.12 MAR 2007 | NTERPCSER ASSEMBLY. Field of the Invention Tq? W@W
relates to interposer assenblies of the type which are sandw C t ween
substrates to form electrical connections between opposed pairs of pads on

t he substrates. Background of the Invention U S. Patent No. 6,290,507,
assigned to InterCon Systens, Inc. of Harrisburg, Pennsylvania, assignee
of the present invention, discloses an interposer assenbly including a
dielectric plate with passages extending through the plate and netal
spring contacts |located in the passages for form ng electrical connections
bet ween pads on opposed subst ragregarodite aeeRBGt S are stanped fromthin
strips of sheet netal, plated and then inserted into the passages to form

el ectrical cigietitopatdas rnexhersi ng t hrough the thickness of the plate
bet ween pai s of contact pads.” Plating of stamped contacts surrounds the

contact with a preh&ctinvenbldli Re140=4 €dUCantcopbast kEstAiANRGE and prevent
corrosion. The portions of the strip left over after stanping of the

contacts aregnashBe THecKORtACLSHdARENRE Bkenely spasedibiomeaghyother on
the plate with X--X and Y--Y spacing of 0.050 inches (1 mm) using a plate

having a thi Q—ﬁ@‘éﬁ:@i@ﬁl Oe&ﬂ&&tﬂﬁﬂgsbeégeéﬂe\%g}g@ged pairs of pads on

the substrates.

Background of the Invention

U.S. Patent Wo. 6,290,507, assigned to InterCon
Systems, Inc. of Harrisburg, Pennsylvania, assignee of
the present invention, discloses an interposer assembly
including a dielectric plate with passages extending
through the plate and metal spring confacts located in
the VpasSages for formiqg g}ectricél connections beﬁweeﬁ
pads 6n opposed substragés.- - The ébntag?s are stamped
from thin strips of sheet metal, plated and then insexted
igfo the passages to form electrical circuit paths
éxtending through the thickness of the plate between
pairs of contact pads. Plating of stamped contacts
surrounds the contact with a protective‘plating to reduce
contact resistapce-and prevent corrosion. The portions
of the strip left over after stamping of the contacts are

- waste.

The contacts may be closely spaced from each other

~on the plate with XX and Y--Y spacing of 0.050 inches

{1 mm) using a plate having a .thickness of 0.048 inches.



2 This interposer assenbly has a contact density of 400 to1i3 R ts-
per square inch, depending upon the contact spacing. The conﬁgét reliably
establish electrical connections between pairs of contact pads when

sandwi ched between circuit nmenbers. Interposer assenblies nust neet
performance standards for given applications, including size and

i nduct ance standards. Lower contact inductance permts the interposer
assenbly to thagsmtedvogher absathionayes si graltscbedersit s ubst 4 e
Particul ar applications nmay require thinner plates and contacts spaced

cl oser togethes tbara@estid equairaginah, | aemgldser upssebhey cantdctspri ng
contacts stanped from sheet netal. Applications using higher speed signals.
requi re that shheiepnt actriehaventiess i rdltdlsiyce et banlisdontedersrstahped from
sheet netal. It is desirable to reduce the cost of an interposer assenbly

by reducing tBgnthiinresstoéet heaplatar, doheacts percisngitiset weedwiomdct s and
the size of the spring contacts in the passages extending through the

plate. Accorgi.pgédn diienetiserme®ed for an inproved interposer assenbly
with reduced plate thickness, nore closely spaced spring contacts, |ess
expensive spring rg@svpaeks, aadsemdltied camtsact imeshict anee:foFhentdproved
i nter poser assenbly should be | ess expensive to nmanufacture than
convent i onal gkBh&sROSErFo@sSSgitd eapplications, including size and

inductance standards. Lower contact inéuctance permits
the iﬁterposer assembly to transmit higher frequency
signals between substrates.
particular applications may require thinner plates
and contacts spaced closer together than possible using
an interposer assembly with spring contécts stamped ffom
sheet metal. Applicétions using higher speed signals
require that the contacts have less inductance than
contacts stamped from sheet metal.
It is desirablelto reduce the cost of an interposer
‘assembly lby reducing the thickness of the plate, the
spacing between contacts and the gize of the spring
contacts in the passages extending through the plate.
Accordingly, there is a need for an improved
interposer assembly with reduced plate thickness, more
closely spaced spring contacts, less expensive spring
contacts, and reduced contact inductance. The Iimproved

interposer assembly should be less expensive to

manufacture than. conventional interposer assemblies.



12 MAR 2007 3 Summary of the Invention The invention is an[eégﬁgixﬁ\m 7
i nterposer assenbly wth spring contacts nounted in passag t éndi'ng
through a dielectric plate where each contact is forned froma short
| ength of small dianmeter preplated cysindrical wire. Each contact includes
a rounded contact nose on each side of the plate for form ng w ped
hi gh- pressure el ectrical connections with opposed contact pads. The spring
contacts are fwmaeg ¢f drhepdepkated conductive wire preferably having a
di ameter of 0.004 to 0.005 inches. Contacts. are out froma continuous
| ength of preplafted winrengiiphouts wast elRprdvare SHapR@ser masdisgPdly pri or
to insertion into the plate without the need to post-plate the contacts.
The contacts warta cpafinged contpassagesmitada £hi nPpEaeeehaveHgnaling ckness
of as little as 0.025 to 0.035 inches with X--X and Y--Y spacing between
adj acent conttdotongbf a0.di3d eichchespbate | daxre TReh ngardved ilst diqgasdr
assenbly with wire spring contact spacing of 0.032 inches has a contact
density of 1006 cont ashsrper lsygir e PAchsnghl s oArekar deprsniptied
considerably greater than the 400 to 645 contacts per square inch density
of interposercyssenbtaks wisteng spiliaply comtast s igcanped fa omaisled netal .
The wire contacts. reliably establish electrical connections wth contacts
contact nose on each side of the plate for forming wiped

high-pressure electrical connections with opposed contact
pads.

