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which are sandwliched between substrates to form electrical
connections between opposed pads on the subsgstrates, and to
cantilever contacts for forming electrical connections with
contact pads.

Background of the Invention

Interposer assemblies typically include plastic plates with
through passages and contacts‘ in the passages for forming
electrical connections between opposed contact pads.

Interposer assemblies form electrical connections between
contact pads arranged in a very close proximity to each other.
The pads may be arrgnged on a one millimeter center-to-center
grid. Each assembly may include as many as 961 contacts with
four interposer assemblies mounted in a single frame ﬁith a total
of 3,844 contacts in the frame. The ¢ontacts must establish
reliable electrical connections with the pads when tﬁé éssemblies
are sandwiched together between circuit members. Failure of a
single contact to make a reliable connection renders the entire
frame useless.

Contacts in interposer assemblies include contact surfaces
which mechanically engage the contact pads and form electrical
connections with the contact pads.” - Conventional intexpqser
assemblies have single surface contacts which engage each pad to

form a single electrical connection with each pad. The contact



.single contact to nmake a reliable connection renders the entire frane
usel ess. Contacts in interposer assenblies include contact surfaces which
mechani cal | y engage the contact -pads and formelectrical connections with

t he conta .o CONventional interposer assenblies h i N surface
contacts MP@%@#&age each pad to forma single electri %&’@@ﬁﬁ%@?i on with
each pad. The contact WD 03/005419 PCT/ US02/13940 - 2 nay w pe along the

pad to inprove the quality of the el ect Fital connection. Inpurities,
oxi des or contam nants on either the contact surface or the pad can inpair

the single gy AR atbR§! ths HadC eBNEfIRS thk t dudine yPasiSsheCanbagt seaised in

i nterposer assenblies are typically symetrical about the center of the

i nsul ati ng pbratemtieach iImphutfige a sddesabe spriamgnahtshonbedses ahsi ngl e
contact surface against a pad. Accordi nglﬁl%( there is a need for an inproved

i nt er poser SR FUFAShi 8h &Xeh Rht TERBLT r SN FIRI Co B t h
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under | yi ng Substratés each contact esta ectrical

connect i onsimidrdposachapasibiibe £ENNEHLcaIsy SyanbekidaavabsmltheCcosimat ar eas

to increase the contact pressure between the contact and the pad. W ped

hi gh cont acef prhes dasulabtrmddate, ceoadiedmicdnding H ¢eproatelspréhy adtich

i nt erposer assenbly el eftri cr%l connections, There i.s also a need for a
ActORbCh

met hod of n&SRF & 5484 o ESAtA%t Hé&Pflts fromstrip stock,
which may be verythifgppd didfd ol ta tQdoriy R thghovbheifed:Sdied for a
spring contact having spaced contact points for engaging a contact pad and
form ng redasgamily ¥ padchi giclprressacte makedsndaiuhdahte contgats edhhestdhons
bet ween th'epad g0 that when the assembly is sandwiched between overlying and
underlying substrates each contact establishes two reliable
electrical connections with each pad. The connections should
have small contact areas to increase the contact pressure between
the contact and the pad. Wiped high.contact pregsure redundant
connections would provide reliable interposer assembly electrical
connections. There is also a need for a method of making a
contact with spaced contact points from strip stock, which may be
very thin and difficult to{form. o
Further, there is need for a spriﬁg contact.having gpaced
contact points for engaging a contact pad and forming redundant
wiped high pressure redundant electrical connectioﬁs between the

contact and the pad.

Summary of the Invention

The invention is an improved interposer assembly including
contacts mounted in passages extending through an ingulating
plate with each contact having two contact points on each end of

the contact. When the interposer assembly is sandwiched between



.contact and the pad. Summary of the Invention The invention is an inproved
i nterposer assenbly including contacts. nounted in passages extending
through an insulating plate with each contact having two contact points on

each end ontact. \Wen the interposer assenbly i L Ghed
ot neen W' BIBBT0 A Lsbsl 15040 - 5 over Jing and urar y%\%}}‘?

substrates the pairs of contact points s;are brought into w ped pressure
engagenment with overlying and underlying pads and forns redundant

el ectrical connections with the pads. The contact points are formed on
rounded edgwerdwisgsapd Wiferlydng fubstzabehdihe paars oreatectamedsts
resulting in hng cg tacg pressur e and relugbl% glech icaI]ponnections
despite delt5S PrdEPied5RdVaRrFT RS EBRE aRT TS "on "t e RUHTACPE 8Rd pads.
Each cont a%aé}qwﬂs_spaap_éﬁo%gﬂs SRGuREaRE "B dcRirfesh tnecEMd @heROrtion..
A pair of contact points is forned on the outer end of each spring arm
The poi nts geojpadl.above and below the plate. The arns are i ndependently

defl ected during conpression,  of the contact by overlying and underlying
substrates. The Tfr ¢PRFackr RE1MES 2FAcirded et SRPTERA |slges examendiofg tBat war dl y

from the. ConlactaPOdeLOLENOAMRIEN ek AURSEICAMAUL 2583

. ontac
CbnpreSS|oﬁ:5¥at eé contacts noves al on cam

surface to faudshee ShisesseiliielspelBgr Al NOnaase: SNt @6dpitkOldedris,
Additionall'y, the invention relates to a contact having a beamwth a
mount i ng enukizied andosmmfrceegdntamingntg en fdier cohtatts amal bgdspaced cont act

poi nts. Mvenent of a pad against the contaq& goints stresses the beam and
moves t he ContagﬁcboFﬂggaCt ncludes two tapere pring arms joined to a

central portion. A pair of contact points is formed on the outer
end of each spring arm. The points project above and below the
plate. The arms are independently deflected during compression
of the contact by overlying and underlying substrates. The apring
arms may include retention legs extending outwardly £from the
contact ©points for engagement with adjacent cam surfaces.
Compression of the contacts moves the ends of the legs along the
cam surface to further stress the spring and increase contact
force. , _ ' ‘
Additionally, the invenfioﬁ relates to a contact having a
beam with a mounting end and a contact end carrying a pair of
laterally spaced contact points. Movement of a pad against the
contact points stresses the beam and moves the contact points
"laterally along the pad to form wiped high pressure electrical
connections between the contact and the pad. The contact points
~are rounded edge corners and have a very small contact area in.

order to increase contact pressure and form redundant wiped high

pressure electrical connections between the contact and the pad.



