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BACKGROUND OF THE INVENTION

[0001} FIELD OF THE INVENTION

[0002] The present invention is directed to equipment for testing
microcircuits.

[0003] DESCRIPTION OF THE RELATED ART

[0004] As microcircuits continually evolve to be smaller and more complex,

the test equipment that tests the microcircuits also evolves. There is an ongoing effort
to improve microcircuit test equipment, with improvements leading to an increase in
reliability, an increase in throughput, and/or a decrease in expense.

[0005] Mounting a defective microcircuit on a circuit board is relatively
costly. Installation usually involves soldering the microcircuit onto the circuit board.
Once mounted on a circuit board, removing a microcircuit is problematic because the
very act of melting the solder for a second time ruins the circuit board. Thus, if the
microcircuit is defective, the circuit board itself is probably ruined as well, meaning

that the entire value added to the circuit board at that point is lost. For all these
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devices. [0007] Mcrocircuit test equipnent itself is quite conplex. First
of all, the test equi pnent nust nake accurate and | ow resi stance tenporary
and non- deetouctise el ectrical contact with each of thePcrasedy/ozgated
mcrocircuit contacts. Because of the small size of mcrocircuit contacts
and the spaci ngs between them even small errors in making the contact wll
result in incorrect connections. Connections to the mcrocircuit that are
m sal i gned or otherwi se incorrect will cause the test equipnent to identify
t he devi Cradéng@mitr8&icuit DWk)allgSesde befolelivtallatdnein atchouighvatde reason for the

failure i e defective electrical cqnnection .between the.test equi pnent
and the D\Sg?ﬁgat hergf é‘?fcraélfcé‘lff@sﬁ‘?t?sﬁg‘WX@%@%’&%@QG‘@F“K%urthgr Brobl em

i N M cr ocidvived, buityesdoeeadtiippre pdrlyadent B obddeditt Oavaie Rekiviee Fitheagind Test i ng

equi pnent test 100 devices a mnute, or .even re. .The sheer nunber of
tests cau%frega“)\‘}/fkétf?eBHenf’ﬁggstséés[taélpalc%ﬁfli‘éﬂfoﬁtbelﬁ"ﬁﬂt léqaﬁmglf’?q“gaﬁ{']m%nnecti ons to

t he m cr opiotegs)iiid da had reeektcotlis for Agyidee Biipréi@rly Hehtffiedaadefetitisé odges conducti ve
debris fromboth the tester contacts and the DUT term nals that

cont ani nat®§“the testing equi pment and the DUTs thensel ves. [0009] The
debris evpooyal | y Meswdiicsit teft ep@ipmer litedtfis puiclcomplaxieEiist ofdl, thekesng t esti ng and
false indications that the DUT is defective. The,debris adhering to the

mi croci r cTPEeREY S Eléa%ﬁ qecyrpie g 1Py ges L*’E%eﬁﬁffl@‘”ﬁfma%%‘é"“f grugﬁ ¥is is renoved
fromthe ¢aiaationttt with caBesfald digseldepicedmatdicdoohtacndBécatse ofiuces anot her
sour ce of gef q{:’sts oi 0 ié hcelr rlrl] Cc;‘n?c-sragytihgg atcige e le\égﬁfem[ qgnor‘]nalfI her

consi dera&hl SRY ¥ &n A oty expen IVEEY BSYE! "EONE'ACE St hat perform wel |
ar e advanérageiauskinlylthe contadt agll tedt iniimoerréce canneeidnd onegliacao thhem i s al so
desirabl e, . since test equi nt i s.expensivV |f the test equipnent is off
ine for HErEniag Sar BaL B R ormRr S ReRre e PRet§hmEl Bt ing an

i ndi vi duado identfyald degigk tindenestgDEEas de@Otdveldvel étigheteirepsvamfidr than current use
has an ar of , test .contacts that mmc th attern of .t icrocircuit
term nal %ﬁ%iﬁ.th&l‘%}cgyeregff?%cfﬁ ctc’g%'etca°cnontq’r‘13 Act Eshei%ssp% HRGS AL Y tl?enr}S?[’Tafnst ructure that
pr eci sel yrathat thiredefiststinthe IUTirENt of the contacts relative to eachother. An

al i gnnment }iﬁgpl ate,qr board al.igns the mcrocircuit itself with the test
cont act s. [ testAgl(])rrtl eégrtoglerélﬁ%%fcﬁoew% y tasﬁﬁ%uﬁqm%lgg}s s%llragto%tﬁéril\lﬁt ed on a | oad
boar d haviestgpgcdesting ¢quipmepardsy 00 daices mmoter oreatn monn€dshean t o t he t est

C.Ont acts. nuﬂi)%r <|)f(1)easgs cgos%rw%a aqﬁe t%£t§ cgﬁgé?setgglgrgg etlé%trﬁzi:;lfc%%etcti&gtt&]&e that carr yt he
signal s and’ power between the
microcircuit terminals during testing. This wear dislodges conductive debris from
both the tester contacts and the DUT terminals that contaminates the testing
equipment and the DUTs themselves.
[0009] The debris eventually results in poor electrical connections during
testing and false indications that the DUT is defective. The debris adhering to the
microcircuits may result in faulty assembly unless the debris is removed from the
microcircuits. Removing debris adds cost and introduces another source of defects in
the microcircuits themselves.
[0010] Other considerations exist as well. Inexpensive tester contacts that
perform well are advantageous. Minimizing the time required to replace them is also
desirable, since test equipment is expensive. If the test equipment is off line for
extended periods of normal maintenance, the cost of testing an individual microcircuit
increases.
[0011] Test equipment in current use has an array of test contacts that mimic
the pattern of the microcircuit terminal array. The array of test contacts is supported

in a structure that precisely maintains the alignment of the contacts relative to each
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test equi pnent el ectronics and the test contacts. [0012] For the electrical
tests, it is desired to forma tenporary electrical connection between each
term nal wo 20tee10a89i ce under test and a correspondi ng elPettuse@alozgrad on a

| oad board. In general, it is inpractical to solder and renove each
electrical termnal on the mcrocircuit being contacted by a correspondi ng
el ectrical probe on the testbed. Instead of soldering and renovi ng each
terminal, the tester nmay enploy a series of electrically conductive pins
arr anged btﬁeraAlaahgrﬁrxﬁdﬁt ﬁehh@late%bdi@&ﬂ@ﬂd&ehﬁbrmuﬁt itdelr viirtmd el S on t he devi ce
under test and the electricgl p t | oad boar en the device under
test is foEES m tSSt(‘E‘E)‘HTCéScﬁngme ﬁg"tr??é‘n? @gfaé § MOyl a0 Qad DOHS) et e the circuits
bet ween re&pRCbhdietdEQUisBat Utleledutmt ccxmethactosheaad cmxctsesmen)dd ng | oad board
pads. After tin t he de e under rele ed the termnals
separate f b“lrﬁa?%eg‘?%°‘%d2‘8°%1’8 ﬁ‘ﬁ ﬁ? °W|_eb %56] e present

appl i cat|mﬁteqlspxdemele&tﬁﬂlc‘sandtms)rea\cemrmnsts to these pins. [0014] There is a
type of t a Ke] vi n® ures.the resistance
bet ween t it]er i ng‘? he “ﬁ“frh’é 8 {1 O%Efﬁegggfofl@&tem@éaa glgcft'l'lcal Kel vin testing

i nvol ves é@ﬁwlagb@wmnreﬁcmnémﬁlml ﬁﬂ thiavddrixicwadsan tdsh&ldfa\nm‘résﬁdmdmgal S, neasuring the
vol t age dlffel’F é g \é\%endt iesrlm n01a Sq%ran&c O‘C,g]erys Law to derive
the resi sYSHER BACRA&HPREY grﬂ]eﬁ 518 imprggticalie sqlfer Al ieo¥e et Vi ded by t he
current. Eamtbatiemaiah tmmltxharcdemmgcamdted by esdrresmnénhgeltccthml |y connected
to two cont n | t.he .t s supplies a known
current afouT ‘f“ toéflet S%be% Inspeadcf'ﬁ %e??ﬁaang remd) Vm§ e ten%nawmqgsgnce “connecti on

t hat act Serqﬂopa seﬁbstdfeteethpalmbnﬂmctd\Q@msrwhn@dmmnwmagmmesnoadst anmount of
current. er words u r test that is to
under go thl V thgrfmaﬁsont @ev%?ﬁlu (geﬁg%us?%eefecn aq thegég)gjnect ed to two pads
on t he | osdrdoOdled the (temme pmtdr&slpmﬂogcemgltoa:okuaammahﬂumr éposirrent and the

ot her pad_ne ta d draw n I ni.fi unt of
current whl'Pe Te‘%dté‘f n%ﬁ’%S be?“f‘??ng?sgecgvegvéce are iaigﬁ‘}‘ia% ad Coﬁgpé d%%? atine, so
that a silegl ®ardamd$tm&m&sm@awhmhedﬂvxcaswr testos teéalawﬂnaé wmanalt he | oad board
and four contact 15 i pplication, the pins that formthe

t enpor ar ysegarrategmml%(?l plno%lgg’ctcllr(%uﬁ{sg {)% a(elgn t he devi ce under test and the | oad
board may[0bBlused Tie wevmrambthnedlsectedm1a1pi‘csrt1acrdauodﬂiew pet, each pin
connects rticu I 1} particul ar pad
on the | o 8Pﬁoard Jr&r?]lt%gtﬁe% eSt +‘§ an %gldggglé% R’V%r%lhrﬂﬁegsugerﬁe t o- one

rel at i onsthé psisteore btﬂwesnetw@tta'nmatscbntﬂastesgce m@;l@hteiteBmmat' Ketwin esponds to

exact l y re]&lng%gbwgsnfgrc?n% ngagt ﬁ)JvJ; @é\ggeg%e t‘vg te%ﬁﬁfslﬁéeaglﬂﬁlgttﬁer mnal. In a

"Kel vin"
voltage difference between the two terminals, and using Ohm’s Law to derive the

resistance between the terminals, given as the voltage divided by the current. Each
terminal on the device under test is electrically connected to two contact pads on the
load board. One of the two pads supplies a known current amount of current. The
other pad is a high-impedance connection that acts as a voltmeter, which does not
draw any significant amount of current. In other words, each terminal on the device
under test that is to undergo Kelvin testing is simultaneously electrically connected to
two pads on the load board — one pad supplying a known amount of current and the
other pad measuring a voltage and drawing an insignificant amount of current while
doing so. The terminals are Kelvin tested two at a time, so that a single resistance
measurement uses two terminals on the load board and four contact pads.

[0015] In this application, the pins that form the temporary electrical
connections between the device under test and the load board may be used in several

manners. In a “standard” test, each pin connects a particular terminal on the device
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are two pins contacting each termnal on the device under test, as

descri bed above. For these Kelvin tests, each termnal (on the device under
test) corwegpovidgBo two pads (on the | oad board), and eethuspado¢en’t he

| oad board) corresponds to exactly one termnal (on the device under test).
Al t hough the testing scheme may vary, the nechanical structure and use of
the pins is essentially the sane, regardl ess of the testing schene. [0016]
There are nany aspects of the testbeds that may be incorporated from ol der

or existi pgiet @& tdPLshficuPpad HhABERboaRlLIG h BF tdriMaRBENRE Badg inaf rastructure
and electrical circuitr

ry may be used from exi Sthgr tes% Sé(stgyms, and may be
conpat i bl @erprpe fekdonshige £r1 tBese pyndREHER: £1°0 ETBIPASCORFPOIG LB A8t ei n. Such
exi sting SySheHRd &ick phd Ghegoadsdo SWUBMESe Ze6linae @WK EI0R1 %kt Asreexenpl ary
mcrocircuit tester 1s disclosed in United States Pa}_h)ent Agpl i cation
Publ i cat i YA MTQRBE MBI GaH ooty anthadevigeiupger tesh gedescribgd #9%F syst em f or

testing i?&r@l?fsc?-f(@ﬁin@ésfs%é—hglﬁ &nﬂnﬁl?o@@@ﬁ@%%rﬁmv&sﬂgorﬁgp@ﬂi fbétw@f ,SA [ gnalt ggd
power contacts", invente effre ' erry, published, on Augus ,
2007 and Pade nthsigadhearsy @E%@ﬁ@?ﬁfs‘é“ﬁ@f‘@figow ‘%F§£’8?f{sit?%?ia§/‘}y‘{“6018] For the
tester of ternfiddt (orth® @vicR Sn@r tddf) CARIUEE the teStingSschedsded waquential |y, w th each
mcrocircuit, .or "device un&ﬂﬁe test", heij ng attached to ﬁ’gt est bed, tested
el ect ri calFsranigl FrucHBhdaispAdr RipsgheeeEalads S resHd' el f5ni cal and

el ectri calestagp@eie. of such a testbed are generally automated, so that the

t hroughput of the testbed may be t as. high as possible.. [0019] In '714,
a test colfPH8t el et 2F B0 ?Wgol%ﬁ%ﬁﬁgﬂﬁgsrtbgé?aéif Eric(??f’ral“?grﬁ'io ct with a

M Ccr ocCi r Calildr of Xistind &stbeddTP6} ia@sncatmick asthe MBchatiesiihfremicudré mgier proj ecting
froman insul afi.ng. cont act nbrane as a ganti | .evered be?glﬁ The finger has
on a cont SEN] gl be useg Topirishng 5y SWEHT Y TP FIPPA8ISt act i ng t he

M Croci r cuith tht eretitully cofduefvenakldiscibdea htreit Scaixadhg ekement has a plurality
of fingers, which ma ant ageously have a pi e-shaped arrangenent. In such
an arrangéﬁ@ﬁ’f‘?s‘ﬁ’%ﬂ%ﬁ?ﬁ%ﬂ‘ is defined at least in part by two radially
oriented @bpis i n Ahexdipdy miocihdt tesr@dhdisulaed inyUrstep Staws Rateach finger from

oo R o S S B RSl A L o ot
a test coft aeimglieegntd drcuaywitiopgokdgss inging be argsif sigoal batgovet enent s ar r anged
(08 oredeterm ned pakl epn.. ARl 4T Bl of ATERPSE ohfny! a5 are arranged in

incorporated by reference herein in its entirety.

[0018] For the tester of 714, a series of microcircuits is tested sequentially,

with each microcircuit, or “device under test”, being attached to a testbed, tested

electrically, and then removed from the testbed. The mechanical and electrical

aspects of such a testbed are generally automated, so that the throughput of the testbed

may be kept as high as possible.

[0019] In ‘714, a test contact element for making temporary electrical contact

with a microcircuit terminal comprises at least one resilient finger projecting from an

insulating contact membrane as a cantilevered beam. The finger has on a contact side

thereof, a conducting contact pad for contacting the microcircuit terminal. Preferably

the test contact element has a plurality of fingers, which may advantageously have a

pie-shaped arrangement. In such an arrangement, each finger is defined at least in

part by two radially oriented slots in the membrane that mechanically separate each

finger from every other finger of the plurality of fingers forming the test contact

element.

[0020] In ‘714, a plurality of the test contact elements can form a test contact
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pattern of the test contacts elenents, wth each of said connection vias is
aligned with one of the test contact elenents. Preferably, an interface
menbr ane woppovtgoBhe plurality of connection vias in tireTaSedetesni ned
pattern. Nunmerous vias can be enbedded into the pie pieces away fromthe
device contact area to increase life. Slots separating fingers could be
plated to create an |-beam thereby preventing fingers fromdeform ng, and
al so increasing life. [0021] The connection vias of ' 714 nmay have a cup

shape W t Bedéht @RB8cofPHsingdht fésﬁdﬁﬂta@l@&ﬂleﬁﬁlﬁh:ﬁkedlhe peddpretitiagded via contacting
t he aligned test cgrfta t element. Debris, resu fromloadldng and

unl oadi ngPPGTs ¥R RECquaeion YA Bramegdin Syos) aP“@%F&?LP@‘We?Wé‘ f%st cont act

el ements mﬁl&)ftﬂaeesewtastbamﬁmwva& ehamumicddﬁecndﬂbfakfsahma%h The cont act
and i nt erfac? nmenbr anes  of % % e.used as lgart of a.test receptacle
e P

i ncl udi ng®% At §desharg: cleprats) B L @CMTRTRg SHRRPTS M c onnect | on pads

i n subst aﬁmtaaiyloycctdﬂa:npﬁ eﬁletrlanmra&denﬁa%d wtamoNumraﬁ)ut QSi cagbat act s el enents.
The | oad boarg ts the |ntfer fﬁ & Te Pf % Ehe connection
pads on t B Pé}dm rpéepéffﬁ§i“§ai¥t foa 9%’%66?’1‘3@%@? 18‘38”?) °t R¥%connect i on
vias and sdpaxedugcﬂnrgereaduld:&rmaed totcheate ami-béam, [H3RBBbrelenting fidgert he devi ce uses a
very thin_.co ctive plate with retention properties that adheres to a very
thin non- gﬁrﬂgﬁﬁwl{}%awﬁ%‘iﬂIBYIS?smg'qu metal portion of the device provides

mul tipl e portjact pOhddoandtionpahs ¢ h@hm&avetd‘:mmlmpé Mxhiamgpeh/eﬂl and the | oad

board. This ca ope either wt using or with

pl ated t hWB‘Ejé’ﬁ Oﬂ%llegg F‘E%cupo aﬁfﬂﬁfﬁecamgﬁﬁgﬁgé’ g“esgég‘%‘% agt gt ef:lgnbl nation with
springs, Dbais résasing fremfldadisie aﬁdhﬂrfl@ﬁfhgﬂhlkﬂsrf@nﬁhmta&t@tlummém cithllsecond surf ace,
i.e., the_dev

I b hys Iosetotheload
boar d, thWEouﬁlli%%‘Fée\?{cr?ﬁta‘ét egiemsgv‘éfreﬁ‘{erc% n‘g‘éIES %’@ %]d’%/%é particul ar type of
m croci r clooz2jof t enThehad dpéfnrfacd mabiahdeadi ‘Gm ﬂnaysbeauspmsl@agef or housi ng
havi ng wh re Q,a arra GA) t erm nal
arrangene%ftrecﬁpt?§%’i ?'X%E;% gécaﬁéj fherl%a%bﬁ%r@g % 1 b ?’f at rectangul ar
bl ock, w pdds inygpbscakialsi theprede@amlmgpﬁtuemnfﬂlem d:cmtaé@ eh:menm Ghedpdle and 1mm
thick. [O m crocircuit h housi.n ecI Si t he actual
circuit rygoagfsé‘ﬂ%’%ﬁﬁdﬁﬁrfacemeﬁ@ {th Er’ar‘%l na §“Ar EéCUS%p%&ne 0 l‘?a%e two | arger,
fl at surfaaebsubointibliyealigoedsiitigone 6§ he cainkotion vies mdriaklsctocat opyachost of the area
bet ween t@le \%H}rlface edges andany spacer or spacers. Note that in sone

cases, a sggcer may be an encapsul ated chip
[0023] In ‘714, the device uses a very thin conductive plate with retention

properties that adheres to a very thin non-conductive insulator. The metal portion of
the device provides multiple contact points or paths between the contacting I/O and
the load board. This can be done either with a plated via hole housing or with plated
through hole vias, or bumped surfaces, possibly in combination with springs, that has
the first surface making contact with the second surface, i.e., the device ’O. The
device /O may be physically close to the load board, thus improving electrical
performance.

[0024] One particular type of microcircuit often tested before installation has a
package or housing having what is commonly referred to as a ball grid array (BGA)
terminal arrangement. A typical BGA package may have the form of a flat
rectangular block, with typical sizes ranging from 5 mm to 40 mm on a side and 1 mm
thick.

[0025] A typical microcircuit has a housing enclosing the actual circuitry.
Signal and power (S&P) terminals are on one of the two larger, flat surfaces, of the

housing. Typically, terminals occupy most of the area between the surface edges and
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or a ground pad. [0026] Each of the termnals may include a small,

approxi mately spherical solder ball that firmMy adheres to a |ead fromthe
i nt ernal wonreoew/mtu#sa3penetrati ng surface, hence the term Poaius2goiogs7ar ray. "
Each term nal and spacer project a small distance away fromthe surface,
with the termnals projecting farther fromthe surface than the spacers.
During assenbly, all termnals are sinmultaneously nelted, and adhere to
suitably | ocated conductors previously formed on the circuit board. [0027]

The term pal padePEBRLNE NotfERYat hﬁsogﬂalcases 6k0R& 4 e @k Bn@pdifiled cHigME have
centerline spacings of as little as 0.4 mm and even relatively widely

spaced tePrA a4 ¥ PAdy still be around 1.5 nm apart. Spaci ng between adj acent
term nal S[ao%]oftenEa&f&meedmmls%y iRi1dde B -small, @ 8J1mbta1yasgwnwon to the
factors nentioned abov mcrocircuit tes i nvol ves addi ti onal

factors. pOdpbyl f#iltrﬁgmly ﬁdher?ﬁemmlﬁjd {frae t@ﬂéﬁ*ﬁ@%ﬁﬂrwl&r&ﬁﬁr&eeﬁ%swﬁa% he bal |

t erm nal spertie {8t gslfacauhp" #ath t@l@mméasce%e&@rsman@istaﬁw faces that
contact the circuit board, since such da fect the reI iability of

the sol defW3¥dFant th gfaes, ithithe terminals pr?wgafaﬂé@cfwathefw@% Batthfig process is

nor e acCcugmbtds. i hurtnB@ssh@RGL AN enitaferEMMAURERES nfeREd, YhdgihtBe si gnal s is kept
short. An ideal test contact arrangenent has short signal paths. [0031]

Third, softabl¥ l%ﬁfﬁ‘mﬂﬁlpwqrﬁprﬁéléusﬂyo@%e@Brtheééﬁ\“lf ¥R nals are mainly tin for

envi ronneozd] pur pOBESmiddNthbassds HaY Beduitablo@ts eahettet k®Ime Hate devel op an
oxide filmon the outer surface that conducts poé:)rl%)Ia 9 der fol der alloys
i ncl ude sEATSFIHNEPAINSHNGEHES apP-4mamdnd Gyen edlygly Ndely HRtRTdSmEa’st i | ms. The

test cont aey§ §illBestoul®1.3RinRagatt. BERBIRER e iacnttdRidaisligumaesent . [0032] BGA
test contacts currently known and used in the art enploy spring pins made

up of mul FFIcd 19AseRiEs- " ncl uding a spring, a body and top and bottom

pl ungers. {ob@éq33] Uni ddeioStoahetctba n@ntiontd Move BG O midedkhie@ttingn No. US
2003/ 019218 t|t ‘%gto" Met hod of making an el ectronic contact” and

publ i shed™¥ V@@F‘HB‘@P 2003, shows microel ectronic contacts, such as
f1exibl e, joozd- 1 i keFlréiaﬁlEriaklﬂg'ﬂkt@@i@fa@-ﬁéoﬁtact\ﬁhﬂﬁhe BdlRetia, ted with asperities

o sposed Lt 2ynSO ALp RS cESCh SPErLY Naea SENg fature ol L (i
since such damage may affect the reliability of the solder joint for that terminal.
[0030] Second, the testing process is more accurate if the length of the
conductors carrying the signals is kept short. An ideal test contact arrangement has
short signal paths.
[0031] Third, solders commonly in use today for BGA terminals are mainly
tin for environmental purposes. Tin-based solder alloys are likely to develop an oxide
film on the outer surface that conducts poorly. Older solder alloys include substantial
amounts of lead, which do not form oxide films. The test contacts must be able to

penetrate the oxide film present.