The spring contacts are formed <from preplated
conductive wire preferably having a diameter of 0.004 to
0.005 inches. Contacts. are cut from a continuous length
of preplated wire without waste and are shaped
immediately prior to insertion into the plate without the
need to post-plate the contacts. The contacts are
.confined in passages in a thin plate having a thickness
of as little as 0.025 to 0.035 inches witﬁ X--%X and Y--Y¥
spacing between adjacent contacts of 0.032 inches or
less. The improved interposer assembly with wire spring
contact spacing of 0.032 inches has a contact density of
1000 contacts per sguare inch. This contact density is
considerably greater than the 400 to 645 contacts per
square inch density of interposer assemblies using spring
contacts stamped from sheet metal. The ‘wire contacts
reliably establish electrical connections with contacts

or opposed substrates.



or opposed substrates. 12 MAR 2007 4 Mniaturization of t i r r
assenbly, elimnation of waste and post-plating and i nserpﬁ)mg “R)gl?rei ng
contapts into through passages inmediately after shaping reduces the cost
of manufacture and assenbly w thout sacrificing reliability. O her objects

and features of the invention will becone apparent as the description
proceeds, especially when taken in conjunction with the accog}ganyi ng
drawi ngs il ustrgihiwcdtesthwentioh, othehi chrtérmcseare A Psheet s of

drawi ngs and one enbodi nent. Description of the Drawings Figure 1 is a top
vi ew, parti alhymbhrekism anay waefe anndi mostppdatigssambl ynaetordi ngfto t he
invention; Figure 2 is an enlarged view of a portion of Figure 1; Figure 3
i's a side viewrohga copnbats tsed throvsh psswEdsisy pimeRiigurey 12fFpHure 4 is
a sectional view taken along line 4--4 of Figure 3; Figure 5is a
sectional vi ewabaken tdmmegh ehgassage of nmbhefaswmebl gndf EisgibPeY 1 showi ng
a contact in position to be inserted into the passage; Figure 6 is a
sectional Vi gwihbke Fhgtir®cinghmsiiagilite. contact | oosely confined in the
passage;

Other objects and features of the invention will

become apparent as the description proceeds, especially
when taken in conjunction with the accompanying drawings
illustrating the invention, of which there are four

sheets of drawings and one embodiment.

Description of the Drawings

Figﬁre 1 is a top view, partially brokeﬂ away, of an
.interposer assembly according to the invention;

Figure 2 is an enlarged view of a portion of Figure
1;

Figure 3 is a side view of a contact used in the
assembly of Figure 1;

Figure 4 is a sectional view taken along line 4--4
of Figure 3;

Figure 5 is a sectional view taken through a passage
in the assembly of Figure 1 showing a contact in position
to be inserted into the passage:

Figure 6 is a sectional view like Figure 5 showing

the contact loosely confined in the passage;



12 MAR 2007 Figure 7 is a view like Figure 6 show ng the j he
passage between contact pads on overlying and underlying gg%@?ﬁ%ﬁ@@?t

Figure 8 is a view showing the contact conpressed into the passage between
opposed pads; and Figure 9 is a represgentational view of contact form and
insertion tooling. Description of the Preferred Enbodi ment | nterposer
assenbly 10 includes a flat dielectric plate or contact housing 12
preferably nol dedrigam 7 her ropliast Ltke eSigwrand hhowihny dhenicboFEast hi ckness
and a plurality of contact passages 14 extending through the thickness of
the plate fram ptad e ghepagar tateed® tconphat e pabet tom suefhaciegl8andPassages
14 are arranged in closely spaced rows, as illustrated in Figure 1. A
met al spring urgenladig 2bisgrhedk i n each passage 14. The hei ght or
thickness of plate 12 may be as little as 0.025 to 0.035 inches. Passages
14 have a rhonbi crigansver 38 cof osseweshowimg ifHeustomicad iornprgased?2 with
opposed end wall or groove 22 and projection end wall 24, and opposed,
concave si dewrlol 8h@6patg28hedandiopgobet wads; tdmed end wal |'s. The
sidewal I s have generally flat sections 29 which diverge outwardly from end
wal |'s 22 and 24 tgigeundediseat raprezoitneiendgl wiew et Eadsagefoedmhas a
maxi mum wi dth at corners 31, m dway between the end walls.

and insertion tooling.

‘Description of the Preferred Embodiment

Interposer assembly 10 includes a £lat dielectric
plate or contact housing 12 preferably molded from
thermoplastic resin and having a uniform thickness and a
plurality of contact passages 14 extending through the

thickness of the plate from plate top surface 16 to plate

bottom surface 18. Passages 14 are arranged in closely
spaced rows, as illustrated in Figure 1. A metal spring
contact 20 is held in each passage 14. The height or

thickness of plate 12 may be as little as 0.025 to 07035
inches.

Passages 14 have a rhombic transverse cross section
illustrated in Figure 2 with opposed end wall or groove
22 and projection end wall 24, and opposed, concave
sidewalis 26 and 28 extending between the end walls. The
sidewalls have generally flat sections 29 which diverge
outwardly from end walls 22 and 24 to rounded central
cofners 31 so that passage 14 has a maximum width at

corners 31, midway between the end walls.



