TI TLE OF THE | NVENTI ON Test Contact System For Testing Integrated Crcuits
Wth Packages Having An Array O Signal And Power Contacts BACKGROUND OF
THE | NVENFOGhOy2802] FI ELD OF THE | NVENTI ON [ 0002] The prcedsedoiossoenti on is
directed to equi pnment for testing microcircuits. [0003] DESCRI PTI ON OF THE
RELATED ART [0004] The invention pertains to |rrpr ovenents to equi pnent for

testing midlEEIQEGHESINYBSOEINSo- cal | ed "Kel vin" testing refers to a
process "ml%tec&ﬁ&&fs%t%ﬁlolﬁdrr’f‘e‘éﬁﬁ%ﬁm‘?%tg&‘b&&%MSParc ek ?ﬁtﬂ %ﬁt‘lg\een ‘he

prelimnary part measur es the esi st

two test c@frﬁlgmﬂsxndlﬁodeGbnmtsue is high, one or both of the two t est
contacts are not naking good electrical contact to the mcrocircuit
terminal. If the possibility of high resistance at this interface wll

af fect thegQererRROYND OF eI VENTIGR]t i ng of the microcircuit perfornance,
then the issue can be addressed according to the provisions of the testing

protocol. [0006] One particular type of mcrocircuit often tested before
installati as a i ving what is comonly referred to
as a ball [g(:;hlg arraﬁﬁwwﬁgiﬁngemm Figures 1 and 2 show an
exanpl e ofj0g02dPGA packrResedifvertionlic didddtddaictuibthenBltt festinpackage may have
the formof a flat rectangular block, with typical sizes ranging from5 mm

to 40 nm GRCECEPWE. and 1mm t hi ck. [0007] Figure 1 shows microcircuit 10

wi th a housing 13 enclosing the actual circuitry. Signal and power (S&P)
termnals 20 are on one of the two larger, flat surfaces, surface 14, of
housi ng 130008]gnal DESCRIFATONISP)THERBLAIED ABTsurround a projection 16 on
surface 14 Typi cal | term nal s 20 qccupy nost of the area between the
surface 149%4des anﬁ’é’r&’é@é‘?loﬁeelﬁ%{{’%@rm’tpﬁ%’ﬁnﬁmsﬁoSq‘b‘B’F’FP I igfiRghe area as is
shown in ElaidcBodits, Note that in some cases, spacer 16 may be an

encapsul ated chip or a ground pad. [0008] Flgure 2 shows an enl arged si de
or el evat i[6005}i ew ofSotelleil HiEElyir? Qesting tréfens tap pecoessavhére saetf meocigubn edge.

ST R C e LT LR AN

surface 14pe RERGACS BewbEl e tWakdst ittt IS HIDVAtue ishiighllofe 3r BAWE the
two test contacts are not making good electrical contact to the microcircuit terminal.
If the possibility of high resistance at this interface will affect the accuracy of the
actual testing of the microcircuit performance, then the issue can be addressed
according to the provisions of the testing protocol.
[0006] 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. Figures 1 and 2 show an example of a BGA package type of
microcircuit 10. Such a 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.
[0007] Figure 1 shows microcircuit 10 with a housing 13 enclosing the actual
circuitry. Signal and power (S&P) terminals 20 are on one of the two larger, flat
surfaces, surface 14, of housing 13. Signal and power (S&P) terminals 20 surround a
projection 16 on surface 14. Typically, terminals 20 occupy most of the area between
the surface 14 edges and spacer 16 rather than only a portion of the area as is shown
in Figure 1. Note that in some cases, spacer 16 may be an encapsulated chip or a
ground pad.
[0008] Figure 2 shows an enlarged side or elevation view of terminals 20 as

they appear with surface 14 on edge. Each of the terminals 20 includes a small,
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each term nal 20 and spacer 16 projecting small distances away from surface
14, with the termnals 20 projecting farther fromsurface 14 than the
spacers MO :2Duwa2pgsassenbly, all term nals 20 are sinul Pamaseaopsivest ed,
and adhere to suitably | ocated conductors previously fornmed on the circuit
board. [0009] Term nals 20 may uite close to each other. Sonme have

b
cent er | | ne?PPFARCTAY whergal spldey %aelldgatoﬁryllmheamoww remdhg igryalni del y

dt i : ; t i di i
R R L S

| NVENTI ON ¢a0b 1ekininkh 20 ang eedced] 6 projeeting amall issihces@wagdions yaifan 1dpwithest i ng
integrated circuits with packages_havi ng a rray of signal. and power

contacts a‘ha_t%w*@@% 2} progsc lﬂ%ﬁﬁa’ﬁbfr%sﬁ’r’fg%gﬁi@ If PAETE tht EERE [ 0012] The
connect i OMeVdrAgtyt ﬁ%ﬂﬁgﬁ@o@&é E’irdu'i‘tameﬁng&{eh?ﬁ{d é?l'ﬂgrgrf@}éui%‘f}elo%at%'p shape

wi th an open end, with e open end of cup-shap via contacting the

al i gned t esondecions previedséyrtommed Phéreafiwnit boatdbri s resul ting from | oadi ng and
unl oadi ng i,ces ungder .test . fromthe test equi nt,can fall through the
test cont a@ﬁeﬁell ement e%%ﬁseﬁqW@y?ﬁﬁﬁ%gﬁ%edto\?géégﬁ%e%w?wgCS@S’HF@. [ 0013]
The cont acdpadifigs oMHsitfl@8L0. SRR AT e RN atRRI S RIE y2pa @ tbrnfihald 2b @fd still
receptacle including a | oad board. The |oad board has a plurality of
connect i orargiuksl.§ mis apart. abracklg betwera adiaserittenminale d0 peeftenrmafented thes t est
contacts el nts. The | oad board supports the interface nmenbrane with each
of the conRection pads on the | oad board substantially aligned with one of
the connedq00mo] vias .and in electrical contact therewith. [0014] The
structure of the device may provide a wi ping function during testing on the
sides of the ball termnals rather than the end that will contact the
circuit b F YU e y good el ectrical contact. The

W pi ng fu(r}@%fltgn usua‘f"ﬁys(glr:gra%lﬁk?g%ﬁﬁany oxi de | ayers present on

t er mi nal s.[0@Hldh t estTheaspac dirbesd ® desteontact dyetem fbetesting irtdpeatednt act
surface, so the end of the termnal is not marked during testing. This is
parti cul aﬂlryuﬁ%\wﬁ pagkageq layins HuATay S SigRa) A IANER COARI Tl BleaBEt hi cker

oxi de | ayefSproblds ¥f &drik BathESQUMRE the test contact elements to the |oad
board can benodified with springs to allow for mcrocircuit packages that
do not haJe0xpl anarThesomierdibon veasdest cpptacie desomaxipdicatoomg mayricee a

cup shape with an open end, with the open end of the cup-shaped via contacting the

aligned test contact element. Therefore, debris resulting from loading and unloading
devices under test from the test equipment can fall through the test contact elements
where the cup-shaped vias impound the debris.

[0013] The contact and interface membranes may be used as part of a test
receptacle including a load board. The load board has a plurality of connection pads
in substantially the predetermined pattern of the test contacts elements. The load
board supports the interface membrane with each of the connection pads on the load
board substantially aligned with one of the connection vias and in electrical contact
therewith.

[0014] The structure of the device may provide a wiping function during
testing on the sides of the ball terminals rather than the end that will contact the circuit
board, while also providing very good electrical contact. The wiping function usually
breaks through any oxide layers present on terminals. Each test contact has a hole in
the middle of the contact surface, so the end of the terminal is not marked during
testing. This is particularly useful for lead-free terminals which tend to create thicker

oxide layers. The vias that connect the test contact elements to the load board can be
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[ 0015] An enbodinent is a test receptacle for making tenporary el ectrical
contact with a plurality of mcrocircuit term nals having a predeterm ned
pattern, wWOrZpro/esr7g: a test contact el enment array conpr PsTag2@9pbieanl ity of
test contact elenments arranged in substantially the predeterm ned pattern
of the plurality of mcrocircuit term nals, each test contact elenent in

t he pl ur al megdifiedyith springs to alloay for anerotireniiepackagsi dutt idagot haymcaplapasul at i ng
membr ane a&nﬁir}%ﬁ%h'tc?ﬁ%v?&i’%ﬁ?%onﬁﬁﬁanﬁé‘.‘” ng on a contact side thereof a
conducting contact pad for contacttng a corresponding mcrocircuit term nal

in the plupsisfy; a Ahekiodinterdis L@firecdiRle foi ARkidgtanpadry de@ifgt antial |y
the predeterm ned pattern of the plurality of mcrocircuit termnals, each
connect i oncaitast withtarlusglity @ff micyociicyul trsings haviige predeteraninedspatiebhnt act

el enent s; L nter. r i N6 : ! nnection
Vios | R IR R R e R b I Bt Eb Lo e R
open end, slembntt haramgednin eulshtaokiall thepugahapactd\paterfn@3 185y lueadint @t | ng a
correspondi ng test contact el enment (56-58). %6] Anot her _enbodi nment is a
test fixtuf¥ ?Cd%cu%té?rmlﬁ%&éaﬁh E?F*aﬂqni%t SPIEP 'Y aHBCIaRATERIE Aicglightect r i cal
connect i Ong RRLWEERinS fﬂﬁyh&ﬁlsmﬁﬁ% lefibkarda¥ REn@cRrtd Bldnt Yan@haliff Ghnal s and

a | oad board having a plurality of connection pads, the term nals and
connect i ona pandact bidk theréaf azcondesting-confectqmd fespaotatting e cowespondisgng: a

repl aceabl e. i nt.erft?ce .rrqrrbé%ni diﬁ{gos&g genﬁr al | %/ ar.al | el tﬁ?' and adj acent
to the | oad BEAFH! \eundl A7 Hiemlva e ABFEHEY PRSI Yapt ATy of vias in
a one-to- oms@f?ﬁdl@_aﬁggféﬁe@ﬁnwea Ba&éi*ﬁoplhkérpﬁlrhﬁ%’ ?mi&PBREGT feRRinBRISacRT t he

| oad board, each via bei ngﬁéup-shaped with a base adjacent to a

cor r espondtongedonvet i tha ppadlity aligned withaehefdhalteatapntact ¢lementseandi ng away

fromthe | oard: and repl aceabl & cont act ..nenbr ane, di spas general ly
paral | el tlgﬁegfﬁge rglgj% (r:aélr?tsu$ Orﬁﬁ%ﬁ}eﬁ? r?ﬁé’cogcﬂ@}?ﬁ}l%lﬁ&a&t E‘glelaﬁtt é’Ffogg’ee menbr ane

bei ng bet waaRedtioa vViaag335nistupntiapddevidomt s of@/ Witk iR, opeh end enthachpmenbr ane
including a plurali of connection pads facing the interface nenbrane,

t
each via cﬁrlilaPWeVi?@%g@é‘@&t%‘?ﬁ%?ﬁ%ﬁéeﬂié&ﬁéﬁﬁﬂn t elsmant (5629 one connection
pad on the[gﬁﬂf]t act mﬁ%botdﬁ}ﬁerﬁ.‘?@ﬁ ?eﬁt%ﬁﬁﬁ%ﬁgﬁmﬁ@% gﬂe{l}‘ﬂy@f plurality of
ads rane,  eac

contact p acing away fromthe interface ne contact pad in
t he pl ur al teinpotaey mgchpmicrhaah¢lbotried] eotinectiond hetwesnneddvend undestestihaamig aone of

the plurality of connection pads, each via on the interface nenbrane
cor r espondiAglibeefderminals anda ang@’ﬁﬁ aviigs RIRraliheotconpertion padsh thine. Each

contact p 2 i t:] oMb Ao d £ : chanical ly
%@nﬁ;ﬂrﬁlﬁ Gad QMeQQor%Bad%‘ beflih ﬁ'dgﬁ ko ﬁfé@cddn%sf}&ﬂieh%’é rﬁ&ggﬁﬁngﬁ

and electrically receive the ternna t evice un stc espondi ng

t o t he parmeplecdabte iniesfacdNnembtdne dikposediezeuerdBy paraBel th sndiadjacdneth the lddde t est
board, the interface membrane including a plurality of vias in a one-to-one
correspondence with the plurality of connection pads of the load board, each via being
cup-shaped with a base adjacent to a corresponding connection pad on the load board
and a rim extending away from the load board; and a replaceable contact membrane
disposed generally parallel to and adjacent to the interface membrane, the interface
membrane being between the load board and the contact membrane, the contact
membrane including a plurality of connection pads facing the interface membrane,
each via on the interface membrane corresponding to at least one connection pad on
the contact membrane, the contact membrane including a plurality of contact pads
facing away from the interface membrane, each contact pad in the plurality being
permanently electrically connected to at least one of the plurality of connection pads,
each via on the interface membrane corresponding to at least one contact pad on the
contact membrane. Each contact pad corresponding to a particular via is configured

to mechanically and electrically receive the terminal on the device under test
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fixture, the interface nenbrane contacts the | oad board, the contact
menbrane contacts the interface nenbrane, and the plurality of term nals on
t he devi cwountdnst7est are el ectrically connected in a oRETIUS2@9M55023
correspondence to the plurality of connection pads on the | oad board.