.laterally along the pad to formw ped high pressure electrical connections
between the contact and the pad. The contact points are rounded edge
corners and have a very snmall contact area in order to increase contact

pressure redundant wi ped high pressure electri i ons
bet ween tf\‘ggé’é’ﬁ s “and the pad. WD 03/ 005419 PCT/ US02/ 13”3!16‘%99’25%%
contact points are preferably |ocated on opposite sides of the spring arm
and stabilize the contact. against twisting. Other objects and features of
the invention will becone apparent as the description proceeds, especially
when t aken iThe conjtantt pointse tlret heefroabipabgeatpdd cavwwprrss itel asdeatding t he
invention, of which there are five sheets of drawi ngs and two enbodinents.
Descri pti ontBe 2B¥1gr &% RS Bitahisize jthe;cppirch agripfokentshi®@g: of an
| nterposer  asseqply 3gGALALngod Ocbhituldv el gL SCLANEEL AR Aedaqetric
view of a contaci Use n e I nterposer assenbly; Frgure IS acfop Vi ew
of a substrapgamérith spadsef§ @sshAptiibg pedatidsi, Cabps@id1agt waas Waikdh tihe
contacts in the interposer assenbly; Figure 3 is a sectional view taken
al ong |ine 8emPumdtipnguwidhl ;thE gaeeompanyingyvidsawindge Fliwptradishoviheg t he
i nt erposer assenbly sandw ched between top and hottom substrates; Figure 5
is an enl ar yBUeRY 'ong%i‘&b;hbefmFiaﬁ&r 5l§es%b‘?/ﬁtr‘f’g oL, raPiRgH ATY WO
constructiog,,Ei @6 is a view like Figure 4 showi ng the substrates
engagi ng the 1 nterposer assenbly;

. Description of the Drawings

Figure 1 is a top view, broken away, of an interposer
assembly according to the invention;

Figure 1A is an isometric view of a contact used in the
interposer assembly;

Figure 2 is a top view of a substrate with pads for forming
electrical connections with the contacts in the interposer
agsembly;

Figure 3 is a sectional view taken along line 3--3 of Figure
1;

{ Figure 4 ies a view like Figure 3 showing the interposer
assembly sanéwiched between top and bottom substrates;

Figure 5 is an enlarged view of portion of Figure 4 showing
an alternative construction;

Figure 6 1is a view like Figure 4 showing the substrates
engaging the interposer assembly;

Figure 7 is a view like Figure 2 showing wipe traces on the
contact pads of the gubstrate;

Figure B8 is a partially broken away view taken along line 8-

-8 of Figure 6;



Figure 7 is a view |like Figure 2 show ng wi pe traces on the contact pads
of the substrate; 4 Figure 8 is a partially broken away vi ew taken al ong
line 8- -8 of Figure 6; WD 03/005419 PCT/US02/ 13940 - 5 Figure 9 is a
contact pe Jigure 10 is an enlarged view of a porti he perform
of Figur e{vg)q{ssﬁ]ésvfn@ng a pair of wngs; Figure 11 is a sect?@'ﬁ(ﬁ;mbﬁ%‘% t aken
along line 11--11 of Figure 9 show ng_tshe wi ngs bent upwardly; Figure 12
is a sectional vi-ew showi ng tooling used for punch formng the preform
fromstrip stock; and Figures 13 and 14 are sectional views showi ng a
cantil ever contBiguneePater tapntheti peeiquoser contact. Description of the

Pref erred Enbodi nents Ige, di sclqsure re|lates to the intergoser assenbly of
U S. Patent No.F¥YWP6l90PF 2PhEHRrEERoEIRE O5f 2 BATERCT Of KR8 PRFEREBAE her ei n

by referenceg;ln-its SatkLetY valbeodiselpsure also relates to the interposer.
assenbly of lkl%fdi ch, et %I ) pﬁ. S. opaten ‘application for "Interposer

Assenbly, " Seri abiddre A9/ 45652988ct fddAd viunet2Ren 20hg tihae discipsae e of
which is incorporated herein by reference, inits entirety. The first
embodi ment Fhoer®ds @hoysng ey wiogs nesnfdewwardlyt dielectric plate 12

preferably nolded fro her nopl astic.resin . and havi a plurality of
contact passages Jﬂlrgz}%ﬁcﬁ ﬁgg?%rlgﬁlapﬁ Y1%e BPﬂ‘f’%gggf’g’fQ Pﬁ‘égpqoft BURTym
plate top 1@oimik) ale PO EBom sERIY atbcR) dmy hel d in each passage 14.
The height of plate 12 may be as [ittle as 0.048 inches.

Figures 13 and 14 are sectional views showing a cantilevexr
contact related to the interposer contact.

Description of the Preferred Embodiments

The disclosure relates to the interposer assembly of U.S.
Patent No. 6,176,707, the disclosure of which is incorporated
herein by reference in its entirety.
The disclosure also relates to the interposer assembly of
Neidich, et al. U.S. patent épplication for "Interposer
Assembly," Serial No. 09/455,989, filed June 28, 2000, the
disclosure of which is incorporated herein by reference, in its
; entirety. . ‘ . '
- 'The first embodiment iﬁterposer assembly 10 includes a flat
dielectric plate 12 preferably molded from thermoplastic resin
and having a plurality of contact passages 14 extending through
the thickness of the plate from plate top 16 to plate bottom 18.
A contact 20 is held in each passage 1l4. The height of plate 12
may be as little as 0.048 inches.
Passages 14 are elongate in tranaverse cross ‘section. Each

passage includes a wide end 22, an opposed narrow end 24, a

uniform width portion 26 adjacent the wide end 22 and a tapered,



. Passages 14 are elongate in transverse cross section. Each passage
includes a wi de end 22, an opposed narrow end 24, a uniformw dth portion
26 adj acent the wide end 22 and a tapered, WD 03/005419 PCT/US02/13940 - 6
reduced w jon 28 adjacent the narrow end. The unifQr i dt h
portion 26“&’2’3}8@%%405% parall el walls extendi ng between t%‘gl."/[qgotz}émf?"%nd
bottom of the plate and the reduced width portion has inwardly tapered
wal I's extending fromportion 26 to narrow end 24. As illustrated in Figure
3, a shallow contact-retention projection 30 is formed' in each narrow
passage endreducebheridph op@atiioan2s sadipidenedthy fd@towuppdr aTke haiEbraam
surfaces 32 and 34 extending fromprojection tip 36 to the top and bottom
of plate 1@4’-‘@59@&4%?9.haﬁl@PPP?ﬁi)@aFB%%ﬂ:‘ed’aéh%iQi"i%f“é#ﬁlg et vessh thehe t op

