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m niafurization of electrical systens i such i as—i-nfiorrati-ef—ramdtig
systens (computers), set top boxes, autonotive conputers and the |ike, the
margin of error for connecting conponents in these systens continues
to decrease.” As the pitchudfyobhgahba¥rit@hk %ockr s as the distances
between balls decreases, thgcrhelel aReesrT fg{m | gnnent get snaller
and the risk of connections to incorrect

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 winiaturization 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 component, 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



1+ pads gets bigger. One type of system for connecting electrical conponents
or nodules, comonly 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 |l ead. These balls are connected to contact pads on the nodul e
with lower nelting tenperature solder, typically 63/37 solder (63%tin and
37% | ead) . The nodule, with balls attached, is positioned so that the
bal | s contact pads or other conductors on the surface of another electrical
conponent, “such as a printed circuit boa&d, a connector for a printed
circuit board, or another nodule, The pads on the other conductor wll also
have sol der paste, usual | y 63/ 37 sol der, screened on t.o accept t he nodul e.
Typical Iy, tfel985entitP b§1f?leﬁr?dh§8’c“e?ftt BRI T SENRS SO1GBRY pRESSE S8hY Bond
the two conp@veatsinmypeehesonneciens.t his type of attachnent, the nodule is
| ocated and hel d bye t&@rdeefl bovweshs63680ally sels 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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*2 solder. The balls and contact pads nust be aligned precisely to avoid
| mproper connections. The sol der process actually self centers the nodul e

on the contact pads. However, in sone instances, such as when the
conponents are being tenporarily assenbled for testing, permanent
attachnment is not desirable. In these situations, another mechani sm

IS needed to performthe sane function at a mninmal cost with the sane
degree of ,accuracy. Summary of the Invention It is an object of this

i nvention to provide an inproved nethod and apparatus for |ocating and
connecting electrical circuit nmenbers. A further objective is to provide an
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or plastic beldctgrirdl gpmagrsntwhidictenposent phastd 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. Aalternatively, the locator f;éme 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.



» or organic carrier, with reference to other circuit conponents with
| ocation tolerances within [err] 0.003 inches of the ball center. These
obj ectives are acconplished with a connector system enpl oyi ng an
electrically insulating conponent |ocator positioned between two el ectri cal
conponents to be connect ed. One of the conponents has a plurality of
conductive contacts on at | east one surface. The ot her conponent has a
plurality of solder balls, solder colunmms or other conductive nenbers
protruding fromat |east one surface. E4ch of the protruding conductive
menbers is spaced to contact at |east one of the contacts on the first
conponent. The conponent |ocator has a plurality of ball capture openings
that are sized and spaced so that at XE¥8839%one of the protruding
conducti ve nenbeFsgwset ants iant exilivded penispgst iard viek @ Lcomn egbbdhisns bh
pre-sel ect edkigentacdscien.the first conponent. The conponent | ocator aligns
the second conpopegt, PLORET | Yoo AR ARMALD oA tard Bnt £f-AR81 LG, ROSLELON-
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



* 3 Anot her objective of the invention is to provide an inproved nethod for
positioning an el ectrical conponent, having conductors protruding from at
| east one surface, with respect to a second el ectrical conponent. A
conponent | ocator, having openi ngs adapted to receive said protruding
conductors, is aligned with the second el ectrical conponent. The first
el ectrical conponent is placed against the conponent |ocator so that the
protrudi ng-conductors extend into the openings in the conmponent | ocator

contact pre- determned contacts on thg second conponent.

The first

and

conponent is pressed against the locator to hold it in pesition and ensure

el ectrical contact. Yet another

ect _of this |nvent|on IS, to provide a
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that at | easérofedanhderinesterl seaureshponent |ocator is aligned with one of

t he conponents, wiigalrehas ont peksparntiat pastorons strdaaee. tide wegnpenent

locator has QReRiNg$18£8CRdLho GRLHESPRRE LG Alnl RAAIres 1,

11 and 12.

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

13.

< Detailed Description

The embodiment of this inpvention illustrated in Figure 1
inqludes, from bottom to top, a locator/stiffener 120, a spacer
140, 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

P 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



sone of the contacts. A second conponent, wth protrudi.ng conductors
spaced and adapted to conplete electrical circuits with presel ected
contacts; is aligned with the conponent |ocator. The second conponent is
pl aced against the |locator franme so that at |east sonme of said protruding
conductors extend into sone of said openings and make contact wth sonme of
said contacts. The second conponent is then pressed agai nst the conponents
| ocator tp ensure good el ectrical cont acf for testing. If desired, the
second conmponent and the | ocator frane can be renoved after the test so
that the frame can be used for other tests with other conponents.

Al ternati vely ?degcg ect'_%ﬂerss%% p%s a%]dt mbguﬂi&c%ow{%xe tlhlx%'l

conponents are, so s to ersure connec??ons

and ni ni ni zeLYRESr FERE Bf ISHSr ts°(1,‘ii‘?rcd?atl§‘ Gt fieP? obf e bl Ja?ﬁ?eéavgﬁ%%es of

this inventimrwilly deaidppde exit theonredmtf ol # ohiHy %ﬁaﬂmﬁ@eswt@té on.
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 nanufactured eithexr by NC
machining or laser machining.



"4 Dr'awi ngs Figure 1 is an expl oded perspective view of one enbodi nent of

this invention. Figure 2 is a perspective view of an integrated chip nodul e
suitable for use in the systemshown in Figure 1, turned over to illustrate
the protruding electrical connectors on one side of the nodule. Figure 3 is
a perspective view of a conponent |ocator. Figure 4 is an enlarged, partial
cross-sectional view showi ng the positions of the conponents in Figure 1,

as assenbled. Figure 5 is a further enlarged detail view of a buckling beam

connector used in the conpressible connéct or assenbly of the illustrated
system Figure 6 is a still further enlarged detail view of the buckling
beam connect or, on 6-6 of Figure 5. T '§.Fi ure shows the
rel ationship of t SD&%EI &en%e%nmoclb‘h%gff”é?g geening 952 35 2L SoRBOnEad

ocator 220 from each of the four sides of frame 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 filwm 210, which helps to prevent damage to
the 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.



solder balls on a ICcircuit nodule, to vias in a redistribution film to

t he conponent | ocator used in this system and to contacts on a printed
circuit board. Figure 7 is a partial cross-sectional plan view along |ines
7-7 of Figure 4. Figures 8A, 8B, and 8C are perspective, fragnentary detai
views of alternative conponent |ocators. Figure 9 is an expl oded
perspective view of a conpressible connector assenbly used in the system of
Figure 1. Figure 10 is a partially sectgoned perspective view of a housing
frame for the conpressible connector assenbly, and the connector assenbly,
il lustrating the assenbly of these conponents. Figure 11 is a plan view of

the latch shown 'sﬁ Ew'ééelﬂlus@&é}e@@éth%fr J\aw._%d t0s J.&Uf%ﬂm%w@alkocate

t he conponents and; 1n coop e%%tlon wth t stem
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| at chi ng profe%ey Pvqufr @ BPA REYay er8sEicsaEt inotaridlas ake cipviee kalldag
lines 12-12 in &u guerdddiaskenrt hendratcohi ngriprsoeebsdinenConphettthe Hngdl €S

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.