12 MAR 2007 6 G oove 22 orients contact 20 vertically in and
permts bendi ng novenent of the contact fromthe groove mﬁﬁﬂ@ﬁg%@% act
is elastically stressed between pads, as shown in Figure S. G oove 22 need
not be transversely curved as shown i@ Figure 2. For instance, the groove
may be formed by two converging sidewall sections 29 with the contact
oriented between the sections. Contact-retention projection 30 is forned
inend wall 24 apdoexd eMihirnhbspassbays: P aerbssaflbrirersd paslskge22. The
projection is defined by flat upper and | ower cam surfaces 32 and 34
ext endi ng fr amdpr pgecittisonbéngi36 mboendnd top d&hd borttawtsuffaceshef plate
12 respectively. The tip i.s | ocated equidistant between the top and bottom
of the pl at e.gddovdesiheed thehexgqutejectisorsd aghycdibhre strddsgd thgyweBot h cam
surfaces slope away fromthe tip at a shallow angle of about 12 degrees
fromthe vertp=al,. afassage wah| FiZRre268 anGregvextZ@ndnpedperdi chkarly
between the top and bottom surfaces 16 and 18 of plate 12. Each contact 20
is formed fromaasshosély engiviedoras segwentinofigytd i i cBér winga@7e,
preferably having a core 38 of high yield strength netal. The core 38 is
surrounded bytk cykbnoek i amaly | layerfafiedoriouctivee @irateirygng40sidewadduce
contact resistance and prevent oxidation of

sections 29 with the contact. oriented between  the

sections.

Contact-retention projection 30 is formed in end
wall 24 and extends into passage 14 across from end wall
22. The projection is defined by flat upper and lower
cam surfaces 32 and 34 extending from projection tip 36
to the top and bottom surfaces of plate 12 respectively..
The tip is located equidistant between the top I'and bottom
of the plate. If desired, the projections may have a
flat tip. Both cam surfaces slope away from the tip at a
shallow angle of about 12 degrees from the vertical.
Passage walls 22, 26 and 28 extend perpendicularly
between the top and bottom surfaces 16 and 18 of plate
12.

Fach c¢ontact 20 4is formed from a short length or
segment of cylindrical wire 37, preferably having a core
38 of high yield strength metal. The core 38 is
surrounded by a cylindrical layer of conductive plating
40 to reduce contact resistance and prevent oxidation of

the core. The core is preferably made £from beryllium



the core. The core is preferably made from beryllium 12 NA per.
The plating is preferably gold or a gold alloy. Contacts %%ﬁ@oﬁgd

frompreplated wire having a dianmeter of 0.004 to 0.005 inches. The
contacts 20 have an essentially uniform circular cross-section. Each
contact 20 includes a straight central portion or spine 42 and |ike upper
and | ower curved spring arns or beans 44. Arns 44 extend in opposite

di rections freoppespi n€@hd2plhikey rounsedecehliacyobses a6gakde dldoat ed at

t he upper and | ower ends of the spring arns. Like short, straight
retention | egsordlcext end fspmokhenatss eSramayre raimds piinee 4Bawint t ewar d each
ot her to rounded ends 50. Wen contacts 20 are unstressed the noses 46 are
spaced apartdianm@ditsiranceogoeates ¢hEs timehehi ckibgscofitpitat €01laveCont act s
20 are synmmetrical to either side of the center of portion 42. Spring
contacts 20 adre dslsatit a1y e rbangidiudiudanl creameesectiguorti ons 42, 44, 46,
48 and 50 lying in a plane. The flat contacts fit in passages 14.

Proj ections 30 reakahncbheacont@ciscimeshe pasadges. c#hergongadtisnare hel d
vertically in the passages by spines 42 which seat in vertical grooves 22.
Grooves 22 argr psefrer atdl yands| iight lypplear gan tlbaart hersgi ngscing asswre t he

grooves orient the contacts vertically yet permt bending of the ends of
the spring ouwmesatng fasom thesguaoeesens shovppdsite directions from
spine 42. Like rounded contact noses 46 are located at
the upper and lower ends of the spring arms. Like short,
straight retention legs 48 extend from the noses away
from spine 42 and toward each other to rounded ends 50.
When contacts 20 are unstressed the noses 46 are spaced
apart a distance greater than the thickness of plate 12.
Contacts 20 are symmetrical to either side of the center
of portion 42.
Spring contacts 20 are flat with the longitudional
axes of portions 42, 44, 46, 48 and 50 lying in a plane.
The flat contacts £it in passages 14. Projections 30
retain the contacts in the passages. The contacts are
held vertically in the passages by spines 42 which seat
in wertical grooves 22. Grooves 22 are preferably
slightly larger than the spines to assure the grooves
orient the contacts vertically yet permit bending of the

ends of the spring outwardly from the grooves as shown in

Figure 8.



Figure S. 12 MAR 2007 8 Each contact nose 46 is convex mﬁtﬁ%ﬂﬁggaﬁn
curvature surface 52 facing away fromplate 12. The longit Jbius
of curvature of surface 52, as nmeasured along the Ilength of the wire
formng the nose, is greater than the gtransverse radius of curvature of
the surface, the radius of the wire. For contact 20, the wire has a radius
of 0.002 to 0.0025 inches. The contacts 20 are fornmed from a conti nuous

i ndefinite |ength mfchs wahtadi amricercpriepkatesk witth 6®ubid cimsdnired into
cavities in plate 12 by contact formand insertion tooling 70 illustrated
represent ati opatfaed 62 FEging QwaFherbor plabd iLaser then lbogitwyirAQ i ncl udes
wire feeder 72, wire cutter 74, contact former 76 and contact inserter 78.
Cont act insertgqivkS 45 hoeatede aflj anefdceorse®,siade mehsared atbonk? ther
positioning contacts 20 in passages 14. The operation of tooling 70 will
now be describgehtn A#t ethef Grifat icopmang s efdseon ief gaeptéorticontaet, the
wire feeder 72 is actuated to feed a length of wire 68 past cutter 74 and

nove the sheatgshdRadeendddes ofs thievaviire &0 die esdretaded pbsi tadiys shown in
dotted lines, adjacent contact formng station 76. Cutter 74 is then
actuated to cyt extended W rersegineidt 8 f rgm wiire Gihd oo fadimsnew | ead end
80 of wire 68 and an associ at ed

0.002 to 0.0025 inches. )

The contacts 20 are formed from a continuous
indefinite length of small diameter preplated wire 68 and
inserted into cavities in plate 12 by contact form and
insertion tooling 70 illustrated representaﬁionally in
Figure 9. The form and insertion tooling 70 includes
wire feeder 72, wire cutter 74, contact former 76 and
contact inserter 78. Contact insel,rter 78 is located
adjacent one side of a plate 12 for positioning contacts
20 in passages 14.

