seen in Figures 1 and 4) with the
redistribution £iim 210, with the compressible connector assembly
170, and with the PC board 160. Component locatoxr 220 has a frame
222 with a central opening 224. Ball capture openings 226 are
placed in locator f£rame 222 only where required to provide
alignment. This is usually no more than 1/2 the' amount of solder
balls along the length of the module. For example, for an array of
25x25 balls, 12 ball capture openings along each side of the
locator frame should suffice. This reduces the processing time for
producing these frawes, thus reducing the costs. The frames can be.
made using standard numerically controlled machining methods or by
the use of laser machining. Custom punch/dies may be used for
large volumes.

The component locator 220 should be of a material that is
electrically insulating and that  has thermal expansion
characteristics that are reasonably matched, preferably within
about 15 to 20 percent, to the expansion characteristics of the
printed circuit board 16¢. The ma}:erial alsc needs to be capable
of withstanding heat generated or experienced by the components in
service. For example, where the frame is used to make temporary
connections for module burn-in, the frame must be capable of
withstanding temperatures of 150°C for periods up to 48 hours.

A preferred material for the component locator is VALOX® £ilm
for electrical insulation, a thermoplastic polyester material which
is readily available in sheets of different thicknesses from
General Electric Plastics. To reduce shrinkage in operation this
material is pre-stressed or heated at 160°C for 30 minutes to pre-
shrink the material before the frames are manufactured eithexr by NC
machining or laser machining.



Tabs 228 extend into the central opening 224 in the component
locator 220 from each of the four sides of frawe 222. Each of the
tabs 228 has a row of ball capture openings 226 which are sized and
spaced to correspond to solder balls 246 in the outex rows of the
ball grid array on the cirtuitized ceramic member 244. in a
typical installation, with solder balls about 0.035" in diameter,
the capture openings 226 are preferably about 0.040" in diameter.

As wmay be seerr in Figures 6, when the components are assembled
the solder balls 246 extend into the openings 226 and contact vias
213 in a redistribution film 210, which helps to prevent damage to
thé solder balls. Film 210 is preferably of a polyimide such as
KAPTON™ or another suitable dielectric such as an epoxy resin glass
system. Passageways .212 are formed in the film and filled, using
conventional technology, with copper or other suitable conductive
material to form the wias 213. The copper is also plated with
dendrites as described, for example, in U.S. Patent 5,248,262 to
Busacco et al, to enhance the electrical connection between the
solder balls and the vias.

As best shown 'in Figure 7, the component locator 220 only
captures a minor fraction of the balls. The IC module illustrated
in Figure 7 has 625 solder balls 246 (as in Figure 2, only the
balls in the outer rows have been drawn for ease of illustration),
whereas the component locator 220 has 48 ball capture openings 226.
With the manufacturing tolerances typically employed in
manufacturing IC modules such as module 240 and the‘components to
which they are connected, there is little chance that cther. balls
will be misaligned if this many balls have been aligned correctly.

Figures 8A, 8B, and 8C illustrate three of. many possible
variation in the tabs and openings that capture the solder balls.
In Figure 8A, two tabs 328 are shown projecting from a side of the
frame 322 of a component locator. Each tab 328 has two ball
capture openings 326. One is positioned to capture a solder ball
in the outer row in an array such as shown in Figure 2, and the
other is positioned to capture a ball in an intermediate or inner
row.



Figure 8B illustrates znother modified tab 428, with four ball
capture openings 426. Two axe positioned to capture balls in an
outer row of a ball array and two are positioned to capture balls
in an intermediate or inner row. This embodimeng, and the ones
illustrated in 7 and 84, can be readily modified to meet the needs
of particular connections. With the tabs shown in Figures 8A and
8B, and with other variations, it might be desirable to use more
tabs on each side:of the frame to more closely approximate the
number of holes in the tab 228 shown in Figures 3 and 7, or the
distance between the most widely separated ball capture openings on
one side of the frame. The shape of the ball capture openings way
also be modified to f£it particular applications. Foxr example, it
ﬁay be desirable to use holes with an inverted conical cross-
section {i.e. with a bottom opening that is larger than the top),
or with a counter-bore at the bottom of the hole, to control and
provide additional room for reflowed solder. Cépture openings with
an hourglass configuration - a cone at the top of the opening to
assist with alignment of the solder balls 226 and an inverted cone
at the bottom of the -opening for reflow solder control - could also
be used.