and bottom of the plate. Bpth cam surfaces, slo a . fromthe tip at a
shal | ow andt® %4 @%%oTzoge%%ee rsila%F or%nghghe v’éérjcﬁ’icggﬁxlﬁ'f%tp%%&oﬁa}"$538 at
wi de |oassaQc;:-'mse'enndsl1;3)-,2 _ts%séféaisvanea PeRchifdlar E¥oRebdaadnt BE LOPLARGWORKEOM Of
plate 12. Figure ilTustrates a nodified interposer assenbly plate 12a

simlar togptate 12 and having a top cam surface 32a and bott-om cam
surface (not illustrated) which end a short distance 98 inwardly fromthe

plate top side f6a HAdEbER TS & RBEUFSt 34 13 BHFTdENd PORFRE terhesiiiPAces and
h , i.ghy | & . 98 i d h
short, st rﬁ%ﬂﬁte&@gn"‘@h 1ss%i1ﬁ‘&§shxg Zigéhtﬁﬁrto%p &%anggt Logn Z&. eng{e the

pl ate exte across the narrow en a of conta assage l4a. Prates 12

and 12a ar gy8jlededoh ML RRILEDBY aSl=tC uppSt ndS L 8kr FRhOsGiRpestiNngngor e
pi ns form ng passages 14 and 14a. The tooling supporting the core pins
normal |y exd4eneistendiagy fsomreproi¢ictianceibPnd® thethm| b avid patsopr efent t he

cam Surfacepsla].cgeor]r.lz respectively. The tip is located equidistant between
the top and bottom of the plate. Both cam surfaces slope away
from the tip at a shallow angle of about 12 degrees from the
vertical. Flat end wall 35 at wide passage end 22 extends
perpendicularly between the top and bottom of plate 12.

Figure 5 illustrates a modified interposer assembly plate
l2a similar to plate 12 and having 'a top cam surface 32a and
bottom cam surface (not illustrated) which end a short distance

; 98 inwardly from the plate top side léa and bottom gide (not

| illustrated). The cam surfaces and short, straight end wall
gurfaces 98 at the top and bottom sides of the plate extend
across the narrow end 24a of contact passage 14a.

Plates 12 and 1l2a are molded from thermoplastic resin using
mold suppprting core pins fbrming paséages 14 and 14a. The
tooling supporting the core pins normally extends a very short
dijstance into the mold cavity to prevent the cam surfaces from
extending to the top and bottom of the plate. Each straight

surface 98 has a vertical extent of about 0.005 inches so that,



.extending to the top and bottomof the plate. Each straight surface 98 has
a vertical extent of about 0.005 inches so that, WO 03/005419

PCTI US02/ 13940 - 7 in practice, the camsurfaces are recessed fromthe top
and bott%ggl p plate only a very small distance. This recess distance
does not € %% Re operation of the interposer assenbl FCTESIFEH0 20 is
formed fromthin uniformthickness netal strip stock, which may be a
beryllium copper, and is preferably pl"aFf ed wth a conductive netal, which
may be gold or a gold alloy, to reduce contact resistance and prevent"-

oxi dati on. iGoniw@citica) thayche sadEaddsomist riqrewbeak thayi ofe atéhi skaess of
0.0017 inches. Thi.s thin stock is difficult to shape accurately. Contacts
20 i ncl ude botipat ofefbraPlptr tPY & WFvnemadl AigeanagpperThdndrkoers curved
and tapered,,spring arns or beans 42. Arns 42 extend in opposite directions
from spi ne 46’ aE‘S%ta cfesnolslggs) Eﬁeﬁge HHSc aPRYF A OPhePTup bR AMFSFBARST ends of
the spring ga@Rpivohort, straight and tapered retention |egs 46 extending
outwardly fromt%e noses and toward each other to rounded ends 48. Wen
contacts 20 ar ecunsdcteg9etis tivemad somddhin end facr dhdpRiidssamethiskangs of

0.060 inches, greater than the thickness of plate 12. Spring arns 42 are
bent, | ater¥PFl: afRFE M Rt PEFYLEhiuTe c2BPet andeis mmefaralelot Pdated t hat

noses 44 SLALOSLEDSLRER LIE SRS odhI 80 Lo | gg Fdst0 A a2

have a maxi mum w acent spine

from the spicagckOcBRssct 4bsiCoMAr tand2Bratents WRBLELSR! t @gkhbes 54 de of
spi ne 40. Each spring arm 42 includes a pair of contact points 50 adjacent

nose 44. Theycbateasde fupntarrdpestoskabadirgpar thigknesppusiot €057 deshed. t he
spring arﬁl%h§20££ig|§¥gzﬂcgsl£?¥¥ygh tféénghape accurately.
Contacts 20 include a flat central portion or spine 40, like
upper and lower curved and tapered spring arms or beams 42. Arms
42 extend in opposite directions from spine 40. Contact noses 44
are located at the upper and lower ends of the spring arms.
Short, straight and tapered retention legs 46 extending outwardly
from the noses and toward each other to rounded ends 48. When
contacts 20 are unstressed the noses 44 are spaced apart a
distance of 0.060 incheé, greater than the thickness of plate 12.
Spring armsg 42 are bent' laterally away from central spine 40 in
the same direction so that noses 44 are located between the spine
and retention leg ends 48. Arms 42 have a maximum width adjacent
spine 40. The width of each arm decreases from the spine to nose
44. Contacts 20 are symmetrical to either side of spine 40.
Each spring arm 42 includes a pair of contact points 50
' adjacent nose 44. The contact points are. spaced. apart on
opposite sides of the spring arm a short distance inwardly from

the nose and project above the surface of the arm. As shown in



.the.nose and project above the surface of the arm As shown in WO 03/005419
- 8 PCT/US02/13940 Figure 1, the contact points also are |ocated outwardly
fromthe arns to increase the width of the contact adjacent the nose.
Figure 9 i rates preform 52 which is stanped from uniformthickness
strip stoéﬁégﬁ@@%aped to formcontact 20. The preform PREUSERES Y central
portion 54 which fornms spine 40 and tv%),_ | i ke arm or beam sections 56
extending to either side of the central portion which formarms 42 and