The operation of tooling 70 will now be described.
After formation ahd insertion of a prior contact, the
wire feeder 72 isA actuated to feed a length of wire 68
past cutter 74 and move the sheared lead end 80 of the
wire to an extended position, shown in dotted 1lines,
adjacent contact forming station 76. Cutter 74 is then
actuated to cut extended wire segment 82 from wire 68 to
form new iead end B0 of wire 68 and an associated
trailing end 86 of wire segment 82. Segmenf 82 has a

length sufficient to form a contact 20. Segment trailing



trailing end 86 of wire segnent 82. Segnent 82 has a | engt t to
forma contact 20. Segnent trailing 12 MAR 2007 9 end 86 %mm"ﬁg

| eadi ng end 80 are both formed when cutter 74 cuts the segnent fromwre
68. Segnent | eading end SO and the trailing end 86 of the previous wire
segnent were formed when the cutter severed the previous wre segnent from
the wwre. Aleading wire end and a trailing wire end are fornmed each tine
a segnent is end 8éraml weve Wle Thedieddend 6P r erendodmdiedredt whichi ng wire
end formed when wire 68 is cut are "cut-associated,” that 1is, both ends
are formed siouttanedusiyswhien sdymentr rom wins .68Af t Segnett | Igpddfngt he wire
to formsegnent 82, contact forner 76 bends the segnent to form contact
20, previouséyddescraedth®r atreciing phdt iSfg 40 Sber quredsougomd 88 and
extends the entire length of the wire segnent and contact. Core 38 is
exposed at engsgiBthtancr86 fomhyd Whent oot | ouftAF aedepbdt thd 2pard omsved
relatively to position the formed contact 20 to one si-de of an enpty
contact passagbrd4saimidnta tomt adie nebe:.| ocat deaddpmcente theé erdter of the
passage, spring arns 44 and spine 42 adjacent passage end wall 22 and
retention | egsr48imdjvdeentenpassageoendd wahth 2dimeSee Fequengs i5 amwd 9.
Inserter 78 is actuated to insert the contact into the passage.

' from wire 68. The leading wire end and the trailing wire

end formed when wire 68 is cut are "cut-associated," that
is, both ends are formed simultaneously when the wire lis
cut.

After cutting of the wire +to form segment 82.,
contact former 76 bends the segment to form contact 20,
previously described. Protective plating 40 surrounds
core 38 and extends the entire leﬁgth of the wire segment
and contact. Core 38 is exposed at ends 80 and 86 only.

The tooling 70 and plate 12 are moved relatively to
position the formed contact 20 to one side of an empty
contact passage 14 with a contact nose located adjacent
the center of the passage, spring arms 44 and sp'ine 42
adjacent passage end wall 22 and retention legs 48
adjacent passage end wall 24. See Figures 5 énd 9.
Inserter 78 is actuated to dinsert the contact into the
passage.

During insertion, converging sidewalls 26 and 28 at
each end wall 22, 24 guide or funnel the flat contact

into proper position in the passage. Spine 42 is moved



During insertion, converging sidewalls 26 and 28 at each q%qwggg? éé, 24
gui de or funnel the flat contact into proper position in the 8 .

Spine 42 is noved 12 MAR 2007 10 down along end wall 22 in the groove.
Lower retention leg 48 is noved into @ngagenent with the adjacent cam
surface 32. This engagenent results because the horizontal distance

bet ween the spine and curved end 50 of leg 48 is greater than the m ni num
spaci ng bet weaowi i flcde and wall 222in Gort igruede dovewsar defByel@Ntlcaf t he
contact into the passage elastically stresses the contact to nove |eg 48

i nwardly and pasis pfi®jeeCtingd 3fAgh@ermti mient e podjddenn cahowhrfatelri gure 6.
After lower |eg 48 passes the projection tip the contact returns to the
shape shown iB2. Fi guras6. effggapinte kesskat ethechugs OB 2Ro80zditadl t he
contact is vertical in the passage. In this position, the contact 20 is
unstressed anditosel veenséh NBtk idpinpassagended Bhaj 6ot boN1&Y £xtignds
between the ends of the retention |legs 48 to prevent dislodgenent of the

| oose cont act gf&oert e apassagainbast agescikd hekdeatobimcis &4 iwnikinown

positions on plate 12 with the noses 46 arraigned in a grid and spaced
apart X--X andzY--Y distances 54 as small as 0.032 inches or less for
establishing el ectrical connections with pads on upper and | ower
substrates. Continued downward movement of the contact into the
passage elastically stresses the contact to move leg 48
inwardly and past projection 36 to an inserted position
shown 1in Figure 6. After lower leg 48 passes the
projection tip the contact returns to the shape shown in
Figure 6. The spine is seated in groove 22 so that the
contact is vertical in the passage. In this position,
the contact 20 1s unstressed and loosely éonfined in
passage 14. Projection.‘BO extends between the ends of
the retention legs 48 to prevent dislodgement of the
loose contact from the paésage. Passages 14 hold
contacts 20 in known positions on plate 12 with the noses
4¢ arraigned in a grid and spaced apart X--¥X and Y--Y¥
distances 54 as small as 0.032 inches or less for
establishing electrical connections with pads on upper
and lower subsirates.
Figure 6 shows a loose contact 20 in passage 14.
Gravity shifts the contact down in the passage so that