[0032] BGA test contacts currently known and used in the art employ spring
pins made up of multiple pieces including a spring, a body and top and bottom
plungers.

[0033] United States Patent Application Publication No. US 2003/0192181

Al, titled “Method of making an electronic contact” and published on October 16,
2003, shows microelectronic contacts, such as flexible, tab-like, cantilever contacts,
which are provided with asperities disposed in a regular pattern. Each asperity has a
sharp feature at its tip remote from the surface of the contact. As mating

microelectronic elements are engaged with the contacts, a wiping action causes the
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m croel ectronic el enents are engaged with the contacts, a w ping action
causes thesharp features of the asperities to scrape the mating el enent, so
as to prowpaeloefoiaat i ve el ectrical interconnection and, POpttSeeialoRers?
effective netal lurgical bonding between the contact and the mating el enent
upon activation of a bonding material. [0034] According to United States
Pat ent Application Publication No. US 2004/0201390 Al, titled "Test

i nterconnect for bunped sem conductor conponents and nethod of fabrication”

and publ i gh eQUre@fttgpﬁ en:h%s EO%QIQA'G th@-ﬂatﬁd%teﬁ:'hfégtn aesto pRYidb Sfdcting

sem conduct corrponent I ncludes a substrate, and contacts on the
substrate e}ﬁ@ﬂcaﬂrmquwgnqcémﬂaqpyoéq%&ffﬁﬁb’a megadargisat Joshias WFvPEifped cont act s

on the Co%gﬂ?zﬂltd%e geﬁa@ﬁt%&n 4cNCAIH6Fa BhnliRE RARHGNd @ pattern of |eads
cantil evered over the recess configured to electri Call%l engage a bunmped

contact. 434l eads Aseasdingigpinsied BlatepBaent haplisaondiubbieatip ot hin the recess
to accommygalBg féi@f) A3t ﬁt%ﬁ S‘\"Tc!:s'fl intdA@niMet ﬂpﬁunﬂﬂg shiahdibcoRbodel® bunmped

contacts. |In additi on, | eads can i nclude (i)I’O eCtI ons fOI’ penet rati ng
t he burrpeéhdcfbﬁh@@tf@bﬂaatlﬁ@rﬁﬂﬁé’ﬁﬂish@i fReigber Ky 29045 gyintsicapshtPhg bonding to

the burrpeQs&%@gﬁﬁglﬁuct@m&oﬁéﬁ[s\{ﬁ@u&b@%stmﬂa' Gl IRL&DES tha sieRagr aphy of the
bunped contacts. The | eads can be formed by formng a patterned netal |ayer

on the sufesmaking empgragy dlesrisprgnaectivss yaB PuEPIcERaEteoMbEh t he | eads t her eon

to the supsifcAlfs. FEh DBl iGhdRE a tddEss SHPSSkBhRf te@dsféﬁﬁtﬂb\%%@u&t' ve beams.
[ 0035] According to United States Patent No. US 6,246,249 Bl, titled

" Seni condﬁ’étf?fﬁsslcﬁ@f}ﬁé@fll%ﬂe%& eRZAss ANEPPheIEET 156 1538t Ao plan&ing t he

appar at usg, ih £ 5RO wilMA Bhe Feess3O AL oo ik ASiakhs in BE hdkht and®
sem conductor inspection apparatus performs a test on a to-be-inspected

devi ce whPleraringef the byptped Fankacts c BYddisien. o leads panagludeproiectigpifar at us i ncl udes a

conduct or plrayah . HRMHIE ecpd?on@cﬁ  WRHBRbEAINS dutek myerm%r@&ﬂﬁ“gq{oﬁdmé pyer has a
connection portion. The herl cal connection termnal I s connected to the

connect i ofe hEmPdsANtacty, all“b"a‘"é‘?"eé skaps yaIchMmatches AeRsERRY 8O i s

changeabl @onta-EQeTH@IQ%SQErP&: fthﬁemﬁrfor}nm‘glatgi@&n@rﬁamégea&s@é bi ng menber, nade
of an elastically deformable and insulating material, for at |east

suppor t i ngibete. b eking spelpaersHRsiTate Xith dgtledgp thetget todPEHBHEAPT t he | nventi on
for maki ngy LiefROhasbs@hes irhtRhde Rahs Wi th a mcrocircuit term nal
conprises at |east one resilient fin ect ] rogm an insul ating
contact nf¥tlane aéc‘é’r@%‘tolq"étﬁ‘éﬁ‘éﬁsgg%ﬁp ééﬁf%‘gr 1h3rgindon a contact side
t hereof , egaRadictd Mp&ast %Eraﬂ@-ﬁlndflﬂd'pe&f@ﬂhféﬁfoﬂ Dgnd A€ apPai@ThddCUI t terminal .
[ 0036] In United States Patent 812,378, titled "M croelectronic

connect or SF4F B g d#rig0 biﬁ?rﬁb‘k‘fsé‘éiﬂs"t ala AT ODHSPEIANSAEIIS D 1908 t o

Fj el st ad, p@torms a test on a to-be-inspected device which has a spherical connection terminal.
This apparatus includes a conductor layer formed on a supporting film. The
conductor layer has a connection portion. The spherical connection terminal is
connected to the connection portion. At least a shape of the connection portion is
changeable. The apparatus further includes a shock absorbing member, made of an
elastically deformable and insulating material, for at least supporting the connection
portion. A test contact element of the invention for making temporary electrical
contact with a microcircuit terminal comprises at least one resilient finger projecting
from an insulating contact membrane as a cantilevered beam. The finger has on a
contact side thereof, a conducting contact pad for contacting the microcircuit terminal.
[0036] In United States Patent No. 5,812,378, titled “Microelectronic
connector for engaging bump leads™ and issued on September 22, 1998 to Fjelstad, et
al., a connector for microelectronic includes a sheet-like body having a plurality of

holes, desirably arranged in a regular grid pattern. Each hole is provided with a

.



al ., a connector for mcroelectronic includes a sheet-1ike body having a
plurality of holes, desirably arranged in a regular grid pattern. Each hol e
is provi owo 2eivto4®Esesi | i ent | am nar contact such as a ripag/uskoi@/ozdérert net al
having a plurality of projections extending inwardly over the hole of a
first major surface of the body. Termi nals on a second surface of the
connector body are electrically connected to the contacts. The connector
can be attached to a substrate such a nmulti-layer circuit panel so that the
term nal s t N the leads within
t he subst?eg?leﬁthﬁlgggg 8%%“@%&1 £f g%/}}a%@g%ﬁﬁﬁ étf(d)s t hereon may be
engaged wptojectidne emmﬂmeonmardlamderhm Qf@rfmwwdsm@mt tfdhshadgt rat e, by
advanci ng f ngage t he bunp
advanc! NIk LEATRL B BB o lyd N RAROBSLOL uf 02
accept abl egntactse Theieqmnéceaden eatradhed tsvearsnhsrtremsw ayorithéaet @rculheaneb nt act S.
Accor di ng i t ti 4 US 2001/ 001
1907 A, ?cl; ttﬂ iltg@é t'%‘%grsat%%ﬁﬁiﬁoﬁ%ﬁog%te%g%k@%ﬁ%%cgg%dclzegrr%t Jgﬁ%li}ﬂg%nponent s and
met hod of stbalbaté. cdiciostettranirck lqpurnisihg Hglbum 1aadg theteog mag dodngaged Witht er connect f or
testing s cS&QQE%%e&QUBBQ&éHé tﬂe@ﬁﬁsﬂgtésoyaad%&ﬁ% R %bEm i’e@ﬁs g&”t acts on the
substrate for in enporary electrical "connections 8\II unped contacts
on the cothpdbalenefshe @a@d@t%mwthemmd@és with e eersactsndhaasserppprt nenber over
the reces leGUi& % b haSE&EhbE GAL bt ABRRES B Qttgtasﬁh GO - The support
menber |s§a§“ﬁ°§géér?g§3 over thesrecess o sp?reg]l F S fgr rreoEI: on a surface of
t he subst tharentacthe spiral |eads allow the support nmenber to nove in a
z-di rect'sa@ i SDLSHEC RS ABpIRGE &n N& saido%@ulgmme hei ght and
planarity of lﬁé%raﬁlr}pedt cont a(t: gp r%gﬁéllon qte spiral |eads tw st the
support itdget et terednpest fcmbtm@edbm@raiueterrﬂoampnw apdaiethpd af e penetration of
oxi de | aygkhse tlt;@fa%e E &mug@tglmﬂ%%&c&ﬁe&ﬁtt@%ﬁngﬂy attaching a pol ymer
substrate wt s theréon to the substrate, or by forming a
patter nedsmmﬂuq&w@m@ﬁm@ ineludesisstbsirnte, anfl ponigstsanttey syhgtledbodi ment cont act ,
the supp%taklﬂgmssratysele%tm%%gume«tmt)t%éa%t@&amﬂtet osubstrate on raised
spring seg | eads. BRIEF S NVENTI ON [ 0037] An enbodi nent
is a repl hedapntest inchydes areespyra yurpeTPIeEd & dyPidhiisaise eandieredlo for forming a
plurali tye@éméaﬁgr%gage’ é’bdﬁ?p%@é&h&ﬁ'Tk@@@bp@h%&x‘bbﬁ@énsﬁéﬁﬁ&ﬁ&v‘e} @ps between a
devi ce under test having a plurality of termnals (2) and a | oad board
(3) havi negeess pi tPrlfal 1Pftdy°' f%mcd:@m welcqpidhy spbefratee Aptepeaiieade e1lg9al° (4) bei ng
} ?t er g: |y s RpSraR8Rsk: IPmERIih § SRARGioh Rithk At rbdbsAB GecofinBuitaharaddns CONPri sing: a
exi

" in the hei ght and planarity of the bumped contacts. In addition, the spiral leads twist
the support member relative to the bumped contact to facilitate penetration of oxide
layers thereon. The spiral leads can be formed by attaching a polymer substrate with
the leads thereon to the substrate, or by forming a patterned metal layer on the
substrate. In an alternate embodiment contact, the support member is suspended over

the surface of the substrate on raised spring segment leads.

BRIEF SUMMARY OF THE INVENTION

[0037] An embodiment is a replaceable, longitudinally compressible
membrane (10) for forming a plurality of temporary mechanical and electrical
connections between a device under test (1) having a plurality of terminals (2) and a
load board (3) having a plurality of contact pads (4), each contact pad (4) being
laterally arranged to correspond to exactly one terminal (2), comprising: a flexible,
electrically insulating top contact plate (40) longitudinally adjacent to the terminals

(2) on the device under test (1); a flexible, electrically insulating bottom contact plate
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electrically insulating top contact plate (40) longitudinally adjacent to
the termnals (2) on the device under test (1); a flexible, electrically

i nsul ati ngokzotvwmidont act pl ate(60) |ongitudinally adj acemust@obeéTront act
pads (4) on the |load board (3); a longitudinally resilient, electrically
insul ating interposer (50) between the top and bottom contact plates (40,
60); a plurality of longitudinally conpressible, electrically conductive
pin pairs (20, 30) extending through |ongitudinal holes in the top contact
pl ate (40x60)udmgltadntaﬂy@@a>eﬁtt6 Bﬁ)coxampztdbm)bﬁmeommﬂﬂ@tapl ate (60), each pin

pair in the lit be|n Ily arra to correspond to exactly one
t er m nal P‘b#“ﬂﬁé“é‘é I?fﬁ@’éWS"t g “FT?OS‘?%&PCH’VC&\PF%&“ pin pair (20,
30) is | orngutdnuebnmai ﬂlateqomtmogsmehm}tcheorguﬁtsnamaeomﬁes)mmm elefificqugi r slide past
each other | ong a V|ré$§g»|nterf r acg 1; % s inclined with
respect t@° ug PEIB eggndingd P Wﬁﬁg paeg 3m¢@ﬁﬁ%§1tﬁhother

enbodi menbplatex4@), the glerpdsdt(band i boteaiguntast pige (68), emiipiepr if #8) ext endi ng

| ateral ly ce under tes | oa ard (3), the device
under "t e R TR R g P HrteSgpate e Sbienr P RRr RS S 12 arr anged

i n a preddédaind@desp@l.t When a panecul a0 piel pbl@ﬁ]Odﬁ%C()&)lomgimﬂmdlyng a plurality of

el ectrical conta ( arra in a ernln ern
corresponaWﬂ@f¥%fﬂﬁ£sz%)?@éﬂ?@Pﬂ?ﬁ&FE“ ﬁf %@ﬁﬁ?ﬁﬁ%&%g% “hg a top side
faci ng t heuwtse Mondkids ind)nedivith hapaew a&&rf&tﬁdeﬂinal elS:he infeyposdrds@. bott om si de
facing th nt act ,pads of t.he | bgard (3): a pluralj of
electrlcaﬁuggl palf?ogﬁﬁ%ﬁéﬁngﬂﬁﬁgﬁﬁ@%”%§ifﬂ@£ﬂ%%%?g%gMFTﬁbbyn a

pr edet er nbﬂadil@attbxenylbmehaslpﬁmﬂnﬂg tes0 (1) buad a 10éd idasl (Bprheidedts (2), each pin
pair in the | .i .CO ext.endi ng through the top
si de of tﬁ@kﬁL ?HW%X%Tﬁgﬁgﬁ&yﬁgJ“”ﬁmgpF@BH%&ﬁmﬁﬁﬁﬁ%S d%surface (23); and a
botton1p|pmﬁé&ﬁm&ﬂbﬁﬂﬂiMQlmmmmmgmammmﬂmgﬂmmmMydédamumhwnmmnbrane (10) and
havi ng a b in.mating, surfac bott.om pin mating

oo f ages P2 Pt PR iR tley S debe Bp SR Phe

corres pondz),rtge mbebrtuid Ieaing b eprsidedicing2he tesnifiady (Q}EdftMg«&lvrcSMndeh&stpl n pair, the
top and bﬁ]%) l%ttrc])mrg?' Ifarllc%lg(%%fo% & ha (??,%f?ﬂ? 102?(! og f(§ g?)ﬁlra?? (;} ot her fal ong a

vi rtual Yo It o o ¢e'surtace (70) is
i nclined \alled:thcmQ&W(ZO(BOas@pmfed(bEth&m'iembkanafIODhﬁlmahfblﬂamed(10) [0039] A

further elmghcorres&)a?(ﬁra%a]taw;a? Sf ttz & }n!ﬂfuﬁs %2 eac!c C]);llin %a?r 1%1}1{@%éﬁ‘alﬁgur al I ty of

t enporary nec Fica nect|o devi ce under test
(1) havi ngompringralop pin (24) ektendingthlosgl( tBy topnide af theomdmbras A0Y8)Y havi ng a

o il | A BRER ) U8 A DR L BPgaphag’, pads (4 beino

i nt er pos ebottoendideart ¢he(niddibrahic ﬂﬂ)smthavmg a bottom pin mating surface (33). The
top and bottom pin mating surfaces (23, 33) have complementary surface profiles.
When the corresponding electrical terminal (2) is forced against the pin pair, the top
and bottom pin mating surfaces (23, 33) slide along each other along a virtual
interface surface (70). The virtual interface surface (70) is inclined with respect to a
surface normal of the membrane (10).
[6039] A further embodiment is a test fixture (5) for forming a plurality of
temporary mechanical and electrical connections between a device under test (1)
having a plurality of terminals (2) and a load board (3) having a plurality of contact
pads (4), the terminals (2) and contact pads (4) being arranged in a one-to-one
correspondence, comprising: a replaceable interposer membrane (10) disposed
generally parallel to and adjacent to the load board (3), the interposer membrane (10)
including a plurality of pin pairs (20, 30) arranged in a one-to-one correspondence

with the plurality of terminals (2), each pin pair (20, 30) including a top pin (20)
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generally parallel to and adjacent to the |oad board (3), the interposer
menbrane (10) including a plurality of pin pairs (20, 30) arranged in a
one-t o- orocorwvwspoendence with the plurality of term nalPST(UBR)1082¢7h7 pi n
pair (20, 30) including a top pin (20)adjacent to the correspondi ng
termnal (2) and extending into the interposer nmenbrane, and a bottom pin
(30) adjacent to the correspondi ng contact pad (4) and extending into the

i nt erposer nenbrane (10). Each contact pad (4) corresponding to a

parti cul aﬁdjﬁeﬁt t@aierc?r(reiépondﬁl@)erinmag(oniﬂdgmeﬁgngiatomm:ihamoml ly and electrically
receive the termn 2 evi ce under t.est responding to the
parti cul afne‘ﬁf”ﬁnepéli‘ l(ogtﬁgn p§b()35) tf‘htg ¢ WEGTROB ’%%Oéliacgpeaé%) is at '? ached to
Eh)e t est hfa)itedﬁdulrgem()Ebe,mt&b&eitIﬁanmaml(&)m)mmﬂﬁaa%d ¢4b|eorﬁa@pscrnéslgmuji ng termnals
2) on the deyice un est (1),,the bott . contact the

cor r esponB g aéB‘r‘hpé’égzeop%\@és & g%?‘fl e aB%I?}b%’grﬁ%Ct(lg%R)rgcﬁgﬁ %op pin (20)
contacts tehﬁm@l(’éﬂ)rcﬁsmlmdicél gndaﬁﬁeﬁtcon)\ cpirespdrdih)g tathe partieuly pid peed (20 nt erface
surface t i.s incli.ned vvlth e C or.mal. the i nt er poser
menbr ane l(;I oyVhea flig deyiee Yderte | lt)if @f"%f%goﬁﬁﬁit {"‘?)(g%ﬁletﬂ’ep e7%e under test
(1) are eb@wcfmeadr}eypomngle:ﬁﬁmds (2 o thedeviteamaderaesc () rtksiponoieirse t o t he
plurality

THE SEVERS&@ “%gt@ ads%é&%&“%ﬁ%; Fbﬁz %&R’éﬁ’gﬂ‘gé} sea‘gﬁlsli’Eg‘eDEFg\?vl E’rTLVCiN ng?: of

a portion(0} cchlfhetslt}e&brr&gbhdp@mttorﬁ@rn (B@)@mngangtual mtenfaoeeunthnelmat test (DUT).

0041] Fi 2 1. the test f Fi 1,
i th 1he BUFTERLET Falri: Shoyeobgs g gur gt FOTPIRde U o O °

Cross- secpluﬂnfgzlofthmifmlﬁgzmﬁ trerleaxeumdbaesy (1) mte&teptmsﬂty d@emdoredlrreal nits rel axed
state. [004

ure ie 0SS5 n g of the
i nter pose?neﬁér‘?ﬁ?g §Sp8f1d€i‘3 tﬁﬁléepguram?‘l‘)}l\!ion{a A @gontg %tadgoa?mq}SOM] Figure 5
is a side-view drawi ng of an exenplary pin palr inits relaxed state.
[ 0045] Fi i @(ﬂd f Figure 5, inits
conpr essegﬂgﬁa[?%é.aﬁg'& SE%%}/%Q[ sLngIE%%ERPgr aw ng o ?he pl anar interface
surface sfoowd] i n FFgured i8a siﬂ@ﬁéﬂ}iraﬁdn@ﬂfe p&tibs othplestreqdpawitigy of t he
cylindri cal Iy curved |nt E:rstl‘/(z)gjer)surface shown in Figure 5. [0048] Figure 9

i

is a plan "G e adev'cfe ugdex Cut nterface surface that has
[0041] Figure 2 is a side-view drawing of the test equipment of Figure 1, with

the DUT electrically engaged.

[0042] Figure 3 is a side-view cross-sectional drawing of an exemplary
interposer membrane in its relaxed state.

[0043] Figure 4 is a side-view cross-sectional drawing of the interposer

membrane of Figure 3, in its compressed state.

[0044] Figure 5 is a side-view drawing of an exemplary pin pair in its relaxed
state.

[0045] Figure 6 is a side-view drawing of the pin pair of Figure 5, in its
compressed state.

[0046] Figure 7 is a plan drawing of the planar interface surface shown in
Figure 3.

[6047] Figure 8 is a plan drawing of the cylindrically curved interface surface

shown in Figure 5.

[0048] Figure 9 is a plan drawing of a curved interface surface that has
curvature in both horizontal and vertical directions.

[0049] Figure 10 is a plan drawing of a saddle-shaped interface surface, in

which the vertical and horizontal curvatures have opposite concavity.
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curvature in both horizontal and vertical directions. [0049] Figure 10 is a
pl an drawi ng of a saddl e-shaped interface surface, in which the vertical
and hori 2wotalo/wersat ures have opposite concavity. [ 0050pPCFiuse01e/016767 s a

pl an drawi ng of an interface surface having a |ocating feature, such as a
groove or ridge. [0051 ] Figure 12 is a plan drawing of a generally planar
top contact pad. [0052] Figure 13 is a plan drawing of a top contact pad
that extends out of the plane of the pad. [0053] Figure 14 is a plan

drawi ng ofoo8ojt op cephRal iPAslat falink BEAnUBSace sitFRt hdisigno@uhg Of the plane of
the pad. [0054] Figure 15 is a plan drawing of a top contact pad that

i ncl udes FaluES pich 20 HOPGST BA8S out of the plane of the pad. [0055] Figure 16
is a plan@sgw ng efguRN 2iiNEhid\@ewihe B £QALAG pl&ﬁﬁtop[c@t@;&@}aad.:i gure 17 is a

pl an draw ng of an _inclined top contact pad with nultiple protrusions out
of the pl H’ng]of t hE188ied 3 1§ DOEvqraing gt wton gontast ped thas xtepds Gped st a t ext ur ed
top cont agtinddsthe Ja@058] Figure 19 is a plan drawing of a radially enlarged
top contact pad. [0059] Figure 20 is_a side-vi eV\ﬁdravvi ng of a top pin with
a top cont®&ll pad figdEc IR RIgLHARAS 8LRyER confashig|haEingliie ™ 1 i s a si de-view
Cr 0SS- SeChlbofiiidn Gl ahd@afof el Pin having a top pin engagenent feature on
one side. [0061] Figure 22 is si de-vi ew cross-sectjqQnal drawing of a top
pi n havi ng’%ﬁ“]t op pfBYErg rayiag p{a @p 89?t3c°mdéliﬂ63’§|ua§ nlple - [10062]

Fi gure 23plofusiors b He@Wne bosspadect i onal drawing of a top pin having a two
top pin engagenent features engaging.the top contact plate, and one
engagemeniogﬁﬂatureF’éHESd&i‘sr?gplf“rfga‘?]B%gﬁ“d’E‘cé?l \QRFONtAChMEs] Figure 24 is a

si de- vi ewoosss- seeiguenalis AlaMragin@bt @ iIhéDBp pintachipadiwigh a bott om pin

engagenent feature. [0064] Figure 25 |s a perspective-view cross-sectional
dr awi ng OPHQ‘H%MWPg%Vt?JﬁP%QI%ﬁiFhC% rane. [0065] Figure 26 is an end-on

cross-secfoosnal dr apuRd sefa gliiedrivih g sposatredBpRo@ne padf Fi gure 25. [ 0066]
Figure 27[0i0§8]a p! alt-ligglre{j}\g/iisnagpl2(1)11f dr;[mr/llgg i0 :;[ r%criigl yseen[iarga% rg(t)%nrcaéplgct%fad.lzi gures 25
[0059] Figure 20 is a side-view drawing of a top pin with a top contact pad

that has rounded edges.