These and other connector capture openings may also be used
with solder columns, and other forms of protruding conductors, as
well as with the solder balls 226 illustrated herein. Many other
variations will be also be apparenﬁ to those skilled in the design
and manufacture of these connectors.

The locator tabs in Figures 8A and 8B can be integrated into
all types of sockets and testers where there is a need to locate
solder balls precisely with respect to a contact mechanism. They
do not need to be on a separate piece, as shown in Figure 3, Eut
can be molded into or attached to a socket housing or actuation
mechanism.

Figure B8C illustrates yet another type of locator tab 528, in
which the capture openings 52§ are semicircles which pick up just
half of the solder ball. This version is especially easy to mold
in large volumes.



A compressible connector assembly 170 is used to connect the
integrated circuit module 240 to printed circuit board assembly
160. The connector assembly 170 is a buckling beam type, as
described in U.S. Patent 5,248,262 to Busacco et al, the disclosure
of which is incorporated herein by reference.

As shown in Figure ¢ and 10, the compressible connector
assembly 170 includes a upper housing 172 and a lower housing 174,
each of which is -preferably made of RYTON™, a product of Phillips
Petroleum Company. Upper housing 172 and lowexr housing 174 have a
se;ies of slots, 176 and 178 respectively, which support a series
of buckling beam connectors i80, one of which is shown in Figure 4.

The outer housing 190 for compressible connector assembly 170
has one side with leaf springs 192 and three sides {one of which
has been deleted to better illustrate the assembly procedure) with
ledges 193. The upper housing 172 of the connector assembly has
three sides with recessed top edges 173 that match the ledges 193.
As shown in-Figure 10, the compressible connector assembly 170 is
inserted into the outer housing 130 by pressing the side of
connector assembly -170 that does not have a recessed top edge
against the leaf springs 152, and then tilting the opposite side
into the cavity defined by the ledges 193. Leaf springs 192 then
hold the connector assembly in the desired position. The leaf
springs also allow the connector assembly to slide to accommodate
the buckling of individual buckling beam connectors 180 within
uppexr housing 172 and lower housing 174.

As shown in Figure S and 6, each buckling beam connector 180
is made up of a series of conductive elements or strips 182, which:
are preferably of beryllium-copper, but wmay be of copper, phosphoxr
bronze or other suitable conductors. The conductive strips 182 are
preferably covered on each side by a layer of polyimide 183 oxr
other suitable dielectric. Openings 184 in the polyimide layer
allow the individual conductive strips 182 to function
independently, both mechanically and electrically. Small strips
185 of polyimide near the tips of the conductive strips 182 hold
the strips together.
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The upper and lower ends of the conductive strips 182 extend
through the slots 176, 178 in the upper and lower housings 172,

174. As may be seen in Figure 6, the upper end 186 of each
conductive strip 182 is designed, positioned, and adapted to
contact one of the wvias 213 in redistribution £ilm 210. The

redistribution film prevents damage to the solder balls from the
movement of the conductive strips 182 as the buckling beam
connectors 180 flex under pressure and relax.

The solder balls 246 on the integrated circuit module 240 also
contact vias 213, and complete electrical circuits from the IC chip
in the module through the solder balls 226 and wvias 213 to the
upper ends 186 of the conductive strips 182. The lower ends 188 of
the conductive strips 182 complete electxrical circuits with
contacts 168 on the surface of the printer circuit board 160.

Systems such as these may be used for testing electrical
components such as the illustrated IC modules quickly, precisely,
and economically. The component locator 220 allows for quick
change o©f the modules inder test in both a full wmanufacturing
environment ‘oxr a lab doing board and module prototyping. The
locator provides the necessary means to locate the module contacts
to the board contact pads. These locators can also be used for
module sorting or ﬁatéhing where a card or board assembly can be
built using these locators to determine the best matched set of
modules for a specific applicatioﬁ. In othex applications, the
assembled system may be heated with the component.locators in
place, thereby reflowing lower melting solder around the solder
balls to form a permanent electrical connection between—éhe two
components.