the upper leg 48 rests on upper cam surface 32 and lower

leg 48 is below the lower cam surface 34. With contact



Figure 6 shows a | oose contact 20 in passage 14. Gavity sﬂoh‘t :57
contact down in the passage so that the upper leg 48 rests I'ﬂ% cam
‘surface 32 and lower |leg 48 is below the | ower cam surface 34. Wth
contact 12 MAR 2007 u 20 in passage 14 as illustrated, the upper and | ower
~contact noses 46 are |located at the top and bottom surface of plate 12.
Tooling 70 efficiently forns the contacts and inserts the contacts into
plate 12. Cont@actis arssskgened &somldiusbraesfhentie angpermedidat Biwer nsert ed
into passages 14 wi thout waste. The ends 80, 86 of each wire segnent 82
are cut - assoctatiettni hhseor riéspendi ngpoends oft adhacettr eondt decdsam t he
plate. There is no need to plate the fornmed contacts prior to insertion
into the plateurfEhe oflatatreg 1420 surrounds the surface of core 38 to assure
the contact noses 46 and adj acent surfaces are plated. Wen inserter 76
inserts contacts intcdipassages efdictdmidygh fioops suthacectédiatttee cand | eadi ng
end 80 of each <contact is adjacent plate bottom surface 18 and the cut
trailing end 8fsafrseatie contactsi $niadj picart 18l at €ohdpctsuafacEod:d The
contacts may be inserted into the passages through bottom surface 18, in
whi ch case cufrod eatliengegndn8d ahfideamiedahtiet inmuitédbenad] peesdgesur f ace
16 and cut trailing end 86 woul d be adjacent surface 18. Interposer
assenbly 10 establitishes welstetri cile ends 80, 86 of each wire segment

82 are cut-associated with corresponding ends of adjacent

contacts in the plate, There is no need to plate the

formed contacts prior to insertion into the plate. The

plating 40 surrounds the surface of core 38 to assure the

.contac.::t noses 46 and adjacent surfaces are plated.

When inserter 76 inserts contacts into passages 14
through top surface 16, the cut leading end 80 of each
contact is adjacent plate bottom surface 18 and the cut
trailing end 86 of each contact is adjacent plate top
surface 16. The contacts may be inserted into the
passages through bottom surface 18, 1n which case cut
leading end 80 of each contact would be adjacent surface
16 and cut trailing end 86 would be adjacent surface 18.

Interposer assembly 10 establishes electrical
connections between opposed contact pads 56 on substrates
58 located to either side of the assembly. Figure 7
illustrates the interposer assembly 10 located between

substrates 58 with the contact pads 56 lightly engaging

the contact noses 46 and contact 20 lightly stressed.



connecti ons between opposed contact pads 56 on substrates M%@
either side of the assenbly. Figure 7 illustrates the intd enbly

10 | ocated between substrates 58 with the contact pads 56 |ightly engagi ng
the contact noses 46 and contact 20 liightly stressed. 12 MAR 2007 12
Cont act ends 50 engage cam surfaces 32 and 34 and noses 46 extend above
surfaces 16 and 18. Figure 8 illustrates interposer assenbly 10 fully
sandwi ched betamertsgbder Pesns8uai i t Herasivfact padls 6 angh noses
substrates engaging the top and bottom plate ~ surfaces and each contact 20
el astically ot leapsed &mve surfassagé 28d Dwing novement of the substrates
onto the plate each contact nose 46 is noved into the passage and the
rounded ends 50 offigheer &t ehllugtrasgs 4®tskbdecr | ARarEPLY alBngvaddd up the
cam surfaces 32 and 34 past the position of Figure 7 to a fully conpressed
posi tion showendwickegubet@arhendsthetendsd 30 thr dhadfpaeksrt t438s365 As t he
contact is collapsed, the retention legs 48, the spring arns 44 and the
central portien 42earseulbeiiateel astdagdbby tie propi dendi gotEont avkatgr essure
between the contact noses and the pads 56 and to wi pe the noses along the
pads. The spriuxfaarssadd, eadsesort@candll egssBadidy eadhapide igftoceént r al
portion or spine 42 formelastic spring systens. During coll apse of
contact 20 easdssagenddd enbhStg siovement of the substrates onto the

plate each contact nose 46 is moved into the passage and

the founded ends 50 of the retention legs 48 slide

inwardly along and up the cam surfaces 32 and 34 past the

position of Figure 7 to a fully compressed position shown

in Figure 8 where the ends 50 are adjacent tip 36. As

the contact is collapsed, the retention Ilegs 48, the

spring arms 44 and the central portion 42 are bent

elastically to provide high contact pressure between the

contact noses and the pads 56 and to wipe the noses along

the pads. The sepring arms 44, noses 46 and legs 48 on

each side of centralj portion or spine 42 form elastic

spring systems.

During collapse of contact 20 each rounded end 50 is

brought into contact with and slides up a portion of a

cam surface 32, 34 spaced from tip 36 and spaced from the

top and bottom surfaces 16 and 18. Compare Figures 7 and

8. Engagement of the contact ends with the cam surfaces

away from the tips and away from surfaces 16 and 18



brought into contact with and slides up a portion of a ca , 34
spaced fromtip 36 and spaced fromthe top and bottom sur%@&@m 18.
Conpare Figures 7 and 8. Engagenent of the contact ends with the cam
surfaces away fromthe tips and away ¥Brom surfaces 16 and 18 12 MAR 2007
13 prevents a contact end 50 fromhanging up on a tip or surface 16 or 18.
As contact 20 is .collapsed into passage 14 contact noses 46 are held