[0060] Figure 21 is a side-view cross-sectional drawing of a top pin having a
top pin engagement feature on one side.

[0061] Figure 22 is a side-view cross-sectional drawing of a top pin having a
top pin engagement feature on two opposing sides.

[0062] Figure 23 is a side-view cross-sectional drawing of a top pin having a
two top pin engagement features engaging the top contact plate, and one engagement
feature engaging the foam interposer.

[0063] Figure 24 is a side-view cross-sectional drawing of a bottom pin
having a bottom pin engagement feature.

[0064] Figure 25 is a perspective-view cross-sectional drawing of an
exemplary interposer membrane.

[0065] Figure 26 is an end-on cross-sectional drawing of the interposer

membrane of Figure 25.

[0066] Figure 27 is a plan drawing of the interposer membrane of Figures 25
and 26.
[0067] Figure 28 is a plan drawing of an exemplary top contact pad for Kelvin

testing, with an insulating portion that separates the two halves of the pad.

[0068] Figure 29 is a side-view drawing of an exemplary pin pair for Kelvin

~11-



and 26. [0067] Figure 28 is a plan drawing of an exenplary top contact pad
for Kelvin testing, with an insulating portion that separates the two

hal ves ofwohelop@eo13[ 0068] Figure 29 is a side-view drawpPng/uskoam2esenpl ary
pin pair for Kelvintesting, with an insulating ridge that extends outward
fromthe top pin mating surface. [0069] Figure 30 is a plan drawi ng of an
i nterposer nenbrane, inserted into a frane. [0070] Figure 31 is a plan
drawi ng of the interposer nmenbrane of Figure 30, renoved fromthe frane.

[0071] Fi g:b'tl'r%, wilfar Bisudatih® Ad e (BWesede BRdakl fEbnaint i paf mhthe siuicer poser
menbrane of Figures 30-3 1. [0072] Figure 32b is lLan dr.awi ng of the

a
i nt er posel0f8nbr an&isye Rjiypplasdraging of ayiperpsser @F’@W@gﬁﬁnﬁi 4923 ront - vi ew
schemati cxgh@wi ng of the interposer nmenbrane of Figures 30-31. [0074]
Figure 32d is a right-side-view schepmatic draw ng of p.e i\%&erposer
menbr ane ¥O7H; gur e§i88t5-33 1n2 PlprodyaEing P?‘gﬁ}“é?%%%{“??%éa“FBE-‘\g\“g schenmati ¢
dr awi ng ofentoh&i firdth @ep@mer, fromthe interposer nenbrane of Figures 30-32.
[ 0076] Fi &%re 33b is a plan drawing of .the i ntrgset[lgoser, fromthe interposer

9
menbr ane BO7H; gur e§18815-732 15 Aoy SECEEPEr88ee PGS vi ew schemati c
drawi ng OfnefB@nd sitegpR6!31. from the interposer nenbrane of Figures 30-32.
[0078] Fi ﬁ}%}r e 33d is a rLgsht -lsidde-.vi ew schemat i csgr awi IE—[% of the interposer,
fromthe N4 posefSHEMEP S Brdrdy g0 dee BEPSFT "eBG79t OF 8l 34 i ncl udes 24
specific designs for the interposer supporting nenbers, shown in
cross-section. [0080] Figure 35 .s | an. dr.aw OL an _interposer having
support i nf%Enber s%t 3283&39{?8“}3‘8‘?’\%%’51%”&’ f&%‘&%?ﬁﬂ%in PRt hin a particul ar
; ; ; . P

pl ane. [ OQ8hblanddiFugkiRes36-31s a pl an drawi ng of an interposer having a
supportin | ane that c letely fills . the.area be en adjacent hol es, but
i s absent ﬂ);?g ve or l%’feoﬁfq})sﬁaﬂgﬁb%igﬁé‘?w OB %f"&ﬁ% %ft tggm?eﬁpcols%des 18 specific
desi gns f gemblhage dIF@IRA9S1, shown in

[0075] Figure 33a is a top-view schematic drawing of the interposer, from the

interposer membrane of Figures 30-32.

[0076] Figure 33b is a plan drawing of the interposer, from the interposer

membrane of Figures 30-32.

[0077] Figure 33c is a front-view schematic drawing of the interposer, from

the interposer membrane of Figures 30-32.

[0078] Figure 33d is a right-side-view schematic drawing of the interposer,

from the interposer membrane of Figures 30-32.

[0079] Figure 34 includes 24 specific designs for the interposer supporting

members, shown in cross-section.

[0080] Figure 35 is a plan drawing of an interposer having supporting

members that extend between adjacent holes within a particular plane.

[0081] Figure 36 is a plan drawing of an interposer having a supporting plane

that completely fills the area between adjacent holes, but is absent above or below that

plane.

[0082] Figure 37 includes 18 specific designs for the interposer, shown in

cross-section, where the top and bottom contact plates are horizontally oriented, and

the pin direction is generally vertical.

DETAILED DESCRIPTION OF THE INVENTION

[0083] Consider an electrical chip that is manufactured to be incorporated into
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cross-section, where the top and bottom contact plates are horizontally
oriented, and the pin direction is generally vertical. DETAI LED DESCRI PTI ON
OF THE | NvaNtio0m4186083] Consi der an el ectrical chip tharcCrasaanobeet ured to
be incorporated intoa | arger system Wen in use, the chip electrically
connects the device to the larger systemby a series of pins or term nals.
For instance, the pins on the electrical chip may plug into correspondi ng
sockets in a conputer, so that the conputer circuitry may electrically

connect WI h the chip circuitr n exanpl e of
such a chf ar%mf’ 58" a ‘Qhen ) use &le éﬁldp ‘Qe&n&hggg&gcﬁ%ggg’écggg&gﬁm‘%éA each of which
may be InsttehﬂiylaeserlﬂtO(ﬁpas paamlnalsl &ior mbt@mceabe siocdkethe tlhaxtlcahm@s one or nore
el ectrical_connections w esirable to test
t hese chi psyBIugor%e Otr'ﬁ%) ondm%socﬁeef\s &Qﬁgmgl[tgbsg]ﬂat e Cﬁ%{}ﬁigr?ée\]c?ﬁh talled into

ot her sysheyrelﬁct&ul:lhco:mnqmn@mme—dhemabmtrestamgietﬁaymmampmdr a{ignose probl ens in

Lhe, TNUT AGbHE] 09108699, NEL B LIBLAYE: SYALEMLagel Yiel ds for

systens tHRat T ncorporate the ¢ re, sophi st|cate test systens
have beenwiehelappedstroblemsar partitviar siohe soikecthitmpajes ane phorghi p per f orms as

desi gned. Red ﬁp to the tester, as a "device under test", is
t est ed, gﬁﬁca?ﬁl el résta‘glg romthe tester, hi general, it is desirable

to perforfﬂ084ie attaahkmelnwdeﬂreldttongptthamh@eb@felhrﬁ@mdreaﬁhippqppﬁl y as possible,
so that tggfo}et eglﬂ%hﬁ)#z?l‘le&) t& &ﬁerts etn%r S Cﬁglg ﬁit Qb@%sﬁ%ﬁm&l e. [0085] The

test systens a cwtryt the sa ins or terminals
t hat wil | diagitoss Prbbiemsmdhetroarm&mmecg pro¢ess, el 1pay lnﬂn mprave Iﬁlféﬂtenabmll cation. As a

result, ngd? fo"i1r te%%qF at gl%gﬁsr@e tlge%ﬂws r ?ﬁ@&&rﬁ sfoﬁg fcgt@d fESlstest em t hat

performt eral tester s d establish el ectrical
cont act whava bterneieveifmedusenpurﬁﬁlatihe civopiviyrimthe ckip perfums pydesighes are not

daraged, ZF P fthedlo iRl AP 8 s CASHE Lhdifles© ARRLL Lidlis ik TRE Wi Lh each

pin. [008 st testers of this type use nechanical contacts between the
chi p pi nsdeamtied fn@nﬂ@ﬁS@r Ineanesaltisis desirable fo Repfamn e RRshingry, te¥ede- sol deri ng

or some OErQiecf 151815/ E&%gle sm&@tl%@ﬁo@ﬂblgo?&e@és{eﬁﬁwgeéso the tester,

each pin on t into nmechani cal and electrical contact vmth
a correspblﬂhlﬁﬂg?sijblél on the tester. After testing, the chip is renoved from

the testefooednd t hanIRGRAR A RNEe BliE iAot R theGhs pifser br oken. [0087]
I n gener aF ig]t S hlgﬁft desi r abl eetﬁgt tuhgaccﬁlgﬂand trlljg{st (raster bot h
terminals that wxll later be used to connect the chip in its final apphcatlon Asa

result, there are some general requirements for the test system that perform the
testing. In general, the tester should establish electrical contact with the various pins
or terminals so that the pins are not damaged, and so that a reliable electrical
connection is made with each pin.

[0086] Most testers of this type use mechanical contacts between the chip pins
and the tester contacts, rather than soldering and de-soldering or some other
attachment method. When the chip is attached to the tester, each pin on the chip is
brought into mechanical and electrical contact with a corresponding pad on the tester.
After testing, the chip is removed from the tester, and the mechanical and electrical
contacts are broken.

[0087] In general, it is highly desirable that the chip and the tester both
undergo as little damage as possible during the attachment, testing, and detachment
procedures. Pad layouts on the tester may be designed to reduce or minimize wear or
damage to the chip pins. For instance, it is not desirable to scrape the device /O
(leads, pins, pads or balls), bend or deflect the /O, or perform any operation that

might permanently change or damage the I/O in any way. Typically, the testers are

— 13-



undergo as little danage as possible during the attachnent, testing, and
det achnent procedures. Pad | ayouts on the tester nay be designed to reduce
or m ni Mmwe 208408 damage to the chip pins. For instan®er/uskoins26¢761
desirable to scrape the device 1/0O (|l eads, pins, pads or balls), bend or
deflect the I/O or performany operation that m ght permanently change or
damage the /O in any way. Typically, the testers aredesigned to | eave the
chips in a final state that resenbles the initial state as closely as
possi bl e. addi tion, reduce any

per manent d?ﬁ t8 1?386 PR éﬁ‘{’%@tﬂéﬁal&at? E?f‘??m{?)lﬁﬂtile mift??ft%&f‘s YEEPE parts may

| ast IongpcrsmbafQfa&ldrtﬁp,l1aleemmsxrab[le£1688dxd$hedt&eaﬁymﬁxremdamage tgr eat deal of

effort spent t ester cturers o | a out s For instance, the
pads may ﬁ‘ﬁé‘isﬁé%rt%“?ﬁ?‘isnséﬂ#%gate gﬁg’ﬁ?'zarsﬁl?‘?%{)gl TERE aéemctnﬁe chip pins with a
prescri be[b08815| sti maerk Ql‘cﬁﬁentlblla gﬁ@maaﬁpffmmentd:yswetrIrrampfadsrenay have an

opt i onal extrene .en r e range of
travel . Tﬂl?s 58%3(12“2(1‘”? ﬁ8r IB%{%PCF it ]f“(')luée SQBF Aof ‘grerlle%él lsmq}l’g el ectri cal
connect i Ofecaitdshthet dhép porwithsyyoesdiiieg raisiipg mraaslnmine(abplwajpnb,ehwdel ose as
possible to "cl os che d may be as

cl ose as B‘B%@‘ivﬁlaléolf%’ngﬁlam&%’é’ﬁithEF’greﬂlce \i/\/%ﬂhé)stpﬁlg coﬁ Orce gl%%togched [ 0089]
Because i traveb ”ﬁe%batlalﬁthe phcblaycmsistct dssabbﬂdml@lmcqmal@bh@cm ywgssi bl e, or
essary to drive

| at h t
anoror - relevsaraiee iR Ridurd Roh P B o el JRERSF el uenci es.

si g rom i'ns at very
The test fwheghetip eatmhed;mdmmbedayloseesmesssblermW t:c@enib:utcmt waetGHz or nore,
and the tes frecg ellil%l es are likely to increase with future generation
testers. ﬁ'@ 6881 B Yowe frequency testing, such as that done close to DC (O
Hz), the (08t ri caBeqmaseflms desiretde twegst bﬁseh:axpdlasa@mka«tdwpssshlq;rptl stically: one
woul d want. a h resist.anc LS detached, and an
infm‘tesiF%ﬁlr‘fftﬂe”"lc}“af“e%fns & “Sy%m“PFfb\q{%?%S%yg‘% SBddt “r0001] At higher
f requenci essivotltvaicabdigels fiosahe pnopeery ihegh ﬁmmmcmmtTchepﬂsa@qqubmjp@nd j ust

e oeancSr AR eS: (0l vo RER! SVt E2 WM BPES AAuACLUDET o1 Of

frequency))fcbecorre ectrircal performance at these
hi gher frbkplbemamce@sewwmadmgﬁaemwsmn ude phase effects as well as

2Pl it udeygghd et s, AN SRLALSGMDSQIPRIAL SR IRIBEALGAL ¥ describe the

effects o si stance ca acl i nductance in ectrl cal path.
| n gener atlgctiidal pgfodemice mbj'beltahéltzd tather %mnh%leallyrwlwhlrm@tiﬂh the el ectrical

path for n%%m?fﬁimgﬁgsgstl\%ﬁce%ﬂlelptﬂe ?sr[gtarcﬂ% §edafh GERHLY S g On the load card

be sufficien MRl nt i NS a target I npedance
resistance when the chip is attached.

[0091] At higher frequencies, other electrical properties come into play,
beyond just resistance. Impedance (or, basically, resistance as a function of
frequency) becomes a more proper measure of electrical performance at these higher
frequencies. Impedance may include phase effects as well as amplitude effects, and
can also incorporate and mathematically describe the effects of resistance, capacitance
and inductance in the electrical path. In general, it is desirable that the contact
resistance in the clectrical path formed between the chip I/O and the corresponding
pad on the load card be sufficiently low, which maintains a target impedance of 50
ohms, so that the tester itself does not significantly distort the electrical performance
of the chip under test. Note that most test equipment is designed to have 50 ohm
input and output impedances.

[0092] For modern-day chips that have many, many closely spaced /O, it
becomes helpful to simulate the electrical and mechanical performance at the device

VO interface. Finite-element modeling in two-or three dimensions has become a tool
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ohns, so that the tester itself does not significantly distort the

el ectrical performance of the chip under test. Note that nost test

equi pnentwpotewitgaed to have 50 ohm i nput and out put | rpEdB2CIe826760092]

For nodern-day chips that have nmany, many closely spaced I/O it becones
hel pful to sinulate the electrical and nmechanical performance at the device
FO interface. Finite-elenent nodeling in rwo-or three dinensions has becone
a tool of choice for many designers. In sone applications, once a basic

geonetry stahbRe hﬁ&ahﬁ@algﬁa@smoxﬁl@appmb@loh@sﬁ@ra bR gwaRir gyrealtaé on, the
el ectrical perforpmance of the fg%l onflqgfuratfon is sinul atg and then the

specific E?%gosalh@r thy dgster pagergnibpuratipRythg qlertrfcg! Repfarmanee ofthqRad; gesi r ed
el ect ri catorfglihGénTBEIGRIated, a&hﬁmeﬁw&dpecﬁmsutehme;h@pplnaﬁwlte@nﬁelyt he mechani cal

per f or manc eterm ned al nost as an af hou onc t he sinul at ed
el ectri caf %@T%P%%&%edﬁﬁmrc é’Eﬁ%rHlaﬁceﬁ%?"?iGE%]l' {h Iﬁ‘téf’ns 93] A general
sumary OmetHagic#lipsGbrantdetndy®k dernindd A0 athaﬁ&ralrongunaulnSe wé a devi ce under

test are te or.a Iy el ectrical l opnect e rresponding contact pads
on a | oad"® [?fz”é“ P& ‘?”é’é‘”%% Se%%“@?‘{]‘???é‘l“i 5‘8 @tive pin pairs. The pin

pairs ar e[doejld in pl @e&alBymaary ofitiR [dpoB alre fmrmsr ane that includes a top

contact p faci t he device under test m.contact plate facing

t he | oad h@é\‘ﬁd gﬁ%\te{}’é‘flgf ?:tlaﬂ eyice W el Ate te’ﬂ%oﬁarﬁ%%a‘ﬁ%“t Q?e menber bet ween

the top am&%&tﬂmmﬁﬁnaﬁlg ciltat pRls olcakiad b@dﬂdmaaienbﬂffleudﬁSal@ top and bottom

pi n, which extend. beyo the to . bot t om cont act espectl vely,

t owar d théor‘gg‘i}’ivﬁgml?ﬁ%seqq‘?(@g‘tpa’%% ?ﬂglqu BS%P’&?WOF% eé%ﬁnvgfy The top and
p

bot t om pi faslué@nttacéoneaniatofabiap thaldevdee unﬁéxeést ,adettdrh adntdcsplatadcinged Wi t h

respect t menbr fac nor ma udinal ly, the

pi ns trang’Fi‘fa PPy @ %{ﬁﬁﬁl&f‘ﬁ mb‘ﬁf’n'clopﬁv*:ﬁe %?%E?%ngnqmtgp ?%dt The

sl i di ng i Botloat @elayt pladdsg Eadhchimpdir, incMideba &p&ﬂﬁibdtto&nﬂn desdhreateheé | at er al

conponent , det ned inatio nt ace, The interface may

optional | § eysgft@glqpeaad%@ﬁ“g“’z}ﬁép est"\m’e@i" hté’wﬁrﬁléh (Fe“tc BT i° ;} with different

curvat ur eSndandVomrbaamfrapecﬁvee)s The tepaa battoregihd @nt;actaeadmﬂmyathntl onal Iy incl ude

one or nor ti.n. hasarld r e. The top and

bottom co eé%‘fet ftat g%hnﬁay res}?rat(sfeﬁfer%%nbéa“es Cen(fm%f cWﬁon conducti ve,

flexible cmﬁ;eessail longitud:halasthb(pqﬁa'ﬂd,slatﬂnbmhd iee&homnmtazrsdndmg kdpngthai | abl e from the

DuPont CO r Ir;[zlg Islllcﬁ\%oltf) Par e y ninlnal nohes il;n?‘all an§ d?s%lgl%ig Pe?al (et her ket one

( PEEK) , EonhEr ¢ a aval rom manuf acturers
such as \fccmﬁ;roeent déﬂammﬁtbgnheahclxbﬁtomémeum@faceriﬂacmtermcams may be a foam or

el ast omer !)pciiomfyebe curved a-lliong J%Ie s t\%/ior}lin?%%i%n , gli)t{ong%y with different
curvatures and/or concavities in each direction, and may optionally include one or
more locating features, such as a ridge or groove. The top and bottom contact plates
may be made from a polyimide or non-conductive, flexible material, such as
KAPTON, which is commercially available from the DuPont Corporation. Another
example material is polyetheretherketone (PEEK), an engineering plastic
commercially available from manufacturers such as Victrex. The material between
the contact plates may be a foam or elastomeric material. The pins in each pair may
optionally be made from different metals.
[0095] The preceding paragraph is merely a summary of the disclosure, and
should not be construed as limiting in any way. The test device is described in much
greater detail below.
[0096] Figure 1 is a side-view drawing of a portion of the test equipment for
receiving a device under test (DUT) 1. The DUT 1 is placed onto the tester 5,
electrical testing is performed, and the DUT 1 is then removed from the tester 5. Any
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optionally be nmade fromdifferent netals. [0095] The precedi ng paragraph is
nerely a summary of the disclosure, and should not be construed as limting
in any waWo 20tve108a3t devi ce is described in nmuch great erCatatsadio/oabow.
[0096] Figure 1 is a side-view drawing of a portion of the test equi pnent
for receiving a device under test (DUT) 1. The DUT 1 is placed onto the
tester 5, electrical testing is perforned, and the DUT 1 is then renoved
fromthe tester 5. Anyelectrical connections are nade by pressing

conmponent gledtiédcEnBiiohd F@hadeytpaciingdntpotdniihtocROPIOA Bt wither e s no
sol dering or de- sol derlng at any point in the testlngﬁof the DUT 1. [0097]

The ent i r 8thg)ceppeyeats)t ‘frééstnoﬁP]SEré’@l?F de-spiderign phpny BUPt B ESIESUBE ¢5 acti on of a
second, sqleqjl,alnrapl d, accurate placenent of the device under test 1
becones inportant f or ensurlng that the test eq I‘P %IIS used efficiently.
The high t ?nghputT et decirical eyt pige {dezfyfn,lyel f 6‘618'9?’ handl i ng of

t he devi cesontetehatlr@sd, adourdid plﬁ&ﬁ%nt@ﬁﬁleﬂew@nmaéﬂt@mib&ﬁm%C hani cal system
pIacestheDUT ontotgmﬂiester. rlorEJOftes sl d renoves the DUT 1
once test IRy HYSCIFBBHNE %{eétch“‘ﬁ*ﬁ tisdtsed SHRgCY g BT’% ment mechani sm nay

use nec haﬂk&@hplﬁﬂdh@@%tbﬁﬁﬁsuﬂ@ﬁ&ﬁlﬁrss fobot¥MahdliAE of the dPas tndenteafl. t he DUT 1,
and a CO"B-Uﬂat' on of transal at nd roﬁii tlﬁa:}%ﬁﬁuato ) t%éal ign and pl ace
the DUT 1 JR%Y FfsCT BsTHSBRpIeISRRe anécﬁ BNEREFe i MO are mature and
have beenptiseltestihgamadYerksveyvhe BIUECH dnk € Rbting @54 ks contl@se Thawown robotic

syst ens | so be used with any or aI of . the tester elenents disclosed
her ei n. gﬁ%’gﬁ EFV“GWWSCWTX‘HV%%’ ’?&%‘Q%éca;%f’ﬁﬁm Sr placed by a
conbi nat i @Bniefk t}h@bdnéﬁrﬁdﬂ&rmtfamtaaﬂab@dblﬁmmhpﬂe:m&latic[rmﬂe&idtatiomkevm se, the

el ectrical or| hns t a ed to test, each t n the DUT 1 are
vel | est aBit ‘faécﬁ%tﬂ alighapdip %th&@gﬁu ﬁ%“et}]e e&’ﬁ‘gr%?elk a?eéllnéecg?’ril%‘gl testers.
These knoyytepk aetntidtGabhndlagobdeh heed immyhyadns®n blectueaedestmnsithesaﬂmovm all of the
tester elepents disclosed heregin. [00 The delce er .test 1 typically
i ncl udes ?ﬁgmosrymﬁ‘ﬁ? @a%ﬂ?%?,“%ﬁ‘&ﬂl Pﬁl& ﬂ,%ﬁ%ftgﬁ tﬁﬁ%{le s gﬁa&e“t ermnal s that
connect tﬁ)erélhEAtté’ihahvefﬂlﬁe DT mdychepliced hyetlasd, wayladed bpn cangingiode of t he

devi ce und %?eﬁ ?1 to at&aﬁy 1be otn both sides of the device under test 1.
For use i Sad aporpated qaIDMEN + o i nal's 2 shoul d be accessibl e from one

si de of te9glevi celLikadie, theaddctribal adotitimsghat hie usdd|tb tebiscacineherisdlood t hat there

Ty be ons, Bt ooy e SELRALR R OBRAL S MRl gV oo under test

testers. These known electrical algorithms may also be used with any or all of the
tester elements disclosed herein.