-

The assembly of the components described above may b
understood with reference to Figures 1, 4, 11 and 12. The various
components are assembled upon and aligned, either directly or
indirectly, by a reference pin 125 and a xotation pin 127. The
rotation pin is diagonally across the locator/stiffener 120 from
reference pin 125. Reference pin 125 controls the location of each

member of the socket, and the board, in the X and Y directions,
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i.e. in the plane of the PC board 160. The spacer 140, the printed
circuit boaxrd 160, the outer housing 190 for the compressible
circuit connector, the redistribution film 210 and the component
locator 220 each have a reference hole (145, 165, 195, 215 and 225
respectively} which is sized to f£fit the reference pin 125.
{Reference pin 125 may be 3.45 + 0.013mm in diameper, and holes
145, 165, 195, 215 and 225 way be 3.5 i+ 0.025mm in diameter.)
Similarly, latch 268 has a reference slot 285 that is sized to fit
reference pin 125.

Rotation pin 127 which, as best seen in Figure 7, is diamond
sﬁéped, controls the rotation of each of the members of the socket
and board. The iongest diagonal of this pin, which is
substantially the same size as rotation holes 147, 167, 197, 217
and 227 (in the spacer 140, the printed circuit board 160, the
outer housing 190 foxr the compressible connector assembly, the
redistribution £ilm 210 and the component' locator 220) and a
rotation slot 265 in latch 260, controls rotation of these menbers
about reference pin 125. The diamond shape of pin 127 facilitates
assemﬁly of the members if there are some minor variatioms in
dimensions.

The locator/stiffener 120 also has two clamping pins 129. The
spacer 140, the printed circuit board 160, the outer housing 190
for the compressible circuit connector, the redistribution film 210
and the component locator 220 eacﬁ have two clamping holes 149,
169, 199, 219 and 229, designed to fit the clamping pins 129. The
clamping pins 129, along with the reference pin 125 and_;ptation
pin 127, are used to clamp the socket members together

The rotation holes 147, 167, 197, 217 and 227, the longest
diagonal of the rotation pin 127, and the head 135 of the rotation
pin 127 are larger than the reference and clamping holes. Thus,
the components will only fit together when oriented in one manner,
which helps ensure that the solder balls 226, the vias 213, the
upper ends 186 and lower ends 188 of the conductive strips in the
buckling beam connectors, and the contacts 166 on the printed
circuit boards are all aligned correctly. The corners of the
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spacer, outer housing for the compressible connector assembly,
redistribution f£ilm, component locator and latch are chamfered {(cut
at a 45 degree angle) or otherwise marked, and the printed circuit
board and IC module are marked, to aid assembly and to ensurxre the
correct orientation of each member andé the module to the contacts
on the printed circuit beaxd.

The first step in the assembly process is to place the spacer
140 on the reference, rotation and clamping pins 125, 127, 12%. In
the embodiment illustrated in Figure 1, the spacer is made of an
elastomeric wmaterial which provides xresilience in the overall
aséembly so that the assembled components can be compressed
slightly to facilitate installation of latch 260. The elastomeric
spacer alsc maintains contact pressure on the assembled components.
As explaihed below, non-elastomeric spacers may be used with othexr
embodiments of this invention.

:The reference, rotation and'clamping pins are inserted into
the corxresponding holes in the PC board 160, and outer housing 190,
witht the compressible connector assembly 170 in position as
described above, is placed on the pins. Outer hobsing 190 holds
the connector assembly in position with a tolerance of + 0.001%.

Redistribution film 210 and component locator 220 are then
placed on the pins, and IC module 240 is placed on the component
locator frame 220 so that the solder-balls 246 on the module go
into the ball capture holes 226. Cémponent locatoxr 220 is machined
to position the solder balls 246 with an accuracy of + 0.003%.
This accuracy is obtained, in part, by wachining the ball capture
holes 226 in the component loccator 220 with a laser profiier.