| egs 46. The widths of the arm sections decrease froma maxinum-at the
central porigoRe 10 tHeNcBhEEcrpotnits H8o Hosndedtpd ajueehidns fabmviings 60
extend outwardly fromthe sides of the arm sections between the central
portion 54azmd epdnoasg §he oviprh pf ke soesacbAdirgens deha #o8tanpi ng

preform52 fromthin stri.p stock 62. The strjp.,stock, is positioned on .
Vi 64 wi ¢ h Bt Py i uBk S draarn o Syl s trERRH Pk 1o

the anvil. OuEtar S 188xnbos aleedp tét ookt B8l «Hhged Ho EBEn RIAESct 3d afyd | and
above strip stock 62, are noved down past the anvil to cut or shear away

out er port ipaBSor@ biicIddesstar cpntstaiclpolrtbom 3hevhjoht farms/ Zphetdidednwden t he
anvil and pressure plate. Sharing forns sheared edges 74 on_hel d portion

72 with rotBedlikfpFem SHrRfEFsceH- 1878 Tharhendingy tP FRidheE opifter 8E782% I n t he

drawi ngs, the size of. 5,7 ' d f itye
St anped pr ePoPar s Pl Al Sh Follfehd b2 BETHERAAT, | Ble wSNBEAE o oty

arm sect i OR%e58r@ANse A iDHAd dbBLe N @S0 a M=iRGh i N ThebBeikalNBodE 180
sections. Rounded edge corners 76 are. located on, one side of the preform

and drag coeneisim@uara: lendat 88 oRouhded projections or wings 60 extend
outwardly from the sides of the arm sections between the central
portion 54 and ends 58.

Figure 12 illustrates tooling used to stamping preform 52
from thin strip stock 62. The strip stock is positioned on'anvil
64 with an overlying pressure plate 66 clamping the strip stock
to the anvil. Cutters 68, located to either side of the plate
and anvil and above strip stock 62, are moved down past the anvil
to cut or shear away outer portions 70 of the strip stock from
the portion  72 held between the anvil and pressure plate.
Sharing forms  sheared edges 74 on held portion 72 with rounded
upper corners 76 and sharp, drag lower corners 78. In the
drawings, the size of corners 76 and 78 is exaggerated for
clarity. | ' |

Stamped prefoim 52 includes cut edges 74 extending along the
sides of both arm sections 56 and around the wings or projections
60 on the arm sections. Rounded edge corners 76 are. located on-
one side of the preform and drag corners 78 are located on the

other side of the preform.



. other side of the preform WD 03/005419 PCTIUS02/13940 - 9 Contact 20 is
formed frompreform52 by bending the preform about axes parallel to the
pl ane of the preformto formcurved spring arnms 42, noses 44, |legs 46 and

curved enda,odngloggng he ends of legs 46. The preformis bﬁé}‘t,%ﬁs&dl%g te

rounded edge corners 76 on the outside of the contact a ners 78
on the inside of the contact. Additiqnally, during bending of the preform
to formthe contact, or as an independent step, both projections or w ngs
60 are bent upwardly relative to the arm sections, around bend lines 80
shown in Fi gure Cbtatd 20rim someicfropinnefosd eXtndendirsbobe prdfermpring
arns 42 adjacent to noses_44. ure 7 illystrates the bent up wings with

i
rounded cor?RAY PESEoPRFRH &?ggPﬁep]ﬁﬁ oL o ERF RF HETINHOWF PR W& VEFag

78 . t t .
corners %‘%}%;?egrfw ”lr g-Lo)éeQ”tﬂz, RELOV & BRST cf QL & ?ttr%?é; %%hﬁ%ckness

preform 52 ave a t ness of 070017 inches. Mtal o

is very hargk tizdandl.e ane whadpen Lbeabl yo IdtatenbbinddicaaBi€ercorneraded
corners on the contact points are fornmed during shearing of the preform
fromstrip %@ oek thetenialdejiathdde chotackeand tgrast gshrpeirealByobemdieng t he'
strip stock.%f.;li?e roggded corners are very small having a transverse

radi us of ctIRAUPE 5FaFTh®G: 0006 i nches to 0.0010 depending on tool

clearance and WoglaachbndlY 0 B&1KET Keflhidd 38 Ldd S BESE osHBkhr OUNded
corners by mechanically shaping the preform The radius of curvature al ong

t he | engt h @dntse,cornes san $ndépmmtientd. 36D, | hotie profktetodeendi wihgaf 6pr ef or m
52 to formcontact 20 as_described, the contact is preferably plated with
a conduct i V@& SeesE gwwqﬂﬁly relative to the arm sections, around bend lines
80 shown in Figure 10, to form contact points 50 extending above
the spring arms 42 adjacent to noses 44. Figure 7 illustrates
the bent up wings with rounded corners 76 located above the arm
section 56 and with the drag corners 78 located outwardly and
below the rounded corners.
Contact preform 52 may have a thickness of 0.0017 inches.
Metal of this thickness is very hard to handle and shape
reliably. The small diameter, rounded corners on the contact
. points are formed during shearing of the preform from strip stock
- material without the necessity of physically bending the strip
stock. The rounded corners are verf small having a transverse
radius of curvature of about 0.0006 inches to 0.0010 depending on
tool clearance and wear. It would be very difficult to form
these small rounded corners by mechanically shaping the ?reform.
The radius of curvature along the length of the corners is about
0.012 inches. , l s
After bending of preform 52 to form contact 20 as described,

the contact 1s preferably plated with a conductive metal which



.. WD 03/005419 - 10 PCT/US02/13940 nmay be gold or a gold alloy to forma
pl ati ng 82 surrounding the contact. Forned and plated contacts 20 are
inserted into contact passages 14 in plate 12 by positioning each contact

to one sid assage with a contact nose | ocated adj he center
of the pa@gaogjg?ﬁéd;ri ng arns 42 adj acent w de passage en@@ﬁé”"?etenti on