[0099] The device under test 1 typically includes one or more chips, and
includes signal and power terminals that connect to the chip. The chip and terminals
may be on one side of the device under test 1, or may be on both sides of the device
under test 1. For use in the tester 5, all the terminals 2 should be accessible from one
side of the device under test 1, although it will be understood that there may be one or
more elements on the opposite side of the device under test 1, or that there may be
other elements and/or terminals on the opposite side that may not be tested by
accessing terminals 2.

[00100] Each terminal 2 is formed as a small, generally spherical ball of solder.
Prior to testing, the ball 2 is attached to an electrical lead that connects internally to
other leads, to other electrical components, and/or to one or more chips on the device
under test 1. The volume and size of the solder balls may be controlled quite
precisely, and there is typically not much difficulty caused by ball-to-ball size

variations or placement variations. During testing, the terminals 2 remain solid, and
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other elements and/or terminals on the opposite side that nmay not be tested
by accessing termnals 2. [00100] Each termnal 2 is fornmed as a small,
gener al | ywephariogaB ball of solder. Prior to testing, tireTh®Re10826787
attached to an electrical lead that connects internally to other leads, to
ot her el ectrical conponents, and/or to one or nore chips on the device
under test 1. The volune and size of the solder balls may be controlled
quite precisely, and there is typically not much difficulty caused by
bal | -t o- b || size variations o | acenent, variations. During testing, the
t er mi nal sMSreiEMPHIRGT rﬁﬂo‘é{’ﬁ‘éf’&@gé‘?}ﬁgwﬁ *Trelting or re-flow ng of any
sol der ba[d0$012 [ 004O%Imihe2 tnay té laloat i3 anpyuitasle baieth @iLthe sufagny sui t abl e
pattern on surface of the device under est cases, the
terminal s %‘%ﬁg%}”cﬁén o tegt Iy IR &I G5 tﬁ%‘SF‘%}“ﬂ? Hlay\RﬁtV’ca‘ngene”(ﬂWﬁS “S%igin of an
expr essi oprid, hﬂhichﬁbtﬁﬁbmémesfatnhepl%ibhﬂﬁtdmdﬁfes theﬁéwécundélaésklg‘bald array". There
may al so be. devj ations away fram a rect]ta u ar udl ng irregqgular

éo %lil 1nc

spaci ngs SRPTHEonEIFS BY 230 dFY 1B YA, PAEMAREi fi ¢ | ocati ons
of the temrrigilal spadifipy anBgepmasies dedidiche undérho@bh&td&s:ppfnﬂﬁﬂgcaha@aﬁl ons of pads

on the | oagd board and n the to match those
of the degﬁeéeémﬂﬁ A Ig’tas flg??f{ Wéﬁgorﬁesl?onaﬁg oé:?ttéornzsif’{epapg%n tgggbglgng bet ween

adj acent b@idrandglispazs bs thie methibeane Baigechosen o 1’ah5tch thode. df therevies trlet he spaci ng
bei ng comonl y.referr ch" 0 fromthe side,
as in Fi gt??téc%’,mafshze I?ié?/‘tef:gthe SB%CI’ngt%e% eelia%:llcsemljtam]énag\gl A therfa % erminals 2,

whi ch may of(p23 tonal i, wnﬂcﬂhusiﬁctggbangamqunt}egfctrattoapaéptmgé These terminals 2

ar e ma'de q?)h@? gengghgélgls}éwg eral‘rt}ie 51de as 1n ﬂ;g?tge}rthgﬁevpcgigﬁ lte%t 1W| th typical

manuf act u proc are chips or other
el enent s digplaa ldevfneemnmd:emmasmaybpnctdaby mnludermsmdluégutahte chips is usually

| ess t han the S|on f the te mnal i ce under test
1. [00103fP2%fg & (g it St&aﬁelﬁﬁdreeto K8 B Wa%% ﬂ% 5gﬁé{[omm] The
| oad boar dritBtyprcallmdmﬁtcmnhgnadcds@armnwbs:tsesatfeheﬁe andhipd erethet ry that is used
to test electrlc evice und hi | i may i ncl ude
iriving of BErPbfifhe deteain g IO AR ES el el BB O L o
nor e partpmuhmndfnleqemrmmtseba,waarﬁrdndbdz@vtcpomdeeteetdtroni CS that can sense the

response ﬁfméﬂe de\fhgpest?rrgd(%rﬁﬁ’ug lngiuéeg ?&éﬁ'ﬂojﬂ?bv' ng vol tages. The sensing

may i nclude detectioh © or voltage at one or nore
frequenci @®104uch dhé lmachgoaaimmslem|amgidéb@dtsmmmt€é andscigggifty thehiswn i n t he

i ndustry, ufeld (tjo AQY e?tglaglﬁt?l}l e 8@ ﬁ&dreptgétqs SIthOJIPCliﬁ[WWﬂy En%ﬁ&i@ﬁr?wﬁ@ay be used with

the tester ‘el erren
electronics that can produce one or more AC voltages having one or more particular

frequencies, and detection electronics that can sense the response of the device under
test 1 to such driving voltages. The sensing may include detection of a current and/or
voltage at one or more frequencies. Such driving and sensing electronics is well
known in the industry, and any suitable electronics from known testers may be used
with the tester elements disclosed herein.

[00105] In general, it is highly desirable that the features on the load board 3,
when mounted, are aligned with corresponding features on the device under test 1.
Typically, both the device under test 1 and the load board 3 are mechanically aligned
to one or more locating features on the tester 3. The load board 3 may include one or
more mechanical locating features, such as fiducials or precisely-located holes and/or
edges, which ensure that the load board 3 may be precisely seated on the tester 5.
These locating features typically ensure a lateral alignment (x, y) of the load board,
and/or a longitudinal alignment (z) as well. The mechanical locating features are well

known in the industry, and any suitable electronics from known testers may be used
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[00105] In general, it is highly desirable that the features on the | oad
board 3, when nounted, are aligned with corresponding features on the

devi ce umnsiorote®y913. Typical ly, both the device under test/us2and2d¢7ve | oad
board 3 are nechanically aligned to one or nore | ocating features on the
tester 3. The | oad board 3 may include one or nore mechanical |ocating
features, such as fiducials or precisely-located holes and/or edges, which
ensure that the | oad board 3 may be precisely seated on the tester 5. These
| ocati ng hweathetasr tixpeaadikdoseNBdisie Phe radcBinidal RLitgp MRtkes@¥e noy) of the | oad
board, angﬂ1r or .a Jonﬂl tudinal alignment (z) as well. The nmechanical |ocating
features H¥™MEFEHown in the industry, and any suitable el ectronics from
known tes{(mncﬁ]may hlEgdnSﬁdVbletl&hdﬂ)bﬁdB&ﬁfy@E a el @ivelRtcemples aldaspaisiher ei n.  The

mechani cal Ioc ng features are not sho 0106] In general,
The Toad BBieq itk Fotrs tmver i vl S anrek el iBadrb®ehov ce Pn many
cases, it ingRyenkite adN@ﬂin&gﬁ@téseﬁSGhMIptdt&d;uﬁeecoafaclaﬂdh 4 dfondlbad Beatdat | vel y

i nexpensi el enent, jnto t ester that protects the contact pads 4 of
the | oad gg‘&?ﬂ”‘?r?’}dm&su ad‘aaglﬁ&‘baide ffﬁﬂgé e%lﬂfemoéﬂal el ement may be an
I nt er posemefiBrih¢ H)‘lél"h]:ﬁhterifdib@r ihéahgieadatso metixhizaiky dignalstotheestaahi cal |y al i gns
wWth the tester, 3. wit itable | ocati.n eatures ( and resides
' e 't eSTbpob bk O S oing e P Bl S B R, Test T

[ 00107] Theard mtfmirrgaﬁedevmembdeana 110 i ncI udes a series of electrically
conductiv in pai In _ge eac connects one contact
pad 4 on ﬁwzbﬁoad @%P“gﬂ s?réneg}% Eﬁlﬁ%fﬁlg‘fs nesotfgleg “Wce under test 1,

al t hough tdﬁﬂmﬂivaam pbes 20330|1mgem:h,®aﬁsmn pammnﬁdfctsmnb tcbqrﬂcEpadarmlact pads 4
connect t n nal 2 connect to a single
cont act p&'a?%ﬁlboggst SRS %bn{/ﬁv@de"é 4 er?eﬁgfﬁgﬁ%ug}’ﬁm Y& ani ngs that a

single pi msmlsbheﬂmmnﬁdh@q xaulaplagcbrmcpmdsuoormecsnmghegl& ermingddl or al t hough it
will be und 4 ePl enent s. di scl osed herein may be

used to cglﬁ 8 terﬁlurfais’l?ﬁonnecytﬁ m{gﬂ COI%}aC% Sniect S8 mtyswe e "t &rminal, or
mul ti pl e thetaxt agll @awlmgsahaaamggle pm@air amtnecpadsmgfypadaah Isrgagle tdmeinalt er poser

menbr ane ]lg)roe%he’l svr k%aﬁlnd rstg O(ﬂanCt ofI the testﬁr egements d1sg18seg%{:remq?a;[ rl") bot t om
cont act sur con acto er na )¥ e used to

convert anseéxd @hnangmhmald ctmant pladpadme@mtfagnglatenmnaltwnwlmmhl cle, which is a
st SOCkElnlREH { D OARGE AR AR ot iARFLGE nURRh. I8 dBPL08] A1 Lhouah

t he i nterposer and re vely easily,
conpar ed wmentsrthﬂiovcaboaamhds a;dl thectemremtcomfict siréace mléttie tegiapmdacByr. We consi der the

I nterposef a?%[*?n ave?y l;‘e us%é) to c%mpeﬁ B e ];tlngrf(?adtb%%td%gd é)niigﬁrat ofﬂ't& a docurent .

vehicle, which is a test socket used to connect and test a device under test.

[00108] Although the interposer membrane 10 may be removed and replaced
relatively easily, compared with removal and replacement of the load board 3, we
consider the interposer membrane 10 to be part of the tester 5 for this document.
During operation, the tester 5 includes the load board 3, the interposer membrane 10,
and the mechanical construction that mounts them and holds them in place (not
shown). Each device under test 1 is placed against the tester 5, is tested electrically,
and is removed from the tester.

[00109] A single interposer membrane 10 may test many devices under test 1
before it wears out, and may typically last for several thousand tests or more before
requiring replacement. In general, it is desirable that replacement of the interposer
membrane 10 be relatively fast and simple, so that the tester 5 experiences only a
small amount of down time for membrane replacement. In some cases, the speed of

replacement for the interposer membrane 10 may even be more important than the
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During operation, the tester 5 includes the |oad board 3, the interposer
menbrane 10, and the mechani cal construction that nounts them and hol ds
them i n pvaceineti3shown). Each device under test 1 is pCaasdiiagad7ast t he
tester 5, is tested electrically, and is renoved fromthe tester. [00109] A
single interposer nenbrane 10 may test many devices under test 1 before it
wears out, and may typically last for several thousand tests or nore before
requiring replacenment. In general, it is desirable that replacenent of the

i nterposer nenbrane 10 be rel atlvel fast and si gﬁée so.that the tester 5
exper i enca¥uaResyolEadmembransoldnyithyin i 18‘66\%'?6 4 (RRCTRBHINCE B8R 4 epl acenent. | n

SOMe CasegyitablR@ost RORYs Blring@péragmment for the i nter poser nenbrane 10 may
even be nore inportant than theactual cost ea g r@@brane 10, with an
ett%fber a

i ncrease 10911 Wst er Figyre | shevs Be fRIAtoRTHR hytviper dQf ngs duri ng

operati Onunc[e@&ﬂ{hO]w@nghuheie&méhm@stetihiels@&bﬁtm@m&bmmd}emmammdae tester 5 and
the devices under test 1. Wien each device ﬁ est ed Iéaﬁr‘%ls pl aced into a

suitabl e rdBatificenlyfgrese ppgames ?r??fffésﬂ‘fsl ik ?:tc?LPtaﬁ’tc‘élatptF%

char act er kRldefiss 1 &8y Eéh%turael@aﬁd icGablypladee (iixN@hnd?) @fth tdsgecdovi ce 1 nmay be
accurately and reli abl h res ct to

cor r espon 8PP ﬁgﬁﬁllﬂaé %% thgﬁlt‘f’ﬂ(ge‘y'ﬂ?'&’%sl&an‘ir%‘ﬁrﬁfpg 80 and

cor r espongdidigt FARE 86 thep@dodkdon the | oad board 3. [00111] The robotic
handl er (not shovvn forces e under .t est 14 Sql qntact with the

ch devic
tester 5. [¥tagnilf ﬁf?«?o%cfhaflaﬁr (P?}lsﬁ%wrgé?fﬁerﬁgm V‘tc?l‘én E8nfiguration of
the test, c@ﬂmkwdhm@tdsiees nmﬁaﬁxgnmfdetoemafmadc&paldbentmgenested the force to be

used for each term facturi. n [ t toI erances, and
so forth. C‘i”’rﬁgbréﬁ‘é‘rcgl t?ﬁlréx‘ﬁ‘bqg h?@‘“ﬁ’ﬁb?l"éﬂ“ﬁ Ztal?%ng??ﬁ’éeﬁatﬁ?ga Yandl er of the
tester (neeus%h@maac,htaﬁﬁnangypﬁnalmhrexfadamngmmgmemeﬁetrantes hmlsgener al, the
force is eneraII i tudin d |s ra ara to a surface

nor nal of ‘P%eé%' Lgﬁgﬂc?sa{’fgﬁﬁﬁ{] ’@r]]%ag(h%%f eﬁees‘e {er and device
under teS%holwnl),lactﬁgmilah‘etdevm tiidestadtfli dn@néralf tedecheigograilppl i ed to the device
under test 1 to en e th irs 0 30 .a el ectrical

connecti o n@“‘ﬁ’é‘ta\ﬁég‘ﬁgé%ﬁlt‘/g?rﬁjikﬁgq a3y ??dlopf'asl gg‘rre pon@i3 ng contact pad 4 on
the | oad pwarz] 3. AsgusdBdheds albmseraridmvleemyrtedtﬂmmtamvwiﬂy be testing
schenes in e.t al.s 2.c et b9 tact pad 4, or
nul tiple E‘bfﬁh%?(’lgutfﬁng%pglbeﬁﬁ%% q‘fvéce yndgt eSF YBFR N Ip"blg‘mg 2?’%? or sinplicity

in the dr Mﬁgﬁaﬂﬂecﬁﬁ@ﬂ@néchm9aetwem@h@1 temmlaahdlzsqoampe@lg uniquely to a
Si ngl e cont aC:tlpa%all n%he IL)OCP I;I'o]é?d]S '?As%‘t]ate% abovea{ﬁgre%a@ ﬁerﬁétglgl_y\é% ?e‘é‘ﬁ&r oss-secti onal

dr awi ngs &§f7%%
schemes in which multiple terminals 2 connect to a single contact pad 4, or multiple

contact pads 4 connect to a single terminal 2, but for simplicity in the drawings we
assume that a single terminal 2 connects uniquely to a single contact pad 4.

[00113] Figures 3 and 4 are side-view cross-sectional drawings of an
exemplary interposer membrane 10 in its relaxed and compressed states, respectively.
In its relaxed state, there is no electrical connection between terminal 2 on the device
under test 1 and contact pad 4 on the load board 3. In its compressed state, in which
the device under test 1 is forced toward the load board 3, there is an electrical
connection 9 between terminal 2 on the device under test 1 and contact pad 4 on the
load board 3.

[00114] In some cases, the interposer membrane 10 may extend across
essentially the entire lateral extent of the load board, or at least over the lateral area
subtended by the load board contact pads 4. The membrane 10 includes a sandwich
structure that mechanically supports electrically conductive pin pairs, with each pin

pair corresponding to a terminal 2 on the device under test 1 and a contact pad 4 on
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exenplary interposer nmenbrane 10 in its rel axed and conpressed states,
respectively. Inits relaxed state, there is no electrical connection

bet ween twormmalo4A3on t he device under test 1 and cont a®CTa®do4/026761 he | oad
board 3. hi its conpressed state, in which the device under test 1 is
forced toward the | oad board 3, there is an electrical connection 9 between
termnal 2 on the device under test 1 and contact pad 4 on the |oad board
3. [00114] In sone cases, the interposer nenbrane 10 may extend across

essenti al Hié 16aBo@ABI TRe daalweicRbtrueXianleseibell BelowoRbowRayd, de@Nledat | east over
the | ater area g&?tended by the | oad board contact pads 4. The nenbrane
10 incl ud ?C%Pt@aﬁ EX P&t ucture that nechanically supports electrically

conduct i veoopis) pai Mie mémbineRGhayHeTofpri bs £@hdwspendiung withad termnal 2 on
t he device under_test 1 an?([ing)écont act the | oad boe}rd 3. The

d 4
sandwi ch SYFRASERAOLeING syEg dt‘H’e‘ic’Bth H ‘fo & PBYPB R LR MEd descri pti on

of the pi Bo.p@isbifie cds€Dihi Blyerfhe, SURSUVT@REnchibrarR ) 0 b Heldio@theatsy a sandwi ch
structure, with an inte ser 4330 bei ng surrounded by a top contact plate 40
and a bot f%"r‘hv?:léﬂﬂ’[‘%l?%’erfﬂ’ 864114 sone cases, the layers 40, 50, 60 of the

nenbrane j@1661e helrle inageistean iduw e[eeﬂrﬂilly\dﬂdu}atlhﬂivBrtllcﬂLy&Esiheﬂf adhesi ve 41, 61.

[00116] The inte r 50 | an el |y ins i call
resilient mﬁ%&?@ Si“&‘FaS SYRA" &° ‘1‘5}9511‘?{ o‘?ﬁ Leeﬁ? é%’b‘ﬂ‘gef.%s @‘%flﬁ vi ce ﬁnder
test is fai:e(;@d bbawaldintch@dsdr oadompeasd,in thh@oﬂghﬁcﬂﬂiap)o&ﬁfcal5mrdcmn)asesses in the

Ionltudln vertical ret on, as.is th 4. Th tical
corrgre55| 5Ag éseg‘gkl I 54180‘“1%}\??&‘8}‘{%%"%6{% tlhr\gg?lg‘#égt i's rgl \é:;eh?a

the int erp@&erun&@teeoﬁpadMsedl, metdﬂ@pdsarﬁgle&mﬁmmlthe(luﬁgimmﬁﬂI(\)erm:hal)ecti ontoits
ori gi nal

igi ze and sha thecseln e 3. [001 17] Note that
t here rrayglbeﬁ ‘?‘btﬂé‘FPS}ngag S?Sﬂ@@?pﬁn‘?\}% E&5t H‘o'iliglg&%"t al) conpression as wel |,
ial t hotjgg [doiﬁmr ans WeteSkat dergtdyaptionally gesrm*re?iahyesa&ioﬁamtdl)han tlhed

ongi tudi na onen nt er pose al does not
sobst ant 1 SPRESPR gl ipPaPED SRt o e ey FOMEE R P ea "
sonme cas ebngltddefabcomyndne Ia gF:I&GaI Shd mgmloatr 60 alatefiglrdoes @Umbktm&dlljz)y t he
P P s BB B Db B 05, 20 20 L
t he overl mplpmnggata@ribroemphéd tyhtge jpier®sdr 30 eathalparhich cz[rﬂﬁlb]c&]lst@n ei ther side

i ntact plate 40 facing

'? Let ggv: (r:] 3 fplqsé §§to gltll%%%){u%rr]lqarcvg H’tmacafjg Bfev?n? 8@58 actng the 1 oad board
3. The coratewdbpraidathtma,ver&ﬁplngyOMSrcvﬁﬂiepinls omeaelnpagd. ectrical |y insul ating,

[00118] On either side of the interposer 50 is a contact plate, with a top contact

plate 40 facing the device under test 1 and a bottom contact plate 60 facing the load

board 3. The contact plates 40, 60 may be made from an electrically insulating,

flexible material, such as a polyimide or kapton. Alternatively, the contact plates 40,

60 may be made from any semi-rigid thin film material, which can include a

polyester, a polyimide, PEEK, Kapton, nylon, or any other suitable material. In some

cases, the contact plates 40, 60 are adhered to the interposer 50 by an adhesive 41, 61.

In other cases, the contact plates 40, 60 are made integral with the interposer 50. In

still other cases, the contact plates 40, 60 are free floating and not physically attached

to the interposer 50, which may allow for quick removal and replacement. For these

cases, there is no adhesive 41, 61 that binds the interposer 50 to the contact plates 40,

60.

[060119] The contact plates 40, 60 (kapton) are structurally stronger than the

interposer 50 (foam), and provide a durable exterior to the interposer membrane 10.

In addition, they deform less than the interposer 50 when the device under test 1 is
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flexible material, such as a polyimde or kapton. Alternatively, the
contact plates 40, 60 nay be nmade fromany sem-rigid thin filmnpmateri al

whi ch carworrelwideo1a pol yester, a pol yi mi de, PEEK, Kapt oRCTsk@n/02€767 any
other suitable material, hi sone cases, the contact plates 40, 60 are
adhered to the interposer 50 by an adhesive 41, 61. In other cases, the
contact plates 40, 60 are nmade integral with the interposer 50. In stil

ot her cases, the contact plates 40, 60 are free floating and not physically

el acemelteet foyard HE KBS B NothEn FR s et Plee e D AR (TN (e
i nt er pos ependGordgudififly GOt @RihofteatheBnddinBiGompSidObut Theemaeial act pl at es 40,

60 (kapton) are structural t th t he int 50, (f , d
o ovi do. aTAUICHBYEEEREHS oY BopIRE Y SE0e ™ BB hdr 40w 1R ¢ on. ¢ hey

def or m | eggingkampresi®n] the @ppasBIttobCoute plad, demayrk: pmitkdrtowadt 1 i sforced

toward the | oad bgard 3. Note that. in Fiqure 4..1the t. act plate 40
may bend faﬁhﬁf%lerlf&ﬁﬂ’&fi Ik thcfnﬁ'(ce%‘?#ﬁ%aaé&ed eﬁo%é’ Bus e G %lgllplﬁgagln ression, but
the mat er tahpréskator aehgmltigknesnpr esses is the foamor el astomer of the

i nterpose I n qQt her. wor during conpr.essi gn,«nt and bottom
cont act p["él?’g%o, g‘d"%lﬂfarﬁelgz}&ﬁsgﬁf( g’\f\‘/ﬁf){l}&é %esg@ﬁgr grlll ‘pegne or both may

I ﬁ'nglkt udi pablayaddafiaesn but neither one significantly conpresses or changes
t hi ckness 120] A . nenbrane. 10 .t hat uses (0] t .pl ates 40, 60 ma
have sevemgﬁﬁgdvanf gﬁ’re}gfs ef%@‘ﬁ%f%“ﬁ% SEPERYS g%tétfgglgg%d}% f?etélngét)i vely d
i ngxp;ansi e séroi-ripid filan &vhjzh acg bholadsrannt matehia ss@mdskaptoi. dASd teswlt, whi ch may be
made froma material such_.as kapton, ,As r - ~ teral

| ocati ons®¥f " eH%te%@ﬂ?aglg?S °6§‘ sco%gcéﬁ%dst4ﬁ3d %Src §§é§h%ﬂﬁg%2§%%%§%ak§| s 2 are

Flet er m nedetérsned (dsyallyybytiheemamfaafusee bithedevaok undee tajel)i theloggiges andest 1), t he
ocations .and sizes .may be .fed into chi . ! etches the

hol es in PH& n&?é@le?%dntf’éénae}in%@?t dﬂl(i)lf %r%tt(ﬁgitjﬂ% E@estnlgc eid(réngl}r?gb%?t%éssi ng of

kapt on i sNb@nhd: ehe snachipieg/piovessihgof kapiop srfartiése exgreog esior enpefablg net al i c | ayer.