Assembly is completed by placing latch 260 above the IC
module. The illustrated latch contains three different types of
openings to facilitate assembly and latching - a keyhole-like
rotation slot 265 sized to fit the rotation pin 127, a kevhole-like
clamping slot 275, substantially the same as rotation slot 265 but
sized to £it the clamping pins 129, a Ssemicircular stepped
reference slot 285 sized rso £fit reference pin 125, and a
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semicircular stepped clamping slot 295 sized to fit the clamping
pins 129. _

As best seen in Figure 123, rotation pin 127 and clamping pins
129 have necks 131, 133 that are slightly smaller than the lower
portions of the pins, and enlarged heads 135, 137 to hold the latch
260 on the completed assembly. Rotation slot 265 has a cylindrical
hole 266 that allows the enlarged head 135 of the rotation pin 127
to pass through, ard clamping slot 275 has a cylindrical hole 276
that allows the enlarged head 137 of the clamping pin 129 to pass
through. Stepped slots 267, 277 extend to the left of the
cyiindrical holes 266, 276. Each of these stepped slots 267, 277
has a upper slot 268, 278 extending from the top of the latch to a
shoulder 269, 279. The upper slots 268, 278, like cylindrical
holes 266, 276, are wide enough to accommodate, respectiwvely, the
head 135 of the rotation pin 127 or the head 137 of a clamping pin
129. '

Lower slots 270, 280 extend from shoulders 269, 279 to the
bottom of tﬁé latch. The lower slots are wide enough for the necks
131, 133 of the rotation and clamping pins 125, 127, respectively,
but not large enough for the heads 135, 137 of the pins to pass
through. The sides of lower slots 270, 280 define ramps 272, 282 .
that, as explained below, are used to lock the latch in place and
exert pressure on the assembled components.

The semi-~circular stepped reference slot 285 and clamping slot
295 are similar in construction to stepped slots 267 and 277. Each
of the semi-circular stepped slots 285, 295 includes an upper slot
288 {large enough for the nhead of the corresponding refe;énce or
clamping pin), a shoulder 289 and a lower slot 290 (which is_as
least as wide as the neck of the corresponding pin, but not large
enough for the head to pass through). The sides of lower slots
290 define ramps 292 that, in cooperation with the ramps 272, 282
in lower slots 270, 280, ars used to lock the latch in place and
exert pressure on the assembled components.

The latch is placed on the assembled components so that the
head 135 of the rotation pin 127 enters the cylindrical hole 266 in
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the keyvhole-like rotation slot 265, and the head 137 of one of the
clamping pins enters the cvlindrical hole 276 of the kevhole-like
ciamping slot 275. The latch is pressed to compress the spacer 140
and allow the heads 135, 137 of the pins to pass the shoulders 269,
279 of rotation and locator slots 265, 275. The latch 260 is then
slid to the right, using the knurled knobs 262 on top of the latch,
so that the heads of the rotation, clamping and reference pins rigde
up the ramps 272, 282, 292 defined by the sides of the lower slots
270, 280, 290, and into the back of the upper slots 268, 278, 288,
where they are supported by shoulders 269, 279, 289%. The rawmps and
shbulders are designed, in combination with the locator/stifféner
120 and spacer 140, to develop and maintain the desired contact
pressure on the assembled electrical components. This pressure is
applied to the IC module 240, transmitted by the solder balls 246
on the module 240 through the vias 213 to the conductive strips
182, and transmitted by the conductive strips to the contacts 166
on printed circuit board 160. In the process, buckling beam
connectors 180 are compressed and deflect, as illustrated in U.S.
Patent 5,248,262, into a positipn.wherein they maintain the desired
contact pressure, typically about 50 grams pexr ball, on the
components. Thus, in addition to insuring accurate alignment and
proper connections betweer the solder balls 146, the vias 213, the
buckling beam connectors 180 and the printed circuit contacts 168,
the contact pressure provided b§ this apparatus ensures good
electrical connection between the components. In other embodiments
of this invention, connector assembly 220 may be omitted, and the
solder balls or other prétruding connections may maié.direct
contact with a contact on & second component. _ . ..
The frame 121 of locator/stiffener 120 includes cross-members
122 that meet at a central nub 123. The hub stiffens the assemblf,
so that the pressure applied to the IC module 240 does not unduly
deform the printed circuit board 160. The locator/stiffener may,
optionally, include an ac:tutator screw 134 that extends through a
threaded hole 124 in the central hub 123. Actuator screw 134 can

be used to adjust the pressure on the spacer 140, and push spacer
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140 away from locatoxr/stiffener 120 to press PC board 160 towards
latch 260. This causes the buckling beam connectors 180 to buckle
and apply a normal force of S50 grams nominal on each of the vias on
redistribution £ilm 210. When used in this fashion, spacer 140
must be able to support PC board from bowing as a result of the
normal force applied by the buckling members 180. Thus, when used
with screw 134, spacer 140 is not elastomeric. Otherwise, spacer
140 is of elastomeric material.