agai nst the pRESveHE at ecpiasd anfl YOt A¥EH MRFHNCudithat? yaaltdRg @the pads
toward end wall 24. Contact engagenent between each contact nose and a pad
occurs at a vewyfaemllié aretd-surface 62 located at the outernost or top
portion of surface 52 above the plate and extending |ongitudinally along
t he nose. The surf&geco®Ratold0s igndedilgesedl 6nEe t heswljsackht cprikatowar d
passage end wall 24 to forma small area and hi gh-pressure clean, w ped
el ectrical conpeeti dh Feewdeld roaigss dite peRbs Fp@ plrat ineyed0 and t he
contact and the plating on the pad are soft and deform when the nose
engages the padtated cromoitudiredd v62lbngathed madst fevaedt end ofarlost.46. The
size of surface 62 has been exaggerated in Figures 1 and 2 for clarity.
The pad firstCentpefesengageingee S2tyecrndacy. cedcioneset ang s Had |y
conpressed in passage 14 surface 62 engages the pad at end 66 and the
remai nder of soefmxeaba yegpacedlfir @anephesurface 62 located at the

outermost oxr top portion of surface 52 above the plate
and extending longitudinally along the nose. The surface
62 rolls and wipes along the adjacent pad toward passage
end wall 24 to form a small area and high-pressure clean,
wiped electrical connection between the nose and pad.
The plating 40 on the contact and the.plating on the pad
ére soft and deform when the nose engages the pad to forfn
surface 62 located at the center of nose 46,

The size of surface 62 has been exaggerated in
Figures 1 and 2 for clarity. The pad flrst engages
surface 62 at end 64. When contact 20 is fully
compressed in passage 14 surface 62 engages the pad at
end 66 and the remainder of surface 62 is spaced from the
pad. The area of surface end 66 is very small, with a
transverse dimension considerably iess than the diaméter
of the wire forming nose {36. The shape of the smooth
" rounded contact noses, with a longitudional radius of

curvature in the direction of wipe movement greater than



p'ad. The area of surface end 66 is very small, with a transyv | IENsi on
considerably less than the dianeter of the wire formng ng?eﬁigszﬁqgeshape

of the snoboth rounded contact noses, with a | ongitudi onal radius of
curvature in the direction of w pe novagnent greater than 12 MAR 2007 14
the transverse radius of curvature, facilitates wi pe novenent between the
contact and pad al ong surface 62. The entire surface of wire contact 20
adj acent eachtheoritzrnsvenrs acerdBasi sOP| atEFAgrenhate 1dbaE8Rt i Wiy and
protect the wire contact from environnmental corrosion. Corrosion at the
poi nt of conneet¢mantwbERWeeIpddec sahERCtdagdabed tHe gl 8Bt Facl62connect i on.

Th lated cut ends 8Q, 86 tact, 8 | ocated in t t
of  passage 14 awelS (BSr PHCCRCR2 At Hrom CReoOar Gty (it

connections wLhfhie celRS diSLANCEs T EOM ﬂﬁ%ec%bnaﬂeﬁﬁﬁitye%to the

el ectrical connections etween theé noses andnpa S prevents corrosion
occurring atpgogédt €nd ffiesm MdaktnFrhom anvElreahenesl eophesidion and
degradi ng on connection. 12 MAR 2007 15 What | claimas ny invention: 1.
An i nt er poser Cassesixhy abnphésprdgntApfa qunmeetior nwdthr empads udetidhg
material, the plate havi n% a flat_top surface, _a flat bottom surface
ext endi ng par 8PEERAR S EleghricRt frapnection. The umplated cut ends

80, 86 of contact core 38 are located in the center of
passage 14 away Ffrom surfaces 62 and away from the
electrical connections with the pads. The distance from
the cut contact ends to the electrical connections
between the noses and pads prevents corrosion occurring
at a cut end from migrating to an electrical connection

-and degrading on connection.



and a substantially uniformthickness; B) a contact passageltzgﬁﬁﬁogﬁ
general ly perpendicularly through the thickness of the pla e top
surface to the bottom surface; and a projection |ocated in the passage,
the projection extending outwardly from one side of said passage toward an
opposi ng side of the passage, the projection having a first cam surface
facing the plate top surface and a second cam surface facing the plate
bottom surface; and C) a metal spring é®ntact |ocated in the contact
passage, the contact forned froma wire having a netal core and a
circunferenti al overplatlng of conductive netal surrounding the core and
ext endi ng pVnat | &f ewitoa; the wire having a uniform circul ar

transverse, cros sectl on; sald (iont act having a central portion, a pair of
spring ar mb ext H?ﬁép‘i’??reﬁstsﬁé@ ¥|Cd)énl?ff131flﬁe central portion, a pai r of

contact noses, end, of sprj.ng.ar a air of
etenti on ' egs, LEHRIPEREIIRO RS Bl iRg 1T 4R 08 1B Mle Ao eB ™
rounded end, eack 5, aacflapgéﬁonpﬁﬁﬂf@@é‘e%térR‘ﬁhé'%a%H@l%Bdch% fop S RN | eg,
each contact nose having a convex surface facing outwardly fromthe plate
and defining a didh spobkrintiatiyoudi@ontidicknssy;f ace on each contact nose

hi gh point, each contact surface extending |longitudinally along the nose
and | ocated certracpytaséasene reteiding seherslly nerremaliculbdy thosegh t he
contact | ocated Ih ssa%gg vvlth he central portion 12 MAR 2007 16
adj acent to said Spt%‘bcjﬁ s edtlatBoph e P andacnéo e dotiun | egs

| ocat ed on Opposétfr?acsel %%%1 Y Eréjg%tlgﬁqbgg teldoirl’]l t%g ptag%tagé ht%e projection

extending outwardly from one side of said passage toward an

opposing side of the passage, the projection having a first cam
surface facing the plate top surface and a second cam surface
facing the plate hottom surface; and