[00122] Second ter. hi ning, the kapton |l ayers are very strong, and
resist | a?@??f’h%ga&l%[{?% “of the hole shapes or |ocations. As a result,
the kaptofolizgler s Shenteftoeesachminglibe krptd layerschet eryitioag.ahérehisit er al | ocati ons

e el : . :
of the p i‘atega?'rcliéf%fma%‘o’%bﬂge §c§§§1ggés?6ﬁ ?)]éatltoﬁf AJ‘J:%M%@EW&W 10. In other

words, the prns may be inser e exlisting n the kapton,
el i mi nat i tigmbdies negte fiod tadvtamdui thedaterkl, loasigremd iheein ook, duangr eci sel y pl ace
the pins iasrgen(ﬂ))iy off t}lé interposer membrane 10. In other words, the pins may be inserted

into the existing holes in the kapton, eliminating the need for an additional, expensive

tool to precisely place the pins in (X, y).

{00123] The exemplary membrane 10 shown in Figure 3 shows the top pin 20

and bottom pin 30 as being spatially separated when the membrane 10 is in its relaxed

state. When the membrane 10 is compressed, as in Figure 4, the top pin 20 and

bottom pin 30 are brought into physical and electrical contact.

[00124] Note that having a pin separation in the relaxed state is optional.

Alternatively, the top and bottom pins may be in physical and electrical contact even

when the membrane is in its relaxed state; this is the case of the design discussed

below with reference to Figures 5 and 6.

[00125] Having discussed the sandwich structure of the interposer membrane

10, we turn now to the top pin 20 and bottom pin 30.

[00126] The top pin 20, also known as a slider pin 20, has a top contact pad 21

that extends generally laterally around the pin 20 and comes into contact with the

terminal 2 on the device under test 1. This lateral extension makes the top contact pad
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[ 00123] The exenpl ary nenbrane 10 shown in Figure 3 shows the top pin 20
and bottom pin 30 as being spatially separated when the nenbrane 10 is in
its rel axwo 0toae213\When t he nmenbrane 10 i s conpressed, &ETius2Ho0Yes767 4, t he
top pin 20 and bottom pin 30 are brought into physical and el ectrical
contact. [00124] Note that having a pin separation in the relaxed state is
optional. Alternatively, the top and bottom pins may be in physical and

el ectrical contact even when the nenbrane is in its relaxed state; this is
t he case Qfatlh@eldagétgﬁbr(ﬂieaeruﬁmddlbﬁigwm@ ld letfsetlenaemetfabrichtgpuir es 5 and 6.

[ 00125] ssed th andw ch structure of the interposer nenbrane
10, we tuf”ﬁf gW“E“t HEEo a@tﬁ Pl ‘gdeﬁ %Wle'ﬂ)tfsn BEIOP $BETRE! The top pin
20, al so kh@a&ﬁn&&e&]aﬁdrlrdﬁ’ngﬁlhﬂnbeﬁlehatﬁerébpﬁm agfidcastd el Ritd t hat ext ends
general ly Ifaterg)el;%Lg d the pin 20 and cones into contact with the
terninal 2 OHt e under test 1. This lateral extension makes the top
contact ppd7 a " Waégﬁblnt%)ﬂgeilonélmﬁmh]hﬂerﬁlﬁfm thad exZnéiawian otnest i ng, and
hel ps rel sone, fab catl nd, al i nme nt tolerances qn all the tester and
devi ce el g’ﬁé °§macf’ﬁ%‘£% BWE%R]PeZISTdbp?&r&% 1 SHESR S tE“ %ggquﬁ%l or rectangular in
profile; ﬁlhﬂﬂbd‘r29}ﬂtaymmdabl$oﬂhstbp$ﬁﬂdeb@btﬂlbtﬂptcbntﬁ&bﬁi’ﬂnce to Figures 12-18.
[00127] T p pi h di nal 22 that tends away from
the top cOMEEY Pudndlors Rk uRib i Byl et offmilifhenecn ¢ ne

| ongi t udi &l Themmdoeg su2@ca1Edyis sapédid eoradck amdnalbgmxsmmpng)mfawmamot the top
contact Pl s 0987 Baeld RAGHS} Bk BERE o G BEMAE e 2t ) oo
anal ogoussunrfatds2g asid anake @8 panprbbide mammmlcal a8 elécthbeﬂgoﬂtazmgl t udi nal
COP e R i e i el i SR PR RS Rgand 33 on the
bott om pi gscraHesteg suﬂﬁzeesel’lémmfacmmmes: rﬁé}/ talgnoh M@ F'shapef ad t o gener al

ori entati Biaaamaseii A5Raso8 MRS Rty £ 5hRe TR ES Mo
"33A", "23BB), dh&@chbrthaﬁngu@w ﬁmM thWEEaguartmg s@fap23A sdGdAf Bahe mat i ng
surfaces Sone. ot s are shown below in
subsequen%tﬁgrsg\?ﬁ%les’ﬁape E)rgilﬁo@jnhfomﬁg% %fnelﬁd? éxgg% al so known as a base pin
30, has al0bt2% om c i etbmppad3 @ dlso hlowvmmgabudpmaﬂo ImsabettonB@®ngaod a nmati ng

surface 3@43;3%?41%1é§{ud?ﬁ@1i18&b%% %831143%{‘ u@fa&%% HS%Jv}%E\} %S’mﬁ(ﬂgr anal ogous

structure op pIn n sSone cases and bottom
pi ns are hepmgdctfondonthe kfidlagoegtructures in the top pin 20.
[00130] In some cases, the top and bottom pins are formed from different

metals, so that the pins avoid “sticking” together over the course of repeated contact
along the mating surfaces 23A and 33A. Examples of suitable metals include copper,
gold, solder, brass, silver, and aluminum, as well as combinations and/or alloys of the
above conductive metals.

[00131] In the exemplary design of Figures 3 and 4, the mating surfaces 23A
and 33 A are essentially planar. When brought together, the mating surfaces 23 A and
33A form a so-called virtual “interface surface” 70A, which in this example is a
plane. Other examples are provided below.

[00132] Note that the hole in the membrane 10, and likewise the cross-section
of the longitudinal members 22 and 32, may be circular, elliptical, elongated,
rectangular, square, or any other suitable shape. In all of these cases, the membrane
10 holds the top and bottom pins together, in a manner similar to having a rubber
band around the pins’ circumference in the vicinity of their overlapping longitudinal

portions. The membrane 10 provides resistance to motion in the lateral direction.
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metals, so that the pins avoid "sticking" together over the course of
repeated contact along the nmating surfaces 23A and 33A. Exanpl es of

sui t abl e wetalog10knal ude copper, gold, solder, brass, silPgeUS2@002&@bTUM num
as well as conbinations and/or alloys of the above conductive netals.
[00131] In the exenplary design of Figures 3 and 4, the mating surfaces 23A
and 33A are essentially planar. Wen brought together, the mating surfaces
23A and 33A forma so-called virtual "interface surface" 70A, which in this

exanple is | ane,. Ot her exappl es. are pr.avi ded bel ow. 0132] Not e that
the hol e loﬂ?%ﬁe rre??ﬁ’re'ﬁﬁ%t%‘iﬁ‘,ter ecF“fff"i?«gﬁﬁé)ggigHrtfsg?’&{éls%%%%gn of the

| ongi t udi Plahar, TROBRF fSceddr[@0 ¢hay 21ﬁenmya9 takt bicotharshapeb.| Fqptrstade, thel ongat ed,
rectangul ar, _square, Qr any other .suitabl hape. In all t hese cases,
the menbr %éfa‘i%uﬁ?)“ledggt‘%gg{{% A IBS‘FY%]ngF %g pFIb’B%tf"ﬁé‘r‘r,fac? g§ B Smanner sinil ar
t 0 havi ngeduvéx bliethe Batoch @i Mt suifge PBB & cosdar € itheotitmeng thetsdmee vi ci nity of
their overl aggﬁﬁﬁ%ﬁeni%hﬁ#ﬂ%gfﬁgiog%tr-' ons. The nenbrane 10 provi des

resi st ancBdl _ direction.[00133] Wereas the interface
surface 70013 Fi girEgurdsancndhe sengheane isah lity repdxadistate, thdtep pint28r f ace surf ace

may al teraﬁaiggg%}/o taﬁgoF@e%%‘%@laigr%eg?@éggdﬁnaﬁrrﬁ%rtn Qg.elhﬁﬁhnfeé nterface surface

70B in Fi pinmaling s ace 23B i s convex,
and t he behdnahe @vite DBder regt is forded agaii3BiBe load beand ahegpp pin 2P hipotih havi ng t he sane
radius of curvature.so that .they fit together 0013 In Figure 5, when

t he menbr 3% %%C‘i%e il?tgrfarcgflgﬁaé%l%s%’gleree,b y?r %és}af%%thﬁiuor? %fda%o Y bot t om pin 30
have genesmldiwotipathakdpglin 20doghdt tiditspadontaapbe issnclikedyuirtiercépectibdn t he devi ce
under test i.s forced. against. the . load board. the top pi: has slid al ong
the cur veﬁ“?‘ﬁ?lgrqlngl&eedegg? PRERCH B ﬂfeﬁ%prpel%?/}) ntgl’r"éc{ﬁnsafrélf I?lﬁeél%lﬁ(él%lzg Sp pin 20
downwar d ahlirgepecab ithegotibre pindpngiidin esibert hat t he top contact pad is
inclined w respect to.the.term,nal t.-he. devi rr test, and the
top pin | WH%‘ udi niﬁls ﬁ%%%aé%nc}“ée l}lar?’cqeiursleeu' \?ﬁfg {eﬁgf%@%eéctﬁ Stv%ﬁglg & bottom pin

| ongi t udi eladtricibcdhedction QBT3P bdthves thergmbiaal (hatip? amktherigd berdusef ul . Note in

Fi gure 6 that n, t el ectrical,,connecti. ' en the term nal
(ball) 2 Bl CW\%IQQI tgzélgﬁeb% F‘Hﬁ%cl([) at%gtl:tonB1§§°p4elr???1§%nltat%ﬁgﬁesb§g9§gvn act pad 2 1 on
t he top pirom2@ centatddtedall Be Thiakhift2h @nayt Afqaomytchecodatimbleof the ball 2. This

op. cont actPpac st on "L PEF P ORuRE R o Rl APun HAET LO0L i he Tayers
t hat havethfaghed ainlctidyerssiolt dare fiyaletl oRthe THde ball B This i turmaynayesul t in an
i mproved el 6t ol Gl o %A MEGED RPREINBEN kil e A 3 o NG, LdAEct 2B CONtact pad
21 of the top pin 20.
[00136] In addition, depending on the location of the center of rotation of the
interface surface 70B, there may be an additional lateral translation of the top pin 20
as the device under test is forced against the load board. Generally, this lateral (x, y)
translation is smaller than the longitudinal (z) translation of the top pin, but is
desirable nonetheless because it may also cause the “wiping” function described
above.
[00137] Note that this lateral translation is also present on the designs of
Figures 3 and 4, in which the interface surface 70A is planar, and is inclined away
from a surface normal of the interposer membrane 10. As a result, the designs of
Figures 3 and 4 display the desirable “wiping” function described above.
{00138] Note also that while “wiping” may be desirable for the solder ball
terminals 2 on the devices under test, “wiping” is typically not desirable for the
contact pads 4 on the load board 3. In general, persistent and repeated wiping of the

load board contact pads 4 may lead to deterioration of the pads themselves, and may
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2 1 ofthe top pin 20. [00136] In addition, depending on the |ocation of the
center of rotation of the interface surface 70B, there nay be an additi onal
| at eral twansioaoss of the top pin 20 as the devi ce und@CTiUS2410i02676Dr ced
agai nst the |oad board. Cenerally, this lateral (x, y) translation is

smal ler than the longitudinal (z) translation of the top pin, but is
desirabl e nonet hel ess because it may al so cause the "w ping" function
descri bed above. [00137] Note that this lateral translation is also present

on the de&;egmsuﬂ’éad%bwm@%faleaa@baardanmm & highanbaiesié.acse agur f ace 70A is
planar, and. is inclined away from a gurface normal of the interposer

menbr ane $%5ignpeonsideredhgrein, ﬂflﬁht@p A0 drihe pip thef goyss endresiREmuhgi spl ay t he

desi r abl ewipMwhlK thé bdiekl 0 30lRERINs badradh OxeonatyDERUIRELs MNowgeal so that while
"W ping" may be desjrable for the solder ball termnals 2 on the devices

under tesF9mmwpbpﬂbmmﬁka¥?ﬁﬂ89ﬁiy not desirable for the contact pads 4 on
the | oad pewyg 3. Netegm&re%p um%s&%naaﬂmema&mﬁmma\n@ of the |oad
board conéact pads 4 éﬁfﬁ E ﬁ@ |orat|on of t&ﬁl@ ds thensel ves, and
mayevent udfm q teypin {qgetudinal,mgmpgr sp fiat the,ion PRJAPPIYPL WHRPW RUpRing, ghly

UEdESI rabl Iﬂ)thgﬁéﬁlhh?%eﬂﬂﬁng(iﬁot aﬁw&L@ﬁn&deh@fmﬂbgFﬁ@ee 6)0m Pk 20 is the pin

t hat noves an or nNB ile e ttom remai ns

gener al | y*%&at’ P‘g‘ﬁé ¢ O P lﬁ%&f)‘ﬁ’g rwl%a%'ﬂtaphgﬂléeté)tﬂﬁéoﬁ %k%slﬁrg%‘ffd contact pad
4. [00139%4 M@E@eddhﬁtarfohﬁeﬂilﬁk&(ﬁthanﬁﬂp«h@ﬁﬁm&nlﬁl@r& el gk cadcioaman 24, which is
cut away ron1t 0 di nal that th op._ pin may pivot
wi t hout bg'ﬁffeﬁg Fh?t gﬂﬁﬁg‘? ety éﬁ’?“%ﬁﬂ;‘”@ﬁé‘eﬁg %rfd’\ﬂ?e‘-‘d?%’ﬁ?‘?%e | ef t

portion Ofhe efbfa@e fikfacd, Whith @BcsGat@Bse aw Biferfelt@icd With the Me@brahs at ful |
conpr essi relief surface 24 is perpendicular to

as in Figure.6, the
t he planegﬁ?ﬂ?ﬁ@“ﬁh? BB@%H3%%WE?@%@RE§”p YRt he case shown in Figure 6, the
bott om pi oD i ncI B@eﬁzs a4 §howed £plaek inddifat otiefadd7 o add Higurger pendi cul ar to
t he nmenbr ane oe use interference with the
oo ane. PR RSl M st PeRro e T5H8 SN D EEEEORIE oot TS01401
Fi gures 3shand nbrsdiemgch Bigipkanakought er f ace surface 70A, and Figures 5 and 6
showed a d interface surface 7 T es nfigurations are
shown nDr@M%%iarly%ﬁﬂm lbﬁP%QdQWFﬁPgﬁﬁﬁaﬁ "1?%ﬁiﬁ%%w ﬁ&h&@w9 s a plan
dr awi ng oﬁgmhe planar interface surface 70A shown in Figure 3. [00142] Note
that the R) ﬂ}? it sﬁIote tha%the pla l égs%ijflgl\fnctzlge W1Stlc1) ?e(s;;tmc% t% tltlehs%r aclérn]:)rafﬁ: ‘I:' nor nal

of the interposer membrane 10. In other words, the plane is not truly vertical, but is

inclined away from vertical by an angle, such as 1 degree, 5 degree, 10 degrees, 15
degrees, 20 degrees, or an angle within a range of angles, such as 1-30 degrees, 5-30
degrees, 10-30 degrees, 15-30 degrees, 20-30 degrees, 5-10 degrees, 5-15 degrees, 5-
20 degrees, 5-25 degrees, 10-15 degrees, 10-20 degrees, 10-25 degrees, 15-20
degrees, 15-25 degrees, or 20-25 degrees. To form this planar interface surface 70A,
top pin mating surface 23A and bottom pin mating surface 33A are both planar.
[00143] With a planar interface surface 70A, there is no restriction of
movement of the top mating surface 23A with respect to the bottom mating surface
33A, The mating surfaces are free to translate and rotate with respect to each other
while remaining in contact with each other.

[00144] Figure 8 is a plan drawing of the curved interface surface 70B shown
in Figure 5. In this case, the curvature is only along one dimension, so that the
interface surface 70B assumes a cylindrical profile. There is curvature along a
vertical direction, but no curvature along a horizontal direction. To form this

cylindrically curved interface surface 70B, the top pin mating surface 23B is

— 24—



of the interposer nmenbrane 10. In other words, the plane is not truly
vertical, but is inclined away fromvertical by an angle, such as 1 degree,
5 degree,wOQoteguaaes, 15 degrees, 20 degrees, or an anglPETWiSLI002676T ange of
angl es, such as 1-30 degrees, 5-30 degrees, 10-30 degrees, 15-30 degrees,
20- 30 degrees, 5-10 degrees, 5-15 degrees, 5- 20 degrees, 5-25 degrees,

10- 15 degrees, 10-20 degrees, 10-25 degrees, 15-20 degrees, 15-25 degrees,
or 20-25 degrees. To formthis planar interface surface 70A, top pin nmating

surface 2%n&%llp&l&&mﬂ@bcﬁhv€?tah@meSMfofn@&ﬁfné??pPg@Ff@cebnghs planar. [00143] Wth
a planar interface surface 70A_there is no restriction ?f novenent of the
Hg

top mati ngyliggdiqly @r@&n%?%a‘feegﬁ@b@attné syrfrge bsith surface 33A. The

mating sugframes. ﬁét@t}fafﬁ%tﬁepcatsésamsk@rcm@myn)@t:@medmss MhattRSPppin to each ot her
while remaining in contact with each ot her, 00144%%F| gure 8 is a plan

drawi ng oPaingsueife 28R is apens sddhebpliom i PEmeSHERER 7R SO e 5. In this

case, thejppwsyat ur end @r@allﬂteﬁdc@agfa@érmwoeﬁ@&hanmovs@eﬁtmaﬂqebme interface
surface 70B assunes a cyll dri caI ofllﬁﬁpThere is curvature along a

vertical W ESRETA caghotticn oTheupaiing sHricssob Hig Pis ARY rasilsor@e st i on. To form
this cyliggkd tﬁaalhﬁénwtmdas m@lwaa@@amiyqﬁ&,tzwt thtbentdrep pin mating surface
23B iscylindrically curv %{‘ﬁ ?ﬁ\é t he bottom{% mating surface
33B i s cyFUYASHF E45 Pgingdy gt E%R?@C@ Ke hE fAMY B $ace has the sane
radi us gf c&wmtﬁ)t wtaqayIhbtt@nmaatzemmpw@ut;ﬁ@amgg%hespe@meavu 6t§lerm;y Ee A
reversed, at in mating_surfac i S _concave t he bottom
pin mati n@%g‘u’hf ace g%‘éa‘ieg’ ’gté’g%feﬂt‘frgéi‘Hﬁﬁt“rTﬁ%eséﬁtFWé‘He E%ﬁf“@?"f“éﬁ surface 70B
does r est fotatibn BN MR Rhislitiea opé Msy Whicke foes peed lohgindmshraailltdh. The mating
sur f aces {}gt he |ns % transl ate horizontal t he di nensi on that

has no cufVatRite, nﬁ‘ﬁ’&r s flgsihle Qv enp t@@ﬂilté?la%#/or 8?9%{’ttﬁre (the mating
sur f aces l&’ﬁddb%Qﬁaﬂﬁ@ﬁplﬁgl’r(ffalﬁbﬂ)aﬂkdrmfiﬁmaidb@crﬁﬁcﬁrﬂ)@entel’ of curvature), but

Ry o LLTEA2L KoLl bt Malhol Lotaton WL L shogel Lo each olfer
of rotati @mvaaﬂel ot 1ekiesned] ahd onisdabdifcOtibnONg somy agtibateus tfeor a gi ven
ongl U el AN DO e Dy D SoRell oy RSl 201 2 Lo have
t erm nal Ql,rfa&s70¢e§§ﬁhbﬂilﬁﬂy abroade ThisGOthd ddse is dyawreinFiguse @ Iplotar dr awi ng of a
curved | EILaGE BULLacR. 75 ek Dy ML S DR AOTL T,
radii of nuinafabs rfatcchal henglanacavigadni Ngort batpleshehapat er f ace surface 70C is
spheri cal 10}51[8']” VedFigIrQ'la 1sI asplzgnh(ﬁav%%gs gf 29 ssadﬂé ghaped 1plter|:fja<%lé{1r?acg 7015,” ot her

in which the vertical and horizontal curvatures have opposite concavity. Note that the

top pin mating surface and the bottom pin mating surface are both saddle-shaped, with

surface profiles that are mated to form the interface surface 70D.

[00149] Finally, Figure 11 is a plan drawing of an interface surface 70E having

a locating feature, such as a groove or ridge. Note that the mating surface of one pin

may have a groove, while the mating surface of the other pin has the complementary

feature of a ridge that fits into the groove. Such a locating feature may restrict motion

along a particular dimension or axis. As drawn in Figure 11, the only possible

relative motion of the mating surfaces is a largely vertical pivoting around the center

of curvature; no horizontal relative motion is allowed by the locating feature.