| egs 46 adj acent narrow passage end 24,,The contact is then noved into the
passage to bring spine 40 into engagegent wth wall 38 and the | ead
retention leg 46 into engagenent with the adjacent cam surface 32 or 34.
Thi s engageawsnber gsld tox abechlusdlohechdprrontrlatdngt 8 ceudretndiary the spine
and curved ends 48 of legs 46 is greater than the m ni mum spaci ng between
tip 36 andeomdact38.- Conti nued novenent of the contact into the passage

el astically str g,%ﬁ%?t ?ﬁ%c%)ﬁ&c& éo%tg?%gt %@eakggi%‘g%efﬂ y-mtq_lgd cR@LELt

novenent the le rojection e I nser position shown in

Figure 3. Allfiageheld eth RASEES14 Ny BboLEIdiog ehbR édifta@Ntaind @lidens to
the shape shown"in Figure 3. In this position the contact 20 is unstressed
and | oose i¢f papaagegd WithProfpentdagnngfe ehaaatgd béiawar the eandweropf
the'retention legs 46 to prevent disl odgerrent pf the'l oose contact from

t he passagetheFiRRARSEIS, sHBRARY I A3nPIERE Wide tIRPSPEEeiffoR2l 8GS avay
¢ H : on : . . . h
rom the prlg)ét%%%%g]? Jteﬁ@ 8% S%R'aﬁgnt 21%@%& Yoalsble SBHL L4l NenROBLACLe d@Wn

in.
t he passage 50 g rest's on“upper top cam surface 32.
W th contacinedD nidveBasadgetie msaabbuss rotaey ddideuppetinaddeddagzmenant act
noses 44 are |located at the top and bottomof the contact. The contact
poi nts 50 awitlalwedl| 3 sl the leark rebpnbinh HESt 6Mm Hrtq IRRgesrent YikBses 44

ext end acroéégtggaacent cam surface 32 or 34. This engagement results

because the horizontal distance between the spine and curved ends
48 of legs 46 is greater than the minimum spacing between tip 36
and wall 38. Continued movement of the contact into the passage
elastically stresses the contact to move the leg inwardly and
permit movement the leg past the projection to the insexrted
position shown in Figure 3. After the leg passes the projection
tip the contact returns to the shape shown in Figure 3. In this
position the contact 20 is unstressed and loose in passage 14.
Projection 30 extends between the ends of the retention legs 46
to prevent dislodgement of the loose contact from the passage.
Figure 3 shows loose contact 20 with the retention legs away
from the projection. In practice, gravity will shift the contact
down in the passage so that the upper leg 46 rests on upper top
cam surface 32. With contact 20 in péssage 14 as illustrated,
the upper. and lower contact noses 44 are located at the top and
bottom of the contact. The contact points 50 are also located at

the top and bottom of the contact. Noses 44 extend across the



WD 03/005419 - 11 PCTIUS02/13940 width of the contact. Projections 50 are
| ocated on the opposed sides of the contact. In one interposer assenbly 10
having a plate 12 with a thickness of 0.048 inches and contact 20 forned

fromunifo i,cekness strip stock having a thickness of j nches the
hei ght of ?@%nhﬁgﬁfessed contacts fromnose to nose is O.BgB%B%éQ%@s. When

the contact is positioned in a contact passage 14 as shown in Figure 3
each contact nose 44 projects a distancé 0.006 inches above the top or
bottom side of the plate. The contact points 50 are spaced apart across
the width ofidcheos ctyd achtQcllProfiediciansl RO e4R0 IS B64 asthItiie Idpdasedsed t o
establish electrical connections between opposed contact pads 84 on
substr at es Bigles| ofatksl aamtacther side of the assenbly. Figure 2 illustrates

the contact surface of, substrate 86.w ads_84. Fi.qure_4 i|]Justrates
the interposer ﬁgsgﬁﬁ!ﬁngﬁr??ﬁ%ﬁeﬁfﬁﬁgg ehgsﬁﬁgf?%t3splggemﬂ?hwfk% Bont act
pads 84 | ghil 60928k NE . b4 ELAMACanA0%RaL4de 20de6RMLACE P RIFSR ON
each end of contacts 20 in passage 14 wth contact 20 unstressed. Figure 6
i |l ustrat estiirkaepssetr s senduky hd@ihwl 4 ytisimktesshed obetveeimchebsthat es 86

with the contact pads 84 on the substrates _engaging the top and bottom
pl at e surf deaighin@Lic Sheadrsboesrss |sopsaat s nfePhassrydasogudieng -fifenent

of the subsiigles ML dflecBLAL& SACREANALY 18SE [SaGall aReed, 01906
P t ed

n S
i nches i_ntdl assage, the roun ends of the fetention® %ﬁﬁ?§4% are
brought intQ, eRgREEHBNFiYhid 3 NeadrPREht A AdBLLIL 4C FGHEESCL IR anadrd 34

and are noved Iinwardly along the surfaces to the position
0.006 inches above the top or bottom side of the plate. The
contact points 50 are spaced apart across the width of the
contact 0.0115 inches.

Interposer assembly 10 is used to establish electrical
connections between opposed contact pads 84 on substrates 86
located to either side of the assembly. Figure 2 illustrates the
contact surface of a substrate 86 with pads 84.  Figure 4
illustrates the interposer assembly 10 located between substrates
86 -with the contact pads 84 lightly engaging the contact noses 44
and contact points 50 on each end of contacts 20 in passage{14
with contact 20 unstressed.

Figure 6 illustrates interposer assembly 10 fully sandwiched
between substrates 86 with the contact pads 84 on the substrates
engaging the top and bottom plate surfaces and contact 20
collapsed into passage 14. During movement of the substfates
onto the plate each contact nose is collapsed 0.006 inches into
the péssagé, the rounded ends of the retention legs 46 ‘are
brought into engagement with the upper and lower cam surfaces 32

and 34 and are moved inwardly along the surfaces to the position



. WD 03/005419 - 12 PCTIUSO02/ 13940 shown in Figure 3 adjacent tip 36. As the
contact is collapsed, the retention |legs 46 and the spring arns 42 are
bent laterally elastically to provide high contact pressure between the
ends of ct and the pads 84 and to wi pe the point | ong t he
pads. Thek‘ts};;;?slgdrqghgrrrs 42 and central portion or spine 40 Pfcg' Oﬂf?%*%l astic
spring system In this position, contagis 20 are held in the passages by
the substrates. As contact 20 is collapsed into passage 14 the ends of arns
43 rotate and engagenent between the outer ends of the arns and pads 84
noves al onghtire iay Asghrem riedecsedy tip Bhe &l dbenrontarmdedcetiapeed, 76 at

the tops of the contact_points 50. Conpare Figures 4 and 6._ The rounded
edge cor nefie7EeLHRRLYR %ggé o af‘l‘?eth?:%rdﬁ‘ﬁ Bﬁﬁgﬁt? SFevPHBE adsgapids 84 to

form w pe te&gg@iscagt%@ge%oﬁ'aﬂg%% ﬁﬁgltggegsr}dés{saes §§t&g&eeg§ Jnlrdg%e poi nt .