C)a metal spring contact located in the contact passage, the contact
formed from a wire having a metal core and a circumferential
overplating of conductive metal surrounding the core and
extending the length of the wire, the wire having a uniform
circular transverse cross section; said contact having a central
portion, a pair of spring arms extending to either side of the
central portion, a pair of contact noses, each contact nose at an
end of a spring arm, and a pair of retention legs, each retention leg
extending from a contact nose to a rounded end, each contact nose
between a spring arm and a retention leg, each contact nose
having a convex surface facing outwardly from the plate and
defining a high point, and a contact surface on each contact nose
high point, each contact surface extending longitudinally along the
nose and located centrally between the sides of the wire at the

-nose, the contact located in the passage with the central portion



projection retains the contact in the passage. 2. The intenﬁpﬁﬁgRA gnbly
as in claim1 wherein said contact includes wunplated cut ends, said ends
| ocat ed adj acent said cam surfaces and away fromthe contact noses to
prevent corrosion at such ends frominpairing an electrical connection
bet ween the contact and a contact pad. 3. The interposer assenbly as in
claim1 wherein said contact is flat. 4. The interposer assenbly as in
claim1l1l wherein said contact is Iooseﬂ? confined in the passage. 5. The
i nterposer assenbly as in claiml wherein said wire has a dianeter of
about 0.004 to 0.005 inches. 6. The interfoser assenbly as in claim5
wherein the pl at adisgent tchpekinerpsofig aistsue! heOpdstageoaroBthd netketion7. The

i nt er poser asse claim1 inc|ud verti.cal groove in the

| . .
opposi ng si de oﬁq%éggal %%,OD_BHEKW%? ﬁl%p’gjéiaﬂr%%ﬁﬁl%_tsoc@ﬁf F§ portion is
seated in said gfno(ﬁ\%gﬁ%lggeg‘:ﬂ bt %ER%%EFH g}z‘%s:ﬁg%%%%él : n claim?7 wherein the

passage i ncl udes osed” sidewa ext endi ng between
the proj ecgi on TREG RSO #0RBMINFHY B denrlll whbstdifg BnfRMEIugse! d
passage having a generally rhonbic transverse cross section. 9. The

i nt er poseruadatnbtyt asdd, sadd ands losdted eidiacait datdeem suffaceeand Bmam a hi gh
yield strength netal and said plating is formed fromgold or a gold alloy.
10. The i nfrérpBseeorigsbrbbys &3 Praventatanrosinhertsiuchsends foneimpaifiogned from
berylliunlcogfer.a d said is formed fromgold or a,gold alloy. 11.

et
eciuca %ﬂ%&nﬁﬁ%ﬁr"ﬂ%% hepritarhard e Itaserathcl udes 12° MAR

The i nterpd3
2007 17 g The interposer assembly as in claim 1 wherein said contact is flat.
4, The interposer assembly as in claim 1 wherein said contact is

loosely confined in the passage.

5. The interposer assembly as in claim 1 wherein said wire has a
diameter of about 0.004 to 0.005 inches.

6. The interposer assembly as in claim 5 wherein the plate has
thickness of about 0.025 to 0.035 inches.

7. The interposer assembly as in claim 1 inciuding a vertical groove in
the opposing side of the passage, and wherein said contact central portion
Is seated in said groove.

8. The interposer assembly as in claim 7 wherein the passage includes
two opposed sidewalls, each sidewall extending between the projection
and the groove, each sidewall including a corner, said passage having a
generally rhombic transverse cross section.

9. The interposer assembly as in claim 1 wherein said core is formed
from a high yield strength metal and said plating is formed from gold or a
gold alloy.

10.  The interposer assembly as in claim 9 wherein said core is formed
from beryllium copper and said plating is formed from gold or a gold alloy.

11.  The interposer assembly as in claim 1 wherein said plate includes



first neans located in the passage for orienting the cont aqtztmrgﬁ
portion relative to said bottomand top surfaces of the plate. .O'Fhe

i nterposer assenbly as in claim1l wherein said neans conprises a pair of
surfaces, said surfaces |ocated on said opposing side of the passage. 13.
The interposer assenbly as in claim1ll wherein said neans conprises a
groove extendi ng generally perpendiculzzly to said bottom and top
surfaces. 14. The interposer assenbly in claim1l including second neans
for guiding said contact central portion to said first means. 15. The

i nterposer _assenbly as in_claim14 wherein said second neans conprises two
opposed wafils maahiaraped sadee Passagener| oot tie geri@sblcpnEshpeIEPmy: A) a
pl ate forne romins erial, the having a flat top surface

f. i . t
and a flat® tt‘Y%ﬁ‘? §6}¢b§%b%g§%% ﬁ‘rugla?‘??/oégfl% Pagh passages ext endi ng
through t h?Z.t h'?l'f@?l%t%rp&%rt %e@ﬁ&ﬂ?%s{ihoﬂﬁﬂq 1t Q’QF?éHlfs%?an{e%nEhe bot t om

surface; C) a projection locate e center each passage, each

proj ecti onc@xpeBEs apaHbhailaes St Guefaleddobhted MRSERIIGHINGE Gidean
opposi ng side of the passage; D) a plurality of nmetal spring contacts, each

contact i nolatheassmgee. each contact forned froma length of wire having a
generally _uniformcircular cross section and including a netal core, a
metal pl at¥-ng Eig iferepsRy dssemidy @sdndlewad lewpessingaithme@dse; E) each

cPM At 15 ST\ gL O Rl SrBL BRI ELLL R0, ' °
' and top surfaces.
14. The interposer assembly as in claim 11 including second means for
guiding said contact central portion to said first means.
15.  The interposer assembly as in claim 14 wherein said second means
comprises two opposed walls in said passage.
16. The interposer assembly comprising:

A) a plate formed from insulating material, the plate having a flat top
surface and a flat bottom surface;

B) a plurality of through passages extending through the thickness
of the plate from the top surface to the bottom surface;

C) a projection located in the center of each passage, each
projection extending outwardly from one side of a passage toward
an opposing side of the passage;

D) a plurality of metal spring contacts, each contact in a passage,
each contact formed from a length of wire having a generally
uniform circular cross section and including a metal core, a metal
plating surrounding the core and ends exposing the core;