[00150] Other suitable shapes, radii of curvature, concavity, and/or locating

features are certainly possible, in addition to those shown in Figures 7 through 11. In

each case, the top pin mating surface and bottom pin mating surface have

complementary features, which may optionally restrict motion in a particular
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applications, the horizontal and vertical radii of curvature are different,
meaning that the interface surface has a single concavity but a nore
conpl ex sweape10/{0@0348] Figure 10 is a plan draw ng of aPsadsk@osbeped
interface surface 70D, in which the vertical and horizontal curvatures have
opposite concavity. Note that the top pin mating surface and the bottom pin
mati ng surface are both saddl e-shaped, with surface profiles that are mated
to formthe interface surface 70D. [00149] FinaIIy, Figure 11 is a plan
draw ng O]Eh aen51 nncgrertft?oce osnura gmular%‘l:?ealon rin usg iat'ii gs d\? ure, such as a
groove or SPIAYR ONRPETARE PR CHAITSY sur ace 0 y have a groove,
whi | e thetestmgg thg couprésaioe obthe pmerechemtm;mtemohast lxetve:embwmaermnt ary feature of
o 00 s Bl B A PR B RSl L ooal o feature mmy restrt ot
only possi@on#]r eI afrhwepnmtaoopadﬁl calhImCManmgfsuzrrfeacéieatlsesahdtar gely vertical
A I G S SR S T o e P
cur vat ur eSeverhaithiest yre shovdl ioFiduockt i8ng features are certainly possible, in
addi tion ose h e, the top pin
mat i ng sup@é%ﬁ and%B%¥ﬂ2lgaﬁggﬁégﬁﬁ%fggg?a@%m Tkkggﬁgﬁgnﬁﬁ?hry features,
whi ch may [0pF3lonal Il*"gguree@tlsra]vﬂtmdmtvmenf # top gontest padAAl Bethalexteisiogn or rotation
al ong a parl we%fm%' 8 Ol lxa e shrdn BioRle 11\ Bl ofME Lt €STI NG, the
conpression 0 NS retains I ntinmate confact between the mating
surfaces, palrﬁiBteh@ndﬁcfmﬂacaWaysfrcaﬂlthngbptmethwrﬁleﬂga%@,g@mﬁlaltéls15[1@19151] The top
contact p : r hat may hel p
enhance e?g@%%?%% Ihg&% ?ﬁqmgﬁg Wﬁmbg%*ﬁF§?§$ﬁ%%ﬁ Hﬁ§§¥:e devi ce under

test 1. SHPEF4l of Fichedd i gasdrewingofia B gentast n@- 218 tht GBEHa Fi gure 12 is a
pl an dra i I a I [ 00153] Figure 13
is a plan %gg%;nnoqn gtﬁﬂgmoep&g(% tggcfntlrl %a&agg%%él?g%u%elﬁgge out of the plane
of the pagrotrhsnortlhessgwaﬂnp# negha wkieidy tlﬁplgzbﬁl@ ceer afitee neénineathesf t he cont act

pad 2 1B exlepdsnd @IE&% e xulzrrtgmefon@drmpmm@ré hantheokrdges do, al though
this is not a require sone cases, the top contact pad 21B is curved
and is comﬁesxthepmmr]mF)rWI@HIAPTPrstr@dllpﬂfamommbﬁfﬁgn@ﬁma top contact pad 21C
that incl grﬁatﬁfe%rcgﬂgr%ﬁ!tr%glox?% Qfand BB la{;%rélgosm@ ﬂlasgme bfded he exanpl e
shown in rotrusion i s essential 'y ‘a l'ine that extends

t hr ough tﬂwet@eqqmem pod 21t<hle cwaiel andps eonprae. adhes caseshde aprrentagpabe
perpend'CE(@&dh%m%@%«ﬁ&ﬁv@&ﬂ%ﬂkaP&h&%re 14. In still other cases, the

protrusion nmay be a point or protruding region, rather than a |ine.
[00155] Figure 15 is a plan drawing of a top contact pad 21D that includes

multiple protrusions out of the plane of the pad. In the example shown in Figure 14,
the protrusions are essentially linear and parallel, although other shapes and
orientations may also be used. In some cases, the top contact pad 21D includes only
flat portions. In other cases, the top contact pad 21D includes both curved and flat
portions. In some cases, the top contact pad 21D includes one or more edges or
blades, which may be useful for the “wiping” action described above.

[00156] Figure 16 is a plan drawing of an inclined top contact pad 21E. One
possible advantage of having an inclination to the top contact pad is that it may
encourage ‘“wiping” of the terminal 2.

[00157] Figure 17 is a plan drawing of an inclined top contact pad 21F with
multiple protrusions out of the plane of the pad. In addition to the inclination, the
protrusions may also enhance “wiping” of the terminal 2. Here, the protrusions are
grooves or ridges that are parallel to the direction of the ball wiping action.

Alternatively, the grooves may be perpendicular to the ball wiping action, as in Figure
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Al ternatively, other protrusion shapes and orientations are possible. In
sone cases, the top contact pad 21C is curved and is concave. In other
cases, thwotrop/wenBact pad 2 1C i ncludes both concave amdTaS2Mex02¢Y6Tti ons.
[001 55] Figure 15 is a plan drawing of a top contact pad 2 1D that

i ncludes nultiple protrusions out of the plane of the pad. In the exanple
shown in Figure 14, the protrusions are essentially linear and parallel,

al t hough ot her shapes and orientations may al so be used. In sone cases, the
top cont ag{j pad 21D includes only flat portions. In other cases, the top
contact p 2 IDincludes both curved and fiat portions. In sone cases, the
topfc;)n]'E apo1§8d 21PBigurabudesiandrewdg ofreurd gpsontctphd s, nwbieh may be
usefu or

t ! on descri bed ove.. [ 00 “Fl ure 16 is a plan
drawi ng of®&n eitﬁ’g?rpI‘Feacfe’fl%sp‘)fﬁc?ﬁ?tg‘étsmcédesﬂébh &%b%o‘bsgéulisﬁo}f ant age of
havi ng anthe minmam | l@Borh@©cabdsetht @p comadt padt 210eis kingled. hit somt carsasy thencour age
"W pi ng" erm 57] Figure .17 I w ng of an
i nclined g‘?%l ¢ ué%‘fla%@dsuﬁ—éposei R 8 rec’ﬂﬁ)erw(v) ?ﬂ%?e% @Pcoﬁi[ gt[of the plane of
the pad. pai. addltl on to the inclinati on the protrusions may al so enhance
"W pi ng" ' s or ridges
that are BJQF%H}I el @ufeﬂg %t l?lan?rlavc‘)’i’rrfg(c)’r ’ia %qﬁ'%gé&’l%p @orn?ac ta?giﬁ °
Al t er nat i rgiryctict, e ngaxomune sizathyt nivey b @sqdemgidepdnd pn the t\tvhélnmaislbnaw pi ng action,
as in Figurel5 00158 ure 18 | | textured top
cont act p&&‘% fﬁLp'lnso%orre gL ey efﬁ?ﬁf@'ﬁ%ﬁ?h ngglqug%F?Ié%lgof repeating
st r uct ur esferpdseratientbagne lfice., .va B thel mdndorant ingitwdigrially Higtottenerighdd en@ure | n sone cases,

the top Cont et (R%qweencéo%andi %Ho%?ﬁis} !3.& 29 do%?e’ cagggeth%(&ldfé ©OF texture may

be superi ABSOSSH SRS S or otherw se s op contact pad. [00159]
Fi gure 19fdogpriat gltizeroplcamicngd ofay de raudd, allipycaéﬁk@zvege@ctamlaaont act pad 2IH. In

practice, _the Xi mum Si z

o di monBIrar i b Sphdl Rt ppEE PGP ERRORITS ) e

mechani cahave@s pnﬂmged fobtptifiten cmlemqﬁosmth aed thenecligations, pragusibng he menbr ane

| ongi t udi nal | ont .enough to ensure good contact between top and bottom
pi ns), an %te%?resi%mble%gbsog%m cases, the shape or footprint of the top

contact p##16Mly be Frzowdd,is ®difld-pew dallwmgs*femwm Hewitlangolcamact pasl ygonal |
square, 0 n S I avls re, act pad may
nave an onl QRhSloElaRth s, o SAARPu kU RIS o o (02600 B0L  Pon,
prot r usi ohbe“awdtht: emom ©8 3@ewrheb@md®bmv@rp Any rounded edges may be

used with any or all of the pin features shown herein.

[00161] It should be noted that any combination of the features shown in
Figures 12-20 may be used simultaneously. For instance, there may be a generally
flat top pin contact pad (21A) that also has grooves in the length dimension (21F), or
a top pin extending out of the plane (21B) that also has grooves in the length
dimension (21F) and rounded edges (25). Any or all of these features may be mixed
and matched as needed.

[00162] The top pin 20 and bottom pin 30 may optionally include one or more
features that can allow the pins to be snapped into the interposer membrane 10. Some
exemplary engagement and/or retention features are shown in Figure 21-24.

[00163] Figure 21 is a side-view cross-sectional drawing of a top pin 20 having
a top pin engagement feature 26A on one side. In this case, the engagement feature is
a horizontal depression, or lip, running along the underside of the top contact pad.
Note that in some cases, the longitudinal member of the top pin is rectangular in
profile, and the lip may run along one, two, three or all four edges of the top pin.

When inserted into the hole in the interposer membrane, the top pin engagement
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[00160] Figure 20 is a side-view drawing of a top pin 20 with a top contact
pad 2 1 that has rounded edges 25. In general, any or all of the edges in
the top pwo28B0/108d | i kewi se, the bottom pin 30, may bePcosded/oz676shar p.
Any rounded edges may be used with any or all of the pin features shown
herein. [00161] It should be noted that any conbi nation of the features
shown in Figures 12-20 may be used simultaneously. For instance, there may
be a generally flat top pin contact pad (21A) that also has grooves in the

| engt h di pension (21F) ato n extendin ut. of the Iane (21B) that
al so has WEF\P@?‘ﬁwet“ﬁaegelagﬁbﬂ’?"g‘?fﬁlbeﬁ%‘?‘éﬂqtaf 15‘?4(gﬁ‘6d?]%‘?f’3188£§dges (25). Any
or all of eﬁgﬁ&ﬁaﬁ;ﬁr@ﬁﬁdﬂﬂ&&bdﬂfﬁ@? digtoffiek @etrpped S ehedgaasmesn aled.thd 00162] The
top pin 20 an ofto in 30 ma tionally include one.or. nore features
that can BPPHWYRES nﬂ%ﬁ%"ﬁ’@?ﬁ%ﬁg latefpﬁfe(’i}i}eﬁ’ raflmvglilod‘é%cg’tﬁs‘ﬁ%nbr ane 10. Some
c[axerrpl iatr yaﬂr\gﬁ@&mphdcﬁﬂitﬂ]éim’omlieﬁﬁ@fﬁoh@ﬁnefn%&tAﬂﬂﬁSnaﬂ&,&uS}th‘l in Figure 21-24.
00163] Figure 2 de- Vvi ew.cr oss sectlo al dra a top pin 20
havi ng a EBASHIH! éﬁ&a&g 1%‘%&1%“36@%93{ ‘Bﬁnlgﬁlée ID %SSC% %Ylotjsmcase t he
engagenenhavirgahdlatdwish Qrubrd ottty platephiefssh amj thobotlonpplateyymithng al ong t he
under si de e cant a ad. te that sone he | ongi t udi nal
nenber h‘ﬁffem{tlt‘?ﬂ F Sﬁ?‘ Wﬁ@t@’ﬁ%ﬁh‘%“* Hlnﬁﬁlb?]lbyénse‘gﬁ%ieﬁcﬁgmllPtpo) may run al ong
one, tvvo, hdlb e tmren@gbmérmﬂ:ratueﬂ@%eghe ltdpemtc@rpaqnpllate Bhdrholaniselft ed into the
hole in t te ntf atue26Amay
engage alf OBw’ éTFnJ@ (?)he pélbtr‘?t 55’%‘%%3%5[6 %a[g?h elt W'Ehl onal | y engage

a porti onaﬁéhttﬁlne foam or elastomer interposer 50. Such engagerrent al | ows

w thout aleElves BRaRAPETOUL R Rar oAb At Bh2 SR hent .
Addi ti onah top,pusen(gkgealantefmyagmm twloepbasing sRI6A Thigyhaa eadvantagesiofit er poser

menbr ane ature wi i Figure 21 w1tls1ad t?‘(ynla 9 ”él% nstan(g}lgte%{] S;[tlreu Itlure of the top
plate, th t1”6 8?% %6%0mp|a e8P ROIES T The TBcat i ons t hat
wi || ul ti Rattegd ym hogselimpi membdrhida Hayeanoamidrossgeoaamhherimﬂ@nnay a hole until

t he engagenent f eat ure cat hes. t h t ct Each hole itself
shoul d bee)%?ﬂ%aéé)fga d}/élﬁ)u?c?the cum rﬁnceoptﬂe o%glk)u naervler?t)g/?l nserted up to the

l'ip, albeloo1led]th athuqhaB if 4 dide- ‘{1emmﬁds]-se5tlogairdeavg® 9131 tap gin @6 hariigwy

Cross- sect onal dr awi in 2 engagenent feature
26B on tw% tﬁ%gm enga§e en%ea%ﬁelsggﬁ@%ga?ﬁgmego & aé’} Ea%)f“p cHgla?ture 26A shown in

Figure 2 éngagantelnt i‘aduheth@ radagiep gedesme interng SOe'thslalsrn)}naSStﬂdlmprgt h. For top pin
ongi tudi pal, IEAPSHT AN (ARG, T LAUEE TR R o' cGagk iR 268 may

bottom plate to the foam, rather than the top plate, so that the top plate is free to move

without restriction. In some cases, the foam may not fully extend into the engagement

feature, or may not extend at all into the engagement feature.

[00166] The bottom pin 30 may also have similar engagement and retention

features. For instance, Figure 24 shows an engagement feature or lip 36A that

engages a portion of the bottom contact plate 60. Other configurations are possible,

analogous to those for the top pin 20.

[00167] Several of the figures above show individual features or elements.

Figures 25 through 27 show a more detailed example, in which many of the features

are combined. Note that this is merely an example and should not be construed as

limiting in any way.

[00168] Figure 25 is a perspective-view cross-sectional drawing of an

exemplary interposer membrane 10. Figure 26 is an end-on cross-sectional drawing

of the interposer membrane 10 of Figure 25. Figure 27 is a plan drawing of the

interposer membrane 10 of Figures 25 and 26.
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extend all or partway around the circunference of the |ongitudinal nenber.
[00165] Figure 23 is a side-view cross-sectional drawing of a top pin 20
havi ng a waeotiop49dn engagenent features 26B engagi ng t IR€TIUSRO10ORGTAT t

pl ate, and one engagenent feature 26C engaging the foaminterposer 50. This
al so has additional engagenent and retention strength. In sone cases, it
may be preferable to engage the bottomplate to the foam rather than the
top plate, so that the top plate is free to nove without restriction. In
sone cases, the foammay not fully extend into the engagene t feature, or

may not elOROM at dhe termipys frome AdRYSRHETETIES! FREACUFRPCHSAXBBT “Phe bot t om pin

30 may al s HavRitast falid Afrof A YRE BERA LorddrdresRE®RILAGM bRaBUIr Bshis For i nstance,
Figure 24 shows an enga&emant feature or H%) 36A t hat ¢ gges a portion of
t he bot t offfaEwif K topsraied reb? 1 Bds REMJIEealy egy da"t“gé?fé"e’é:raé B% %% e, anal ogous

to those {gact B 3t QPRI Thedbp ad¥kEN borby sihadlidepast &ieh bihgul@g above show
i ndi vidual features or elenents.. Fjgures 25 tﬂ%‘?ugﬁy 27 et%h%v a nore detailed
exanpl e, MAURGSUERCCHAH A9 I Brwhipluinthis sempleare GHBTHATY Witte '0hat this is
ner el y anmg¥angliceadsh slasuBdomnad: ehth otenAbiguadras chiimirtillyguived any W?y.
ng of an

[00168] Figure 25 is a perspective- view gross-sectional dra
exenpl ary! er‘ifaé"’r%’{fé@rwﬁe%ﬂi"ﬁ‘ﬁgy %fjaslbf"g]lﬂﬂeén lllrieéé'a hee‘ﬂ'&sﬂ@ﬁe PP8Y- sect i onal
draw ng obotidifrelidtseiROSEN 34 RHivhandislanfle e gotheridfied &hegullye 27 is a plan
drawi ng of the interposer ne Thr gge 10. of Filgyur es 25 a{ml 1.26. [00169] The
t er ni nal sPFPEWicHlapigheReiES Omder e Birs AeUIPESRRIF e B pins 20, and the
contact padsipt, fhe @P Aad berach $iasiilace pails 8ok réunsEiedpés\2s, 3fotThemppi ns 30. In this
exanple, the top contact pad 2 |IB i y{ ndri cal | urv g) nd convex, and
the bot t oMdROHPRAMS favs %&fgflgefft |fe£{?res§r’ﬁ§’ do“ptg&‘r?agal%ﬁ’tcg?ﬁ %@ ?tgoé’% pins slide
past eachcgiidiepland, a0GoneipestyeBishaties opdBalanghgadayt fashirasl26CB6thi s exanpl e
are cylindrically cur v?d. ‘Bhe mati ng surfaces 23B and 33B contact each
ot her ~ al oHgt 088 RQi™ [9¢1ndri cal 'y curved interface surface 308, denoted
by the dagfoero]l i ne Figurdd7gheves RA@xeniplery piyost fbrakepihal® iatie noitram r el i ef
surfaces 24, 34, which_ in, tHIiSS xanpl.e. are both oriented generally
per pendi cf-a® tli“f)e’iaﬁ’@ﬁ’n’é‘ﬁﬁ’t’lé mi‘%"ﬁﬁ/ﬁ%ﬂalg R ¢ ﬁeélerﬁﬁﬁs%uﬁﬁelw deonpressed. In
t hi s exanpdrspdnb@g toiptiame tebainhiaml pintaccpudtiaotts patils dhvdeendatnded edges 25,
35. The to nE (gott m pi ns . have en nt, f.eatures 26A .3 t hat engage
the top a tg% Of Pﬁa(:cg ﬁetsge(‘?f“'%’f' 3%{%% &‘a‘g‘gg%g@f‘“‘r% 5SRYTS 8?(51,5 b%%n(?é\%el | as
optional engsgRpReindesitiegsct26Be s@fhte dridavhiengmye fdrhdargoaonthcyer 50.

pad than would be possible if the pad were extended along the square grid itself. Note

also that the orientation of the interface surface 70B is at a 45 degree angle with

respect to the square grid. In practice, the interface surface 70B may alternatively be

oriented along the grid, or at any suitable angle with respect to the grid.

[00171] It is instructive to consider some elements that are particularly useful

for so-called “Kelvin” testing. Unlike the one terminal/one contact pad testing

described above, Kelvin testing measures the resistance between two terminals on the

device under test. The physics of such a measurement is straightforward — we pass a

known current (I) between the two terminals, measure the voltage difference (V)

between the two terminals, and use Ohm’s Law (V = IR) to calculate the resistance

(R) between the two terminals.

[00172] In a practical implementation, each terminal on the device under test is

electrically connected to two contact pads on the load board. One contact pad is

effectively a current source or current sink, which supplies or receives a known

amount of current. The other contact pad acts effectively as a voltmeter, measuring a

voltage but not receiving or supplying a significant amount of current. In this manner,
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[00170] Figure 27 shows an exenplary layout for the pins 20 in the nenbrane
10. In this exanple, the pins thenselves are laid out in a generally square
grid, corwezpommaing to both the term nal and contact pa@Crageun®2ht7the
devi ce under test and the | oad board, respectively. Note that the footprint
of the contact pad is oriented at a 45 degree angle with respect to the
square grid, which allows for a |arger contact pad than woul d be possible
if the pad were extended along the square grid itself. Note also that the

orient ati @i eadh thiifndl B Bk UaGR Wl @ Bnd I deds Rith PardIhedRlHr @ealaAngl € Wi th
respect to . the square grid. In practice, the interface surface 70B may

al ter nat i V& Q/'be oriented along the grid, or at any suitable angle with
rﬁSpect t Qoo gy glri dhlfhi[eQngés}sib%etto L& t%vaseltplaﬂdéétpiw}ﬁlirﬁ Q)r@whsérdﬂfal,sonel elkemeEt S
that are particul ar useful for so-called "Kelvin" testing. Unlike the one
t er mi nal / §%8 p&:‘b‘??frafé?ffgsﬁ"dﬁj"lgégflﬁﬁélea%‘g%ﬁ‘ Pases ﬂéagmﬂeb,oarﬁeﬁs‘ﬁeﬁret esting measures
t he resi sSUARGARKD & WE eittHodOFdrehistnba kife tésker tvald deveit6 makhdlerreliabt . The physics
of such a preasyrenent is straightforward - we S kno urrent (1)
bet woon | AL S COBPHHORE Soo B HOL & Myt ks Ty B SIEENED) bot veen” t he
two term eahlsor cddsely ysredbmitald. awaddition, thRmeimbBragaihattHofdsehelgepdiresi st ance (R)
between the two term nals, [00172] In a practical inplenentation, each
Cerm nal - SRvEHEESRERRIR dre G0 mehuisl Rt wFR) Mol MRERTAS t 0 two sont act
pads on t benpledd dhdadsdof sGrex aanbraet pad is effectively a current source or
i es.0r receives. a of current. The

current si whi ch s I nown .anpun

ot her conk@&?‘”pad gcl?e te@?’@&?‘fe\}%ﬁ‘?/‘ngéec}é?n\f’gltg%é‘%ﬂr@?‘?esﬁléeae GHAy a vol tage but
not recei Yigds f6m Sup@inyttpgdeorsthglohd baaahihtemay) 8 thaf ontydne@siipin I N t hi s
manner, for each term.nal on the device under test, one pad deals with I and
The ot her PHESFCTHE FIAOT 005 PAf: 9 (FOTF MG o T b B iRe. o separat e

pi n pai r s cémactie@edah teehiithin There @@dve podlibaiin schomids elgp omciom@ink thea Si ngl e

cont act p§1d on o this nmethod. For

. B0 §88 "o"r\%git%oé‘r'd IheEe A g dra a%i,g el ! .

i nst ance, "TH&2q LY IRS Y KAl P& ”r’rﬁ?cé ESRBO S PLGT i &l ectrical connections
at each tgoonvsjal , \Birstcihe Wedttichl figosearelédnfbired bt thé load Boeekiedifglisy smal | or

o ooel Y, STRERL L Bk A e OSBRSS 1 B
increase béwed.conpl exity and cost of such a nmermbrane. [00174] A better

o e B, 2 P ERARR DA SRR 11E S el oL of 97l s Trom
need makecaselthabtrbreent@dt inviidetwe dslind bottnmn@htactrpaddhera didpgdn t wo di sti nct

pi ns bottom contact pad with an insulating portion that electrically separates one load
board contact pad from the other.

[00177] Third, the electrical signals are combined at the top pin. For this case,
the entire bottom pin is divided into two halves separated by an electrical insulator.
[00178] Fourth, the electrical signals are combined at the top contact pad, or
equivalently, as close as possible to the terminal of the device under test. For this
case, the entire bottom pin and much or all of the longitudinal member of the top pin
are divided into two halves separated by an electrical insulator. The halves are
electrically joined at the top contact pad, and are electrically isolated from each other
below the top contact pad, i.e., between the top contact pad and the respective load
board contact pad.