[0017] A further enbodinent is a test fixture for formng a plurality of

t enpor ary eastsspendieg todhel patieelar vieaWhenrthedeviierindeetegide attachgé o the teshder t est

Cont act i ng PR sG] Blehiag sPRAR BR3pbarl GERERY ot horor ane,

each vi a i cortdees tht iitadfide)ndiebrage, agé @ Ph by ftémandle bithalevivd uhbg devi ce
under test and a contact pad on the | oad board, each via in the plurality

havi ng an ©fteEe elestacally eamaeied imyongatoroneserigmeadencery theurwiehty et ween t he
term nal a%n%&f‘onﬁﬁﬁ& 85 P b&{;&i a plurality of springs disposed within

the plurality o I'as 1n a one-to-one correspondence, each spring in the
plurality @bV di ng A forldranibodimene &5 stestrfiktiire forefoiminghepltatiog sfal when t he
device under test is eng%?g&g W th the test fixture. [.0011_21]é A still further
enbodi ment CPORrY Beehan elegirical spRRGeHOBS RANFSN 3 dSVicsrundenisslandy

mechani cal ' LaToTaT-Tel ol ' n nd a

| oad boar d{oa(?:]g(?fﬁlrj%\%& ic'Hag ' rgrenbr a%%equggﬁﬁeégﬁggrgg?F%hgﬁéﬁz%ﬁ%#iﬁgg}ﬁy

cont act i ngloathbodrdzaiplbuditylof wapdigpaskd in/the imenitasned eaghoseth tha ptunditgrenbr ane,

hviain.the plurality bei. iated with i nal h i
Cnier 't oot S SRR BRSOl S BT by By biodEe e
di sposed Whdahd, RaéthEia er%lﬁﬁaﬁﬁwﬂligaaﬁ éléﬁtrﬁ:_aﬂ??oﬁd?rcﬁﬁ wafllfeeohandgace, each

spring in the plurality provi g mechani cal resisting force to the
t er m nal vsverent briween,the éermmapd and detconckeprdagutia phutdlity hespriegs dispesedr e; and a

pair of open-.ended tubes, .the open end of one.tube fittin i thin the open
End of ¢ hovRuRd R Pty BtBeNarhy cPorBr LRt Rarry Rl i th T espect
to each otglefalityl frevidiHpesmsehantdNEkisGna 10 Wisd REminAEwES ihBdevic®Qd®Y A still
even further enbodinent is a test fixture for formng a plurality of

t enpor ary e¥dnengaged wihdhelegdiiiteal connections between a device under test
and a | Oag[op rd, Com{iflgﬁﬂf}%'r eﬁlbﬂﬁﬁfé@?ﬂ% tEs‘?fﬁxHﬁg?&%ﬁﬁhk%ﬁ ,nglei&l‘)?m“ cally

contactin | oad boar plurality of vias dispose nmenbr ane,
each vi a itampberypmectanidayartikbélegriesd somicatiat bstwéena degiodiunder tost ahba devi ce
under test and a contact pad on the |oad board; a plurality of springs

di sposed véP%‘ﬂP??f@:r?@m@F’léW&I # memprang; fgsmechagicgiy apdielgeacelbt ¢wtastngiice, each

SPring in Ayl ibtaYityPsONhHifihsad FREE ARhbRne! &xhShd Mnd Plufsit} O
being associated with a terminal on the device under test and a contact pad on the load
board; a plurality of springs disposed within the plurality of vias in a one-to-one
correspondence, each spring in the plurality providing a mechanical resisting force to
the terminal when the device under test is engaged with the test fixture; and a pair of
open-ended tubes, the open end of one tube fitting within the open end of the other
tube, the tubes being longitudinally slidable with respect to each other, the tubes
surrounding and housing the spring.

[0019] A still even further embodiment is a test fixture for forming a plurality
of temporary mechanical and electrical connections between a device under test and a
load board, comprising: a membrane for mechanically and electrically contacting the
load board; a plurality of vias disposed in the membrane, each via in the plurality
being associated with a terminal on the device under test and a contact pad on the load
board; a plurality of springs disposed within the plurality of vias in a one-to-one
correspondence, each spring in the plurality providing a mechanical resisting force to

the terminal when the device under test is engaged with the test fixture; and an
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the term nal when the device under test is engaged with the test fixture;
and anel ectrically conducting ribbon for conducting current between the
term nal woaotdmeswent act pad, the ribbon including at | eastuseeve/osiocand
interwoven with the spring and electrically connecting a first |ongitudinal
end of the spring to a second |ongitudinal end opposite the first

| ongi t udi nelecteivally dRH&dingirSBiah Fdd coNd aFinEHarr&ii\eRMten\th&EEn Gl FidBhBRAW NGS

[0020] Figure |l is a rspective view of a BGA mcrocircuit show ng the
ter mi nal s iy pad SR oo Gcing of ool o7 A Bl V0 WL RsPERE Pibw of a
BGA m croce&Hbdlty &%%%B%M@nétdd%a@embﬁae%ﬁﬁ@ow RUorRf loAgiRR%ikal Of t he
test equi pnent having a wel | "for receiving the DUT for testing. [0023]
Fi gure 4 iendoopposite bt dvsitlongitudimebendsecti on of the test equi pment of Figure

3. [0024] Figure 5 is a substantially enlarged top elevation view of a
portion of a test contact array. [0025] Figure 6 is a side section view

t hrough t hgriE® DESORIRTIONRICRYHESEXIR A0edEe dIFt TI9P DRAWAREGSH gure 7 is a
side section view through the test contact array in assenbled condition.

[0027] Fi gl#080B i s aFighigel isadrerpactivesiiew Bf o B mheoeisait showingcthearray with
bal | term',]rg%ﬁlaj ’l{rta st position on the test contacts. [0028] Figure 9 is a
further en argeé og' el evation view of a single test contact, and show ng
addi ti onal [002H] ur es Bigug Disahenlhegtdsideadévadot vieWOSIZMBGAI gickirkOiti s a
perspective view of a test, contact _ array. [0030} Figure 11 is a . top

el evation W0 of a gWs Lis@ PespRsREcial P2 pahel teitei eqHBRENHENHBSne
i ncl udi ng g{aPaERE %c%ﬂﬁ%@l%m[}?@g’r]tlzstfﬁ%g“re 12 is a top elevation view of a
y u

conpl ete, conmercla e contact nmbrane i ncl udi ng al i gnnent
features. [00232] Fi gEipereBisiaside dloptien enas seotion bEthve ddst aquupmphtatie,
commerci ally usabl e spacer nenbrane including alignnment features. [0033]
Fi gure 14 Y8t bherspective view of an alternative enbodi ment of the

i nvention, o924 a SPRGR’s KBTHbANRiall) chRHWp HBViticd WELIER bR RE ght .
[0034] Figure 15 is atop elevation view of a test contact show ng the
posi tion testcontact array.

[0025] Figure 6 is a side section view through the test contact array in

exploded condition.

[0026] Figure 7 is a side section view through the test contact array in

assembled condition.

[0027] Figure 8 is a side section view through the test contact array with ball

terminals in test position on the test contacts.

[0028] Figure 9 is a further enlarged top elevation view of a single test

contact, and showing additional features of a preferred embodiment.

[0029] Figure 10 is a perspective view of a test contact array.

[0030] Figure 11 is a top elevation view of a complete, commercially usable

interface membrane including alignment features.

[0031] Figure 12 is a top elevation view of a complete, commercially usable

contact membrane including alignment features.

[0032] Figure 13 is a top elevation view of a complete, commercially usable

spacer membrane including alignment features.

[0033] Figure 14 is a perspective view of an alternative embodiment of the

invention, using a spacer membrane to control device presentation height.

[0034] Figure 15 is a top elevation view of a test contact showing the position

of a spring biasing the test contact fingers.
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of a spring biasing the test contact fingers.[0035] Figure 16 is a side
view of a test fixture having a single coil spring inside each via, with

t he devi cwountdnst7ést not yet engaged with the test fixParas2000038p3 Fi gure
17 is a side view of the test fixture of Figure 16, with the device under
test engaged with the test fixture. [0037] Figure 18 is a plan drawing of a
of a 64- po08flon nodligere Mhis asidesiere pf ¢ tegt fixtore hevge siegle coibpprise nodul e.
[ 0038] Fi gur is.a plan drawn t he I - i Ll dul e. [0039]
gur e 20T Bl TadR P S LEELRR ot s sl R R b O 00
state, whepoe3e] devi CEigufderis hefde visy of hengagedrd s{Fighie 6f @sth thd ddvivee.

[0040] Figure 2 1 is a cutaway drawi ng of the spring nmechani smof Figure 20
in a conpréxsepsisangeged ikl the BHEXHEG ce under test is fully engaged with

the test fj re. | i.gyr [ idex\ui | -3 spring
mechani sm ‘Oir?g?l‘he ungl%gpreels%slgg pgatngtctg %‘!Vﬁ“[gg’(ﬁf? gé}igpg)\ré{égggﬂq@%éwsql%eéw ew

dr awi ng of ddrived i n38%vpaditdvti Isave afodklegur e 22, in the conpressed state.
[0043] Figure 24 is top-vi ew drawi ng qof t ri ng mechapi sm of Figures
52 ant 25 10p8Haa) ' 7 Babe ions f ol Grvuater sl AR s 800 TBlE ng mechant sm
that uses @PM”' ar geﬁiéﬁﬂérz@ 195 chid®a§ RFdW1Hg bPa §HI¥hedBRisBPhiaAg tO a ridge in

the via wa [0045] Figure 26 I's a side-view dfam ng of a spring nechani sm
i n the uncowpmpssexl statetvehere a dehice tndger tasbisaiseogagdd dtoor thieltest istuaevay from t he
spring at top a bottaom of the spr.in chani sm,260. 46] JFigure 27
T LS e OPIO OF s HEmB2 1" B SPENGY HERTIEACE PR TEH IR R80T | bbon
conduct or et @nfhradéd@htd] Whére o8 dhReiundbrdest ¢ fulllfenEARIGAH thefesp SPri ng.
[0047] Figure 28 is a side-view drawing of a spring mechanismin which the
ends of a f¥tetson conductor extend inwardly fromthe outside of the top coil
of a spri 0048] [Figurg .29 is Lde-vi rawi ng.of. a.l eaf spring
mechani smn[%%g49] Fi%&%&éds géldg @?“58‘%\/3“ g%\ér%vr\inﬁgm%]hg%ls%drrl&%on of a test

fixture thaicompgessedistaté.ured surface on the contact pad facing the device

under test (not shown). ) ) ) ) ) ) i
[0042] Figure 23 is a side-view drawing of the spring mechanism of Figure

22, in the compressed state.

[0043] Figure 24 is a top-view drawing of the spring mechanism of Figures 22
and 23.
[0044] Figure 25 is a side-view drawing of a spring mechanism that uses an

enlarged turn of the spring to anchor the spring to a ridge in the via wall.

[0045] Figure 26 is a side-view drawing of a spring mechanism in the
uncompressed state, in which a ribbon conductor flexes away from the spring at the
top and bottom of the spring mechanism 260.

[0046] Figure 27 is a side-view drawing of a spring mechanism in which the
ends of a ribbon conductor extend outwardly from the inside of the top coil of a
spring.

[0047] Figure 28 is a side-view drawing of a spring mechanism in which the

ends of a ribbon conductor extend inwardly from the outside of the top coil of a

spring.
[0048] Figure 29 is a side-view drawing of a leaf spring mechanism.
[0049] Figure 30 is a side-view drawing of a portion of a test fixture that has a

textured surface on the contact pad facing the device under test (not shown).
[0050] Figure 31 is a top-view drawing of the contact pad of Figure 30.

[0051] Figure 32 is a top-view drawing of a contact pad having a textured
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[0050] Figure 3 1is a top-view drawi ng of the contact pad of Figure 30.
[0051] Figure 32 is a top-view drawi ng of a contact pad having a

t ext ur edswofamé2si7sh rect angul ar features. [0052] Fi gur @C33/S2@9A5300p- Vi ew
drawi ng of anot her contact pad having a textured surface with concentric
circular features. [0053] Figure 34 is a side-view drawi ng of an exenplary

test fixtuggrdcbaftith BahhiHes rédtglegd contact pads. [0054] Figure 35 is a
si de-vi ew drawi ng of another exenplary test fixture that includes angled

cont act pal®52] 0055] Figumpileis 36op-yiew dradingdfanottienedntast pad bavapg ¢ ng nmechani sm
in the unc%n*ﬁ‘re sed st he. %%%6%1 F'klgtflrg 37 1s a side-view drawi ng of the
spring neclfAHEhi% CPFI“% CRISEMIG U "Eo St essed state. [0057] Figure 38 is
a top-vi ewedsan ng OFighRe34 is Akate- ew dusiiag o0in EXcanplas 1 fiatigle that [ 0058]
Figure 39 Is a cutaway drawi ng of a spring nmechanismthat uses a pair of

nest ed, opBkludatiangleddsatachpiiisan el ast omeric material. DETAI LED DESCRI PTI ON

OF THE | Wﬁyglrl]][o;cg O\i.fi%hreg%t § %tsi&%é\g%%a‘ﬁgg H?mcﬁtﬁeqrexgmﬁliaggtegcﬁfg%ﬁ)ﬁe%a)f

el ectrical m Cr oci r cui m nal conpris east one
resilient frchdes aral @ntdchpadsr om an i nsul ati ng contact nenbrane as a

cantil evered beam The finger has on a cont ?ct si de thher eof , . a conducting
contact palPOF8k cont Bewrep '8 as1der ieBAraang ot ¢ SHMetaechanisped ther ef erabl y t he
test contagf. &l ‘?%E&fstﬁ@.s a plurality of fingers, which may advantageously
have a pi e- schar?e arrangenment. In such an arrangenent, each finger is
defined at[0086)st i n Pignte Wyis bwaleraely drdwing of tatsprngmecksnism ohEigmenbr ane

t hat mechagé'r cally seE_)ar %ﬁﬁe each finger fromevery other finger of the
plurality o B MEFOPPIessthiMG t he test contact el ement. [0061] A plurality

of the tesfgosont act plEREIR S aGGlvieR dFaRine@Tith IR ShROEITIFi AlrEDY6
conprising the test contact elenments arranged in a predeterm ned pattern. A

plurality afd ¥onnection vias are arranged in substantially the
EESER A  S TRE R I e
Pref er abl yof mitel N RhicAg&d AiMpdirng daskRféicmateRalpl urality of connection vias
in the predeterm ned pattern. Nunerous vias can be enbedded into
DETAILED DESCRIPTION OF THE INVENTION
[0059] 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.
[0060] 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.
[0061] A plurality of the test contact elements can form a test contact element
array comprising the test contact elements arranged in a predetermined pattern. A
plurality of connection vias are arranged in substantially the predetermined pattern of
the test contacts elements, with each of said connection vias is aligned with one of the
test contact elements. Preferably, an interface membrane supports the plurality of
connection vias in the predetermined pattern. Numerous vias can be embedded into
the pie pieces away from the device contact area to increase life. Slats separating

fingers could be plated to create an I-beam, thereby preventing fingers from
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the pie pieces anay fromthe device contact area to increase |life. Slats
separating fingers could be plated to create an |-beam thereby preventing
fi ngers fwormsistysng, and al so increasing |ife. [0062] PCnasec@aesmRs on vi as
may have a cup shape with an open end, with the open end of the cup-shaped
via contacting the aligned test contact elenment. Debris resulting from

| oadi ng andeformisgcindgloumerepsiagifehe t est equi pnent can fall through the

test conta enment s, where t he .cup-shaped. vi as | n he d i.s. [0063]
The cont acfdoggij i nt e?]fl%%oémﬁ%t%ﬂ?r‘gﬁsesa%gﬁ/ ebaecugssgapeag}%%g? Sp%)r*enéi’ ?’Ee)téttﬁe

recept acl eoponcdnd @if g cuipl shagkdodatehtacting thoatknb® ddstlcdindset aleplett. abétirls of
connection pads in substantially the predeterm ned pattern of the test

contacts efswting fromrikrading aad pelapding Iy plsrfram thedestsauipmencareid taeetvi t h each
of the COnE Lt O8htRA Lo Dferk %%Q%ﬁ%&a%%%@%ﬁﬂﬂemﬁ%% gned with one of
[ |”cont act .