E) each contact having a central portion, a pair of arms extending to

either side of the central portion, a contact nose at the end of each



18 arm and a |l eg extending from each nose, each nose havi ig ﬁvm%wpoi nt ;
F) the projection in each passage extendi ng between portions of the

contact in the passage to retain the contact in the passage; G the contact
noses each having a transverse radius of curvature equal to the radius of
the wire and a |ongitudinal radius of curvature greater than the
transverse radius of curvature of the ire, and a |ongitudinally extending
contact surface at the high point of e‘gnch nose, each contact surface

| ocated centrally between the sides of the wire. 17. The interposer
assenbly as in claim16 wherein each contact includes a cut, |eading end
and a cut trailiAgetd atlgg eiendiggdram e BPse. Rch Ry heYing gchiedd

adj acent one side of.the plate and the cut trailing end of each contact

| ocat ed adj acent PORE ot her side of the pl ate. 18. The interposer assenbly

as in claim 16 WAR(ehrisish h b8ch BELUARS c2reilifiy bbi WS BBPEACRE trand gol d

or gold alloy plating surrounding the core. e I nterposer assenbly as

in claim 16 wherebntagaitiy phssaastoaretbit tHenesmaot irfbRubadsa@25 to 0. 035
inches. 20. The interposer assenbly as in claim 16 wherein said contacts
are flat. 21. Ghéhe noefpdseseassehthayinsaitrarnsdvarse tedinherfeiurvatird cont act s

are |oosely confined in the. passages. 22. The interpose_assenbly as in
cl ai m 16 wher ei neg@ldoghgradiysobie wain ard 8 lpagitydeat radips odecond and

(hird cont act < e R PPN B P Rae IS S SR R g A oo
of said first cog{RChLnAY rAgsRaiRliR%extending contact surface at the high
point of each nose, each contact surface located centrally between
the sides of the wire.

17. The interposer assembly as in claim 16 wherein each contact
includes a cut leading end and a cut trailing end, the cut leading end of
each contact located adjacent one side of the plate and the cut trailing end
of each contact located adjacent the other side of the plate.
18.  The interposer assembly as in claim 16 wherein said wire includes a
beryllium copper core and gold or gold alloy plating surrounding the core.
19. The interposer assembly as in claim 16 wherein said plate has a
thickness of about 0.025 to 0.035 inches.
20. The interposer assembly as in claim 16 wherein said contacts are’
flat.
21. The interposer assembly as in claim 16 wherein said contacts are
loosely confined in the passages.
22. The interpose assembly as in claim 16 wherein said plurality of
contacts include first, second and third contacts each having two cut ends;
one cut end of said first contact cut—associated with a cut end of the
second contact and the other cut end of said first contact cut-associated

with a cut end of the third contact.



with a cut end of the third contact. 12 MAR 2007 19 23. The j réb@%er .
assenbly as in claim22 wherein each pair of cut- associ at 2'? Mﬁen S

i ncludes a cut 'end adjacent one plate surface and a cut end adjacent the
other plate surface. 24. The interposer assenbly as in claim16 wherein
said wre has a dianeter of about 0.004 to 0.005 inches. 25. The

i nterposer assenbly as in claim24 Wnergi n said contacts are |ocated in
rows spaced apart about 0.032 inches of?l ess. 26. The nethod of for ni ng and
| oadi ng nmetal spring contacts in an insulating plate, the nethod
conprising the steps of: A) providing an insulation plate having a
plurality éf- pabBadeisrpesarensfionblyisoagtiaimes Whekgiesachipainef sibtre; B)

roviding an indefinite | en of contact wire having a care and a latin
Ry buna na st Bsa e o Rre AL btk BNl et B D ondor

the contact ; W4 gdl\gicggp eﬁ@%ﬁp%genémgcgach segnent includes a cut |ead

end and a cut trailing en ing each cut wire segnent to forma

~ spring congact ; TRaGhBlpbsiseiddentbl9ashinf QbR d 6SRhEFEn GAM a6fe hAt@ a passage
in the plate. 27. The nethod of claim 26 including the step of: F) bending

and i nsert diaghegac bf wbost 8dfHett Ok¥onehest ting the next wire segnent from
the wire. 28. The nmethod of claim 26 including the step of: F) bending said
wire segnefi®s sbh¢ HHereesar awwily dsna dass 2dvsherminsetd captiasss apaced apart

a di st ancelo QFeacf 1elr1rrc;[vtr1:§jl gpégeed Bgéﬁka eosu% O%Sé ?neL: elsaéreleasg.d

26. The method of forming and loading metal spring contacts in an
insulating plate, the method comprising the steps of:

A) providing an insulation plate having a plurality of passages _
extending through the thickness of the plate;

B) providing an indefinite length of contact wire having a core and a
plating surrounding the core;

C) cufting successive wire segments from one end of the contact
wire without waste so that each segment includes a cut lead end
and é cut trailing end;

D) bending each cut wire segment to form a spring contact; and

E) inserting each formed spring contact into a passage in the plate.

27. The method of c'l_airn 26 including the step of:

F) bending and inserting each wire segment before cutting the next wire
segment from the wire.

28. The method of claim 26 including the step of:

VF) bending said wire segments so that each contact includes two contact
noses spaced apart a distance greater than the thickness of the plate and
the cut lead end and cut trailing end of the contact are away from such
noses.

29. The method of claim 26 including the step of:



the cut lead end and cut trailing end of the contact are a h
noses. 29. The nethod of claim 26 including the step of: 1%@3@%20
| oosely confining the contacts in the passages. 30. The nethod of claim 26

including the step of: bending said wire segnents to formflat spring
cont acts.

20

loosely confining the contacts in the passages.
30. The method of claim 26 including the step of:

bending said wire segments to form flat spring contacts.