[00179] Finally, fifth, the electrical signals are combined only at the terminal of
the device under test. The top contact pad, the top pin, the bottom pin, and the bottom

contact pad(s) all include an electrical insulator that divides the pins and pad(s) into

two electrically conductive portions that are electrically insulated from each other. In
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contacting each termnal. There are five possible pin schenes that can
conbine the two | oad board signals into a single top pin, each descri bed
briefly bebaeao/{0@0375] First, the electrical signals arecCzarsbimods7at the

| oad board itself, as is the case for a single bottom contact pad that

subt ends two adj acent pads on the | oad board. [00176] Second, the

el ectrical signals are conbined at the bottompin. For this case, the
menbrane woul d i nclude two distinct bottom contact pads, or a single bottom
contact pad with an insulating portion that, electrically separates one | oad
board contP&sticahigms ﬁft?rﬂ‘lisrﬁ’éayé’?ﬁ%?me‘fleﬁll??f“eﬁhy the ingylpting prageriph 805 s gnal s are

conbi ned akath PR RAf Mhybe eEe@fncmiy iBisuCaA&Eront m—@n’tﬂarfavm@tth@mwl wfi s divi ded
into two hal ves_ separ at ed an _electrical jnsylat O{?&H 2(30178] Fourth, the

el ect ri calelesirighiy “é’“‘é?té"‘%?d’%%@ﬁloéfi bpgid apdipe é’é{fe Br equivalently, as

cl ose as Q@ﬁtgétmrgtﬁeppgdr@gtﬁqumuaa,h of t he device under test. For this case,
the entire bottom pin and much or of tge Ionlgq iudmlcs menber of the top
pin are dilf91§8Y |nt165?%°aﬁfél\liér§a%e }é"inéf’tgéﬁo PP ¢ eplsEmals nsul at or . The

hal ves ar gsolt@Cidnh 6h bihed Mingxbsedr all Betht QR git@Mab&kenpafthe pind Iathe el ectrical Iy
i sol ated from each ot her beI 0 0%{5 t op cont act | ween the top

ad, j.e., |
contact patFraRarccpmeriesHdelp erﬁbsa}“d‘m&?‘}ﬁsts%fgfe £\ .“"5[’6?)'?%‘]6 Finally,
fifth, thevepd @GHS irﬁ@éen@dngﬂgiaspaaﬁse hcmbioﬁeddmmadu)g thd s1grhﬁatexemanal of the
devi ce under test. p_cont act t he. bot qm pin, and

t he bottorhoérémaé{@ft“ﬂg’d%?r ﬂéﬂ qss‘ﬁc‘ﬁﬁ?fidglé"t&’ﬁc%Flé‘éettg'f’(’:‘éﬂua?‘?fgﬁ’lnm that divides
t he pins aagpasiShe indictantaM el ectrical ly conducti ve portions that are

electricall |nsul ed fromeach otheyr. ILnpracti the pins may be
symmretri ca{P i sec%‘éﬂ‘dﬁ‘ﬁlet"lﬁg‘ei%g@ﬁ?sﬁtag‘ﬁ@ lsnsﬁf“@‘? inaFIc gur%S(? Hilw "left" half
may be el qoanslzpal | YFije o8 Bta@hnfdfiingor ah eghiplarfidb kontadnpadel ot lfer " | ef t" hal f

el ectrical ]y .contacts one pad on the |pad board and t ight" half

el ectri call‘f%"”&?ﬁtf%i’vgh %fHBT“Eaé‘Pg B%fﬂmbﬁzgtt %Sﬁfp&?%s ﬂ“ﬁé‘?’%co bﬁ’f%b?vﬁsn some cases,
there are 1atzl,\/1a9ba@e§a¢ Qn Kﬁﬁ)pctaﬁg thbsebiegipoition kxtaidg rabghiws dleatied from each
other alo oSt _or a ent.of the pins. If the

si gnal s agg‘ggBﬁﬂﬂff%‘H 059161“]*?@“? 8‘&‘@%8%‘?% SePaﬁ%?SXtBer %mgﬁ r?necessar y

r edundanc yond@sting pokr @ elaN\ﬁ'(f ﬂedﬂ@:atly\blsmlﬁtd@ﬁﬁﬁd&htotlﬁtgnaianpaztsbsstheI n addition,

connecting the signals.a hoa ally. | wer t he aSSOC|ated
i nduct anc g’g torg ipeEay g S oﬁgus lﬂsu&gi?%?%é tﬁ’égfﬁai/atﬁsgh Q™ ¢ he

i nduct anc &in i3 lbndﬁau@)pamphﬁhﬂfaretdhmrfcam)t insutasierambenck other. shown i n Fi gures
28 and 29'[001 83] Figure 29 is a side-view drawing of an exemplary pin pair 120, 130 for

Kelvin testing, with an insulating ridge 180 that extends outward from the top pin
mating surface 123. The ridge 180 may be generally planar and may extend through
the entire top pin 120. The ridge 180 effectively bisects the top pin 120, and
electrically insulates one half (facing the viewer in Figure 29) from the other half
(facing away from the viewer in Figure 29). The ridge may be made from any
suitable insulating material, such as kapton, and so forth.

[00184] The ridge 180 itself extends outward from the mating surface 123, and
electrically insulates one half of the surface from the other. The mating surface 123
now includes two non-contiguous halves, separated by a ridge that extends outwardly
from the surface. The corresponding mating surface 133 on the bottom pin 130
includes a suitable groove for accepting the ridge; the groove is an indentation along
the mating surface 133 and is not shown in Figure 29. In some cases, the groove may
extend deeper than the ridge, so the “top” of the ridge does not contact the “bottom”
of the groove at any point in the range of travel. This may be desirable, in that the

mating surfaces 123 and 133 may share less common surface area, and may produce
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[00182] Figure 28 is a plan drawi ng of an exenplary top contact pad 121 for
Kelvin testing, with an insulating portion 128 that separates the two
conduct i nyolzalwwe91327, 129 of the pad. In many cases, tReTiussubaré7ny
portion extends throughout the full |ongitudinal extent of the top pin, and
effectively separates the pin into two conducting portions that are
electrically insulated fromeach other. In many cases, the bottom pin may
al so include an anal ogous insulating portion that separates the bottom pin

into two GeNEiYedn ReheP@idve pRSeatiatheraMeotBér@adek, itigeakdpy of s ligd &ds f r om each
ot her. [00183] Figure ' [ i ew drawi ng of an exgg%%hgry pin pair

I, ,,2? IS a SITﬂe_'ﬁ
120, 130 fOackbr viRomest hhgoos the Aies rd §1oqYs Creqgecss t  ext ends
olut war d fgﬁﬁlﬂgtdﬂﬁfa&e@@]igﬁhbd} a8 Rith hg cses ddeded 2dve.The ridge 180 may be generally
pl anar an extend through the enfire t pin 120. The ridge 180
effecti ve[(&‘)%sect Tq‘fﬁcf‘iﬁ’b%%ﬁg‘ioofﬁﬁ?&% a@ﬁ%&l}lé}dgiﬁwlqcr@ﬁlﬁy& es one hal f
(faci ng t heulntirgwedtcrial) whicg Wéparahe fop @id Bdem@ienchliab twd tomaidigg away fromthe
viewer in Figure 29) The ridge b de _from any.suitable insulating
mmtor al | PO (s S sise ey i Tl o SRS ThAR IR Sitie. 180 | el
ext ends ohitsanidal ipiroldbt Bed Mt thdepehdacectizad] coancks ebtaeitis bealidiyl | nsul at es one
hal f of the _surface from.the othe The mat i surface 123 now i ncl udes two
non- cont i &ﬂ&@l%‘&it\?ésf“@é‘ﬁ'é?‘ﬁ%‘ae %qythﬁ gqogpen &%B?tggkffl%ﬁ&%(%(?%?%r dly fromthe
surface. dihRcemsl asipandi ppearttthargsls uf fusfee 1333n@h it the wapthhofdgei N 130
i ncl udes sui tabl e groove for _accepting t ridge; the groove is an
i ndent at i O3 RPGHYOLHH ‘gﬁ'ﬁ?fis 6“5152%133 etfﬁ%ginatrﬁﬁe ?go‘%cﬁayi’ﬁ(% PH Figure 29. In
Sone caseggepériieanghgipe 18my extend deeper than the ridge, so the "top" of
t he ridge not _contact the "bottom of t r.oqve at. point in the
range of [O(rag@il. TH ¥ R5h AR P gftﬂ?ggowpiw?‘ﬂ‘gt’egst’ﬁg t?’r'éfﬁ%%ﬂgurfaces 123 and
133 may sfidggear a8 33Caidimnwiids thacthe sdga, Widndissaingphodaaaitsass fricti on as
t hey nove past each other. |n.other cases, the "top" of the ridge does
cont act tﬂ@ef’%@c?ﬂ\ﬂ%?e?%ﬁaa@%"&ﬁ’?“ eégr??vﬁﬁggaéﬁlaeﬂg%’éﬁl\‘/igs%tructure serves
to keep thattatridigorslidihgcftie @b aghietkomatenents 120,180, clesedy pebesgingbed above.
[00185] In sone.cases,  t roove and.ridge. are .both de fromelectrically
i nsul ati ng et @ﬁagglfm%?sgﬁe esq%nf)eéltrsa ¥ etwﬁté r?sg%:t g)r?ac}'bogl?etr‘ofr{]%paﬁsﬁs each into two
conduct i nppsgibkette mals: thhadgeandgedeat an cadttigally nswdhaive chaferiaii.eaoh ot her. Thi s

allows a single chani.cal pin to.be used for .t I ndependent el ectri cal
contacts, a%ﬁlg%tﬂc)ln\gheﬁcﬁ%}”fléﬁséqg cfa%éf%ﬂﬁlee i H&tné?% e?‘nggs ﬁ%¥%1%¥1ﬁ% “in Fi gure 29,
t he gr oovanenrathieg dpbtilignaml may dsohnaewathbylestticdl aotacl 8iBfaceamek. woul d appear to

t .he right 031 7iur f ag‘ge x]/iﬁg’ 1 'nrtrcyrfage siu?faéehﬁ Vr‘@a¥ d}fﬁ?‘gli Hrllggg 1118eoca%8pear s to the
ri ght of Eur% ce 1 I'n zf He Oop pi Nn. ?he ar oove y e as eep or
described above, in that it may not include the portion occupied by the ridge and
groove structure. In these cases, the interface surface 170 may include two non-
contiguous regions, one in the “front” and one in the “back”, as drawn in Figure 29.
Each region may include planar, a cylindrically curved, or a spherically curved
surface, as described above.
{00188] Note that in some cases, the interface surface may include
discontinuities, such as a change in the radius of curvature. In general, such
discontinuities are perfectly acceptable as long as the two mating surfaces 123 and
133 remain in contact for most or all of their full ranges of travel. For instance, the
“front” portion may have one particular radius of curvature, and the “rear” portion
may have a different radius of curvature, and the two centers of curvature may be
coincident or collinear, to permit the mating surfaces to move and remain in contact.
Other variations may include “stripes” along the mating surfaces, where each stripe

may have its own particular radius of curvature, the radii all being coincident or
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deeper than the ridge 180. [00186] In some cases, the groove (not shown)
woul d be sized to receive the ridge or land 180 and just w der than the

ri dge. Wwb 20tvw4sB3zi ng, the el ements can slide by eachprorluseomboeeby. |n
addition, the ridge-groove engagenent provides a reliable track for sliding
of the top and bottom el enents 120, 130, thereby preventing skew or

m sal i gnnment as the el enents nove with respect to each other. It is also
possi ble to make the ridge and groove of an electrically conductive

mat eri al gi , hot a dielectric) where Kelvin testing capabilities are not
needed. T ?lgn%y provi de the sane tracking capability and may al so increase
t he el ect [ooa8d] contltaﬁﬂllbsuﬁéeae@cﬁ)daﬁae&eﬁﬁi@@ahaﬁoo%&thé top aal boktomer f ace sur f ace
170 may differ romtheﬁﬁ scrib dtabove inthat it nmay not
i ncl ude tH’é‘SB’B g%‘{?f%ﬁmﬁ‘ffaln 8% E“gﬂa“ B8Vt ruct ure. In these
cases, th@espd&h@d’lf' aleezllswoftamedelsz&dr’fmt themcﬁdadaestMenmmﬂmnuorguous regi ons,
one in the ' " ne the "back", as drawn in Figure 29. Each

regi on maj? "?‘ﬁ:ﬁi a%esﬂ1a§|]?5fever§e cayi“%l.dn cally curved, or a spherically curved
surf ace, mmallqscrl etk @hovee teb(mgﬁllremnefat iatmdénbrawt® hedees, the interface
surface i ncl ugﬁ di scontinujties thIe radi us of

chan
curvatur P GER gI‘ChS TR (R a¥ Sesémgl%néhnﬁ ?““cE‘FX/ accept abl e as
| ong as tIgﬁlei’aﬂmhdﬂiﬁdrﬂ@elsUffﬂl&(saﬁlwlfﬂﬁtraﬂﬂfe]l% difmeit me¢hanicdnt act for nost or
all of their f.ul es o st ance, portion may
have one B‘éﬁ’l"?‘?“&stf}“%{lrtﬁ? %B?r “of” lt%hrevoél % ers A ¢ 5E mggigfrun ﬁma‘%dl on may have a
di fferent t}feaﬂiet:l&yﬂfbemglavatlw’ll@,resﬂredt mmmaﬂvwsmﬂttmatwedhe wdwahure may be

coi nci dent. or coll r t he, mat i sur face ve and remain
in cont acftmﬁr‘ﬁ‘é‘f’y ?1 ?edﬁf?’la%ﬁﬁ@t#ﬁaemgranq’sﬂ%%hp eg" be? xﬁle& Qst e mating
sur f aces, smglen@eﬂachg%mglpeetwﬁmedmmealpto@emvm T;haloutcwffam‘s pmirlus  of

curvature,. the r oj ncident .arcol | i 189] It will be
under st ooﬁmglﬁgion?ﬂ ic éiyar Wou‘?dn%g’egtg%f(‘))\z}ée:f’% (p"%nﬁ%e‘flce ungﬁrg&%olt"{s g?ﬁ pi ns may be
exchanged cisey, tiet ngmeboane itsaitingi wdemed at ms'ngl@pyamelvmgm sebof yeitreslly-r especti vel y.

It will also nd st ood tha Vi p and bottom
mat i ng suf’fl?é%%o%ﬁy B P RVE PSS c%‘islngx)/gtﬁ?nh e[s(ﬁ%’g%‘f g&lo% Ott}')n% in the text and
figures tieg9flar, thellppresicamnibe b itepostbe®rin slomustads a sandvvl ch structure,

Wi th two ?@E?ﬁg !sg hg s1su tod'émgnhfcl)gt mt«!:rg%gr;l]gie@yae 0n0h1 ! the O!'It er

| ayers of £rdc ave ren an| ca pr operties than
t he i nner viitayeles emmihlgtﬁhel thertop coritayplats thbe heftomn ®emt-nlat@1ih@l camin film and

accommodate the pins. In this simplest design, the interposer material completely
surrounds the holes, and has no internal structure aside from the holes themselves.
[00193] Other designs for the interposer are possible as well, including designs
that incorporate some hollow space within the interposer itself. In these designs, the
holes for the pins may resemble those in the monolithic design, but the interposer that
surrounds these holes may have some structured hollow space in the regions
surrounding the pin holes.

[00194] A specific example for such a structured interposer is shown in Figures
30-33. Figure 30 is a plan drawing of an interposer membrane, inserted into a frame.
Figure 31 is a plan drawing of the interposer membrane of Figure 30, removed from
the frame. Figure 32 is a four-view schematic drawing of the interposer membrane of
Figures 30-31, with Figures 32a-d including top-view, plan view, front view and
right-side view drawings, respectively. Figure 33 is a four-view schematic drawing of
the interposer, from the interposer membrane of Figures 30-32, with Figures 33a-d
including top-view, plan view, front view and right-side view drawings, respectively..

[00195] In this specific example, the interposer 50 is structured as a
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the inner |ayer being a vertically resilient material. As an alternative,
the sandw ch structure nay be replaced by a nonolithic nmenbrane, which may
be fornmedvazow/wingl e | ayer having a single set of nechaoiraskopnegerti es.
The outer surfaces of such a single nonolithic |ayer would face the | oad
board and device under test. In such cases, the nenbrane itself nmay be
formed as a single |layer having a set of verticallyoriented holes. The two
pins are placed into the holes fromthe top and bottom [00191] Finally, we

descri be hiRydACHRRSShordls fn@mﬂé?i B0dRk Rktbnd UL @ p ﬁ'ﬁhs%rﬁdd”@ est design for

t he mtergoser is just a nonolithic structure, wt es extending from

the top cBlesedy %‘ﬂait:@”t”d ePRE spise LoNPRBrRn ke supnosne mamdhers@af accommodat e t he

pins. In td@u éS' NMPhEst 2485 PossiblR@iediRs T NASRppdA ShémberCB0P! €t el y surrounds
t he hol es, has no internal strucfure aside fromthe hol es thensel ves.

[ 00193] CIVH@P thfaaterpaser  Bigurehdd ipgludss pbgspifig designs Ls thslimergesehiel | | i ncl udi ng

desi gns tE@E}Oﬂtlﬂ%&Eﬁ@ér@-tsﬁbvﬁﬁﬂ'@ro@@iehtmﬂ IR@6QeE 10 RhdthE Bpbiiher poser itself. In
t hese desi gns, hol es f he pi ns. may resenble those In the nmonolithic

desi gn, bEEMpeE2 T plrsrany RbR nUSLhET s thesed RBFEd Offay Hate some

structur egxaﬂ@he'sQHé%ﬁ&ﬁn Werhh®s 136 GlaQRetefird® bt eLpbb@nPhdle 1ol es. [00194] A
speci fic exanpl e such_a structured interposer is shown in Flgures

30-33. Fi Q‘Eﬁcgyﬁéa‘i%t %‘PlepPhﬁ‘PnélP%F\/H’?T@*PB?m%hqlﬁioé’r%g’éﬁnyﬁgﬁﬁn LhRle i nserted into

a frame. Bu@kékenitidns &agcs@h@ﬁzeda@%mx@asme i nterposer nenbrane of Figure
30, renoved fromthe frame. Fi %ure 32 is a four-view schematic draw ng of

the inter P& menbit sferabhe ppegliicdesiglon C‘Wr?%erl'—‘ﬁ gisdo 898- d i ncl udi ng

t op- Vi ew, ppticiar iicBMinichY DithctdtisBYY, AR mmg!syeaﬁb a&thvmcetvundraw ngs, respectively.
Figure 33 is a four-view S(éherratl c dravm n he i ntergloser fromthe

i nt er posefcSHgtbiarec Bremesgap sgugly silicgh 1 ifgsupos 8ad iteRE | ydi ng

t op- Vi ew, reBik@ice\bi@mné pifid. ont Vi ew and right-si de vi ew drawi ngs,

respectivel i%s [00195] ILn_this ecific exa oser 50 is
la

struct ur ef? honéy St Wr{:ﬁ B 44 A gmae ﬁﬁg?cé“r%ﬁ‘a%‘g’g’ﬁ@xtend bet ween

t he pin- SWséﬂsﬂgctm@|llﬁ515%3&rall§ﬂ¢1r@ﬂ&ﬁ(1&l leych@PaRs-Yectifiosrehe240 bet ween t he
supporting nenbers 230. 96 here. are ossj.hl e desi ns for the
] e et o gl

suppor t i NSRS S 913 %l i the ByegeRsehat t‘?StECF‘H‘(t, tdes 24

specific ﬂe@s)gm&eml'y atsB8c buoBEHRPEME stHIEAPE I'Hokr B@taﬁﬂ%ﬂh@ﬁrﬁ 35 sham i n
Cross-sec

he. hol es 210 and th ort| n ers 230 may take on any

of a numb Iawﬁlﬁ gﬁ‘h‘ﬁ%pos%fl PACIS %‘ﬂ%‘"%’ig?br t“ieB'itfg’g ﬁgaatg%eeég xanmpl es, the
supporti n@etﬁ&ﬁbﬂfa&n?ﬁ@esmﬁmnﬁa(ﬁaﬁmdlaf plais, @hizh piai osnipP@L be iaghdiol e to a
(Cji: ;ggtngl %‘Affdi? egté?]{ﬁg |H3§|0é ggtto];nr e%géso ?ﬁ'le%lylnnd?‘llélﬁ %t%c lirglsg AQ%LOeﬂletl‘o a

example, Figure 36 is a plan drawing of an interposer having a supporting plane 270

that completely fills the arca between adjacent holes, but is absent above or below that

plane. Figure 37 includes 18 specific designs for the interposer, shown in cross-

section, where the top and bottom contact plates are horizontally oriented, and the pin

direction is gencrally vertical. As seen from the drawing, many possible cross-

sectional designs are possible.

[00199] In general, the interposer 50 need not be monolithic, and can include

one or more hollow regions with a design that can vary within the plane of the

interposer membrane (as in Figure 34) and can vary out of the plane of the interposer

membrane (as in Figure 35). Mechanical performance of any interposer design may

be simulated readily using finite element analysis.

[00200] There is one notable further feature of Figures 30 and 31. The frame in

Figures 30 and 31 includes a series of preferably peripheral mounting posts 220 that

extend through corresponding locating holes 215 in the interposer membrane. In
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O her orientations, shapes and sizes are possible, as well. [00197] In
general, the specific design for the interposer is chosen to have

parti cul avorreniamdidal characteristics, rather than speciPCrauSaasiokesi c
traits. It is desirable that the interposer be vertically resilient, and
provi de support and suitable resistance for the pins. [00198] As seen in
Figure 34 showing 24 alternative structures, in addition to interposer
structure that is generally cylindrical (i.e., each cross-section of the
Struct ur e giggrel BB artiPiTB1he idhtird hblePhfipOsts We [ 42hdd bB8Ld (R BriRReE bf hbat are
parallel to the contact plates), there may al so be out-of-the-plane

st r uct ur e mepBrang, gkaagk any smjtghlg rostymd hale Jocpfions mdy howsed Bzesgli nt er poser

havi ng supRQY okl @sMLt d9iRe WRITDSL $acrAPrdclifth, e MlePLhWrGAnAd] acent hol es
within a particular plane, which may or may not be in the sane plane as the
top or bobkesshoatpghairgne the@insyn thamembape e plse plaged svithggcalataher exanpl e,

Fi gure 36,jesisian Pl an drawi ng of an interposer having a supporting plane 270
t hat corrpf)etel y fills the area between adjacent holes, but is absent above
or bel ow {193911p| andhe fysgiiptian gizthe mEentige andiil agplicatiqns @s geBrthAsteror t he

i Nt er poselsi&hAVR ahfisGhOReRALd Bhit ARENE of e ivBRicANTaRRbhopCcOoNt act pl ates
are horizontally oriented, and the pin direction is generally vertical. As

seen fronfMeRidcfioanpiibe cophedinepsdisrlated hetegrssrastiblead Paeirlyns are possi bl e.