the connection vias and 1n electric herew t '0064] This device
uses a ver joo6Bj n contiuctanvet phdingerfict mendiraret nouy heruspkad patsoftdtast adheres to
a very thin non-conductive insulator. The metal portion of the deyice

provi des nfifPERIeTE g4 IoBB PAT. ﬁ%ﬁl@n’@?@é}%éﬁurﬁh@ 03;99%66{1%3& 5 0 and
the |oad bgandsaii thehreB&eiNNEd SireREos b tdd Sortdc! emyied Rl Raliousi ng or
with plated through”hole vias, or bunped surfaces, possibly in conbination
wi t h spri ngsard supporth e inteefadd msmbsme athesapin ki thg cowrechion padstam thtbvadecond
surface, i.e., th ice 1/0O..[0068], The device |/O. he physically
close to hd SIREBBEAank SiIAIP Q0 theoBn TP FESIenEal FEFRRHCENRF. add t i on
t he presengeflenince al so provides conpliance thus allowing its use in both
manual and automated test equi pnent. [0066] The device's structure provides
a w pi ng fi9864li on dufhingetiesrseng very thineconidueiyeplate wethiyetientionepreperéies r at her

than the end that wll contact the cireuif . bo ile.al roviding very
oot ol gt Tt Adhales W 3 ber i 36l couctivt i laidt® 30 el o A RIS 29

oxi de | ayepmvideesaiipl©oritft poinel & paths bEdedRn tiesdontRhabD dsh@ldaal e in the
m ddl e of the contact surface, so the end of the termnal 20 is not narked

during t eskaardy. This ggn be denscithpswith a plated vip hels heaving er wih patedidroughids on t he

nb . Thi s i | P : . : or i Ech tend t
Cr oat ot i Tilefiag brhpbs Wolced, ddSEEIY n b HLHEE WSy B NS APRER Tend 1O
el ement s tdarfabemakiag chmactdvittathelsecomdduffhedi.oy thie depice Vgs to al | ow for

i 1 onal (0965i 5 Goi dotited 0 PGP PhHE BaIEdo HE IEBBRrTBne w th

term nal s g0, 5aN) BRctkicRSePlobfhn@Ndh GRHtish the present device also provides
compliance thus allowing its use in both manual and automated test equipment.
[0066] The device’s structure provides a wiping function during testing on the
sides of the ball terminals rather than the end that will contact the circuit board, while
also providing very good electrical contact. The wiping function usually breaks
through any oxide layers present on terminals 20. Each test contact has a hole in the
middle of the contact surface, so the end of the terminal 20 is not marked during
testing. A by-product is to self-align device to contact pads on the membrane. This is
particularly useful for lead-free terminals which tend to create thicker oxide layers.
The vias that connect the test contact elements to the load board can be modified with
springs to allow for microcircuit packages that do not have coplanar terminals and to
provide additional Z axis compliance.
[0067] The device is compatible with terminals 20 having fine pitch and could
be easily used to interconnect to die or wafers. The concept has been successful for
terminals with pitch from 1.27 mm down to 0.5 mm. The non-conductive material

holds the conductive portion of the design in place and aligns the package, die, and
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be easily used to interconnect to die or wafers. The concept has been
successful for termnals with pitch from21.27 nmdow to 0.5 nm The

non- condwoi2zom/azat7er i al hol ds the conductive portion of PChaSd@sioginzi n pl ace
and aligns the package, die, andwafer I/O on any of the alternatives
mentioned above. [0068] Figure 3 shows the general arrangement of a test

r ecept acl evader Foronanpuf thermternativegesfiane@apovey pe microcircuit 10 of the

type sho Fi gur n nt pI ate
45 havi n\éw@hg%pem nglﬁ%u reg'psgf’ %’tsjrm:é éfglgghgl?ﬁ{ég rélgllztsozqm&g %C%R%gleﬁg @§H§ Y (see
t he coor dlIDETI‘Qhatﬁﬁhlﬁ(HsQYBGHQﬁpdmillﬂd)d’l@uﬁflotoﬁ&ler’fyp?d’s)@WnQUIFﬁglitéb i andRcept acl e
30. If mcrocircuit 10 has orientation features, 1's conmon gﬁa}ctlce to

i ncl ude cobdeadhoardd s sppertedn Hignasat platedt slamr{g@@@]emﬂsgaa%aﬁrﬁ aarries
on its surfage, g%ﬁ%}a%ect e&@l@@g&tdﬁﬂtetlﬂdi?%tﬁg HoSitidhinRos s conductors.

Cabl e 42 connec on| cs that hat el’ectrical testing
of m cr ocimudircilid 10 Gatdceptdde Aoy Ifhmicueirguis Ih@has arienéation feattes,nals t o

receptacle 30 if the test e]ectroni. cs are inte at with receptacle 30, or
| onger if GOHENQERIACEACR {RpchilecooRsTatiR featuLssin Ay ssis. [0070] A test

contact arfpgye)40 havigig ydafiuogkriQfonl 1f§jéuYf'a9éJ%bnﬁe@§$n ﬁm%ﬁﬁec?é&%”t s

precisely mrrors the BGA termnals 20 carried on surface 14 of
m croci r cuiable¥2. byvikeP conductars.r Cahle 42 Oonrecisiie retadettionica et penferng®at t er mi nal s

20 preci sel test c a rray 40. Rec acle 30 is,designed
f or corrpateil‘%/ﬁtrll?alll &Swl%ﬂ lglclr%céﬁcugght ?@%{2% %V?rﬁélgﬁ%rr%yepﬁlge?’ﬁgodevi ce.

[ 0071] TeSkedppdtledR if tid Byt ehltrbficS afclih@gralid witleROEFEde BBIBMGHRr Mitheheet  S0.
Menmbrane 50 initially includes an insulating plastic core layer 6 1 (see

Fi gure 6) tsuclecagnikageon a(StmrmemSISCorp ) with a layer of conductive

onthe or diil “25. i Sebsatachimey 2 WGk aflitor:a A BRRA PR YRR, °0 e

pref erabl »eléxﬁémpke@l@elgmdnbfs tHe B@%afbﬁnﬁﬁlslml dagristiedd sukhosvn4 pheti@bditdnagr aphi ¢
and | aser machi ni ng processes, [0072] Menbrane 50 has ali nnent features

such as hollesWhen @Hg@clwtttlé’rlﬁﬁlsFWalpé‘Heﬁ“ﬁet3ﬁetelaﬁ@alsl39tﬂﬁﬁféfr? Wiligntht plate
a5 and | 030, REALA Ay WO RLLANNEIS0 [<esRh 9&0%%01%??3@%1&9% APLBANe SO Wi th

corresponding prolec ing tures on all gnnent e test
contacts 40ragrd® ihdorporethgshedevigament vvlth t he menbrane 50 alignnent
features. In this vva t he test %qontacts of array 40 are gl acegoln precise

al i gnment PTH apert bc%‘f‘}a"t iRy 4] 1S pREIEd o0 3 GoRtast wRmbrang;og sh 'shows t he
general aryaReRRERd 1r9{1aﬁ}53§151udes an insulating plastic core layer 61 (see Figure 6) such

as Kapton (TM DuPont Corp.) with a layer of conductive copper on each surface.
The Kapton layer and the copper layers may each be on the order of 25 microns thick.
Individual test contacts in array 40 are preferably formed on and in membrane 50
using well-known photolithographic and laser machining processes.

[0072] Membrane 50 has alignment features such as holes or edge patterns
located in the area between alignment plate 45 and load board 47 that provide for
precise alignment of membrane 50 with corresponding projecting features on
alignment plate 47. All of the test contacts 40 are in precise alignment with the
membrane 50 alignment features. In this way, the test contacts of array 40 are placed
in precise alignment with aperture 33.

[0073] The section view of Figure 4 shows the general arrangement of test
receptacle 30 with membrane 50 on edge, and with the section plane passing through
some of the test contacts of array 40. The individual elements are slightly spaced in
Figure 4 so as to allow better understanding of the structure. When configured for

use, the upper surface of membrane 50 contacts the lower surface of alignment plate
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receptacle 30 with nmenbrane 50 on edge, and with the section plane passing
t hrough sone of the test contacts of array 40. The individual elenents are
slightly wpaewd25175Fi gure 4 so as to all ow better under #Cans$eevy/0s§023 he
structure. Wien configured for use, the upper surface of nmenbrane 50
contacts the | ower surface of alignnent plate45, with all the el enents of
recept acl e4?QV1E}?Jilﬂthfe'e[éfﬂe)ﬁt§ SILDEIc10 KEE HHAK (S5dtRMDy Phachideatreharener s.
[0074] The l'ower surface of nmenbrane 50 nechanically contacts an interface
menbr ane 86thef fagtesgeci al desi gn. Menbr ane 80 has an array 90 of conductor

\S/:J?fs écl:g eoﬁfbﬁé}rgr ang%g?)%:&%& IS’%PZC% roﬁ}/]ﬁpg’é EXt %‘ﬂ?ﬂg[ﬁﬁy gﬁlﬁ%&ﬁt @%rfa acts 40.

The term " Membrdh@180 dfa spsesl desi emralmnﬁu@hlaﬁaygobﬂaah@etopo&s t hat
ext ends conﬁletely t hrough nmenbrane 80 and is exposed on each si de_ of

nenbr ane 8@he endsiodaath \ilﬁlrt m%' Uppitendealighthy past thedwmsugfages of s1eprangdd nor e
descriptive pof the acl ua t Then conpri se
array 90 a oldat: ?re?lse ?v i t?r%@()ﬁtgdﬁgé)a?g&ggﬁvglnt %%%2 F%}%]Et?)r med by

wel | - knowndgoed @édrﬂhag«eaqmmrﬁn pr pese dmesxteld3@éhpleidle thrbagh wempransi8Ag vi a
array 90 have two main purposes. First, the via provi de

f
mechani cal 31511115 S¥PYscd AR e%qhe%ﬁ%?fdae@bfa%g(P @thB‘b%\'lgtﬂi%é ﬁgﬂfcgilﬂ%% P& 40 test
cont acts. a ¥ ﬁﬁ}@g e Qé’scﬁ@tl@é &f%@%&ﬁ}gl rsh%f%l %éh SOBNGh. " THE Vi'ag Hﬁt test

contacts in arr conne t1on pads see Figures 6 and on | oad
board 47. {&Q0pitk aiﬁiage 99tandlotl1ﬂr ﬁeamfrestdfen&mlsrane:wamccbn@nanmﬁysfonnechby ay 40 is
shown in Figure 5-7 re 5 top projection shows three individual

test cont a¥el lﬁpéﬁﬁhgtohgog@pg’(?%??eé?eﬁg a small portion of an array 40. Test
contacts S d' spl fife @19?0&%@1%@%%&'99 Hh&e tho Bhih pufR sk diidt,dhal test

contact el s in array 4 I n” one application, each of the test
contacts 561a5 8f arrayaﬂ()r}ayvme rrwothm% eulmogmdtcée@mned sfface é@?@eﬁl@an 05619 57a,

57b, etc. gene confi a e _outer. each of
the fi ngerg"r (a‘g)a '%E ntagise 1 ﬁtvbaérogflrrwp%(ﬁalrs%e%?méal?y%oﬁlgec e“rllcgl?’gﬁﬁf‘ “$'orm an arc
of the sangfdiCinGira h@ t$ bélﬁl%éﬁo s 98193, (s Fgires band gpbn LbadfbdarﬁMG'Ctrl cally
i solated fromeach o radially oriented slots 62 and other slots,

undesi gn at K976) aser ”ﬁh@:ﬁmﬁmﬁg of Ehe dest epnieg |el§menwew agray 8 inshoMBtE 62

Porti ons the n | a Jgo
el ectri cal so?a;ré E{gufeasofp pr ﬁ&&f&[%he es g‘é%‘? %?S?E%&?rg%#%ggch ot her.
For Kel vi nsg- ssbmﬁgnﬂﬁg)hmanpaﬂﬁm ofanarrhy AQeTest bomacte56-58aisptaysthagl e t est

contact 56 can be electrically isolated fromother fing z s 56b, etc. as
vel | . [ oo7éqtailedctryrigreef all th@é}dé‘”é‘é?d tespeontacs glementisyn @HaY 40cs of 45 degrees
for an [0077] In one application, each of the test contacts 56-58 in array 40 comprise

eight tapered fingers 56a, 56b, 57a, 57b, etc. generally configured in a pie shape. The
outer ends of each of the fingers 56a, etc. are integral with layer 61 and generally
form an arc of the same circle. The fingers 56a, etc. are mechanically and electrically
isolated from each other by radially oriented slots 62 and other slots, undesignated.
Laser machining is a convenient way to form slots 62. Portions of the initial layers of
copper on layer 61 are removed to electrically isolate at least each of the test contacts
40 from each other. For Kelvin testing applications, some fingers 56a, etc. of a single
test contact 56 can be electrically isolated from other fingers 56b, etc. as well.

[0078] Individual fingers 56a, etc. each subtend arcs of 45 degrees for an
eight-finger embodiment. Other numbers of fingers 56a, such as two, three, four,
five, six, and so forth may be alternatively used as well. In fact, rectangular rather
than pie-shaped fingers may well be suitable for DUTSs that do not have a BGA
configuration. To avoid bridges of membrane area between adjacent test contacts 56,

etc. that are too thin, individual test contacts 56, etc. are rotated 22.5 degrees with
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ei ght-finger enbodi nent. O her nunbers of fingers 56a, such as two, three,
four, five, six, and so forth may be alternatively used as well. In fact,
rect angulwio 2028175t han pi e- shaped fingers may wel |l be ®airttsbéoe/ o3 DUTS
that do not have a BGA configuration. To avoid bridges of nenbrane area
bet ween adj acent test contacts 56, etc. that are too thin, individual test
cont act s D6speettto eadreighboat Ehis 2Reftatiegsppess the tindsedplott 62 m aele bf thei ghbor .
This orientation spaces the ends of,slots 62 in_each of the test contacts
56, et < A6 FRAcS St G gt B asoIeHEn Diecrass B3 AR "eREbHERTor | g
test cont %hﬁfé%’ gLc. [0079] Figures 6 and 7 are side el evation sections

through the slots 62 etc. that define the | ower edges of fingers 56a, 56b,
58a, and 98079 t estFigwes Gends7 56 siduklSationNstctionhtiroughdhpslopdiciatlat bet ween

t he di nensj gns are not, dr to alg. The i cut  for. Fi es 6 and 7
essenti al I‘i?gﬂ‘? g’@é?‘geﬁq%ﬁ%wﬁﬁs 5}%% @Bga,@ﬁi%gép ?ga?t @PﬁaﬁgrSS‘sF%’gg& etc.

conpri ses NYi€ tHaB e préPYrAGis bebivecithe diERAIoRS ark MGt dra?v@ s ScabdaThedettion S spaced
fromall of the other fingers of that test contact 40. [0080] Each of the

fingers 56at fosFigurésesand Tensentisllypisgots Smgers 32 ard 87b. 1Qrg 56§ of AnNgHESQosi tive Z
direction. Pads 63a, 63b, etc ol 0 {eCC t .96: es that

Cont act o ePATRATSspE tabes ab b LA f QR el o® s shlleaTU AP 02 105
75b, etc. Jfaed diBerdiyBmwaltahal test fortiv 40egative Z direction. Contact pads 63a,