of initial ~conta bet ween a he pad to a ftiInal contact
posi tion 92neThen€sdk afid pientadanee ah@ngot wASEStISS pdolirits GiLbRGt ERE awnay
from passage wide end 22 and toward passage narrow end 24. The resiliency
of the streséed Jyei Apring esn? Hased centradnpditimmearrerimgedo ciammeas 76 of

oints 50 agai nhst the contact ds, under .high pressure as the paoints are
ﬁoved al on§ PP SPES"T ﬁ?’(ﬁgﬂnt 2@[ %Bf%%ﬁﬁglg&'eﬁoél&aﬁﬁs t4fe a§f>rl?eﬁ& $Ystemis

appl i ed tothghﬁaé@%%sag t pRe S{BeE Y . rounded corners 76 of points 50,
resulting in redundant Hi gh pressure electrical connections between the

poi nts and padsas dumteott2actispretlapsed aneo lpgizagberaute thés cdnbags ar eas
are low High pressure wi ped engagenent between the points 50 and the pads
breaks t hr ddgFotatedEns eBIreReTSr LEEVRIN $ihef guBeE oridEhiofak®e agwmst Aed poi nt s

or on pads 84 moves along the arms from noses 44 to the adjacent

rounded corners 76 at the tops of the contact points 50. Compare
Figures 4 and 6. The rounded edge corners 76 at the tops of the
contact points 50 wipe along pads 84 to form wipe traces 88 shown
in Figure 7. Each trace 88 extends from a point of initial
contact 90 between a point 50 and the pad to a final contact
position 92. The contact points move along traces 88 in a
direction away from passage wide end 22 and toward passage narrow
end 24. The resiliency of the stressed spring syst?m biaseg the
small érea rounded corners 76 of points 50 against the contacé
pads under high pressure as the points are moved along traces 88.
The contact pressure exerted by the spring system is applied to
the pads at the small four rounded cormners 76 of points 50,
resulting in reduﬁdant .high. pressﬁre electrical connections
between the points and pads. The contact pressures are high
because the contact areas are low. High pressﬁre wiped
engagement between the points 50 and the pads breaks through

debris, oxides or other surface contaminantse on the points or on



- WO 03/ 005419 PCT/1JS02/ 13940 13 the pads. The rounded corners slide al ong,
but do not cut into the pads. The provision of redundant contacts at each
end of contacts 20 increases the reliability of electrical connection

bet ween c 20 and pads 84 over conventional single ar cont acts.

Duri ng corquprg:’g@lség of contacts 20 into passages 14 the t%ﬁﬁ%ﬂpﬁtﬂt arns 44
are each bent away fromw de passage qu i ndependent|ly of each other

W th,contact central portion.or spine 0 held on end wall 22, although the
contact may shift vertically a slight distance in the passage to shift the
Spi ne up orthetopads al Theg nuwhdedndomadds 22id&aglomy Mbd2 U6 6t @_a%ednto
essentially |ndependently of the other arm 42 so that the contact pressure
at poi nts ™€ BR%Bne ERY B’Fo‘fllﬂPéoé‘oﬁFaE?lesdamto@Pﬂéacb? & sastchic endedbr mat i on
of the adjacet r arn.42 apd, ret.gl |l eqg. 4 | pcated to one side of
the central® ngafég Ml%h Shelelin glg f‘EPéle‘gf t?%t?cltlrliga PTG EdA act s
each | ocat Qfét%@ez@néoﬁttﬁﬁ: ofo taﬂﬁi Fs&ﬁ raal d%%ﬁ;t icRRvandi &aah dinghydl

curved tapered spring arm 42 tapered ret eth oJﬁ eg 416§ %"hegg\?dth of
retenti on .dosyadie. decr eases from nose 44 to end 48 to permt ready

defl ection of the | eg é t he, adj acent cam surface 32 or 34. Deflection of
both the spri ng*ad 4‘-’2“‘ ’ﬁﬁs?b‘bnzfé COREFT IO tlat?h@f’sgﬁ‘ﬂieﬁgl'f c‘}lhéetw‘hol di ng
proj ection a J n the i ndependent

spring cont%gg?%g%r%ﬁ%egga%fgl E% éTAt co%e Ton 158t REERES cBAT % pad

and the spiin@egéhd@htlfieof ealcar otma_fr OOk ant30k é%r&%ﬁspér?uéﬁdml% fhiustrate
a cantilever spring contact 100 fornmed from bent uniformthi ckness strip

stock, rel #0ckekd opOend/vE)3429, although the contact may shift vertically

a slight distance in the passage to shift the spine up or down

along wide end wall 22. Each arm 42 is stressed essentially
independently of the other arm 42 so that the contact pressure at
points 50 on one end of the contact is provided by elastic
deformation of the adjacent spring arm 42 and retention leg 46,
located to one side of the central portion. Thus, contact 20
includes two like spring contacts each located to one side of the
central portion and each including a curved tapered spring arm 42
and a tapered retention leg 46. ﬁhe width of retention leg 46
decreases from nose 44 to end 48 to permit reéd& deflection of
the leg by the adjacent cam surface 32 or 34. Deflection of both
the spring arm 42 and leg 46 contribute to the spring force
holding projections 50 against adjacent pad 84. Each of the
independent, like spring contacts provides an electrical
connection between a contact pad and the spine 40 at the center
of contact 20. o Ty