[00199] | Aicar@R®ésab and RBivhIBLESNASREoRLINRAH IR cRBodIRBRY Wb 6e and can
i ncl ude one or nore hollow regions with a demg&that can vary within the

ol i0

pl ane of P‘Ff’érsf‘}‘?fié}r‘ﬁ%%eé’f o Shitldn (hﬁ§rt!“ﬁ°rFﬁ“§j’t¥r°é @ateawc%‘?ft-vary out of the
pl ane of thge bt REPISRioNBAD HRDG ARAs bMhdintHsigeAR bisclbRaRaRincal performance
of any interposer design may be sinulated readily using finite el enent
anal ysi s. MpOPoDa]e Withepelepytiggfzom tie seope ard spiri of the BYeniieB of Fi gures 30 and
31. The fr@m]i n Fipgrres S0 and 3 1 includes a series of preferabl y
peri pheral nountin osts 220 that extend through corresponding | ocating
hol es 21509703 he | hd&risouRer §¥nbrane. I nFigures 30 and 3 1, the |ocating
hol es andjgeosfs ar e Teagiatiedvaround the perinmeter of the nmenbrane, although
any suitabl e post and hole | ocations nay be used. In general, these posts
220 are awPé?ﬁjed V\PtLHaQﬁoé‘éf]t | at eral precision, so that when a nenbrane is
pl aced onfop2dépe frampad 6daRl phia& phdd t he nmenbrane are al so placed with great
| ateral precision. [00201] The description of the invention and its

IpRE s e

applicati Yt h herein is illustrative and is not intended to
limt theppgegpe of otlad boanenbsuaR. Vari ations and

[00209] 9 Electrical connection

[00210] 10 Interposer membrane

[00211] 20 Top pin, or slider pin

[00212] 21, 21A, 21B, 21C, 21D, 21E, 21F, 21G, 21H Top contact pad

[00213] 22 Top pin longitudinal member

[00214] 23A, 23B Top pin mating surface

[00215] 24 Top relief surface

[00216] 25 Top contact pad rounded edge

[00217] 20A, 20B, 26C Top pin engagement feature, or lip

100218] 30 Bottom pin, or base pin

[00219] 31 Bottom contact pad

[00220] 32 Bottom pin longitudinal member

[00221] 33A, 33B Bottom pin mating surface

[00222] 34 Bottom relief surface

[00223] 35 Bottom contact pad rounded edge
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nodi fications of the enbodi nents di sclosed herein are possible, and
practical alternatives to and equivalents of the various el enents of the
enbodi nerwe 2aviogwiBe understood to those of ordi nary skiPClr/useomiozs7aTt upon
study of this patent docunent. These and other variations and nodifications
of the enbodi nents disclosed herein may be made wi thout departing fromthe
scope and spirit of the invention. [00202] PARTS LI ST [00203] 1 Device
under test [00204] 2 Terminal, or ball [00205] 3 Load board [00206] 4 Load
board con pad [RQ2 d board substrate [00209] 9
El ectri camﬁi4 nect |3§% (?1013205118iﬁpﬁrg)&lrlgal egqrg%gggé?rg Olrﬁgr ane [0021 1] 20 Top pin,
or slider [Qﬂﬂ}-‘ﬁ][002119]T029_0nt2@t111¢!;6(IQmBn,P@!I}@ndQ)lD 21E, 21F, 21G 21H Top

cont act p%2£@0213]4 AZndQR pin |ongitudinal nmenber [00214] 23A, 23B Top pin
mat i ng surface [00215] 24 Top relief surface [00216] 25 Top contact pad
rounded el§é27100217p Ipgpose6Bm, fle®mah pi n engagenent feature, or lip

[ 00218] 3 jtom Bott om contact pad [00220] 32
Bot t om pi ﬁw?%)éngl tu P?ljg t%cﬁga%?pl%g%ég?%% I%&%B Bottom pin mating surface
[00222] 3WRMt om BéAdessiveur f ace [00223] 35 Bottom contact pad rounded
edge[0022fdo 230 366aBRll A, b, RRORSARRRLLaRLUr e, or |1p [00225] 40 Top
cont act te (kapton, polyimde) [00226] 4 1 Adhesive [00227] 50
Interposef‘m@?ﬂdam é?%@?mﬁ?ﬁr) [ 00228] 60 Bottom contact plate (kapton,

pol yi mi dejoeb$R229] 16; toANESIuE

[00233] 123 Top pin mating surface

[00234] 127 Front conducting half of top contact pad
[00235] 128 Insulating material

[00236] 129 Back conducting half of top contact pad
[00237] 130 Bottom pin

[00238] 133 Bottom pin mating surface

[00239] 170 Interface surface

[00240] 180 Insulating ridge

[00241] 210 Pin-supporting holes

[00242] 215 Locating holes

[00243] 220 Locating pins

[00244] 230 Supporting members

100245] 240 Empty space

[00246] 260 Supporting members

[00247] 270 Supporting plane
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[00230] 70A, 70B, 70C, 70D, 70E, 7CF Interface surface [00231] 120 Top pin
[ 00232] 121 Top contact pad [00233] 123 Top pin mating surface [00234] 127
Front comwslocbioig4dial f of top contact pad [ 00235] 128 | nealraiSeeng/oeerberi a

[ 00236] 129 Back conducting half of top contact pad [00237] 130 Bottom pin
[ 00238] 133 Bottom pin mating surface [00239] 170 Interface surface [00240]
180 Insulating ridge [00241] 210 Pin-supporting holes [00242] 215 Locating
hol es [ 00243] 220 Locating pins [00244] 230 Supporting nenbers [00245] 240
Enpt y spa§§A5§Q24G] 260 Supporting nmenbers [00247] 270 Supporting

pl aneCLAl claim 1. A replaceable, |longitudinally conpressible
menbrane (10) for formng a plurality of tenporary nechani cal and
electrica%(c?nnectlons bet ween a device under test (1) having a plurality
of term na ) and a |load board (3) having a plurality of contact pads
(4), each contact pad (4) belng | aterally arranged to correspond to exactly

one term nal of r|S|n | e i cal j .ating top
contact pl at e 0) % 0 ﬁ?e éﬁ\]{}nazlgjcglngmiﬁle lﬁ%r{ﬁlgg%e(lrl%f!rﬁﬁlg& ) on the
devi ce undehraligsdf t(rﬂgo;raramfeﬁemﬁlaed cledtrapt gongextibns betwsen addvivg bot t om cont act

pl ate (60Lndep{1egtkig):’1}%ilvjl T{llraq} res‘%qj na 5?2) agﬁa?o%ﬁtoga?{l ﬁﬂgﬁsgg ) on the |oad

board (3) I ent’, ectrica atlng i nt er poser
(50) bet wekrelityhe cbmptamtsl (boctat:}mmntaomad«’;‘t) bpillaﬂaefsal(ywanﬁd)o a plurality of

| ongi t udi nal I%ng% Xagté;%nlg ?nn lﬁfﬁ&gﬁ’% y conductive pin pairs (20, 30)

ext endi ngc?rﬁes net he top contact plate
a ﬂex1ble electncally msulatmg top contact plate (40) longitudinally adjacent

to the terminals (2) on the device under test (1);

a flexible, electrically insulating bottom contact plate (60) longitudinally
adjacent to the contact pads (4) on the load board (3);

a longitudinally resilient, electrically insulating interposer (50) between the
top and bottom contact plates (40, 60);

a plurality of longitudinally compressible, electrically conductive pin pairs
(20, 30) extending through longitudinal holes in the top contact plate
(40), the interposer (50) and the bottom contact plate (60), each pin
pair in the plurality being laterally arranged to correspond to exactly
one terminal (2) on the device under test (1);

wherein when a particular pin pair (20, 30) is longitudinally compressed, the
pins (20, 30) in the pair slide past each other along a virtual interface
surface (70) that is inclined with respect to a surface normal of the

interposer (50).

2. The membrane (10) of claim 1, wherein the two pins (20, 30) in the
particular pin pair include mating surfaces (23, 33) that form the virtual interface

surface (70) when brought together.

3. The membrane (10) of claim 1, wherein the virtual interface surface

(70A) is generally planar.

4, The membrane (10) of claim 1, wherein the virtual interface surface

(70B) is curved along one dimension.
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(40), the interposer (50) and the bottom contact plate (60), each pin pair
inthe plurality being laterally arranged to correspond to exactly one
term nal wORommoshie devi ce under test (1); wherein whenPaTAsee0od7aT pin
pair (20, 30) is longitudinally conpressed, the pins (20, 30) in the pair
slide past each other along a virtual interface surface (70) that is
inclined with respect to a surface normal of the interposer (50). 2. The
menbrane (10) of claim 1, wherein the two pins (20, 30) in the particular
pin pan include mating surfaces (23, 33) that formthe virtual interface
surface (70) when brought together. 3. The nenbrane (10) of claim1,
wherein the vifr.tuarrhémteﬁblfam:(QO)sqﬂcfaan:e WHeEeR) the sirg@ineedick yurfacanar . 4. The
menbr ane &3? . of 5(& 1 dWherel n the virtual interface surface (70B) is
curved al §8ﬁ8” ?r%n K OES e renbrane (10) of claim 1, wherein the
virtual interface surface (70C) is curved along two di nensions. 6. The
menbrane (10) of clai th vi rtual C rface (70D) is
saddl e- shaped.607. !'r"?]c mcm%ne ﬁe) O(fflo’l ?whefem% ilrtﬂ\%\lﬁré%r%cg l?%lcé virtual

i nt er f ace(D) fsaadll{-H@f). i ncl udes one or nore locating features. 8. The
menbrane (10) of claim1, wherein the virtual interface surface includes
one or nore non-contiguous regions. 9. The nmenbrane (10) of claimS8,
wher ei n t he ndh- cofihé guobsne @G dkin hovhgdin bobirtudeaterfacemraes of curvature.
10. The % erein the non-contiguous regions are
separ at ed by5le Oﬁgormorg%%%/tgggerlagﬂr}i dge di sposed on the mating surfaces.
11. The nenbrane (10) of claim1, wherein one of the pins (20) in each pin
D e Fayers) ch"ehdMERe RudRrprlBRT L AHFAPELE iRtk B L Duah B0y
oxi de | ayers on the sur rmna on t VI ce under test
(1). 12. Ifhbdmmbpanee@mmorm’guwbmgwn&, wherein one of the pins (20) in each
pin pair (20, 30) includes a textured contact pad (21E) for contacting the
termnal (2) on the device under test (1). 13. The nmenbrane (10) of claim
1, wherein ond.of {rhempinhsng @0)ofiching8ctherein the non-contiguous regions

include collinear centers of curvature.

10.  The membrane (10) of claim 8, wherein the non-contiguous regions are

separated by a matching groove and ridge disposed on the mating surfaces.

11.  The membrane (10) of claim 1, wherein one of the pins (20) in each
pin pair (20, 30) includes a contact pad (21) capable of wiping through any oxide

layers on the surface of the terminal (2) on the device under test (1).

12.  The membrane (10) of claim 1, wherein one of the pins (20) in each
pin pair (20, 30) includes a textured contact pad (21E) for contacting the terminal (2)

on the device under test (1).

13.  The membrane (10) of claim 1, wherein one of the pins (20) in each

pin pair (20, 30) includes a contact pad (21) having at least one rounded edge (25).
14.  The membrane (10) of claim 1, wherein one of the pins (20) in each

pin pair (20, 30) includes an engagement feature (26) for securing the pin (20) to the
top contact plate (40).
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pin pair (20, 30) includes a contact pad (21) having at |east one rounded
edge (25). 14. The nenbrane (10) of claim 1, wherein one of the pins (20)
in each pwvo2pw/1044120, 30) i ncludes an engagenent feat ur @CfaBspowoee7seCuUri ng
the pin (20) to the top contact plate (40).15. The nenbrane (10) of claim
1, wherein one of the pins (20) in each pin pair (20, 30) includes a
depression (26) for securing the pin (20) to the top contact plate (40).
16. The menbrane (10) of claim1l1l, wherein one of the pins (30) in each pin

pair (20, 30) jncludes an en nt,f Ur e cUri ng the pin (30)
to the bottom cont ig? mﬁxingrtalée @83?%%.1"%ﬁéevnn%nﬁ%?%gkgi@%o#mcl aim1, wherein
one of t hginphkin0( 3D ndudceaddpregiion (@) for £@0ing B@)pin (26) mdesomcodiapr essi on ( 36)
for securi@%(&ﬁe pin (30) to the bottom contact plate (60). 18. The

)

menbr ane E’ f claim1, wherein the top contact plate (40) and the bottom
contact plate (60) are nade froma polyimde. 19. The nenbrane (10) of

claim1, wherein t top, ¢ ct 0 ontact plate
(60) are madeelf6 romth%rﬁter(%tr){ag%a) Ofﬁglﬁ’%}%%g%or%%gsh%g&sm?nrfé]%}? wherein the

t op cont apin ppir £0e3) 4@)udenah dnpazeibertt famre@Gnl facsecwingttee (B GP) tertee made from

pol yet her glher kg{aa%ﬁ%éggfm. 21. The nenbrane (10) of claim1, wherein the

i nt er poser gb3° I'S romfoam 22. The nenbrane (10) of claiml1,
wherein the interposer (50) is made froman el astoner. 23. The nenbrane

(10) of claimg, i e} - i RGl st one hol | ow
region. 24. Thlcjaz' n\é\ﬁﬁé %re\rgbr% e0()1b)31Ef %%Pg?’ﬁhf%ﬁp\/\%ngroglﬁlﬁBgﬁgoﬁ%&%ﬁns in each pin
pai r (20, pid@yir 0e3Mrantdidty ndepesdidngB@rfor ssedral she pRB(30)Thdherhoinane (10) of

claim1l, rel n a particular pin pair (20,30) is longitudinally
conpresse ngaé: %8@6?% tepninal (2) on the device under test (1) and the
contact pad (4) on the |oad board (3), one of the pins (30) remains

stationary andg n 0RAGhLY N dEEPNRGY RERe(AadBukfylagd board ().

and the other of the pins l'e taining contact with the
termi nal (hR2poitmm ¢dnactidse 6@) edede frame pplyimid@6. The nenbrane (10) of claim
24, wherein the other of the pins (20)

19.  The membrane (10) of claim 1, wherein the top contact plate (40) and

the bottom contact plate (60) are made from kapton.

20.  The membrane (10) of claim 1, wherein the top contact plate (40) and
the bottom contact plate (60) are made from polyetheretherketone (PEEK).

21.  The membrane (10) of claim 1, wherein the interposer (50) is made

from foam.

22.  The membrane (10) of claim 1, wherein the interposer (50) is made

from an elastomer.

23.  The mcmbrane (10) of claim 1, wherein the interposer (50) includes at

least one hollow region.

24.  The membrane (10) of claim 1, wherein the two pins in each pin pair

(20, 30) are made from different metals.

25.  The membrane (10) of claim 1, wherein when a particular pin pair (20,
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includes a relief feature (24) that avoids contact with the interposer (50)
over the full range of the |ongitudinal conpression. 27. The nenbrane (10)
of cl ai mwWO 2otered1n each termnal (2) on the devi ce undecTiussa10(019767
corresponds to up to two contact pads (4) on the |oad board (3). 28. The
menbrane (10) of claim1, wherein each termnal (2) on the device under
test (1) corresponds to exactly one contact pad (4) on the | oad board (3).
29. The nmenbrane (10) of claim1l, wherein at |east two of the |ongitudinal

holes in e top contact pl at 40), the interposer. (50) and..the bottom
cont act p% t‘%loﬁ‘gb‘)cimﬁ c‘i?ﬁﬂ?gedﬁf@etg"@{)tgﬁef’wgallrz toéqu% (Feﬁllcg &‘h‘?ﬁ%ﬁ%}q& ns that

exte ng t ha’lfdahdﬂcroﬁugdpad 80 on Aretlesitbohrid X3)usre of B pine (AP ransmimgtatiecnaryenbr ane (10)
extending |aterally. between a devic nder t nd | oad board (3),
the devi c%nddﬂwactégéj&ff?rﬁ?%e?d& Oﬁlgtﬁ%%% uora%f(?f’ﬁmf)%g% eercotf?}}e@&s term nal(s)(2)
arranged (20) moyxs @t enintaneeh qpatattavith, thd trenihad §2) ob derddvicSyndentestudi ng a
plurality, of electrical contact pads (4) arranged in a predeterm ned
pattern c Tesponding to that of the termnals (2), the nmenbrane having a
top side facing the termnals (2) of the device under test (1) and a bottom

side facing t cont act pads,, (4 f e.l oad, boar ; lurality of
el ectrical pi %%pai ﬁlée ‘(15‘65” )16)5%6%5?%&? hﬁr?ng %eegﬁ%ggé]gkfgs ?fg) ina
pr edet er minakdespat!ic faatuco2 # )ebp enddstgntag withale ioferppiee (0@ pver felfdl (2), each pin

pair in the plurality conprising:a top pin (20) extending through the top
si de of tF?@gﬁ%%eﬁg%%flfa)rgg%ﬂﬁ“hogw ng a top pin mating surface (23); and a
bottom pin (30) extending through the bottom side of the nenbrane (10) and

havi ng a bott pi n, mat i SuUr.f . : er.ej.n t and bottom pin
mat i ng surfacgjs?' (22%le 38y Q’%%ev@&cog(ré\r%nge?r}v?rl}{eﬁe\r{}@eaé}ﬁ{reﬁgég%%}rogﬁ? es; wherein when
t he corr edptuedidy teal (@ tariesp@hdstte npriorteb ci2ict psis {4 oo €@ leegdomd(3)t he pin pair,
the top and bottom pin mating surfaces (23, 33) slide along each other

along a virtual interface surface (70); and
28. The membrane (10) of claim 1, wherein each terminal (2) on the

device under test (1) corresponds to exactly one contact pad (4) on the load board (3).

29.  The membrane (10) of claim 1, wherein at least two of the longitudinal
holes in the top contact plate (40), the interposer (50) and the bottom contact plate
(60) accommodate respective lateral alignment pins that extend therethrough.

30. A test fixture (5), comprising:

a membrane (10) extending laterally between a device under test (1) and a
load board (3), the device under test (1) including a plurality of
electrical terminals (2) arranged in a predetermined pattern, the load
board (3) including a plurality of electrical contact pads (4) arranged in
a predetermined pattern corresponding to that of the terminals (2), the
membrane having a top side facing the terminals (2) of the device
under test (1) and a bottom side facing the contact pads (4) of the load
board (3);

a plurality of electrical pin pairs (20, 30) supported by the membrane (10) in a
predetermined pattern corresponding to that of the terminals (2), each

pin pair in the plurality comprising:
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wherein the virtual interface surface (70) is inclined with respect to a
surface normal of the nmenbrane (10). 31. The test fixture (5) of claim 30,
wher ei n tweo 2nsviosade (10) includes a plurality of nmenbr &oe/usayense7682. The
test fixture (5) of claim31l, wherein at |east two of the nenbrane | ayers
in the plurality have different nechanical properties. 33. The test fixture
(5) of claim 30, wherein the nenbrane (10) is nonolithic. 34. A test
fixture (5) for formng a plurality of tenporary mechanical and el ectrical
connections between a device under test (1) haying a.plurality of term nals
(2) and a load board (3) ha&i‘??d"%@#ﬂ‘?eélf‘ig’%g‘}“%‘%g%é‘beﬁ?%%&%% (4), the
termnals (2) and contact pads (#¢mirene(g0)and angech tompia nerieg t 0- one
correspondence, conprising: a reﬁ‘llrface%ledi nt er poser nenbrane (10) di sposed
general ly parallel to and adj acefit™ G2 h&Y 0ad board (3), the interposer
menbrane (10) including a plaboadn pivi () epemlingahiosgh tBObot@®O)siderafanged i n a

one-t o-one correspondence with the plurali t.ermnals.(2), each pin
pair (20, 30) including a top pi e?’fﬁlﬁ)jrag%‘;lg%aéﬁ&la‘fl%g%oggg ruﬁ espondi ng
term nal (2)and extending into thaingntudrcp@S@&r nmenbrane, and a bottom pin

(30) adjacent to the correspgndi contac ad ) an;gl {ng into the

i nt er poser nenbrane (10); WhHe rg%nﬁgeet%ﬁmgjgh?%@fnI%%%lg(gﬂf acg%(?g’ggjpondi ng to a
particular pin pair (20, 30) is lvatigpensnitapsunfecdraniileal |y and el ectrically
receive the termnal (2) on _the. device under tes 1 I onding to the
particular pin pair (20, 30)ther§1rrlld‘%\f\’ﬂ%‘reé’f)rrrleS\?\?lnéihngte%eé;&ﬁzél\}ig@g{ag@ger test (1) is
attached to the test fixture (5)isfarbed ag@ipst giepin faOthe mprhdbdtiomhe

corresponding termnals (2) on the devic n?zjr . bhe bottom pins
(30) contact the corresponding c%’ﬁfnélg?gsﬁgf gs )3%§Eéehag&%830 board (3), each

top pin (20) contacts the corres@hiclonga biotislonterfica syr80§ (74h;emy a vi rt ual

: m :;Lg‘g:r Sﬁ;mfgnéhat I's i chfllerielrlllqge Wﬁ&a@inqe?f%geeﬁ&faéeq7® 1§fﬂ£ﬁn%8e normal of the

with respect to a surface normal of the

membrane (10).

31.  The test fixture (5) of claim 30, wherein the membrane (10) includes a

plurality of membrane layers.

32.  The test fixture (5) of claim 31, wherein at least two of the membrane

layers in the plurality have different mechanical properties.

33.  The test fixture (5) of claim 30, wherein the membrane (10) is

monolithic.

34. A test fixture (5) for forming a plurality of temporary mechanical and
electrical connections between a device under test (1) having a plurality of terminals
(2) and a load board (3) having a plurality of contact pads (4), the terminals (2) and
contact pads (4) being arranged in a one-to-one correspondence, comprising:

a replaceable interposer membrane (10) disposed generally parallel to and

adjacent to the load board (3), the interposer membrane (10) including
a plurality of pin pairs (20, 30) arranged in a one-to-one
correspondence with the plurality of terminals (2), each pin pair (20,

30) including a top pin (20) adjacent to the corresponding terminal (2)
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(10), and the plurality of terminals (2) on the device under test (1) are
electrically connected in a one-to-one correspondence to the plurality of

contact pado0(04p40n the | oad board (3). 35. The test fi PCus2¢iB)02667 cl ai m
34, wherein the nenbrane (10) includes a plurality of nenbrane | ayers. 36.
The test fixture (5) of claim35, wherein at |east two of the nenbrane

| ayers in the plurality have different nechani cal properties. 37. The test
fixture (5) of claim 34, wherein the nenbrane (10) is nonolithic.

and extending into the interposer membrane, and a bottom pin (30)
adjacent to the corresponding contact pad (4) and extending into the
interposer membrane (10);
wherein each contact pad (4) corresponding to a particular pin pair (20, 30) is
configured to mechanically and electrically receive the terminal (2) on
the device under test (1) corresponding to the particular pin pair (20,
30); and
wherein when the device under test (1) is attached to the test fixture (5),
the top pins (20) contact the corresponding terminals (2) on the
device under test (1),
the bottom pins (30) contact the corresponding contact pads (4)
on the load board (3),
each top pin (20) contacts the corresponding bottom pin (30)
along a virtual interface surface that is inclined with
respect to a surface normal of the interposer membrane
(10), and
the plurality of terminals (2) on the device under test (1) are
electrically connected in a one-to-one correspondence to

the plurality of contact pads (4) on the load board (3).

35.  The test fixture (5) of claim 34, wherein the membrane (10) includes a

plurality of membrane layers.

36.  The test fixture (5) of claim 35, wherein at least two of the membrane

layers in the plurality have different mechanical properties.

37.  The test fixture (5) of claim 34, wherein the membrane (10) is

monolithic.
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