"5 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. Detail ed
Description The enbodi ment of this invention illustrated in Figure 1

i ncl udes, frombottomto top, a locator/stiffener 120, a spacer 140, a
printed cirtcuit board assenbly 160, a conpressible connector assenbly 170
wi th an outer housing 190, a redlstrlbut?on film210 with vias 213, a
component | ocator 220, an integrated circuit or |IC nodule 240, and a | atch

or actuator 260. ENechReakoslstbbfe&n asRABEY 170 GOMREES$hDk&inecEOMRECt OF
assenbly, O&htegratgngigyait 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
serles of slots, 176 and 178 respectively, which support a series
of buckling beam connectors 180 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.



redi stribution film conponent |ocator and |latch are sonetines referred to
as a socket, which connects I C nodule 240 to PC board 160. As nay be seen
in Figure 2, wherein the 1C nodule 240 is inverted to better illustrate
connecting nmenbers thereon, nodul e 240 includes a housing cap 242 for a
chip (not shown), and a circuitized carrier 244 with several rows of sol der
balls 246 on its surface. The circuitized carrier 244 may be of ceramc, of
an or.gani.c such as KAPTON[err], a polyim d nmade by Dupont which is
frequently used ih TBGA carriers, or of poxy gl ass | am nates, which are
frequently used in PBGA carriers. Balls 246 are electrically connected

to the chip in hausipge242dbYokd s GHiE Sof Bnd hRnghEcild kzed,Laksi te% 4. For
ease of illy gg % o LGoPpdule 240 [s shown é@tagd?)lrows of balls 6 (per
i‘ E)Jfl s in ?E;e) ’ ide.

side), wth outer row on each si TR RSSFIPIR %  at i on,
balI's will Be%uni f6r MY SFacti”over FiHEes frf 488 YPPEhehri§serc2&pchand t he
nunber of balonguekive betmimt clded iw tdestibeeduntperitddnabnt @l sadaptednmpoessi bl e

connect or contact one of the vias 213 in redistribution f£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 be
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,



assehbly 170. The conpressi bl e connector assenbly shown herein has 25x25 or
625 cont acts. This invention can be used for a w de 6 variety of
connector assenblies and nodul es, however, including nodules with a 12x17
sol der ball grid up to the largest grids nornmally avail able at the present
- a 50mm square nodule with a 39x39 ball grid. Figure 3 illustrates the

conponent | ocat or

220 used to align the I C nodule 240 (as seen in Figures 1

and 4) withthe redistribution film 210, with the conpressible connector

assenbly 170, and
222 with a centra
| ocator frame 222

no nore than #9- tifet

with the PC board 160. Cofrponent |ocator 220 has a franme
opening 224. Ball capture openings 226 are placed in

only where required to provide alignnent. This is usually

%‘?nﬁ}ﬁf‘e St St FErPed $5%1 ofity Fﬁécerreﬁg?h te PROGeEdul e.

For exanpl e, fkérceyt drasay Gf0. 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



+ 25x25 balls, 12 ball capture openings along each side of the |ocator frame
shoul d suffice. This reduces the processing tine for producing these
frames, thus reducing the costs. The franmes can be made using standard
nunerically controlled machi ni ng nethods or by the use of |aser machi ning.
Cust om punch/ di es may be used for |arge volunmes. The conponent | ocator 220
should be of a material that is electrically insulating and that has
t her nal expansi on characteristics that are reasonably matched, preferably
within about 15 to 20 percent, to the expansion characteristics of the
printed circuit board 160. The naterial also needs to be capable of

wi t hst andi ngshgaly, ngﬁéﬁtﬁéhéyhge&BgrhﬁQCeQRﬁBésEBﬁié“%HH%@%BB§ éé%é%ﬂi i ce.
For exanpl e, X\Qer

Qrary co e)
nodul e burn-in, tﬁflg?tlop £ tc%“éponengqlocao?“ aggﬁstt%@re &f r%ﬁ’é?‘gt&ﬁ“és of
[err] for pePFOH§5u%eﬁrGe4%“%ur%r OAhﬁF‘é’f%r Fagisfat 88 &F‘ef%‘?”’ttﬁé eoipefent
| ocator is VAL&H emd] 1¢ idodulorarel eathdadcakoisigubasendrly and her mophastthe

pol yester matgridde Whi&haksok @adebyn avabbablR the shRets @f Wef fosees
thi cknesses frorge printed circuit beoaxd.

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 expla:.ned 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. Compo :ent locator 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 profinler.

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



General Electric Plastics. To reduce shrinkage in operation this materi al
IS pre-stressed or heated at [err] for 30 mnutes to pre- shrink the

mat eri al before the frames are manufactured either by NC nmachining or |aser
machi ni ng. 7 Tabs 228 extend into the central opening 224 in the
conponent | ocator 220 from each of the four sides of franme 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 outer rows of the ball grid array
on the circuitized ceram c nenber 244, I3 a typical installation, with
sol der balls about 0.035" in dianeter, the capture openings 226 are
preferably absentiddx04Dér ispedpaiefienpinfs siay % séenditp RHigures &lamphiag t he
conponents argimssegbl ed the solder balls 246 extend into the openings 226
and contact vias 2130 8L PGh S BUAN LiLMad Gt a0 eRRoL O RlBY O
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 R
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 279, 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



the solder balls. Film210 is preferably of a polyimde such as KAPTON err ]
or another suitable dielectric such as an epoxy resin glass system
Passageways 212 are fornmed in the filmand filled, using conventional
technol ogy, with copper or other suitable conductive material to formthe
vias 213. The copper is also plated with dendrites as described, for
exanple, in W S. Patent 5,248,262 to Busacco et al, to enhance the

el ectrical connection between the solder balls and the vias. As best shown
in Figure 7, the conponent |ocator 220 onl3f captures a minor fraction of
the balls. The IC nodule illustrated in Figure 7 has 625 sol der balls 246
(as in Figure Zneomdynotheli@l kstduiohhelicaues, rodscHeaveadeen «ff awa éOrnease

of illustratioRhamphify a8s tdiRcOMIRNENL i dRGEOM2202 NS £48nd Al nEAPI AR
openi ngs 226. W, t

R TNt act ur i R4 TE DAY 6 S0ch aa Ul ST Ange CREP AR, GEPECED Aa ch

they are connedféddlietlr heads ffe :CHaP &PERIMPSOIhERSHANEsSRfUYdepe 269,
m sal i gned if tdri9sofrevypabidd sndeeabeerslakes (geéd T .r eThid YLatEh oess 8AendB,

and 8C illustrahgatty e8e AfighBNY:sRA§ | Bnurled 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. i . .