Figures 13 and 14 illustrate a cantilever spring contact 100

formed from bent uniform thickness strip stock, related to



.- 14 PCTIUSO02/ 13940 contact 20. The strip stock may have a desired

t hi'ckness, which may be other than the thickness of contact 20. The
contact 100 includes a nounting end 102 and a contact end 108. End 102 is
nmounted in_substrate 104. A curved, tapered spring armor beam 106 extends
upwar dl y f‘?’ér‘ﬁ‘/{"ﬁé substrate and is bent laterally to onePGH¥RI2AI94Y he
nmounting end 102. The nounting end is_cgnnected to a circuit elenment (not
illustrated). Contact 100 connects the 'circuit elenent to pad 114 on .
‘'substrate 112. Spring arm 106 may be identical to spring arm42 in contact
20 and is admtanthawi nghe shpiy edoskdtdy devecasiargrbdobhickmass mynichi dth at
nmounting end 102 to a mnimumw dfth at cont act end or end 108. A pair of

cont act poﬂ‘if?tYstlBt]h%W/ltﬁlj‘ hgr ericknesrngt TRIRGEJ2R dg e FRRYACEAR0F or ned
on t he oppogsi t1e85| des rg Jegg 1@55&‘1 1g§n %‘E é,%G,lognd 1519&8 1%?d ont act
e

poi nts 110 “HEy" |den 1Ea” 0 arm nose contact poin 0 of

cont act 201mouﬂ'i:@&' phisdubgleseel bed. B guteed3 aablc_-ugar%ﬁ HP&tdratbRakl2
| ocat ed above substrate 104 and carrying contact pa Pad 114 engages

end. 108 amdé petends LiWawflly ofrcac thd Ofbstrabetarst nesbemg Jiahersddryt aot .

El ectrical connections _are established between ad 114 and contact 100 by
reduci ng t HEdPitae Whet MEBRERH SRRt ¥ 188° ntipg end dRafornfstedr i ng

arm 106 s ol aSLi calily henlal aLeralin antAinoagaml bed WesnaLie agnt act

and the pa romen rounded corners of spaced contact
poi nts 110,ciireul beeB&fdntiay pagdundant sabsdAnies 1ape establ i shed between the
ends of the spring arms 42 in contact 20 and overlying and underlying pads
84. WO 03/ 005419pPOH 980 A9§onay belgdentical to spring arm 42 in contact

20 and is a beam having a tapered width decreasing from a maximum
width at mounting end 102 to a minimum width at contact end or
end 108. A pair of contact points 110 having upwardly facing
rounded edge corners are formed on the opposite sides of arm 106
at end 108. Arm 106, end 108 and contact points 110 may be
identical to arm 42, nose 44 and contact points 50 of contact 20,
previously described.

Figure 13 illustrates substrate 112 located above substrate
104 and carrying contaét pad 114. qu 114 engages end:loa and
points 110 of contact 100 without étfessing'the contact.

Electrical connections are established between pad 114 and
contact 100 by reducing the distance between substrates 104 and
112 so that the spring arm 106 is elastically bent 1atera11y and
engagement between the contact and the pad shifts from end 108 to
the rounded corners of spaced contact points 110, in the same way
redundant contacts are established between the ends of the spring

arms 42 in contact 20 and overlying and underlying pads 84.



-Elastic bending of the spring arm provides high contact pressure
engagenent between the points 110 and pad 114. The points are w ped al ong
the pad to formcontact. traces on the pad |ike traces 88 shown in Figure
7. The wp dant high pressure contacts between the contact and pad
assure rel ?‘gk‘f;‘ye"%%gv resi stance el ectrical connections ar ggyyts‘&ﬂl:’?“ghed. The
spaced apart contact points 110 supporyty contact 100 on pad 114 to prevent
twi sting of the contact. Contact 100 does not include a | eg and curved end
like retention leg 46 and curved end 48 of contact 20. If desired, '
contact 100 nayEBaspiovberding t9f atHee@prrigahaviingravidgs deigdndonta8t | i ke

|l eg 46 and end 48, and substrate 104 ngg be, provided wth a cam surface
120, |ike tRRFEEHRPsGPPEgEneY (ophyegpethe ?_%]d'ﬂslfé,o &nd Pr8 24 caffCurface

120 are shqun g dashedda Qfﬁré% @hngwg%szﬁ%%téﬁa %%Ae@goﬁaéﬂeaggg of

spring 100 "provided wth a 116" and end engages cam

surface 1201iKee@rhtesi 88 ehashi tal Figuiel or.nedhandipss| eas@mdahe goghact
pressure between points 102 and pad 114. The. spring arm 110 with arm 116
and end 1ISesgugefemiegts degtiveenl the cont@rthandifadopsewrs asilidleadovhe

overlying and .under| vyi substrates 86 are nove efher from the

posi tion pfreﬁlﬁgﬁcﬁ ?:gg‘ftﬁelcﬁﬁjsfzf’i‘%%&&fm?i YU eesg.agg\%ﬁf‘%% h%\?eBPFFﬁgt r at ed
and descrihgd, a2 H&fRLEeGoi8R0dhBERLpRE- VoAl gy df bag upder s4ood
that this is capable of nodification, and | therefore do not wsh to be

limted to prerenpr eviseingeicdi kBe swintkett h, but desire to avail nyself of

such changes and alterations as fall within the purview of the follow ng
clai ms. WO 03/ 085%%3<PCH Usdora 3o indigdepaates emdl Muagefly spRVENTE ON:

retention leg 46 and curved end 48 of contact 20. If desired,
contact 100 may be provided with a leg 116 having a curved end
118, like leg 46 and end 48, and substrate 104 may be provided
with a cam surface 120, like top cam surface 32 in plate 2. Leg
116, end 118 and cam surface 120 are shown in dashed lines in
Figures 13 and 14. During collapse of spring 100 provided with a
leg 116 and end 118, end 118 engages cam surface 120, leg 116 is
elastically deformed and increases the contact pressure between
points 102 anﬁ pad 114. The spring arm 110 wi;h arm 116 apd end
118 is deformed identicailf to each half of contact 20 as the
overlying and underlying substrates 86 are moved together from
the position of Figure 4 to the position of Figure 6.

While I have illustrated and described a preferred
embodiment of my invention, it is understood that this is capable -
of modification, and I therefore do not wiéh to be limited to the
precise details set forth, but degsire to avail myself of such
changes and alterations as fall within the purview of the

following claims.