Figures 13 and 14 illustrate an alternmate actuator assembly
360 that may be used in place of actuator 260. Actuator assembly
360 has a frame 362 that defines a central channel 364 and an
actuator screw 372 that extends through a threaded hole 370 in the
frame into the central channel 364. A force block 380 is mounted
on the lower end of the actuator screw 372 so that the screw can
rotate with respect to the block. Rotation of the screw moves the
force block 380 up and down in central channel 364, ahd causes the
‘force block to exert pressure on an IC module 340.

Like module 240, module 340 has an array of solder balls 346
on its bottom surface. Module 340 also has a heat sink 350 affixed
to, its upper surface. Force block 380 presses against heat sink
350. The heat sink, force block and actuator ﬁrame 362, all of
which are preferably made of metal, cooperate in the dissipation of
heat frow the IC module.

Like the latch shown in Figuré 1, actuator 360 has a rotation
slot (hidden in the upper corner of Figure 13} sized to Ffit
rotation pin 127. Actuator 360 also has one semicircular reference
slot 365 sgized to fit reference pin 125, and a keyh::ie—-like
clamping slot 366 and semicircular clamping slot 368 sized to fit
clamping pins 129. These slots do not have the ramps shown in
Figures 11 and 12, because actuator 360 does not employ a ramping
action to develop pressure on the components. In all other
respects, the slots are substantially the same.

Actuator 360 exerts pressure on the components with the
actuator screw and force block. The head 374 of actuator screw 372
has a hexagonal 376 socket that can accommodate a suitable wrench,
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preferably a calibrated tcrgue driver. The torque required will
vary depending upon the number of balls on the module. With 625
balls, the torgue will typically be on the oxder of 4 in-1lbs.

A similar method for applying pressure may be employed in the
embodiment in Figure 1, using the optional actuator screw 134 in
the central hub 124. As mentioned above, this actuator screw 134,
in addition to developing pressure on the electrical components in
the system, can help the printed circuit board 160 resist pressures
exerted on it from above. The modified spacer used with actuator
screw 134 is made of metal or other rigid material to apply the
load to the system and to support printed circuit board from
deflecting during actuation.

Thus, it may be seen that this invention provides an adaptable
system for locating electrical components precisely, cuickly and
economically. The illustrated embodiments of this invention
provide a means for aligning and connecting electrical components,
guickly, precisely, and economically, either temporarily for
testing or permanently. Chences of misalignment and short circuits
are substantially reduced. As noted above, alignment tolerances of
0.003" or betfer can be achieved with this invention. As those
skilled in the art will readily appreciate, many modifications to
these embodiments can be made within the scope of this invention,
which is defined by the following claims.
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We claim:

1. In a system for electrically interconnecting a first
electrical circuit member having eleccrical contacts on a surface
of said member with a second electrical circuit member having
conductors protruding from a surface of said second mewber, the
improvement comprising:

an electrically insulating component locator; and

means for aligning said component locator with said first

circuit membexr;

said component locator comprising a plurality of capture.

openings sized and positioned so that said protruding
conductors extend into said openings, whereby said second
cixrcuit member is positioned in a predetermined position
and said conductors are positioned to complete electrical
circuits with preselected contacts on said first circuit
member.

2. Apparatus according te claim 1 wherein said protruding
conductors comprise an array of metal balls; said component locator
comprises a frame with a centrai opening therein; and said capture
openings are located in said frame around said central opening.

3. Apparatus according to claim 2 wherein said frame
comprises one or more of tabs extending into said central opening,
with at least some of said capture openings beihg located in at
lJeast one of said tabs.

4. Apparatus according to claim 2 wherein said capture
openings are about 0.040" in diameter, and said balls are absﬁt
0.035" in diametex.

5. Apparatus according to claim 2 wherein said metal balls
comprise solder.

o
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6. Apparatus according to claim 1 wherein said component
locator comprises a sheet of thermoplastic polyester.