63b, etc. are in respective electrical contact w th_connection pads 75a,

75b, etc. (G980 e ectherk af thedingersti0arrie dis & sonirstoad BPai0el, Eadaensdh, 69b,
70a, 70b, - f _Ling a . i vi as (not
shoun) t hite Bsithisds SleckROBhs RResiE L (B GERMLonBiet SEMMERTREL SRt 25

| ayer 6 1 cahtaet atennmal ZntEqehifimiger JAA0SL] aléaleds aafonhdrtionhipad@bs 756agtc.et c. forns

a cantilever beamth can el asti dy .deflect ou e plane of nmenbrane
50 by fl exXfGigs ﬁ%‘ﬁ‘j‘é‘?’argfylmaﬁl?ﬁPe@éﬁéﬂlfén% ﬂ’éta‘ﬁaﬂa{l? %{ﬂ’ g?b’c?gcnﬁfeg‘l‘}_r ation, one
or both of, g&ﬂe@&tﬁcﬁﬁ Eont& Yif@dnn&iion ﬁﬁ@s”’pfa', 9589t anis Qkctkiba fingers 56a,
etc. To avord stress concentration at the bases of the fingers 56a, etc.,

t he bases cofinestion sar6nmise ipéated etimes 69ea 09t Mer 7Qboi7 he, § 1hlob figgers 66% ¢62. The
bases of slots 62 that are w.der have, the form smal | gi bgul ar
openi ngs &f S@W%P@@%‘Pﬂn%pr@@“a[sgﬁ%'g%gwg af ¢Pfet Pady %&e?ts?' T@é’ﬁ,ﬁs Zgac def | ect

downvar d, efc. Ehroligh thEehiRE Bt ¢1€at4 Bnb@eétPBing! | ght1y. High stress
concentration may result in permanent distortion of fingers 56a, etc. after

repeat ed Hedfllng, wihach obthedingeivshe.stedoms 34 eatilevpriaamalipicag) | evi at e.
Enlar genery asstigaqucc%ﬁea%ut Of ik %la%% o?ﬂ“‘lreﬁlb%net%eo}J f?e%;‘}{g 1@?&'@1%&9@%{?&@ s that

on the particular configuration, one or both of pads 63a, etc. and 75a, etc. comprising

each of the fingers 56a, etc. To avoid stress concentration at the bases of the fingers
564, etc., the bases of slots 62 may be wider than other points along slots 62. The
bases of slots 62 that are wider may have the form of small circular openings or
enlargements 66.

[0082] When in use, fingers 56a, etc. deflect downward, i.e. in the negative Z
direction slightly. High stress concentration may result in permanent distortion of
fingers 564, etc. after repeated bending, which enlargements 66 at least partially
alleviate. Enlargements 66 can be formed as part of the laser machining process that
forms slots 62.

[0083] Interface membrane 80 is interposed between load board 47 and
contact membrane 50. Membrane 80 may be somewhat thicker than membrane 50,
since very little flexing of membrane 80 is required. The via array 90 in membrane
80 includes individual vias 83-85 having a cylindrical shape. Membrane 80 supports

and positions the via array 90 as represented by vias 83-85, and places them in
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forms slots 62. [0083] Interface nenbrane 80 is interposed between | oad
board 47 and contact nenbrane 50. Menbrane 80 nmay be sonewhat thicker than
menbr ane W0,208VmsEsvery little flexing of nenbrane 80 i #Crasadmwosso2zihe vi a
array 90 in nmenbrane 80 includes individual vias 83-85 having a cylindrical
shape. Menbrane 80 supports and positions the via array 90 as represented
by vi as 8Xighmeandithrapesivelyetest comtdctrioef®. with respectively, test contacts

56-58. [00 Load ard 47 S connection 1-93 that. connect using
convent i on@ﬁk‘f]_echnolblgwq’to rd; aécﬁ?.lecfg%ga‘&?%ﬁg% @?t_ecolnﬂecgruél@ﬁse al i gnnent

Wi th the agsQ&iiRhsteMimfod3o 8oble 4NEPRINO10TKAE G pRLise aRgRRdt ingal thend

mechani cal contact with vias 83-85. This arrangenent provides for extrenely

short condassediged vien§3188, thenchie arakingsobdalesiiselandgnephagealgomart with and t he

cup i h o ERa T SanER Pt purdtigbiy s S EReRRIBNS"C 2re0R o @

83- 85 contmsiéen'the BN a6itidis ZOSNEDUTOND fdie ad boidel7 connédtiogpads $Ba, etc.,
and simlar connection pads on the fingers of test contacts 57, 58, etc.

[0086] A mM¥ber of reasons exist for this configuration of vias 83-85. In
the first V\[P;bgér:]e’ the\/iségg?'{?%'ﬁ:a eﬁllelsﬁéﬁg%m pQ’Jitht nfeh@gﬁ,ra%_sﬁgﬁniﬁatc' to flex

freely downwards. Secon e cup-shaped structure of vias 83-85 is

wel | - sui t eigines 6 ahd &c Thagdgamsteach vial8s-§ nentdcasithe adjedent sortnieetiort feest est i ng
process creates. fingers 56a, .etc. contact individual bcﬁ“ 20, debris
that for ms/ 2 G| Kpge ,?tﬁeaﬁﬁg%%agcmct?cglmﬁanmﬁ%rﬁ d%%i as 83- 85.
ProtectingJ.ppfd #9038 4t@7 fromthis debris prevents electrical performance
from degraé)l ng and t’he | oad board 47 from mechani cal damage. [0087] Figure
7 shows a [0086]i on of A membendfanasassexitfl fedthisConfigaationofuds8¥84, Ivhl, etc.

are in firmelectrical and chani c onnecgtion w th vi 3. Note that the
al i gnnent f??'aﬁléc%gle&&%tumlﬂ‘%éﬁa&f 8’?&’? %‘Qﬁ?rﬁ%%fet‘i'#ﬂh% ﬁﬁ‘gV%'PYVH&%g' 56a,

etc. The f4d-pndIeRaBipslape® HRAGGire OF vRS BRSNS GRNREREd @Roldétmg ihdst o€t C. and
via 83 mnimzeS the ‘amount of debris that penetrates the contact area

bet ween cdhaewvitahic detis thBahe esting piaeesy cwaBs. Ap Gi088F S62.Gle- €08agthows t he BGA
orm nal % By 0RO, BB A EhE e MRl (e o
Fi ngers 56das 83-85. Ptdcliff 1ol dshided! from aliig debiiepevdanddcgricahperforeancat er i or

from degrading and the load board 47 from mechanical damage.

[0087] Figure 7 shows a portion of well when assembled. Connection pads

75a, 75b, etc. are in firm electrical and mechanical connection with via 83. Note that

the alignment plate 45 does not restrict flexing of individual fingers 56a, etc. The

firm mechanical connection between connection pads 75a, etc. and via 83 minimizes

the amount of debris that penetrates the contact area between connection pads 75a,

etc. and via 83.

[0088] Figure 8 shows the BGA terminals 20 of a DUT 10 in mechanical and

electrical contact with the test contacts 56-58 as contacts 20 might be during an actual

test procedure. Fingers 56a, etc. deflect elastically and independently into the interior

spaces of vias 83-85 under force applied by a DUT loading element of the test

equipment. If an individual BGA terminal 20 is in less than perfect alignment with its

test contact 56-58, the independent compliance of each individual finger 56a, etc.

assures that good electrical contact occurs between the test contact 56, etc. involved

and the associated BGA terminal 20 throughout the test procedure.

[0089] A spacer 100 positions a DUT 10 properly in the Z axis position during

loading, and prevents DUT 10 from pressing excessively on test contacts 65, etc.
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spaces of vias 83-85 under force applied by a DUT | oading el enent of the
test equipnent. If an individual BGA termnal 20 is in |l ess than perfect

al i gnnentwei20tv/62655t est cont act 56-58, the independent eomraisz@anssoes each

i ndi vidual finger 56a, etc. assures that good el ectrical contact occurs
between the test contact 56, etc. involved and the associated BGA term nal
20 througheodo]t he t emie RhPAEN F-catPBBY teAnisBIEXEdoct Ot tdQsH Ahyosrzhé DUT 10
properly in the Z axis position during |oading, and prevents DUT 10 from
pressi ng digessionetty dscardinglys Biesaeanirabycasgemapooyoykerd@uringthe testing ea of
each BGA t -d Iael 20 does not touch any of the fingers 56a, etc.

Accor di nglpy, these central areas remain unmarked during the testing
procedur e.[0091]91] Thehespase Soriredydhbdylotsit’ anll dicsgapDeaneknithefrgapndsetfween t he
free ends of fingers 56a, etc. allow debris.to fall through to the interior
of vias gdingsrs %ﬁét%@élolé’djr?f’ﬂ@mgili%fﬁu%htoe‘&%ﬁ“?}?‘g of 313853t p e HB debris and
prevents t - CéH I i damagi ng
oad boar 4T e e B B o ch i

[ 0092] Fi doadebdrd 47 and metHaaicaby Hamggdg taap behm\ddt wbithvs emexgfensizst cont act
56, which shows fur%her features thereof. In particular, serrations or

teeth 88 SAMPRBENQf fhedest e@WRMeRt ¢ of jndividual fingers 56a, etc., make
contact Wheo2ApGA t erprhitabss & Aurther Exﬁl_grgtei@%pi é]&vati_EleeIW SBeqbn@bbesCr at ch

through any oxi de | ayer on BGA termnals 20 while termnals 20 are pressed
ont o test vdueh shoms fBBhestfeaturpe drereof 8 Impartipdarp ssstatiopherteeth 88roy thonveni ent

pl ace on the. contact pads,.63a tc. ldeall teeth 8 Ln_a i mte
radial al isaﬁﬁ%eﬁggw#% O i B b Cy Tk SSBta8y i Hca PR Y 56,
etc. This d@kihgWstidg COédth BY c&fdndGtrath th@akh aBBoate By sreBGiIANRImMIAQIssur f aces
while mcrocircuit 10 is |oaded into receptacle 30 and BGA term nals 20
def | ect fi2Qgehils temningls 20 afeyospd Thie tess sonfagigSe gis. Jecthd®rivay By a variety of
t echni ques, . j i r 8 n ges of
tinger s soeHeReELGhl S/ BRAL SR BobBphlil B8 bl TIBI R R £ETT0 P
process f afi approxinige Skl sligznent héthubeciedle defirmng vhyf heghstlcas@cts56am
intensity during the slot-formng process_causes splashjin nd furrow ng of
t he coppercihbdt alloyys? @Ht“b%/e{ﬁ%ﬁﬁg teRid &pn ﬁgéééFWPalt%éuF%%%rw chi ni ng beam

is direct gﬁkcﬁaﬁggﬁ gﬁgté%heﬁ?ﬁ%Qg&g&quH%&@&miﬁlé Shdefide fifFROsEd copper

surfaces a, etc. are p wth thin [ayers of nickel and
gol d. Thi ®tgpl ati ng process does not seemto interfere wwth the ability of
teeth 88 t[8093] The teeth 88 can be formed by a variety of techniques. A preferred

technique is to form teeth 88 along the edges of fingers 56a as a serendipitous
byproduct of the preferred laser machining process for forming slots 62. The use of
relatively high laser beam intensity during the slot-forming process causes splashing
and furrowing of the copper sheet carried by membrane 50. Ideally, the laser
machining beam is directed onto the top surface of membrane 50. Often, the exposed
copper surfaces of fingers 56a, etc. are plated with thin layers of nickel and gold.
This plating process does not seem to interfere with the ability of teeth 88 to
adequately cut into the surfaces of BGA terminals 20.

[0094] The following exemplary values are suitable for various dimensions of
the components in a receptacle 30 designed for BGA terminals 20 having 0.8 mm
centers. Approximate values for dimensions not specifically stated can be inferred
from those given. The diameter of the test contact 56 is 0.5 mm. The width of the
slot 62 is 0.03 mm. The thickness of layer 61 is 0.025 mm. The thickness of pads
63a and 75ais 0.018 mm.

[0095] The Z axis compliance of fingers 56a, etc. is a function of finger 56a,

—13=—



adequately cut into the surfaces of BGA term nals 20. [0094] The foll ow ng
exenpl ary val ues are suitable for various dinensions of the conponents in a
recept aclwo2010desi7’gned for BGA term nals 20 havi ng 0.8 mOTASAM00/055023

Appr oxi mate val ues for dinmensions not specifically stated can be inferred
fromthose given. The dianmeter of the test contact 56 is 0.5 nmm The width
of the sl odtc.dengtls aft Dckness ahbd/G dipokire aowingl faymnltiplelfields 6f éidfacting The

t hi ckness of pads 63a and 75a is 0.018 nm [0095] The Z axis conpliance of
fingers 568% etc. is a function of finger 56a,etc. |length and thickness and
|/ O exposypgegy! | ow %F&ﬁrloqyabae{;&ufvw ei5of0f pdrtt 84 Ediact ARmHr RN Fi gure
10 is a perspective view of a portion of a contact menbrane 50. One can see
the indi V|(dnm¢an(swt}wand1pahial @Bact pads.63p,rem¢; pcejectmgslighthy dbovaltave t he
surroundi ng surf.ace n? 1pe 5 [0097] Figure 11 is a top el evation

vi ew wi t hotToBR¢ing guiassof membrane Y or f ace” menbrane 80 with a conplete via
array 90 apgopl i gnmguxfeqqtlyaeo% Q&vatiBh vRIWER1tBAl ¥nRAShicnORif BE intBifveane 80
relative to alignment plate 45 [0098] Figure 12 is a top elevation view

W t hout erthembrane 80 widifa compdeic a@tam&@raadellmnwttfmt@re& Binpirarecisedst cont act s
array 40 and..al i t fe rels y positioning nmenbrane 50
relative tposgoln%j% rﬁp%?ére)éwei%? gartelgés of holes in each of the
four cor nqoe9sf the RigireqQn¢ aedp diévatien vielw wAkdut 28t @ent, REBoNtEca | ar ge,
circular hole, which 1s a myunting hole. This nmenbrane is nounted to the

| oad boar dn@mb@ngﬁO piidecomples testrogntasts arpy Dandatignmgitdeatinss Spdel | circul ar
hol es, t ese are
al i gnmen t r (ilgehfp?stl]pcg{m %m%?%?@%F)%lQﬁ\yeettosa@ﬂnent lﬁgggofnﬂ)ﬁ:@lﬁgﬁles&%n ¢

pl ate, thr}mﬂ@hﬁfulﬁoﬂmﬂﬂfh uiaa@maxm@ftﬁatoplgﬁntlwqﬂatenm dach gerjbscthes ioﬁ t he
contactor asse .. The al i gnnent ns ho d everyt hi ng preci sely in place.