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 spacerx



“variration in the tabs and openings that capture the solder balls. In Figure
8A, two tabs 328 are shown projecting froma side of the frame 322 of a
conmponent | ocat or. Each tab 328 has two ball capture openings 326. One is
positioned to capture a solder ball in the outer rowin an array such as
shown in Figure 2, and the other is positioned to capture a ball in an
I nternmedi ate or inner row. 8 Figure 8B illustrates another nodified tab
428, with four ball capture openings 426. Two are positioned to capture
balls in an outer row of a ball array and®wo are positioned to capture
balls in an internmediate or inner row. This enbodi nent, and the ones
il lustrated i¥#97aead AN bematbe/swddehsr medi fo @dess Abdbatdhasveedsanis
particul ar comrmestiqns. This Batdie tRODuSROMY bBakic@HreScRA asd BBhruand: W t h
ot her vari at iaglﬁsapgilty g‘%a@%d}%@&iﬁgb %Itans%lH‘Qi ®n 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,



tab8 on each sides of the frame to nore closely approxi mate the nunber of
holes in the tab 228 shown in Figures 3 and 7, or the distance between the
nost wi dely separated ball capture openings on one side of the frane. The
shape of the ball capture openings may al so be nodified to fit particular
applications. For exanple, it my be desirable to use holes with an

I nverted conical cross- section (i.e. with a bottomopening that is |arger
than the top), or with a counter-bore at pe bottom of the hole, to control
and provide additional roomfor reflowed Sol der. Capture openings with an
hour gl ass conf .iguration - a_cone at the top of the opening to assist with
al i gnnent of theftewider abailiPraped arrdann fravert edTheoferare trrauhoed omidf t he
-openi ng for rekyodemolides qent B nureer! df ada30sben usednoddiese anegh oddrer

connect or captyaf € ORgRI RYS mlfise?,pbeayaﬁ@e%i fzh@oéldferr @Iwmﬁ.ab@nd ot her
forms of protruding con

il lustrated herein’ sl\‘/ﬁ'ﬁg ’6t“}‘?§$6‘%/}|%rv‘a‘ﬁpc}ﬁ§n9ﬁresﬁ'ér f"% kb ﬁBgﬂeéintmttbhet hose
skilled in thevwediertapl Fighrtadt urenst ChhcRE 1eBRhSEyRrkOr 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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« 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 nechanism They do not need to b& on- a separate
pi ece, as shown in Figure 3, but can be nolded int socket
housi ng or actuation nmechanism Figure 8Cill ustramm Q mﬂﬁEM!%e of
| ocator tab 528, in which the capture openings 526 are tsemi CkrcC

pi ck up just half of the solder ball. Thli version is especially easy to
nold in | arge vol unes. 9 A conpressi bl ’ connect or assenbly 170 i s used
to connect the integrated circuit nodule 240 to printed circuit board

assenbly 160.%e cIaémconnector assenbly 170 is a buckling beamtype, as
described in U S 1Patent 5, RARR620f0Re8aGe0 Bl @terththedicsal osUrerst
electrical circuit member having eleccrical contacts on a surface
of said wmember with a second electrical c¢ircuit 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 ceuural 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 about
0.035" in diametex.

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

L
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of -which is incorporated herein by reference. As shown in Figure 9 and 10,

t he conpressible connector assenbly 170 incl udes -a—upper housing 172 and a

| ower housing 174, each of which is preferably made , a
product of Phillips Petrol eum Conpany. Upper hoﬂm“g‘(\(‘gj“gmﬁmr housi ng
174 have a series of slots, 176 and 178 respect iivisg, h support a
series of buckling beam connectors 180, one of which is shown in Figure 4.
The outer -housing 190 for conpressibl e gonnector assenbly 170 has one side
with | eaf springs 192 and three sides (one of which has been deleted to
better illustrate the assenbly procedure) with | edges 193. The upper
housi ng 172 of tlfe compraikons assenidiyghes ¢lhwiee lswiesein tdhideeess@tbni-op

edges 173 t habcd®ixCBohhie de@dgshel30f AheshopIR dic RbdesrdD, the _
conpressi bl e connector assenbly 170 is inserted into the outer housing 190

by pressing the side of connector assenbly -170 that does not have a
recessed top edge -agafPRATAERE JCEFITYh Fﬂcjéai‘@f,W%ﬁlf&l{*r?é‘ﬁdtt‘:heerrﬂﬁal%%c
opposi te si dési maredhet cavidmpedafursedfbybiure 1hee(fes 2B8ut I3@afispresngs 192
then hol d t heegu @Gl Ohxa0S eAdYLaBibhe desired position. The | eaf

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

i
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« springs also allow the connector assenbly to slide to accomobdate the
buckl i ng of individual buckling beam connectors 180 within upper heousing

172 and | ower housing 174. As shown in Figure 5 and 6, each buckling beam
connector 180 is made up of a series of conductive ‘ m‘ mmm u} ﬁs 182,
whi ch are preferably of berylliumcopper, but may bxmm E phor
bronze or other suitable conductors. The conductive stritps-182 are
preferably covered on each side by a | ayer;9f polyinide 183 or other

suitable dielectric. Openings 184 in the polyimde |layer allow the

I ndi vi dual conductiye strips 182 to function igdepengentl , both
nechani cal |y and g ece'\f{FFE%lﬁa}J/. COEREr T st PRPE9185 BTN nP epﬁ8g’FuTlﬁ’éf tips
of the conductdpeusteispsomspisiobd the strips toget her. 10 The upper and
| ower ends of the sorduptésabier i@andd&brexisprdbly 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
breselected 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.

11. 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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“thrdugh the slots 176, 178 in the upper and | ower housings 172, 174.— As
may be seen in Figure 6, the upper end 186 of each conductive strip 182 is

desi gned, positioned, and adapted to contact one of th ' ‘Wﬂ“
redistribution film 210. The redistribution filmpr\g\‘ﬁi\gﬁm 88! t he
sol der balls fromthe novenent of the conductive stri tas¥t ht buckl i ng
beam connectors 180 fl ex under pressure and relax. The sol der balls 246 on
the integrated circuit nodule 240 al so conjact vias 213, and conplete

el ectrical circuits fromthe I1C chip in the nodule through the solder balls

226 and vias 213 to the.upper ends 186 of .the .conductive stri 182.  The
ROt o QP BE” THIORG BT U BF N PRET RURLIRE s

| ower ends 188 of the con
with contacts 168 on tRe28uFI™MEEEBFSthe printer circuit board 160. Systens
such as these nmay be used for testing electrical conponents such as the

i |l ustrat efl | C modub es gubekiys HRekSR Kto aaﬂajigcmm\&glrileyn sagﬁ'e first

corponert, | Segkael shlote g of oplokshanagohLhe g st 10

pr ot ot ypi ng. coppgctox asSembly is mounted within a connector assembly housing,
further cowprising an aligument 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 a
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.