7. Apparatus according to claim 6 wherein said thermoplastic
is heated at a temperature of about 160¢ for about 30 minutes to
reduce shrinkage in opexation.

8. Apparatus according to claim 1 wherein:

said first electrical circuit member comprises a compressible
connector assembly electrically connected to .a printed
circuit board; and

said second electrical circuit member comprises an integrated
circuit module having an array of solder balls on a
surface of said member, )

g. Apparatus according to claim 8:

further comprising a redistribution f£ilm of electrically
insulating material having a plurality of conductive vias
extending through said insulating wmaterial, said £ilm

! being positioned between said integrated circuit module

and- sald compressible connector assembly so that at least
some of solder balls are in contact with at least some of
said vias;

wherein said compressible connector assembly comprises a
plurality of buckling conductive connectors, at least
some of said buckling connectors having one end in
contact with contact pads on said printed cir_cug.r: board
and another end with one of said vias, whereby said
solder balls are electrically connected through said vias
and said buckling connectors to said contact pads on said
printed cirxcuit board.

10. A connector for locating and electrically connecting a
first electrical component having a plurality of contacts and a

/—f.
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second electrical component having a plurality of protruding

conductors comprising:

a compressible connector assembly having a plurality of

buckling beam connectors, each of said buckling beam
connectors comprising a plurality of conductive elements
having a first end and a second end adapted to extend
from said compressible connector assembly, said first end
of said -.conductive elements being in contact with said
contacts on said first component;

an electrically insulating component locator podsitioned

between said compressible connector assembly and said
second component, said component locator comprisging a
plurality of openings sized and spaced so that at least
some of said protruding conductors can extend into said
openings; -

whereby said second electrical component is wmaintained in a

11.

preselected position, said protruding conductors make
electrical connections with preselected ends of said
ibuckling beam connectors, and said protruding conductors
make eledctrical connections with preselected contacts on
said printed circuit board through said buckling beam
conductive elements.

-~

Apparatus according to claim 10:

further comprising a redistribution film of electrically

insulating material having a plurality of conductive vias
extending through said insulating material, said film
being positioned between said integrated circuit module
and said compressible circuit member so that at le;st
some of said protruding conductors are in contact with at
least some of said vias;

whereby at least some of said protruding conductors make

electrical contact with at least some of said buckling
beam connectors through said vias and make electrical

contact with at least of said contacts on said first

—
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electrical component through said vias and said buckling
beam connectors.

12. Apparatus according to claim 10, wherein said f£irst
electrical housing is a printed circuit board and said compressible
connector assembly is mounted within a connector assembly housing,
further comprising an alignment member having a base and a
plurality of pins extending from said base, said pins being
positioned and adapted to extend through holes in said printed
circuit board, throﬁgh holes in said connector assembly housing,
through holes in said component locator, and through holes in =
latch member positioned and adapted to hold said second electrical
component against said component locator.

13. A comnector according to claim 10 wherein said protruding
conductors comprise solder balls.

14. A connector according to claim 13 wherein said first
electrical circuit member comprises a printed circuit board and
said second electrical circuit membexr comprises an integrated
circuit module.

15. A method for positioning an integrated circuit module
having conductors protruding from a surface of said module with
respect to a printed circuit board comprising:

aligning a compressible connector assembly with respect to

said printed circuit assembly; T
aligning a locating frame, having openings adapted to receive
said protruding conductors, with respect to said
compressible connector assembdbly; and
placing said module agazinst said locating frame, whereby said
protruding connectors extené into saild openings and are
electrically connscted to predetermined contacts on said
connector assembly.

Sheet Has Been Replaced
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16. A ‘method of temporarily cocanecting a plurality of
electrical components, a first one said components having contacts

on at least one surface and a second one of said components having

protruding conductors spaced and adapted to complete an electrical
circuit with preselected ones of said contacts, comprising:
aligning a locating frame, having openings adapted to receive
said protruding conductors, with respect to said first
component ;
placing said second component against said locating frame,
whereby said protruding conductors extend intoe said
openings and are electrically connected to predetermined
contacts on sald first cowponent; and .
pressing said second component against said.locating frame.
17. A method according to claim 19 furthexr comprising testing
at least one of said electrical components while sajid second
component is pressed against said locator frame.

N
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