[ 0099] Théaligiea“s}m&}é«f@slerWBICBIIW@&‘#{‘&%SW 1ga & gagrebrane is jauatedite disclead | oad
board 47 \Ratq tmfo Fm)r%t}?we e do watt@stsnﬁﬁsaﬂmarhm@ ¥R gn has a
signal path that |s relative ort an as only one or two rigid parts,

so cont actthe eﬂliesma:mnérshh\m/smallankdngajecbhco:lemsﬂmewte aligamentdolegethrguzh wi t h

nore part ath, This. feature al so inproves el ectrical erformance
during t hé”]i“g@f‘h ngassﬁfgng}e@glgﬂ@gnmlatg 'ﬁb‘l‘ﬁgg\kﬁéa}?&t?&‘tﬁ a via

confines thgugh rEfnﬁmflﬂgeﬁlgce@"oEﬂfe'c%hﬁé ok assEMBIyH eReli ghREHIGRAS ﬁ(ﬁ@ number  of
ri ght angle connections, 1nproving electrical "performance and signal

everything prec1sely in place.
[0099] The vias 83-85 rigidly contact load board 47, which reduces load board

47 wear, a problem with other test contact designs. The design has a signal path that
is relatively short and has only one or two rigid parts, so contact resistance is lower
and more consistent than for designs with more parts in the path. This feature also
improves electrical performance during the test procedure. The presence of a hollow
conductor for a via confines the electric field (“E-fields”). The design reduces the
number of right angle connections, improving electrical performance and signal
fidelity.

[00100] Figure 13 shows the shape of the interface membrane plate with
conductive cups to trap debris and allow fingers from the top contact plate to bend
into the via holes.

[00101] Figure 14 shows a spacer to control the depth at which the device is
inserted into the contactor, thus controlling the amount of membrane finger flexing.
Alignment features 105 position spacer 100 properly in the Z direction with respect to
test contact array 40.

[00102] Figure 15 shows vias 83-85 configured with internal springs 110 that
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fidelity. [00100] Figure 13 shows the shape of the interface nenbrane plate
with conductive cups to trap debris and allow fingers fromthe top contact
pl ate to wendiwmsost he via holes. [00101] Figure 14 shoRSTAISI@aME3023 O
control the depth at which the device is inserted into the contactor, thus
controlling the amount of nenbrane finger flexing. Alignnent features 105
position q i Dy J O i I rino® 11 @St

Cont act ard By 8. B P B Sl L e e

i nternal spteipeged hdteemtitedptibms dHtheéntatiorof viiast&3r Sfeatidandivpbiahfingsss $¢-nger s

56, etc. Fi e 15 shows springs.110.i nterposed be en.the hottons of the
interior 0%89 &E‘E\grﬂgg&g‘fﬂ&%g?%ﬂ%@%ﬁl‘ntﬁfﬁﬁp&gﬂg@pe g@?e‘*ﬂg WY nent may in
addi tion tigiei At EMbABLNERIDIARAISEOS a EREHY T1® s BRCANENth P VT hadieion@br ane 80" .
The use of a spring 110 has the advantages of additional Z axis conpliance,

a further axoncwpliaoee, pdtuithdssondistion pathdety 8 fmgers 26-58i and vam-89535, aRd)

i nproved averall, el eﬁt[rli ;Eacl Eerrf(;‘n%%ﬁ@ence. [ 00103] The structure can be

nodi fi ed tlglpé?‘fegvﬁ?vﬁr@ \f"?ﬁ:rt'é% ‘fng on"a BGA or Land Gid Array (LGA) device
packages. [pbeo3fel Vi MMHd Beetire ¢dn Helracdidedtd aiohcKelvin teaigbneBGAUGred to an
interface where they are tied to a Kelvin nmeasuring systemw thout the need
to nodi fy lredrGrid AgiarLEAL davieepaskagss. dbgfelvp tragrs, Ko E\?Ffﬁo’ﬂ E4¢Ulystem The

test cont agiupfe Bl i Bubiflle BheMPRE hdichi% SRR Mfedkinhel ol ¢ hait of
the fingers a, etc. rromthe remai nYng %lngers é a, etc. Individual vias
83- 85 can wighdlit tiededd tompdidy bolerdseyiag atennectoncidapints thoKelvén tesio set s of
fingers 56a, etc. conprising each test confact 56, etc. .[00104]. A slightl
nodi fi ed pastery pkhedest caléta‘e}é%(ftfagtuaﬁ ?aind%sé?%flg?‘{)‘io eg??fl?%glw l%iﬁag?%of Higt gu | 0\>//v
very accurfﬁ{ﬁ*@?_‘gﬁcﬁg{a@%mgﬁm Ee?f%irﬁfi’é fiRedr564) 81t @Rdividamiass §3-85 ddiend ol er ances

on the extr ucral pa a precision cut pattern would allow for
opt i mum cetivided togprofide kepatiae cameotiortshe thedmwoaets@f fingere Spacte comgripes a

di stance fromthe devi ge so the housing would need a snmall hole to allow
the optic<LaFBtest $QpAChRO18% pad. Such a nodification potentially may

el'i m nate fohfoqjeed f Rrsli?{ti}grﬂ%ﬂéd Fé@t_tyge 45 bd £RAQ5] fdLiEier Pabpi@ly, the

design may include elecirical isolation between each finger 56, etc.
al | owi ng Hiagtiers that eHomilveryzasatriatei tlycement ofdheperts infbrisstaontactor. The path by

doubl i ng the nunber ,of pat.hs .from t.he i r | de.
El ectrical'f r"?n§8§%fhﬁﬁxggbﬂu?lﬁlcﬁa\g}“ﬂgla? f)r% | lﬁ%élgﬁk}gagfehg?gglla% ?18%%% e ot her
fingers ofogtiffunh e&dteriipdfané d&fee on the contactor. The pad could be a distance from

the device so the housing would need a small hole to allow the optics to align on the

pad. Such a modification potentially may eliminate the need for alignment plate 45.
[00105] Alternatively, the design may include electrical isolation between each
finger 56, etc. allowing higher thermal capability and reduced inductance of the path
by doubling the number of paths from the top side to load board side. Electrically
isolating each individual finger 56a, etc. from the other fingers of the test contact 56
may improve electrical performance.

[00106] The pads 63a, etc. can have many different sizes and shapes to match
the device and/or device package I/O size, shape and pitch. Different thicknesses and
strengths of layer 61; pads 63a, etc.; and 75a, etc. will provide different contact forces
to the device I/Os. This feature allows contact force control to best penetrate different
types and thicknesses of oxides, both of which range widely. Loaders are limited in
the force they can provide. The ability to adjust the contact force allows for matching
contact force to loader force.

[00107] A flexible insulating material is used to adjust the device resting point

and optimize insertion forces. The spacer 100 thickness will be solely a function of
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may i nprove electrical performance. [00106] The pads 63a, etc. can have
many different sizes and shapes to match the devi ce and/ or devi ce package
I/ O size,wehap2artd pitch. Different thicknesses and st Pemgish@oossoknyer 61;
pads 63a, etc.; and 75a, etc. will provide different contact forces to the
device FOs. This feature allows contact force control to best penetrate

di f f er ent the/pdkexderdionhincke desesorafevimk ipdesige b By makingthe spacenogeftheadel v.

Loaders are limted in the force they can provide. The abili to adj ust
the cont adtmf BABIARH @\ﬁ/go?tﬁ?t Rle-d ﬁ‘%’l_ﬁé“ec%‘?‘gﬁsmf“oaﬁé‘gu?g‘tIOS%LHEE‘}/f or ce. _
[00107] Aabddtmt fr@ohtastPiRbtrddd rdIRY Rigidatink Spstafhsia® eRUAHE inskRdnd@NElCe resting
point and optim ze insertion forces. The spacer 100 thickness will be

solkel y ahﬂﬂﬂi@ﬁi on ofﬁhﬁﬁe(;d@'@llusmléﬁM@m@ﬁoﬂMérf@t@\MO@eméiﬂh&né\ﬂlﬁén@ac kage. By
i t t th terial h | [ ti
T 0 SRR AP AP B, RSB

conpr essi §If° cof nstress relieving

during op@eahicting déticeleStitit & parfiselat ¢adback fiéibsane[J004 p&Entldllysusdelsifgn uses
only two parts to interface both nmechanically and electrically hetween a
devi ce and@/certaigdest epplisatiameiecan/bo agtandard foa@ripbier @ faily afdadeesfadrthect i ve

et ol o et PRI RPRRRY (IR ARAARRCAD IRl S il bl D) © 101

a certain 1'on or can be ootprint for a Ffamly of
devi ces wité hsstifeehs U POtdobs ndiheakerdesthictioe comndirvatielo8dbomy 4Ge lathis gi d

circuit thick and stiff enough to assure_the DUT. O does not make
destructi @@be@m%tanﬁllgﬁm@afgmsé&rw tgp ang, pligngithe RAJQiGRE APNARTAY | gnment

plate fit ggs A LSRRy nﬂliiﬂ@%e&i@@s A bettd s thLQMeAfthe Qé’iﬁg}ﬁirﬁgluln%ﬁ@r dingly,

mul tiple Ices C be tested at the sanme tinme using mninmumload board
space. Théoardgpacel rfherfgit mterfach nendrd® §0dss condhetar pathp shdtsouthitite rout e t he

signals directly t redeterm ned tes oLNnts .qn t | oad hoard.. I n effect,
the i nt er F1gR@IS ﬁ%ﬁ“ﬁ}fyaﬁé’r%tqr@l?aéﬁﬁtf’f’@st%t#‘ﬁioaﬂ%?a(fvﬂﬁpg?éﬁte CARFMAC act
array 40 infenfiratdsy disg&efic (0QRd BRIT Whte thRSést tonthdiafral a6 ididl@fdatdied epl aceabl e
menbr anes between the device under test (DUT) 10 and the | oad board 47.

Each of t f@¥&%henbr dhesest Sxtued inciudes tyvo naplagrahls membradesspsyearndhe epl ace,

conpared wi t.h a ne rd. 47 t r-anes.ar igned to
accept daﬁlﬁ‘é‘ge Hﬁ(gerﬁééhﬁ?@ng&?Wa eg%gqﬂogr;bef@o%%g%ﬁg’eF %Wﬁpﬁg&%%ganaged. It
shoul d be rg1ghRy fndRpenkiVentd BRY t8k§lacexédhipagedMith htheddoaf bowed harsocal

el ements for placing and supporting the device under test; these are not

di scussed three Brenfooaies ofe denignebivicasns damage al debris sp Bt ths lead boagdh{ act
menbr ane g%ﬁalﬁi.ugcﬁn{ag&g Z{t \t,s\gcgirllﬁjpﬁ g&%d %‘fj Blerd 1?1% atsQ extmAtichdY & f ace

menbr ane
mechanical elements for placing and supporting the device under test; these are not

discussed here.

[00110] The membranes may be referred to as a contact membrane 50, which
faces the device under test 10, and an interface membrane 80, which is between the
contact membrane 50 and the load board 47. During the test procedure, the device
under test 10 contacts the contact membrane 50, the contact membrane 50 in turn
contacts the interface membrane 80, and the interface membrane 80 in turn contacts
the load board 47. Each of these membranes 50, 80 includes specific structures,
which are detailed below.

[00111] The contact membrane 50 includes a series of paired electrical pads,
each pair being on opposite sides of the contact membrane 50, each pair
corresponding to a particular pin or terminal 20 on the device under test 10, and the
two pads in each pair being permanently electrically connected to each other through
the contact membrane 50.

[00112] The pads facing the device under test 10 are referred to as contact pads
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contact nenbrane 50 and the | oad board 47. During the test procedure, the
devi ce under test 10 contacts the contact nenbrane 50, the contact nenbrane
50 in turwocorwest’s the interface nenbrane 80, and the iPorarst@omssmesbr ane
80 in turn contacts the |oad board 47. Each of these nmenbranes 50, 80

i ncl udes specific structures, which are detailed below. [00111] The cont act
menbr ane 5%-58)ahd depads SRingesv i frqmiteattvizk eatier tealarquattstedeaad pair being on
opposite sides of the_contact nenbrane,S?, each pai.r corresponding to a
par ti cul arcoBReptign Peds FA- navrinmussneach &erguial 28 onde evﬂ@ﬁndi’bt,e“aﬁ?ocotnf?gtst wo pads

in each paj i g %ng } ¢ | ; er through
t he cont agdtgonr%g%rah@e . Fg%il%%?’?ﬁ%ﬁ%%}ge&a%%gﬁg&ég%l?gﬁ%ﬁggﬁ test 10
ar e ref er rietivéen the termintah 2§ apdidis 561t58, pad 3G-18h Bepaubs thicaaintayt padsyd k5o m t he

devi ce under, test ar eeée erred to a[f Fglor}neaﬁ{i on gzd{i 75. . %hl nﬁ use, each
term nal ZHIGATRIEORR Sl YREETAETY FE EEHY LS e BPTELFontiy cont act
pad 56- 58, dRlrd8h 8lefBieNadhAR oA BEWRLS ehdh tehinSIND RElisQ@OrregioneiRg t he
terminal 20 and the contact pad 56-58. Because the contact pads 56-58 and

connect i orcopaehtion padii’®. permanently el ectrically connected, pairw se, there

is theref el ect,ri.cal. connection.be n ch ) its

corr e;pon%ﬁbﬁ@onnec }Tedﬂtaebfgﬁe 1?%%‘18{*’86%%‘}&*% aisﬁﬁ%sr%ftggé@r%é Pélgcgla%g i ncl udes
a series Qfssentialy 8d-Sapedhbleimadeoastarbh@ldiyg tbpertiapreibdrelofsadiedp out of
a conducting material. The base of each cup contacts a button contact

menbr ane dentaktsiarbutton gortaeitraerplrane which dis B apHHacts d AAFEePPRHBad 91-93 on the
|l oad b d 47, ..Th { f I
ngﬁbr aﬁgr ﬁmmcélﬁnt%ﬁ& bMo3lonGRE ﬂ)&& HB?JJngg S %‘é ?1211 gfé h c[q't;j gr%%%ﬁ ag)gﬂtfﬂ)‘fﬁ

e“deéevi ce under ache contacts a
cor r espondhégortai Aedibrame jiasthdibthedetibeundentaact( ivrlehichak abd covtaats 8 he devi ce

under test 10 is attached. [00114] Each via 83-85 gn the interface nmenbrane
80 gener al9oyesneadngsrBotcHon@a¢ & PR EKHARSLEe ’Eall?e§8t“§}eﬁ1'ﬂ|1% VIS WEE he

devi ce undcgsrt lb‘?ss%tt%ﬁed and a one-to-one correspondence with a connection pad
91-93 on the Toad board 47. Note that on the contact nenbrane 50, there nmay
be a singl[60ad pai rEdchivietiz85 vethwiintetfa@memnbtane 8t eenarallyhateroneetot 10, or
there may be nultiple pad pairs. f each termnal 2 Fur,t hernore, the
contact pd#s CBGQ@QRQ?HW %Wr?e@f‘?@ﬁlo@a%&? SeRES u%‘ge\l} éesgl%r‘?é@ AEIgH one

corres ponq,%ﬁ%%)o%lgéncte%ﬁlea EsheDforSRMe1 83 SRt acdd HRAB4 R ONSR thloneRe h

connection pa , or there may be several connection pads 75 for each
contact pawn&6t mEmbrne SAgthere may be a single pad pair for each terminal 20 on the

device under test 10, or there may be multiple pad pairs for each terminal 20.
Furthermore, the contact pads 56-58 and connection pads 75 may have a one-to-one
correspondence, or there may be several contact pads 56-58 for each connection pad
75, or there may be several connection pads 75 for each contact pad 56-58, or there
may be a combination of all of these. Although much the language used below
assumes a one-to-one correspondence among these pads, it will be understood that
there may be several pads on one side of the contact membrane 50 corresponding to
each pad on the opposite side of the contact membrane 50, and/or several pads on the
contact membrane 50 corresponding to each terminal 20 on the device under test 10.
Note that in some applications, it may be desirable to have segregated pads on the
contact membrane, which may perform different monitoring tasks — these segregated
pads may each have an independent electrical path from one terminal to one of
various contacts on the load board.