heet Has Been Reﬁaced
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“ |l ocator provides the necessary neans to | ocate the nodul e contacts to the

board contact pads. These |ocators can also be used for nodule sorting or
mat chi ng where a card or board assenbly can be buil i m ﬂi\“Ecators
to determne the best matched set of nodules for aH um“““ | tion.
In other applications, the assenbl ed system may be heated wtth®the
conponent |ocators in place, thereby reflowing | ower nelting solder around
the soldef balls to forma permanent e}gctrical connection between the two
conponents. The assenbly of the conponents descri bed above ray be
understood with geference ta Figures 1, 4, 11 and 12 The various __
conponents are assénbpl ed upon ahd “ary gned, ye_i t'he di Pect | ﬁo’F Y r 8kt | Y,
by a ref er en@EPBTrhcALSTORFRPR Fotafisht ping 9BFE CoOmRpRepbt EVARY lomtasts
di agonal |y a@r @$sl¢dm boeatorist ishfienerectad dneont rsefiérenpenpints habing
Ref erence pigrck2fasaiiconbscddia Leaki o ahapachcsuthgiecf hhe sQckeL; and
the board, IQiztc}&%txwﬁ:%dp.Xegélre%%EhOQnse’s of said contacts, comprising:
aligning a locating frame, having openings adapted to receive
said protruding conductors, with respect to said first
componem_:;
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.

I
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i.e. in the plane of the PC board 160. The spacer 140, the printed circuit
board 160, the outer housing 190 for the conpressible circuit connector,
the redistribution film 210 and the conmponent |ocator 220 each have a
reference hole (145, 165, 195, 215 and 225 respectively) which is sized to
fit the reference pin 125. (Reference pin 125 may be 3.45 + 0.013mmin

di aneter, and holes 145, 165, 195, 215 and 225 may be 3.5 + 0.025mmin
diameter.) Simlarly, latch .260 has a jggference slot 285 that is sized to
fit reference pin 125. Rotation pin 127 which, as best seen in Figure 7, is
di anond shaped, controls the rotation of each of the nenbers of the socket
and board. The |ongest 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
for the conpressible connector assenbly, the redistribution film210 and

t he conponent _l ocator 220) and a rotation slot 265 _in tch 260 controls
the component  ORRLE KIS AFPARATUS FOR DOCARING B A8 RCUIT

MEMBERS
ABSTRACT

Electrical components such as IC modules (240) and printed circuit boards (160), at least
one of which has an array of solder balls or other protruding conductors, are connected
quickly, precisely and economically with a component locator (220) baving openings
adapted to capture the protruding conductors. The locator (220) is aligned with one of
the components, and the other components is pressed against the locator (220). The
protruding conductors enter thé capture openings and complete electrical circuits with

contacts on the other conductor.

Fig. 1.
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"aboui ref erence pin 125. The di anond shape of pin 127 facilitates assenbly
of the menbers if there are sone mnor variations in dinmensions. The

| ocat or/st-i ffener 120 al so has two clanping pins 129. The spacer 140, the
printed circuit board 160, the outer housing 190 for the conpressible
circuit connector, the redistribution film210 and the conponent | ocat or
220 each have two clanmping holes 149, 168, 199, 219 and 229, designed to
fit the clanping pins 129. The clanping pins 129, along with the reference
pin 125 and rotation pin .127, are used to clanp the socket nenbers

toget her The rotation holes 147, 167, 197, 217 and 227, the |ongest

di agonal of the rotaggenpin 127, gg the head 135 of the rotation pin 127
are larger than the ref®rence npi ng holes. Thus, the conponents
will only fit ZBYERER prtegsi n one manner, A
the sol der balls 226 he vi¥ p13, the upper3 ds 186
of the conductive stmpiygss /’theEbucinng beam co

166 on the printed c¢circuit boarfds are all aligned e

h hgyps ensure that
| bwer ends 188

pQd t he ntacts
Ry

orners
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12 .spacer, outer housing for the conpressible connector assenbly,

redi stribution film conponent |ocator and |latch are chanfered (cut at a 45
degree angle) or otherw se nmarked, and the printed circuit board and IC
nodul e are nmarked, to aid assenbly and to ensure the correct orientation of
each nmenber and the nodule to the contacts on the printed circuit board.
The first step in the assenbly proces®/6s to place the spacer 140 on the
reference, rotation and clanping pins 125, 127, 129. In the enbodi nent
illustrated in Figure 1, the spacer is made of an el astoneric materi al

whi ch provides resilience in the overall assenbly so that the assenbl ed
conponents can be conpressed slightly to facilitate installation of |atch
260. The el astomeric spacer al so nmai ntakpns contact pressure on the
assenbl ed conponents. As expl ai ned bhg RQN- el ast omeri ¢ spacers nay be
used with other .
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enbodi ments of this invention. The reference, rotation and cl anpi ng pins
are inserted into the corresponding holes in the PC board 160, and outer
housi ng 190, with the conpressible connector assenbly 170 in position as
descri bed above, is placed on the pins. Quter housing 190 holds the
connector assenbly in position wth a tolerance of [err] 0.001".

Redi stribution film 210 and conponent ifcator 220 are then placed on the
pins, and I C nodule 240 is placed on t A conponent | ocator franme 220 so
that the solder balls 246 on the nodule go into the ball capture holes 226.
Component | ocator 220 is machined to position the solder balls 246 with an
accuracy of + 0.003". This accuracy is obtained, in part, by nmachining the
bal | capture holes 226 in the conponent |ocator 220 with a | aser profiler.
Assenbly is colfifiet &8 by PBAci ngi83at ch 260} above the I C nodule. The

Il lustrated | at nt S thtegégkﬁtgigpkxg pes of openings to facilitate
yholi | ke'vot at sl ot 265 giyged to fit the
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sized to fit the clanping pins 129, a semcircular stepped reference sl ot
285 sized to fit reference pin 125, and a 2~ 13 semcircul ar stepped

cl anping slot 295 sized to fit the clanping pins 129. As best seen in
Figure 12A, rotation pin 127 and cl anpi ng pins 129 have necks 131, 133 that
are slightly smaller than the lower portions of the pins, and enl arged
heads 135, 137 to hold the |atch 260 & he conpl eted assenbly. Rotation
sl ot 265 has a cylindrical hole 266 that allows the enlarged head 135 of
the rotation pin 127 to pass through, and clanmping slot 275 has a
cylindrical hole 276 that allows the enlarged head 137 of the clanping pin
129 to pass through. St epped slots 267, 277 extend to the left of the
cylindrical holes 266, 276. Each of these stepped slots g, 277 198 a
upper slot 268, 278 extending fromthe top of the latch t é\\
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" shodl der 269, 279. The upper slots 268, 278, like cylindrical holes 266,
276, are w de enough to acconmopdate, respectively, the head 135 of the
rotation pin 127 or the head 137 of a clanmping pin 129. Lower slots 270,
-280 extend from shoul ders 269, 279 to the bottomof the latch. The | ower
slots are wi de enough for the necks 131, 133 of the rotation and cl anpi ng
pi ns 125, 127, respectively, but not |arge enough for the heads 135, 137 of
the pins to pass through. The sides g} | ower slots 270, 280 define ranps
272, 282. that, as explai ned bel ow, 8 used to lock the latch in pl ace and
exert pressure on the assenbl ed conponents. The sem -circul ar stepped
reference sl ot 285 and clanping slot 295 are simlar in construction to
stepped slots 267 and 277. Each of the sem -circular stepped slots 285, 295
i ncl udes an upper slot 288 (large enough for the head of the correspondi ng
reference or clanping pin), a shoulder 289 and a |lower slot 290 (which is
as |least as wide as the neck of the corresponding pin, but not |arge enough
for the hea?gbo pass through). The sides of |lower slots