. 1. An interposer assenbly for form ng redundant el ectrical connections
w t'h contact pads on substrates positioned above and bel ow the assenbly,
said assenbly conprising: a) an-insulating plate having top and bottom
si des and rality of passages extending through the i of the
pl at e; andwg)ogfg&ﬁ urality of metal contacts, each cont actllcgj(@é%iégo in one
of said passages, each contact includi a first pair of spaced contact
points at the top side of the plate, a'second pair of spaced contact
points at the bottomside of the plate, and a spring portion extending
bet ween saiwkA7n mstrLpa rAMYCINVENTIONpOI nt s and said second pair of contact
points, said spring portion spacing said pairs, of contact points apart a
di stance greatér thBh dHerPRFEkAESEIY foe forRine wseH dant epeFtcpsrti on
i s unstressed erein ch pair of .contac oi.nts_forns redundant :
electrical THMEE f’?%%swj\%l%t ﬁ°1§tac°o“-ni9%%‘? B FURA I TS UBRT T At E e P 2B senbl v
as in clai pd;hensi SsbdhgsNas 0t amenblf ch@RLBLhg POI Nts of each pair of
contact points are spaced laterally across the contact and extend above
the contact. 3. The aspseniihgudsting plafwehavivg mop endcbetitom2sivieer end each
contact point conprises a rounded corner. 4. The assenbly as in _an
precedi ng c? RINTAREFE] Af RAIF2IEHNERLENIIRIf BRTRIUETY L6/ R FEreAs r‘ﬂfcﬁﬁéss
strip stock faat\éi.ngng sheared circunferential edge, and each contact point
is |ocated PSh 4 corner of said circunferential edge. WO 03/005419
PCT/ US02/ 13940 - 17 pH.a Pherabasibkymerali Boritaytpf ecrdl Benttdcti abspdaesei n
each spring portion includes a central portion and a pair of beans,

in one of said passages, each contact including a first pair of

spaced contact points at the top side of the plate, a second pair
of spaced contact points at the bottom side of the plate, and a
spring portion extending between said first pair of contact
points and said second pair of contact points, said spring
portion spacing said pairs of contact points apart a distance
greater than the thickness of the plate when the spring portion
is unstressged, wherein each pair of contact points forms
redundant electrical connections with a contact pad on a
{substrate. ; ‘ |

2. Tﬁé Essembly as in claim 1 wherein in each c¢ontact the
contact points of each pair of contact points are spaced
laterally across the contact and extend above the contact.

3. The assembly as in either claim 1 or claim 2 wherein
each contact point comprises a rounded corner. |

4. The assembly as in any preceding claim wherein each
contact is formed from uniform thickness strip stock having a
sheared circumferential edée, and each contact point is located

onn a corner of said circumferential edge.



.each beam | ocated between the central portion and a pair of contact
points, said beans elastically bendable into said passages. 6. The
assenbly as in any preceding clainms wherein each contact point is bent to
one side 0&«?&%%@&& 7. The assenbly as in claim®6 mhereln each cont act
point is rounded along the Iength of the edge corner. 8. ?HQ'%ﬁ@%Hbly as
in claim7 wherein said rounded corners_ have a transverse radi us of
curvature of- about 0.0006 to 0.0010 indhes. 9. The assenbly as in claim?7
wherein each contact is symetrical to either side of the central portion.

10. The assenbl y.as The abByefbBeed nNg ehdi prohiatieigh csaids ShdtdinStkgek has a
t hi ckness of about 0.0017 inches. 11. The assenbly as in any preceding
cl ai m wher e’i’Eﬁ-”J{nﬁePOEFthe inrdudeesa acqptapécpeoiiaax reddangaintaf émehspassage,

and each conta retention ons | gcated_on opposite sides
of a proj ect14 (th‘if G é‘to A fihg’owﬁ?%c?h? n° E%a?@ﬁﬁé"n lindTﬁepag’éeﬁ%I y as
in 'claim loyhelkel &Ry, CoplaLt nehié! WES: ARAGSL d ?rﬁtaae ggch

cont act point conpp?5|ng a shearerounded edge §§r%§r f% asse%bly as
in cla ml2adwegesn each contact point conprises a bent projection. 14.

The met hod of nakin a spri contact for forming redundant electrical
connections witK-a ﬂtﬂé?eméiy a@o#ﬁrPEYrEFQN§d93909541@BFWﬂéﬂﬂS@Zbi@E40 - 18

the steps of cutting a ormfro }t of uniformthickness netal
stock to forT %ta%tr%?%r%tm a\]?lgng % ccinrecﬁgéer nf §F Buge,

7. The assembly as in claim 6 wherein each contact point is
rounded along the length of the edge corner.

8. The assembly as in claim 7 wherein said rounded corners
have a transverse radius of curvature of about 0.0006 to 0.0010
inches.

S. The aspembly as in claim 7 wherein each contact is
symmetrical to either side of the central portion.

10. The assembly as in any preceding claim wherein said
strip stock has a thickness of about 0.0017 inches.

11. The assembly as in any preceding claim wherein the-
.plate includes a projection extending iﬁto each passage, and each
contact includes two retention portions located on opposite sides
of a projection to retain the contact in the passage.

12. The assembly as in 'claim 1 wherein each contact
includes opposed sheared edges, each contact point comprizing a
shear rounded edge corner. |

13. The assembly as in claim 12 wherein each contact point
comprises a bent projection.

14. The method of making a spring contact for forming

redundant electrical connections with a contact pad, comprising



.edge corners and opposed ends; b) rounding one edge corner at each preform
end to forma pair of adjacent contact surfaces at each end; and c)
bending the preformto |locate the contact surfaces at each end to one side
of the pre ormtwo spaced apart contact points each end. 16
The met hod{‘g#dycpéaalén 14 including the step of: d) bendi nga'%%%??’é?%?m away
fromthe contact points to form an arcyate beam 17. The nethod of claim
14 including the step of: e) .rounding t]‘ne edge corners of said contact
points along the | engths thereof. |

the steps of:

a) cutting a preform from a strip of uniform thickness
metal stock to form a preform having a circumferential edge,
edge corners and opposed ends;

b) rounding one edge corner at each preform end to
form a pair of adjacent contact surfaces at each end; and

c¢) Dbending the preform to locate the contact surfaces
at each end to one side of the preform to form two spaced apart
contact points at each.end.

16. The method of claim 14 including the step of:

d) bending the preform away from the contact points to

form an arcuate beam.
17. The method of claim 14 including the step of:
e) rounding the edge corners of said contact points

along the lengths thereof.