[00115] We summarize the electrical path during testing: When the device
under test 10 is attached to the test fixture, each terminal 20 on the device under test

10 contacts a contact pad 56-58 on the contact membrane 50. Each contact pad 56-58
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may be a conbination of all of these. Al though nuch the | anguage used bel ow
assunes a one-to-one correspondence anong these pads, it will be understood
t hat t herworraw/te17sever al pads on one side of the contaeCTrSeiwaR®250
correspondi ng to each pad on the opposite side of the contact nmenbrane 50,
and/ or several pads on the contact nenbrane 50 corresponding to each

term nal %Qpé}grfatggl?c(l))dﬂ&tﬁgal Bhedi&ftb alBnnd%ios ﬁﬁ@% oh heSspRsiaPRlid 6at i ons, it

may be desi ave seégregated pads on the contact menbrane, which may
per f or m dithé eorgant nranirarer §0h Each sksnectiohpak’ seyheganteet membranagoadh have an

i ndependent .el ectri ath fromone term.pal, to one.of vari .contacts on
the | oad FOAPE. a%@%f B B{?fﬁ}ef Tgmi’ﬁgeépé”&epglaea&vbcgtlﬁld e %ﬁ@‘ esting:
When the dgmi b tstakst!Beire 1 8adisvia 88 3sRGhe thtdriRe hedibrine@idtactaeh

termnal 20 on the device under test 10 contacts a contact pad 56-58 on the

cont act neebneotionpad 93 lendbmioad bogdd756n BBy maprarnagieaytt iy cnpleted; cal |y
ted  t ti 7 i i t act
ronbr ane. 5o endfE BRI BRths I8 uhli FRRO3Y heofifecon kB oFOTATL L (i

of a via 88 Bad®Baldng. iPsRh{aBBE tHERGhlacn@siSanodrong this dieuit ¢esuffidently est 10
is attached to the test fixture. Each via 83-85 on the interface nenbrane
80 cont actlewaoiasheetis inamagealien m thg range of the tg dregpeiicis42d ey t hi s manner, a
circuit is et ] : ' ihd est 10
and the coc#%%g{% th&lce%]ﬁag%&ggt%%@ts %g{%tggésgggrog%%mgégégﬁgﬁy% gtﬂrl16te cont act
r esi st anceaedtlequigmichi ssed ito meaduré sigisld 6 thieelavicy uhdemtesor Mast dyetests lss a
manageabl e, in the range of the test frequencies, and the characteristic

i mpedance HRrAFIFESES BRARIAGERESMMSat of the device under test and the test

equi prrent [Uﬁ?ﬁl]t O MBRARN GeShGNRIS pg%ilgﬁgos @le\[é%lfé%létﬁ@@ﬁbehﬁiﬁ the gYbsbusy St ens

use a characteristic inpedance of 0116] There are variations
possi bl e tpardgnaphs c freparticse thebeare ivariathoas po theinmeebasmagediiotrgovidaaparti cul ar,

there are variations to the hani sm used o ide a resistipng force to
the terni ﬁﬁ?‘St%fBFFettﬂgje&EWlB n‘Hlet:heH]‘é%Ife ‘i‘fﬁer {gdrglg? §?stﬁ§é?(§)rfge provi des
a general iREd ARGRrdl QofpPRaric8$ theitest ik ire, S0 thdt dtheitendcvive vddw teg 10nder
test 10 i s brought into contact with the test fixture, each termnal 20

exper i encéas beoughtainto, contastiwith ghantgstribdirs: epal terminan? BXPEEREAR A S N85 58,

general ly perpendicul ar to t.he ) I This

resisting @W@@gé'ﬁ%%}%cs? ¥ glgqc °§+a§p arf%a%%Sﬂ%é@f ﬁ%rg%}\f/\azélrll&rﬁ ﬁtéh%@?nrﬁ nal 20

and the coftacdevicdtindér & 100 Otilslrébistiny Weteasnabres b igoddeldetsicalabheact hat t est

fixture has a relativel ﬁaeléaéfge Zdi spl acenent between when the term nal 20
a al

first conthgbwesntthetesmiy treseutae paddo-58.
[00117] In general, it is desirable that test fixture has a relatively large Z-

displacement between when the terminal 20 first contacts the contact pad 56-58 and
when the terminal finally comes to rest (i.e., when the device under test 10 is fully
engaged in the test fixture). This large Z-displacement may help the test fixture
accommodate parts that have relatively loose terminal tolerances. If some terminals
on a particular part are longer or shorter than others, the relatively large Z-
displacement may help ensure that good electrical contact is made with each terminal,
without significant damage to the terminals or to the test fixture.

[00118] In the following paragraph, we summarize one resisting force
mechanism, which is described earlier in this document in more detail. Following this
summary, we then describe in detail various alternatives to the summarized resisting
force mechanism.

[00119] In very basic terms, a terminal 20 on the device under test 10 contacts
a portion of the contact membrane 50. The portion of the contact membrane 50, being

supported at one end and being free at the other end, deflects in a cantilever-like
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when the termnal finally cones to rest (i.e., when the device under test
10 is fully engaged in the test fixture). This |arge Z-displacenent may

hel p t he woe=b10fi2xt768r e acconmpdat e parts that have rel at iPe&lug20000523 er m nal
tolerances. If sone termnals on a particular part are |onger or shorter

than others, the relatively |arge Zdi spl acenent may hel p ensure that good
el ectri calfashoon. a¥earithe finadleendiof theecaotilev ey thersigflected ednsast meimpsare ¥ant damage

bar aor apn SBEk el B BFeb BEbn e R Bss RRRRERR ST Sl 8a: . e

earlier i rgstifitgm@eRtdom e lohd Podre 49elrdddme dpplitaineaht hterfaeMaBieen thie t hen
describe in detail various alternatives to the sunmarized resisting force

nmechani smbapefithe gia §3n8%andthe loed boardrdtgs rigid; eF netheampliangbeeise Hisis Be under
test 10 c 0 ti the. . rtion of the
cont act n%ﬁ%frﬁgéﬁlzc%sﬁg]&e%ngﬁ%ﬁgﬁ flg‘%qlg?ﬁ%ﬁlg?g}%&gﬁ Ieclat-rlllgjfas1‘ {r?lge at the other
end, defl eahtslever-likegantiuted\varthd tdoedcanieinbraneeawed geesiapad dreearchngtd trhe

cantil ever, the defl ected contact. nenprane 5 Ogt ac arimof the via

C t
83-85 on tAie pliPEr & EWARBRHALIAET Siocu éen_s%zsaega’fe ff?emﬁ%ce@ée—r BEGREL ur n
contacts Hb@lio ad_bogjef %Z?ﬁ%ﬂfﬁ&% &Bﬁ%‘ié-%bb@@a?ytileitvgﬁsthﬁftﬁéffélce bet ween t he

base of the via 83-85 an oad board 47 1s rigid, or non-conpliant,
because t lpeovading agediftingi ferte to drepbindnale 20 oo thet deviccamtén testd0. $Fonuel ure. I n

some applications, the cantil eyer-|like structures.agn.the contac nbr ane
are wedge-tgﬁﬁﬁgif?blﬁl"‘ﬁe"&?tfvﬁﬁﬁﬁoa/qswt&dﬁie%“e%a el Cgfaéﬂ%etlﬁ)"ﬁ’& ‘[Sé’(ﬁldﬁrtS%qoﬁgi r

ci rcunt er g thed Alerhivel bREpdshiblh8 wedint er of the pie. [00120] There are
alternatives to the pie-shaped cantil ever structure for providing a

resi sting [@k2de to tAérst elternaiaiedo 2@ mershdped datilever urgere refesed 1©.  Four of

t hese possligbl e lﬁl terpnatives. are des(grtihbed,,sequenti ally in detail below it

i s under stOSHTRINES B HEle G BRGNS 8 hossi bl e as wel |. [00121] A first
al ternati ygot2e)t he FignsdEpad Cadhbiv £ydtiomoyabexehpify ta@dfik@ré riormal ly as a
"single coil spring inside the via". [00122] Fi %ures 16 and 17 show a

0
portion ofhagingasingls eailspriaginsideqagh xiag Jo Fraye hey the devigp wndgbiest K%isng i nsi de
h via. _|n Fi ' i d with
cach L Al SRR I S P Bimdifle  Ofac Blansgd WD

17, the deygnge lnndedeviesindtdfsi Bofinlfilly epgggeditivitiched fizturest fixture.
[00123] The device under test 130 includes many nals 1 h of

whi ch may [28kst ed Thedepienyrdrrigpt hiflins|uds m&%@&g{r’@sbvlt ??éﬁt%ééf‘f%?q xture
; ﬁg . lhg {Tglﬁ%%gﬁﬁg%ifhgﬁenﬁpﬁgﬁarﬁfsiﬁlﬂﬁa&%% Bethelsst fixRMe 80" pgly spherical ,

cases, the shape of the terminal 131 may be roughly spherical, and the terminal 131

may be referred to as a ball.

[00124] Each terminal 131 contacts one or more contact pads 141 on the top

side of a contact membrane 140. The contact pad 141 may be similar in construction

to the contact pads 56-58 described above. In some cases, the shape of the contact

pad 141 may be roughly circular, corresponding to the shape of the corresponding

terminal 131. In some cases, there is only one contact pad 141 per terminal 131. In

other cases, there may be several contact pads 141 for each terminal 131, with the

contact pads 141 being segmented. The segmentation may be pie or wedge-shaped,

circular, linear in stripes, rectangular, irregular or any other suitable shape. In some

cases, the feature length is parallel to the ball movement during insertion into 120.

[00125] The contact pad 141 may optionally include one or more features that

protrude out of the plane of the contact membrane 140, such as bumps, edges, hills,

and so forth. The optional protruding features may help establish a good electrical

connection with the corresponding terminal, and in some cases may allow the test
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may be referred to as a ball. [00124] Each term nal 131 contacts one or
nore contact pads 141 on the top side of a contact nenbrane 140. The
contact pa0220lo2eEry be similar in construction to the ceoraskopas®256-58
descri bed above. In sone cases, the shape of the contact pad 141 naybe
roughly circular, corresponding to the shape of the correspondi ng term nal
131. I n sdhureasesrk witkidevicss ey tesnigOahatthacs repaxdd ialdrapedss oneheir nal 131. I n
ot her cases, there nay be several contact pads dé141 for each term nal 131,

with the dewesidte teapigalss in spane epsess teeptiopal profaidig fralieshasn ¢3¢ be pie or

wedge- sha [ I ' ' I aﬂfgsq,ln?er j ahal0r any
ot her sui {% gg’Fsép%?Eg%égg?%ﬁ éggﬁnghcegg%sz;,n t’%l Eg&}%{i? gEfl'e engt%SéizsréH%g&gI%Iﬁagl to the
ba![! no?/lermmuclﬂmgd fearésmaey hdwmh?pweudm.he[xﬁ@bﬁﬁ:]s, péinigal spindres; bupasl 141 nay
Che. cont adte HiENty aRBeCkagou e s CHEES cutseanire rany et 88 Fn” The
opt i onal REd. uding features may hel p establish a good el ectrical
connection wth the corresponding termnal, and in sonme cases nmay allow the
t est fi xt ur[@0x26] wor k Thietdondetpadds] wndhe topesurfack3df thtreantaeh wenmbsinex ey is

tol erances _on their. respective termnals. In so cases, Ht | onal

pr ot r udi n@e%%egﬁggleﬁwgﬁ%%c@g 1S YT AR rﬁéo%rggg%ﬁ%(ﬁfl At iogﬁhée)géttltaogﬂon t he
contact pagdrfaddofIREEortas @fembril 10t iSatiRh phinfinettchlagrid 2 abitie€GoB43 have
shapes such as hem spheres, partial spheres, bunps, rectangles,

c Eec ker bggnay lpfamﬁjeﬂms)ugbdh@ eorttaqt anembranes sThegopngetion pads Lfymey #ee bg ui tabl e
shape. 126] T t aGt d :
b [ go{xaélypsggr%g&e n,thut Ba se%|'§r11g,flntgfl1 l’flgg% E)Ioﬁ)lag #ét‘;l?etctge g%]néé gsfth%g%ﬁg t

nmenbr ane R ne y el'eéetrica onne
connect i oRopAGSpalid 24 DN fchftchcimdidct pae1 41 istab@cimemitweith a pembulane 140. Such
a permanent electrical connection 143 may be nm thr,ou?h t he .cont act

y. ray
menbr ane. tamREnd o#desach sennsaien pabl 4245 asspgiated it fegRIRL fhesigHtht ed, but t he
segnent at i : - fulbP&mefiaGiagnads 141. In
general , 33%%%%?5@%3&%%?%E&ggé%g%?gaﬁ%%ﬁﬂau%aﬁi cul a?ﬁat erm nal, and
each conndglesoimppaantléhin itk assotions batweert the padsel i andl 142tand thpieci se
associ ati on between a particular contact pad 141 and a particul ar
connect i oAS§PREHVEAOMIBISoss | nportant than the associ ations between the pads