FIG.10
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“ 290 define ranps 292 that, in cooperation with the ranps 272, 282 in | ower
slots 270, 280, are used to lock the latch in place and exert pressure on
t he assenbl ed conmponents. The latch is placed on the assenbl ed conponents
so that the head 135 of the rotation pin 127 enters the cylindrical hole
266 in 14 the keyhole-like rotation slot 265, and the head 137 of one of
the clanmping pins enters the cylindrical hole 276 of the keyhol e-1like
cl anping slot 275. The latch is press§7%to conpress the spacer 140 and
al l ow the heads 135, 137 of the pins t0 pass the shoul ders 269, 279 of
rotation and | ocator slots 265, 275. The latch 260 is then slid to the
ri ght, using the knurled knobs 262 on top of the latch, so that the heads
of the rotation, clanping and reference pins ride up the ranps 272, 282,
292 defined by,t he |des of the |l ower slots 270, 280, 290 and | o the
back of the uﬁ le s &k 97268, 278, 288,
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where tthey are supported by shoul derp 269, 279, 2!8&1 3 ACFMEN" S{EETS SG

shoul d F:soagoemdmsmggmﬂ J.ntogwodd nat-i pn with the I @tg@éi R)sz)nér 6°zi’ﬁ§ed e
spacer a]m‘i F&p,,ﬁhﬂmrmgéd agh.t he desifed orﬁ

Se

assenblie r| C Thib pressure i ‘{?‘g {‘ﬁ%e’ -© Fﬁ)@@g@--‘f--
240, traggﬁﬂ"f isa Bjygfcﬁ'é':s" 183% %aUs 248 on the uleg‘%}t’é t hFBGh—+ He Pegeds.™.
213 t o [{hAb¥BERYuCtHNY st-ri [FPed j‘lt%ﬂ/ibfm tte the conduct i ve str |c§)

t o t he ‘eentaet<s—t66—0n PT ited CI rcu * oard 160. %WS ----- {2...’..3.7

buckl i ng bea iRk ﬁﬁkcﬁﬂg egd 1 N
U S. Patent g' gﬂ%6§%l ntjfgpg@%lgsmlon wher el n taﬂgl;skggcﬁ%%?ﬁh{:%gs%éem red

cont act @g%&m&al%%ks\/oﬁfmﬁfa‘ég BB mEAbedMith, a 9étohd 1EAHTH RRtLR -
Thus, tiron to insuring accurate alignnent and proper connections
bet Ween tn'i&n&@' B&¥Vin, dgadn! arth§6of tchaduckes prbfndinpefrbticlal hurfacbeafnsaidnsemhndr s
160 and the printed circuit contacts 168, the contact pressure provided by
this appamﬁmus,ﬂmanmsw@mnmcemmmmngnaJ connection between the conponents.

I n ot her enbodi nents of this invention, connector assenbly 220 nay be

gmtted and anh&mﬂlbrm&daﬁ@compomnﬂigﬁatm’@ndudl ng connections may nake
I rect
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means for aligning said component locator with said first circuit member;

said component locator comprising a frame having a central opening and capture
openings located in said frame, said capture openings being sized and positioned so that
some but pot all of said protruding conductors, located in one or more outer rows of sa;id
array, extend into said capture openings, whereby said second circuit member is
positioned in a predetermined position and said conductors are positioned to complete
electrical circuits with preselectéd contacts on said first circuit member.

2. In a system for electrically interconnecting a first electrical circuit member
having electrical contacts on a surface of said member with a second electrical circuit
member having an array of metal balls protruding from a surface of said second
member, the improvement comprising:

an electrically insultaing component locator; and

means for aIiéning said component locator with said first circuit member;

said component locator comprising a frame with a central opening therein, one or
more tabs extending into said central opening, and capture openings sized and positioned
so that said metal balls extend into said capture openings, with at least some of said
caﬁfure openings being located in at least one of said tabs, whereby said second circuit
member is positioned in a predetermined position and said conductors are positioned to
complete electrical circuits with preselected contacts on said first circuit member.

8. In a system for electrically interconnecting a compressible conmector
assernbly electrically connected to a printed circuit board, said connector assembly

baving electrical contacts on a surface of said assembly, with an integrated circuit
REPLACEMENT SHEET -
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contact with a cong component. The frame 121 of
Iocator/stiffenerwmummuﬁgm‘gmLs-menbers 122 that neet at a central hub
123. The hub stiffens ¢ hé adsehbly, so that the pressure applied to the IC
nodul e 240 does not unduly deformthe inted circuit board 160. The

| ocator/stiffener may, optionally, include an actuator screw 134 that
extends thrdligh & tahrsystged fhao| electpigallyn intgecoppenting| ahgpmpressiblc taganestoscr ew

134 can Reemi9deletirivblily YonhdtEed® t6 S BEidtedNcitdtft BBAACsaikt} ConmictbrPaEBmBRACES
140 away, from ocac%.gr/stlffener ui%? to p%iﬁss PC.%]goar. 160.towat[r§gs latch

260. Thi VIR, SECT{AL OTRRY A)y 3 SuTRceo i st ofssemmaly, (itly 30y integtAted apipruit o

nor mal fmodule daving ar amay ofsoldat balks emahsusfacd b€ said ancmber; e¢hb dhprdvetnenn il m
210. ﬁ%;i n this fashion, spacer 140 nust be able to support PC

board from*bowTig as a result of the normal force applied by the buckling
menber s 180.anTielpstricaly ningelating,i compopemniocgar copweising] a0oplusality ofe capturerer i c.

Qtherw SgpenfigdCalfed and positioned so that said solder balls extended into said capture
openings, whereby said integrated circuit module is position in a predetermined position
and said solder balls are positioned to complete electrical circuits with preselected
confacts on said connector assembly;

means for aligning said component locator with said connector assembly; and

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 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 baving one end in
contact with contact pads on said printed circunit 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 circuit board.

9. A connector for locating and electrically connecting a first electrical
component having a plurality of contacts and a second electrical component having an
array 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 positioned between said compressible
connector assembly and said second component, said component locator comprising a
frame having a cenfral opening and capture openings located in said frame, said capture
openings being sized and spaced so that some but not all of said protruding conductors

can extend into said capture openings;

whereby said second electrical component is maintained in a preselected position,
said protruding conductors make electrical connection with preselected ends of said
buckling beam connectors, and said protruding conductors make electrical connections
with preselected contacts on said printed circuit board through said buckling beam

conductive elements. REPLACEMENT SHEET e
- This Sheet Has B
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140 i 5 of el as Figures 13 and 14 illustrate an alternate
act uat or asse Hmmﬂ mum)e used in place of actuator 260. Actuator
assenbly 360 hassa dranen3 2 that defines a central channel 364 and an
actuator screw 372 that extends througly a threaded hole 370 in the frame
into the central channel 3&;{ A forc@g‘E ck,.380 is noynted on the | ower end
of the actuator A cPORestPD 193ting ically PoRuertng,i 3 nirskseleetticaly ¢ he

bl ock. | otpionemt hdvidgdha plaradity Im\beﬁtab?@ﬂdoi (glecdhgoeﬂkctﬁ% conpRgntdBAVing A .
centra orce block to exert pressure on an
nodul e ?j@%ﬂﬁﬁéﬁ’ﬁ%ﬁ%\dﬁi@%ﬁ@y&% @% has an array of solder balls 346 on
its bottom WQSSINDGQHJ@CM@SMY hawing afpieralitysifitucBlig béank gomhecwrs,t
UPPET S UhiR e said Bucdind! Blakn EBhoRiohd %Sﬁlgﬁgiﬂ?fhsghﬂﬁ | Anddcive eﬂéﬁﬁl&eat

are preferably nmade

si nk, rce bl d agctuator f
of met aI a"’é’gc?pg F@H aﬁgtahmglil 496‘?4 tgrexfrnd; ?Ipéﬁ’fdt ¢raapressible GpBuecdtke t he
| at ch shsswnbly, sdidfiret dnd efsdidhicondusfiVe blRMmeats gl ir0coBA twith bdiddoftacr t he

upper C%rnrh?x{dﬁ;st@)ﬂ%ﬁen%;s) sized to fit

an electrically insulating component locator positioned between said compressible
connector assembly and said second component, said component locator comprising a
plurality of opening sized and spaced so that at least some of said protruding conductors
can extend into said openings; and

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
least some of said protruding conductors are in contact with at least some of said vias:

whereby said second electrical component is maintained in a preselected position,
said protruding conductors make electrical connections with preselected ends of said
buckling beam connectors, said protruding conductors make electrical connections with
preselected contacts on said printed circuit board through said buckling beam conductive
elements; and

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 electrical component through said vias and said
buckling beam connectors.

11. A commnector for locating and electrically connecting a printed circuit board
having a number of contacts and a second electrical component having a plurality of
protruding conductors comprising:

a compressible connector assembly mounted within a connector assembly housing

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

REPLACEMENT SHEET
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rotatton pin 127. Actuator 360 al so has one senicircul ar reference slot 365
sized to f|t HIWﬁu Mlﬁlﬂ and a keyhol e-like clanping slot 366 and
sem circul ar sized to fit clanping pins 129. These slots
do not have the rarrps shown i"n Fi gure32011 and 12, because actuator 360 does
not enploy a D act| n {o.dev ure. on the co ne n all
ot her respeca(% '%qu Vé%%ﬁ?ﬁ?lag‘? PIPFAIICE of P Aﬁ’f r}%% éigerts
pr essur ease, sdid p}mrbemgnpczsmmneﬂ addea@ptedatoocxtsm:’r awoagid hblescia tlid printéthe
head 37%&5%&@ 3 % Q

glglgﬁ{v\ﬁ&e %@sﬁl& P referéa%)g/’ |brat%ﬁ]%mga}ﬂ o‘lirlver

accommodate a sult ern tor que

The t or ciPERROBERY losafory and W&@é@ Zh ?Fel"?ﬁﬁﬁ?é agd adapted tQ hold,
nmodul e. sally §d&oﬁc251ebﬁich§co:ﬁ;5‘tﬁ1ehpigiﬂﬁt ¥didl cofnponep@ldcutope on the order of 4

in-Ibs. A S'v%ergﬂy smhhsggondoelecatpg orﬁgpd%et?ts‘g %ﬁn&gﬁdqg aeg}%séigceied posxh
said protruding conductors make electrical connections with preselected ends of said
buckling beam connectors, and said protruding conductors make electrical connections
with preselected contacts on said printed circuit board through said buckling beam
conductive elements.

12. A comnector according to claim 9 wherein said protruding conductors
comprise solder balls.

13. A connector according to claim 12 wherein said first electrical circuit
member comprises a printed circuit board and said second electrical circuit member
comprises an integrated circuit module.

14. A method for positioning an integrated circuit module, having an array of
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;

aligning a locating frame, having a central opening and capture openings adapted to
receive some but not all of said protruding conductors and locate said module in a
predetermined position with respect to said compressible connector assembly; and

placing said module against said locating fréme, whereby said protruding
connectors extend into said capture openings, said module is located in a predetermined
location with respect to said connector assembly, and said connectors are electrically
connected to predetermined contacts on said connector assembly.

15. A method of temporarily connecting a plurality of electrical components, a
first one of said components having contacts on at least one surface and a second one of
said components baving an array of protruding conductors spaced and adapted to
complete an electrical circuit with preselected ones of said contacts, comprising:

aligning a locating frame, having a central opening and capture openings located in
said frame and adapted to receive some but not all of said protruding conductors, with
respect to said first component;

placing said second component against said locating frame, whereby said
protruding conductors extend into said capture openings, said second component is
located in a predetermined position with respect to said first component, and said
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enbodi nent in Fi i optional actuator screw 134 in the
central hub 124lmnl‘uﬂulmﬂmumgve this actuator screw 134, in addition
to devel opi ng pressdireton®the el ectrical conponents in the system can help
the printed circuit board 160 resist mtessures exerted on it from above.
The Modichidifdsc AFEElobERAIYichind B etk Cihrdcts 8 fid Grst Eriborih, Ot her
rigid material to apply the load to the systemand to support printed
circuit @bard from defl ecti ng during actuation. Thus, it may be seen that

thi s i nvent pesssipgauidiesomncadpaicabhgainy s4ié todating franet i ng el ectri cal

conponent s ecisel i ckl.v and 0 ] ly. .. The.ill rat e

enbodi nent sqéf t”fwi‘@?‘ﬁggﬁ%ir ggpog}?%@ﬁgrﬂ%@%sgwmﬂg S’eﬁF‘ﬂ% aﬁi%?SESH?d}eocfti ng
el ect ri said elestricalaxomapongutis ckitile, sqid se¢and| companentes pmensed agdipst said kosator