141 and 11180162'7? t heiff, 6,88 RREL | N tdpSnATbBAGS sulfBQ) & helthp MBct pRiEDr the top
and bottom surfaces of the top contact plate, or contact nenbrane 140, are

made fr omcohectsaambrne d40,arc made fivw thheanyamaterinl ankdries the sanp shipkgsput t he

metal con c1:st m%;rl Sl?t e metal %Lr(l)testg"t atre% Shore st ?(l) a %glﬂ}ra?%nt%t%?ea, Wﬂic%f]nwiy
reduce stresses and result in a longer part life.
[00128] When the device under test 130 is attached to the test fixture, the
terminals 131 contact their respective contact pads 141 on the contact membrane 140
and force the contact membrane 140 into contact with an interface membrane 150.
[00129] Adjacent to and parallel to the contact membrane 140 is an interface
membrane 150, which includes a via 151. The via 151 may be cup-shaped, as
described above for the vias 83-85, with a rim facing the contact membrane 140 and a
base facing away from the contact membrane 140.
[00130] In some cases, the rim of the via 151 extends beyond the plane of the
interface membrane 150, toward the contact membrane 140. In other cases, the rim of
the via 151 is flush with the top surface of the interface membrane 150. In some
applications, the via 151 has an electrically conducting wall. The rim of the via 151
may be generally circular in cross-section shape, although any suitable shape may be
used. In general, it is preferable to avoid sharp angles through any current-conducting

portions of the test fixtures, in order to reduce any undesirable impedance and/or
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reduce stresses and result in a longer part life. [00128] Wen the device
under test 130 is attached to the test fixture, the termnals 131 contact

t heir reswoecvinvmeswsnt act pads 141 on the contact menbrameTASR006502Dr ce t he
contact nenbrane 140 into contact with an interface nenbrane 150. [00129]
Adj acent to and parallel to the contact nenbrane 140 is an interface

menbr ane 1ifictanbé efffedtdicl udes a via 151. The via 151 may be cup-shaped, as
descri bed above for the vias 83-85, with a ripfacing the contact nenbrane

5
140 and al¥HS4] f aci ﬁ@eéﬁwfﬂh%ﬁi\atlﬁén@drﬁeﬁﬂerﬁgﬂ%@ 1B AESSPRASP80] I n sone
cases, t h%g%&d@g%\%l\g%gﬁ% \f% Qlaéégna?;f)teﬁlg%g ﬁ%%%gfa?%e‘%ﬁtﬂﬁmﬁg, driagyl nterface

menbr ane cont a rane n ot her cases, the rim of
the via 1bptibmlllylbesbgmerthd.t Ae withphepads avamtiofed dbove,thesdgacataienimayne 150. In

sonme applications, t via 151 has an electrically conducting wal]. The rim
of the vi&KeDp wyuw@?fgweﬁ,aan?ifa@} FeEmeaf s lfe%tglsfs%%oémdé L l,cutfr t hough
any suitablg:SHaRe HRYe RRiddSHler tBit 196NEH &me ddsed, hetia8E 6F @Bhve 191 @ypi d sharp
angl es through any current-conducting portions of the test fixtures, in

order to nsdubeonamy moredbsles.abdrsuffimiediyiange Anlgs.che mdudtl amayebesgbie®t s. [ 00131]
The base of t .vi,a 151 may be general | i.rcul ar in cross-section,

al t hough &RY Cg’ﬁflf ﬁ"ﬂf @agﬁﬁ%%Otﬁﬁvgﬁeacﬁ%ﬁﬁte%%S@eag’g Yy’ 'be continuous, or may
opti onal | yo@g2pegnenthedia I ivelfhob&ts aRpHag MENWiREIEMa R bWl dnber grgerent at i on
may take on any suitable shape, and each segnment is ultimtely associated

with a parcoiltinbide theeviai Hegomepsesntherspriog %6 apelped ptasbassty thén sone cases,

t he base of the via 151 J.ncl ude : r 0 rasUbficiently
| ar ge hol é%t?rf?(ﬁénw ra&%l%{hbles 1f'f:‘i)'al eéﬁ{}(ﬁ;a@%tnh[%% g%l?tl %Sﬁgrgg err%@ Iﬁé%/e ot herw se
accunul at ggrind 83 Xigrotides ¥ radistibg forb§@r3agh theeontact h&biahes ¢40, thdueses a spring

152, which may include one or nore coils inside the via. ILn sone cases, the
spring 15Zespectiviedersriag 13d onithe device under teet 130t dnp gencerl RSP ARRI S, with its

free end fagi 49 ;I‘r{iﬁdgsoz{'%ﬁ% Eomm%" fhaké %%re TE10%RF EStact ? @ PHER 2

resisting rorce, roug e contact nenbrane 140, to e respective
term nal h¥nteand 1), Hevd gedusodeectioasd lok8Boardri6feneral , the spring 152 in

each sl ot praovjdes bi as downward to nmake sur he ]l ower contact plate, or
interfape[m} ane %@G,Sp%?gn %kddn%y%ﬁ%bﬁ?%‘ﬁaﬁ%h@ﬁ et?B’a\r"ng_rli'@ﬁ’PltT 00133]
The springelag Oﬂotsﬁi%hf eXTBMIs BBy GHY 1R Eﬁh& 6 4hk Yntb@AdERRESBDGAE | SOMOWRRd then 1 1S
rel axed position, extends beyond the plane of the interface nenbrane 150

t owar d t heontacttragrbraperbéGBhelte ofithe chih swydic atthcheddd thewgll dlethavizached to

the wall qgl top the base of the via 151. The base of the coil may include one or more loops

that lie parallel to the base of the via 151, rather than at a slight incline like most of
the loops in the coil. Such coil or coils at the base may optionally be slightly
enlarged, and/or may extend into the wall of the via 151 in order to become anchored
to the via 151. Similarly, the top of the coil may also include one or more loops that
lie parallel to the contact membrane 140, to ensure good contact between adjacent
elements without generating any undesirable torques.

[00134] The spring 152 may be made from a metal, and may conduct
electricity. As a result, the spring may optionally carry current to and/or from the
terminal 131 of the device under test 130 from and/or to the corresponding connection
pad 161 of the load board 160. Current may also be carried through the via 151 wall.
In general, the wall of the via 151 may be able to conduct more current than the
spring, so it is preferable to use the via wall, with or without the spring, for
conduction, rather than force all the current through the spring.

[00135] The bottom-most surface of the interface membrane 150 is a bottom

contact plate 159. For the purposes of this application, the bottom contact plate 159 is
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151 or the base of the via 151. The base of the coil may include one or
nore loops that lie parallel to the base of the via 151, rather than at a
slight i nebDi2ow/d2ské nost of the loops in the coil. SuchPcoius2am/osmrs s at
the base may optionally be slightly enlarged, and/or may extend into the
wal | of the via 151 in order to beconme anchored to the via 151. Simlarly,
the top ofconsideredio berpayt ofitkointerfice embrancoplthaygh in prapiice; Hapay heed paral l el "to

th tact m 140 ' I
i thout - GHEPRE Pigteth finaisdarants SR So RO ARE I HARER BAERD, o TUEDCS

made fr omsgnilglyab thaduhtatyheadighedisoel ectricity. As a result, the spring may
optionally carry current to and/or fromthe termnal 131 of the device

under t estl08136] f r omTAgdoaghboagd ’c%nﬁléij‘?se‘éa_ﬁ‘ﬁlﬁﬂ?%ﬁ‘e@%‘r@'éﬁ iléh WEHEAEB1 of the
0ad boar 60 U Y PRS0 B EASFASK LN AUANAII G @adih vel I I

general , e Vi e able to conduct nore current than
t he spri n@ypially,tthérs iga efdeetoadiiesotresponderick detwcanwad teyminalsh 3drandihichout t he

spring, for conductjon, rather t force all the current through the

spri ng. [GB@?S]‘OWH%JSB’&W%E@%Q?MQ%@ %{glé?uél? Otthﬁ"earfa_ﬁ’tggwgé érmﬂgtf!ne 150 is a
bot t om coRf,aehndthdfitn dPfe 16aRMbORIHE GAUMARSRTecAbn pAsS GARRE Sifififat Mthet he bot tom
contact plate 159 1sconsidered to be part of the interface nenbrane,

al t hough ilendgroact 4T&d donnedipnipedsdk8pdesstibedttmyent . I n sone cases, the

bottom co plate 159 may be constructed si.n,larl.y it he cont act
menbr ane TQ@%W 001321]‘ Séfﬂ%czf%%lgheo%geﬁsﬁci%’@n}%ﬁ%ﬂedgg§m§7a1 ?lgg‘?s;%eo%rnrg%%ei on pads
161, with gaeelfQHReAdRAvEBsHsIRLhE SiHE eRRRNEE dibRard 160) 56 hal widilthen t he
devi ce under test 130. gé)l cally, there is a one-to-one correspondence

bet ween t setfagerrnerabrana 330 anddthe knad boandel®0iasnbionakst tegetherethe sal Phdsar d 160,

al t hough ot hey -arran n r (el [ t he | oad
poard 160 G CE RFRTRA Ao Pl RRERhiieF o MO FORBRIMEL SRn8n, "2, and
connect i ORofAREVOPadiIn hbdefloralpole or froMldylothen raatively ssfe sondueeive nt er f ace

menbrane 150 may I nclude ogne or nore relatively soft, cqndugtive pads on
the side meidlndn theabpenge obthgsasofie oondystivapadsyihe Raserd thenvia AP LE¥Ymenbr ane 150

and the | gﬁ%aﬁ%ﬁrogtigsgﬁ cﬁ{lcﬁlgggg g%f'{)rb fhg%%{tplg;sgrt‘% oiﬁﬂé IntRedls rSigf orm

slightly p preve t he oard 160. Such soft,
conduct i vaspatmapdiredity comttet fheeomgetion pad 16 antherdyaddidast 16| ati vel y soft,

conductive netal. In_the absence of the soft, conducti ads, the base
of the vi A3l nay Gtk EeprdiR pTusHES Ogtg‘ﬁ&fﬁﬁlif?(i?én% a ﬁYf%g}’ebottom surface

gglt gﬁ ![ EEH—F%[%F et 'df g‘%’»gthéﬁga@s up@osHbf @6 emirand whimé hRyywereReti on pad
to as an interface plate translator (IPT). The curved radius at the top portion of the
IPT may be used to bend the top contact around and relieve the stresses. The top
contact plate may be adhered to the IPT through a thin film of solder on both sides.
Other methods of adhering the top contact plate to IPT may include using welding,
non-conductive epoxy between pie pieces, or conductive epoxy on pie piece pads.
The spring in slot or via may provide an upward bias to the top contact plate. This
upward bias may allow the fingers to hit balls higher on the sides to keep away from
scrubbing on the no contact zone on the bottom of the ball so device under test can be
reliably soldered to substrate after testing. The bottom contact plate can be the same
as the top contact plate for economic reasons or it can be different. The bottom
footprint may optionally match the load board footprint for other on-center
technologies to allow for this concept to be a direct replacement for previous concepts
that may have inferior performance. The IPT can also have a slight chamfer on
bottom to hold the spring in place if the spring is designed with a slightly larger radius

on its bottom turn. The top bumps, which may help provide more compliance and
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[00138] Wth regard to the structure of the interface nmenbrane 150, the
structural material 153 that nakes up nost of the nenbrane vol une may be
referred wo 28/@m7snt erface plate translator (1PT). ThePchruseaonsididis at
the top portion of the IPT may be used to bend the top contact around and
relieve the stresses. The top contact plate nmay be adhered to the IPT

through a gréiidle §dr1|.151911€)% adtidh GarsidRrbfibald) nfdydRYorridd@ind®ivire ®on@dr sadiper i ng t he

top cont act plate t PT may include using welding, non-conductive epoxy

bet ween put@pmveiﬁefgrmesibl@@mwstm@r@ﬁé@u@ﬁlqﬁlr@a@@céf opslddreighhto Bering in

cpver 0 b JEX Ry SRS e B G b BUER 0k PR BRRATE AR RURLE 71D e

away fromiggeash e thingnhdi e uib(to@Qﬂlﬂsﬁm’imdﬂen(Bep&ldlﬁ@oﬂi)ed]mpnﬁbmffotdmﬁglnlad | so
devi ce under test can be reliably soldered to substrate after testl ng. The
bot t om cortuddunisaihe beaps aybedognadeo FEherHEIPERYS SEBRPREECHPAPRIFBESecononi ¢

reasons ol hetpohy gL aie IR SORA A TR ABidaNal |y atch

the load b center te ogles to allow for this
concept t @ohliancd] orectonitephtaomenfeind twioor pr evi ous concepts that may have

inferior 3‘5](3% nmanc The | T cag) al so .have a slig 1chag{ler on bottomto
hol d t he §]i @, thﬁ@ésem ¥ A3y bp setg ip an ggay IW?"hto SHEUHEI y | ar ger
radi us on b'eg% J&%& OAR Eﬁ‘ﬁ}nmag BE @B Wit HRandwbd ;ﬁﬁbmm b@l fheRTIRVirfiBedTOr €

conpl i ance provi de scrub action on side of bal é@be f or med
using a vmlocmtlbmmiey eigler baptdhod prchwliede)ff t@rmﬁdh ﬂm{ﬂ)dncaaom@ﬁ deyiest ud

bunpi ng C t.he | bl e act. plate tiple bunp
st uds ma;r%ﬁ ﬁF%?fje(c)i:ocSr‘?x?’BB gl?lg&%?clﬁ IBPIR ?)W Iﬁ%@&éé&'@%ﬁ ?ﬂ?l%lght up to
4 mls or yhékis d@ﬁp@ﬁlbxﬂgim [RREHIoRHRSY mb@i18l Pigutd'® Slaidarb@@Reng dfiRe bunps

nay be fornmed to either inprove scrubbing action on devices that need nore

w pe due tfollaﬁf?-ﬂeSlenmdpledBZto add nore height to add nore Zconpliance, or
? of(r)nms): nma}[g(?ﬂltogf i Lgef s dek %%E‘%?elrfa}_&ewﬁﬁ ﬁl%%%b%e %Xerqgst ?%‘n a%g'u(?m?“ array

V|ces ein ést ed

standard amalphysitallpaékagt Iﬁﬂcﬂlopé?@teslﬁkléﬁink@t:@tlt o:msﬁtrm;o Iﬁinﬁeheuis lemsias hed or
drilled off to matchtheI/OIocatlons of the deyjc bel gtest d. For
exanpl e, FRediag omesithatargenly shghily Higessthan tha assempty; Fbevetgty which is

derived fr ng of the
dor 1 Ve 1 YRR AARRIACHA QS WRE TR G EUSCat skt BB RN 10 O
devi ce undepladegsit dSmodules. rMbdmlbs/mde;lirgnmhhtepmps|cambe patdegouamd oper at es

li ke as insert so it can i nt o nunerous haqusi,n |ncI di.n nes that are
only o1 gRERpes Eding Raeria e gt Sate g entp1esn 3

and bottom contact plate and IPT may simplify replacement, as well.

[00141] A second alternative to the pie-shaped cantilever may be referred to
informally as a “single coil spring inside two concentric tubes inside the via”.
[00142] Figure 20 is a cutaway drawing of a spring mechanism 200A in an
uncompressed state, where a device under test is disengaged from the test fixture.
Figure 21 is a cutaway drawing of the same spring mechanism 200B in a compressed
state, where the device under test is fully engaged with the test fixture.

[00143] In both cases, the device under test and terminal, the contact pad that
contacts the terminal, and the load board and its connection pad are all similar in
construction and function to those shown above.