t empor ag for testing or permanently. Chances of m salignment and short
circuits aré substantially reduced. As noted _ above, aljgnnent_ tolerances of
0.003" or bd¥teADparatie ageqrigedo Glaim hwdereiy only oh mings fradioa okitheed in

the art c¥hddetdrs a¢lkdid afdap efr 361 cal opdiilidsi cations to these enbodi nents
can be made within the scope of this invention, :
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whi ch Ts defin cl ai ns. esxémngagedl fineoP papeat

for electricalljy §i nterconnec |gaf|rst electrgﬁ E ng
1 I
’:31‘ aceP %‘?edsarg’ ond

el ectrical contjaqt sT@nMAR sis: éae of said menbdr
C
g: an electrijcal |y insulating

circuit nenber

nmenber, the i W%@T
ai d conponent’ iy RECE
Rads gPugt obipral

| ocator; and
openi ngs %i zegﬂ and positioned so that said protrud| ng conductors extend

hqvi ng condu

circuit ek
into said ﬂﬁs, whereby said second circuit nmenber is positioned in a
pr edet er m nedpOgider Yocess actually self centers the module 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 mechanism is

needed to perform the same function at a minimal cost with the same degree of accuracy

Summary 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 polyamide) carrier for wiring and mounting the balis,
CBGA or ceramic ball grid arrays wherein the balls are applied to pads or contacts on a
circuitized ceramic carrier, and PBGA or plastic ball grid arrays, which use a plastic or
organic carrier, with reference to other circuit components with location tolerances
within £ 0.003 inches of the ball center.

According to one aspect of the present invention there is provided a system for
electrically interconnecting a first electrical circuit member having electrical contacts on
a surface of said member with a second electrical circuit member baving an array of
conductors protruding from a surface of said second member, the improvement
comprising: an electrically insulating component locator; and means for aligning said
component locator with said first circuit member; said component locator comprising a
frame having a central opening and capture openings located in said frame said central
opening being sized to accommodate a plurality of said protruding conductors, and said
capture openings being sized and positioned so that some but not all of said protruding
conductors, located in one or more outer rows of said array, extend into said capture

openings, whereby said second circuit member is positioned in a predetermined position
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and sai d conduct ¢r S—.ale—paSHt- dito conplete electrical circuits with
presel ected contacﬂs on said firsticircuit nmenber. 2. Appar at us accordi ng
to claima1l whereiln |satd ’M@ﬂ?‘?ﬁji giconductors conprise an array of netal
bal I s; said conpgngnt | ocator i sekaa frame with a central opening
therein; and sai g capture openingsjare |located in said frame around said

central opening. %@“,_Appa-;a-t—uﬁ;——eccordin tg claim 2 wherein sai
frame comi@@g CORBUGPTSAFCe PFILIPBGSS t%ﬂogﬂg?tﬁgel?qqlﬁfﬁswﬂéewppapr%ﬁ@ﬁ?gg,

with at | east sone, 0 ai d.capture openings being |ocated in at |east one
of said cts g saldﬁéﬁi?’é‘f‘ﬂgmg?g’ﬁ’diﬂg to claim2 wherein said capture

opeL 1S 21 i ik o fh OF U e B Bkt 0Ny Sy

conpri seefehflSfly interconnecting a first electrical circuit member having electrical contacts on
a surface of said member with a second electrical circuit member having an array of
metal balls protruding from a surface of said second member, the improvement
comprising: an electrically insulating component locator; and means for aligning said
component locator with said first circuit member; said component locator comprising a
frame with a central opening therein for accommodating a plurality of said metal balls
inadvertently omitted, one or more tabs extending into said central opening, and capture
openings sized and positioned so that said metal balls extend into said capture openings,
with at least some of said capture openings being located in at least one of said tabs;
whereby said second circuit member is positioned in a predetermined position and said
conductors are positioned to complete electrical circuits with preselected contacts on said
first circuit member.

According fo still another aspect of the present there is provided a system for
electrically interconnecting a compressible connector assembly electrically connected to a
printed circuit board, said connector assembly having electrical contacts on a surface of
said assembly, with an integrated circuit module having an array of solder balls on a
surface of said module the improvement comprising: an electrically insulating component
locator comprising a plurality of capture openings sized and positioned so that said
solder balls extended into said capture openings, whereby said integrated circuit module
is ﬁositioned in a predetermined position and said solder balls are positioned to complete
electrical circuits with preselected contacts on said connector assembly means for
aligning said component locator with said connector assembly; and a redistribution film
of electrically insulating material having a ph}rality of conductive vias extending through
said nsulating material, said film being positioned between said integrated circuit module

and said compressible connector assembly so that at least some of solder balls are in
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6. Appar at us accoEﬂTrg—rmr-m 1 wherein said conmponent | ocat or

conpri ses a sheet}o H:?a *@gtic pol yester. 7. Appar atus according to

claim6 wherein spigt em tijc lis heated at a tenperature of about
-nutes.to.re

[err] for about 3P ude shdb nkage in operation. 8. Appar at us
according to claim1 wherein: saidffirst electrical circuit menber

conprises_a,c (ST mector—assenbl.y electrically connected to a

pr imr::t ed cﬁopg'ﬁ?t%ﬂ]oﬁtr g@taﬁ‘?&’es&' tgfug é’&%hdv%reéﬁtsﬂdc%ﬂmgﬁggﬂ%/twm raSg i ses
an integrated. ci | 1 [ . ar S I rface
of sai dgrrdtfg)%:’glrs.gé é‘ Rgpgfgﬁ%@éc%fl@br@ %OMFm%ggétuS?%e& %@n&?%}n%g a
redi stri j i forl Stini ; i t '@-Lﬂtg@ ' lity
of conduct:Hté iheéeﬂﬂ(\)/xfséig mé%t%lﬁdei%ﬁglhtcﬁrﬁ%%w@%gﬁ%ﬂnﬁf ér‘tﬁ [ Sﬁfgd ter }Sg?gt gg]ﬂjg%nlﬁl m
bei ng powmnbitenedd keikheas of duid Vins,eghéreBy s4illrsoliet baNE dtetelectrically connected

through said vias and said buckling connectors to said contact pads on said printed
circuit board.

According to still another aspect of the present invention there is provided a
connector for locating and electrically connecting a first electrical component having a
plurality of contacts and a second electrical component having an array of protruding
conductors comprising: a compressible connector assembly having a plurality of buckling
beam comnectors, 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 positioned between said compressible connector assembly and said second
component, said component locator comprising a frame having a central opening and
capture openings located in said frame, said capture openings being sized and spaced so
that some but not all of said protruding conductors can extend into said capture
openings; whereby said second electrical component is maintained im- a preselected
position, said protruding conductors make electrical connection with preselected ends of
said buckling beam connectors, and said protruding conductors make electrical
connections with preselected contacts on said printed circuit board through said buckling

beziin conductive elements



and-saf d conpr pes+-b-e wuun [ Bssenbly so that at | east some of sol der
balls are in chnRERLACHM ;SFEE apt sone of said vias; wherein said-
conpressi bl e cengeCt Or assenbl conpri ses a pl urall

conductive conge tozf; MA@t@t}@a‘t sone pf said buckl‘(!“!w Em m&uﬂavi ng
one end in contjagt wth contact pads on said printe and
anot her end wi tlh ‘a$, whereby said solder balls are

el ectrically cannected through sai d GLABMSNnd said buckling connectors to
sai d contact pads—omnmsald printed circuit board. 10. A connector for

| ocat i ngl-andinet system den elocteisathe dteraponecting 8 ffirsy @@cttﬂcaianrcms rpespleatthaving ng a

lurality of cont acts and econd electrical ent having a
B| ur al i t§fesHed confagH oRya surface oil member with a second electtical cn‘cu?t member

having an array of conductors protruding from a surface of said second member, the
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improvement comprising:

an electrically insulating component locator; and

means for aligning said component locator with said first circuit member;

said component locator comprising a frame having a central opening and capture
openings located in said frame said central opening being sized to accommodate a
plurality of said protruding conductors, and said capture openings being sized and
positioned so that some but not all of said protruding conductors, located in one or more
outer rows of said array, extend into said capture openings, whereby said second circuit
member .is positioned in a predetermined position and said conductors are positioned to
completé electrical circuits with preselected contacts on said first circuit member.
2. In a system for electrically interconnecting a first electrical circuit member having
electrical contacts on a surface of said member with a second electrical circuit member
having an array of metal balls protruding from a surface of said second member, the
improvement comprising:

an electrically insulating component locator; and

means for aligning said component locator with said first circuit member;

said component locator comprising a frame with a central opening therein for
accommodating a plurality of said metal balls inadvertently omitted, one or more tabs
extending into said central opening, and capture openings sized and positioned so that
said metal balls extend into said capture openings, with at least some of said capture
openings being located in at least one of said tabs, whereby said second circhit member
is positioned in a predetermined position and said conductors are positioned to complete

electrical circuits with preselected contacts on said first circuit member.
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of thermoplastic polyester.
6. Apparatus according to claim 5 wherein said thermoplastic polyester is such a
polyester that is heated at a temperature of about 160° for about 30 minutes to reduce
shrinkage in operation.
7. In a system for electrically interconnecting a compressible connector assembly
electrically connected to a printed circuit board, said comnector assembly having
electrical contacts on a surface of said assembly, with an integrated circuit module
having an array of solder balls on a surface of said module the improvement comprising:

aﬁ electrically insulating component locator comprising a plurality of capture
openinigs sized and positioned so that said solder balls extended into said capture
openings, whereby said integrated circuit module is positioned in a predetermined
position and said solder balls are positioned to complete electrical circuits with
preselected contacts on said connector assembly;

means foi' aligning said component locator with said connector assembly; and

a redistribution film of electrically insulating material having a‘plurality of
conductive vias extending through said nsulating material, said film being positioned
between said integrated circuit module and said 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 circuit 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 circuit board.
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according to cl ai

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 insulatiﬁg component locator positioned between said compressible
comnector assembly and said second component, said component locator comprising a
frame having a central opening and capture openings located in said frame, said capture
openings being sized and spaced so that some but not all of said protruding conductors
can extend into said capture openings;

whereby said second electrical component is maintained in a preselected position,
said protruding conductors make electrical connection with preselected ends of said
buckling beam connectors, and said protruding conductors make electrical connections
with preselected contacts on said printed circuit board through said buckling beam
conductive elements.

9. A connector for locating and electrically connecting a first electrical component
having a plurality of contacts and a 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 froni 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 positioned between said compressible

connector assembly and said second component, said component locator comprising a
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between said integrated circuit module and said compressible circuit member so that at

least some of said protruding conductors are in contact with at least some of said vias;

whereby said second electrical component is maintained in a preselected position,
said protruding conductors make electrical connections with preselected ends of said
buckling beam connectors, said protruding conductors make electrical connections with
preselected contacts on said printed circuit board through said buckling beam conductive
elements; and

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 electrical component through said vias and said
buckling beam connectors.

10. A connector for locating and electrically connecting a printed circuit board having
a number of contacts and a second electrical component having a plurality of protruding
conductors comprising: | _

a compressible connector assembly mounted within a connector assembly housing
and 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 positioned between said compressible
connector assembly and said second component, said component locator comprising a
plurality of openings sized and spaced so that at least some of said protruding conductors

can extend into said openings; and
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circuit board, through holes in said connector assembly housing, through holes in said

component locator, and through holes in a latch member positioned and adapted to hold
said second electrical component against said component locator;

whereby said second electrical component is maintained in a preselected position,
said protruding conductors make electrical connections with preselected ends of said
buckling beam connectors, and said protruding conductors make electrical connections
with preselected contacts on said printed circuit board through said buckling beam
conductive elements.
11. A connector according to claim 8 wherein said protruding conductors comprise
solder balls.
12. A connector according to claim 11 wherein said first electrical circuit member
comprises a printed circuit board and said second electrical circuit member comprises an
integrated circuit module.
13. A method for positioning an integrated circuit module, having an array of
conductors protruding from a surface of said module, with respect to a printed circuit
board, comprising:

aligning a compressiblé connector assembly with respect o said printed circuit

assembly;

aligning a locating frame, having a central opening adapted to accommodate a
plurality of said protruding conductors and capture openings adapted to receive some but
not all of said protruding conductors and locate said module in a predetermined position
with respect to said compressible connector assembly; and

placing said module against said locating frame, whereby said protruding
connectors extend into said capture openings, said module is Iocated in a predetermined
location with respect to said connector assembly, and said conmectors are electrically

connected to predetermined contacts on said connector assembly.
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aligning a locating frame, having a central opening and adapted to accommodate a

plurality of said protruding conductors capture openings located in said frame and
adapted to receive some but not all of said protruding conductors, with respect to said
first component;

placing said second component against said locating frame, whereby said
protruding conductors extend into said capture openings, said second component is
located in a predetermined position with respect to said first component, and said
conductors are electrically connected to predetermined contacts on said first component;
and

pressing said second component against said locating frame.
15. A method according to claim 14 further comprising testing at least one of said
electrical components while said second component is pressed against said locator frame.
16. Apparatus according to claim 1 wherein only a minor fraction of the conductors in

said array enter said capture openings.
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METHOD AND APPARATUS FOR LOCATING ELECTRICAL CIRCUIT
MEMBERS

ABSTRACT

Electrical components such as IC modules (240) and printed circuit boards (160), at least
one of which has an array of solder balls or other protruding conductors, are connected
quickly, precisely and economically with a component locator (220) having openings
adapted to capture the protruding conductors. The locator (220) is aligned with one of
the components, and the other components is pressed against the locator (220). The
protruding conductors enter the capture openings and complete electrical circuits with

contacts on the other conductor.

Fig. 1.