[00144] Figures 20 and 21 shows a coil spring 201 inside two concentric tubes
202 and 203. The tubes 202 and 203 are both open-ended, with the open end of one
fitting within the open end of the other. The tubes 202 and 203 can slide
longitudinally with respect to each other, thereby changing the end-to-end length of

the spring mechanism 200A, 200B. The spring mechanism is shown with a single
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having the main interfacing nechanismto the device be an insert, it allows
for rapid replacenent of nodul es. Mbddul es needi ng nai nt enance can be

swi t ched wotoion2si7aut es, resulting in a decrease in tesPEr/useansIvR3
Simlar alignment holes in top and bottom contact plate and LPT may
simplify replacenment, as well. [00141] A second alternative to the

pi e- shapedoflapting 20 raltnmghbﬁomelﬁ@rmdoﬂ Gpriing MaybE placed irsideshagbes coi |
spring inside two concentric tubes inside the via". [00142] Figure 20 is a

cut anay drl@%iang283- a spring mechani sm 200A in an unconpressed state, where

a devi ce L[ﬂﬁif‘z{%t est tl%éotght?aﬁ%g% % forngquh-{%efhé §ingl 101 iHdife thEt s ©0Z2 1 1S a

cut away dr'aw n sane spri ism200B in a conpressed state,
wher e t he méxzom nhmtdhe wieasthat amsf::ufrbm repegegedmpir¢ssionh end egansionsafitee [ 00143]

I n both cases, dev ce under test. and ter ct d that
contacts tSREDE @’#abh ﬁéZPn ﬁﬁeowegéﬂpl%ﬁ?lﬁo%g}t% §ub(‘?62§% ‘mo psalgﬁgr e all
S' mlar i r&c b/ ?édu@é‘w@&dor ABALA A ohRct SRR sFHRWitiRBRMBner WA IsF4he Fi gur es

0 and 2 ows a coil spring 201 inside two concentric tubes 202 and 203.
The t ubes \Qz()%an@)nﬁ(p@temnel dolvtuftagepie that tbdubeswhashredhee @]ﬁélﬁll@&t@law one fitting

ongi & udi HSIP 90 P PAABACT A SE e e e oy bt RSBl - ena

l'engt h of 0ghsRyik Reit FRGHGRINGA) ROBAe 28 B.conthetimpmhdidl, ﬂ’ﬁﬁh@ﬁhﬁm the shown
with a singlecoil spring 201, "al though nore than one coil spring may be

pl aced i nsiigiwall Itredlt%bég Cmgﬁé‘?{@fome tqroied pmétoghe adbaprdadvant age of
pl .aCI ng t gﬁ?f@il ng Oten %.l %?Sa&%tagﬁ b?%heztggesaagg 61%9% %lﬁ’ E&l%hctﬁ\t},els\q.ﬁg(r that
0 e spring’ may be

arises fr eate oerr essl1 ons ex ansi on

confined tiRe thRtaBVCidARihdGtam0E b ieSutas rﬁdyﬁbhhnlg&ﬂelﬂﬁiﬂlr@nﬂl He8muSuthe a
schenme may reduce wear or_accidental contact of t he spri nnglth t he inner

wal | of t isering & compsessesh F s dtnartiquiarlydenaierael ?%theﬁl&tm‘? naderiestdhersy reduce
| d of
or elim n%%AWIIOE gf %‘ﬁ?l%n8ﬁlg J&? ﬁe%th@ﬁéw&@ Fﬁte 15?{& re ”ge@Mtﬁer end o

t he spring antagels t y be made from
a conduct ithgtesefixalre. abdamylcalaﬂyshon twnmahtlmé hlaiyr’oedé:sseprtililglg current

to/fromthe terminal_ from he | oad 001 A .pat.ent] al

di sadvant &§@Prgspiopdh {50’6&%‘5%“ t‘éTeéEfFf“il@é a[t>y a’é{) ﬁ’t twlgﬁs}quﬁgﬁnq he

resi st anc ey Qthek flﬁ&ﬁﬁ&@?@tlﬁfdewa@uﬁ&g?%%t Wcl?ﬁadmndgﬁ%lbd'lﬂ@h&e how nuch
the spring I's conpressed. For a particularly long termnal on the device

under t estcasashamenheyy sell he hdﬂqu@tblysqarmer@xtbprmaewslédvmqﬂpqs met Wedice under
test is fyl llﬁénge-ﬂg% ggivﬂrteesglétg hﬁﬁtoeﬁgcafsésxﬁl%rp?ur of (t)ubes be e?ectncai y short

term nal ,
insulators.

[00147] In Figures 20 and 21, the tube 202 facing the device under test has a
larger diameter than that of the tube 203 facing the load board. Alternatively, the tube
202 facing the device under test may have a smaller diameter than that of the tube 203
facing the load board.

[00148] In some applications, the spring mechanism 200A, 200B may be
similar in design and in function to a toilet paper holder or paper towel holder, which
confines a coil spring to a particular longitudinal axis and allows the spring to be
compressed and/or expanded along that axis. It will be understood that in the test
fixture, the pair of tubes does not necessarily hold any other elements in place, such as
aroll of paper towels. Instead, the pair of tubes provides a housing for the coil spring,
which may simplify the mechanical requirements of the interfaces at the longitudinal
ends of the spring, and may desirably confine wear to the interface between the
overlapping tubes, rather than the inside of the via.

[00149] A third alternative to the pie-shaped cantilever may be referred to
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conpression. This would lead to test results that vary with the term nal

| ength and with the other tolerances in the device under test, which is
al so undespratwes176n t hese cases, current may still be a&deqisatelogsoearri ed
by the via wall, which does not lead to tol erance-dependent results. In
sonme cases, the pair of tubes may be electrical insulators. [00147] In

Fi gures 2GnnfalBlas 4 Rendlalod] gRibgfvati Deprddaerimtabios indidethetvist has a | arger
di ameter than that of the tube 50_3 facing the |l oad board. Alternatively,
the tube d08150hci ng Figiae déis zademmigar drawiig ofgysPHEY B1eshaign &PA & Bt er t han

LRt o neddi Rl Yl G B s b 0B ARG AL AE oMk AR RRPIIREL | 0.

t he spring nechani sm be siml S unction to
a toilet pAPgurd2? Hethe oomprped staeFighel 2dds a tohviely drawinigndshesspeingl spring
to a particular, Ionaitu,di nal axis and allows the spri n% to be gorrpressed
and/ or expRarharsa 28R @f Frasres2e and 23, ngither the comprsssadAE YNEHERTeFSAt he t est
fixture, thepair of tubes does not necessarily hold any other elenents in
pl ace, such as a roll of paper towels. Instead, the pair of tubes provides
a housi ng [0@¥51] he cdihke sppng mgchanfsnc 22 himyludespéaif springe2hpwhizhipeaides

i f the inter.f t .the | ongitudinal f th ing, and
ey dest 1 Ab gecshieakuonghS SEhe Arg estPaRE BevRlens PREoD St SRR iy " ubos.
rather t h%iémﬁo:vm\%& Q?%lggtri%ﬂ%/ é’cipﬁuct[@%ﬂ?ﬂrorﬁ tﬁé‘ioF)go M wiaat bMBe t 0 the

pi e- shaped can ever e referred toinfornal as a "single coil spring
with a cormspucg ineghanisob220.i Fe flexiblp sibbemis allpyed sobendiipsidethe3piieg,a si de- vi ew

drawi ng of a .spring nmechani sm220A.in the unco essed, st.at i,gure 23 is
2 o deovi SEFRIPRHTGm B RE LRt freiBe r er 53Rl SRS 1hdo5s e e
conpr esseqogts2 €. FiTherdbdd cofdudtor 222 i RitidY MeicBy sprind 118 A pkid tog an@chani sm

220 of Fi %gres 22 and 23, in either the conpressed or unconpressed states.
[00151] Thettemrdfitle epslospainesiswryen thieyahdeaces thasqil spsneAg! agar théerdrdpr ovi des
t he nechanj I i t " i 1PSni i bbon
conduct or bfggll,n e\%ﬁ?’g’ﬁ&%#@%ngengldgﬁhe:@élcgggpgg?r?}& ctgé;lr}cfuctlﬁ\l}\guggt Of?}rl%mthe top
to the botcbRptikg 231e spring nmechani sm 220. The flexible ribbon is allowed

Lo oond, T the Spring., keen ng A0S S cleSinacal, RAR Length the
o 10 a8 RGATRSPEL Sk 20 Al byt oor L1, 2
remai ns i rehdietdri2@2 canhins fheisagpe 281ktH, oegardlessrof thed amogpt béspging of t he

compression. In turn, the electrical properties of the ribbon conductor 222, such as

resistance and inductance, which depend on the electrical path length through the

ribbon conductor 222, are independent of the amount of spring compression. Thisis a

potential advantage of using the ribbon conductor 222 in the spring mechanism 220.

[00154] Note that Figures 22 and 23 show only one cross-sectional view of the

spring mechanism 220A and 220B. In practice, the spring mechanism is three

dimensional. As a result, the ribbon conductor 222 may not be a single strip, but may

be shaped like all or a portion of a waffle ball, with many strips that run top-to-bottom

along the spring, with the strips being joined at the top and/or the bottom of the

spring. The strips may vary in width along their length, or may have continuous

widths along their length.

[00155] The ribbon conductor 222 may be formed with a conductive surface

225 on its outer face and an insulating surface on its inner face 226, which may help

reduce or prevent short circuits when the spring 221 is compressed. Alternatively, the

locations of the conductive and insulating surfaces may be switched, so that the

insulating surface appears on the outward-facing surface and the conducting surface
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coil spring 221. [00153] As the coil spring 221 fl exes and changes | ength,
the ribbon conductor 222 bows inward, near the center of the coil spring
221 . Notwotzhmwo2stvé ri bbon conductor 222 renmi ns t he sameTiuSagwi055023
regardl ess of the anmount of spring conpression hi turn, the electrical
properties of the ribbon conductor 222, such as resistance and i nductance,
whi ch depepgears oh ke ielvecttfacmglsugfadeh Hoe ttg'$ switdhed lwgilantlatien rthdrb artypioalliuct or

not et o AR e ARk R B AR 535t Moo  ng
nmechani sm;248ed, EORAPAL iNRE Surttal ofthe ¥ibBsn Q@n&r%oﬁ%uﬁm fcehah SRR

cross-sectional view of the spring mechani sm 220A and 2 In practice,
the spri ng)thgoﬁmmth@mprmgtlhﬁmpmsaﬁ?éng hisifaims psandwichslife structvee far iron

conduct or e.stri like all or a
portion of" ﬁ‘gpﬁﬁloflnsb\failﬂg W‘Hﬁ%‘f‘eﬁ'ﬁoﬁg&tﬂﬁﬁtc\épglﬁcntngﬁaﬁgcebot tom al ong the
spring, wmmsd}e St rTHRSitbRh REnduRtdred2 @bniidde dldpricng/teh cbllftecttp@atzgsrbﬁf t he
spri ng. The strips may vary in width along their | ength may have

cont i nuousitsiPpIsirEcsl whigh cortpets ﬂ@rtgrtrmnal[@@wwm@dmi BychriesyeRcThy 222 may
be 1ormed c‘@n{a@t d%@q#fé; (Bep\{lg)ﬂgllfy Vr\% ﬁ%ﬁé OIOIEIe* tlﬁmg%%tﬁﬁ tﬁ:ﬂ%&})ﬁé\}% i nsul ating

surface on’i nner uce or nt short

circuits wiemidaeorsgo |aﬁ@m’é&11eslsab¢ymmp eérapaioffédly‘z emﬂaﬂay\efslcmthé kemimtat i ons of
the conductive and _insul ating surfaces my be sw tche@@@cawgy at the

i nsul at i ngh#&urquid ethspieamsitiip gend deringal aonnsetiony the “4He2éonduct i ng
sur f aceappa@sq)rc%nﬁ%tg Q@cthgzgﬁ{ @ f&ﬁia@ﬁpaﬁ%ﬁ%ﬁ%ts o Pmt éﬁ&ﬁfé‘% &h&%ta%'ié aent ation,

there is typica an a I ona sul ating surface pldced over
conduct i ve:osmeftlanpadaﬂlﬁrelbarbbmddmmw&e so that the inner surfaces of t he

ri bbon do n hor t t i.f they to each ot her en_ the spring,is
corrpressedogiﬁrﬁs for usa{‘lg%\ ugjf:%mé‘i' EE?Q?F%‘C?\@IHPSIfﬂE’VYSE E@ﬁﬁ%b@]th a

pai r of i nghhgkddgr ﬁé%{ﬂf)l@%ﬁréulwﬁﬁﬁ%@iﬂ%&lm@yﬁ@ﬁ%ﬂ%l’d@&ds 0&959 §0@;56] The
ri bbon conductor 222 connects electrically to a contact on its top

surface, whilddd todhe spring, thae wirappeil mdecﬁrpnnget Qrematﬁlelh@dem spusg twiar i ng use.

Th d 223 1 224 th
ennance. ol b B e cafboness Do PERr At R pd BRI o™

| ayers on thdgetiblefhdhrahdbul®ekdohieaippsce inbilde e speing 0 nel @ahgd cal
connection. The ribbon conductor 222 also connects el ectrical IE( to a
g

cont act pdts lemth,dherghyskespingdhe same lgagth olgetrical pasht dbers maydsiWeciausn pad on

the load hoar %h? or %&%ﬁfﬂ%ﬁeﬁult{agfgjnglybep_ Qfeelgc%[léap gafﬁg ?&ﬁgﬁ ﬁg?n%ﬁg tolgas}/de 5t

construct EH( a
the membrane on the top of spring to the bottom load board interface side.

[00158] Figure 25 is a side-view drawing of a spring mechanism 250 that uses
an enlarged turn 253 of the spring 251 to anchor the spring 251 to a ridge 252 in the
via wall.

[00159] In some cases, the enlarged turn 253 and ridge 252 are at or close to
the top of the spring. In other cases, they are at or near the bottom of the spring 251.
In still other cases, they are near the center of the spring 251. In yet other cases, they
are away from the top, middle and bottom of the spring 251.

[00160] In some cases, the ridge 252 is formed by first forming the via with a
ridge, then hollowing out a portion of the via wall to form the ridge. In other cases,
the via wall may be formed in layers, the layers being parallel to the load board. In
this layered construction, the ridge may be formed between two layers, or may be its
own dedicated layers or dedicated layers.

[00161] Note that contact pad 227 can optionally be separated into two separate
pads, creating isolated, separate paths from the contact pad 227 to the load board
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conductor, or flexible circuit on nenbrane, may be first sol dered, epoxy
(glued) , or welded to the spring, then wapped inside spring at or near
t he bott owogprvmagi7surn. Duri ng use, as the spring conpr @sTas2600/0§W23 t he
needed Z-conpliance the circuit on the flexible nmenbrane would bow to take
up space inside the spring, but not change its |ength, thereby keeping the
sanme | engtihteefaes; whichadenpatstrated h]Kteb/imTeqndaetiancElementr257sji;xnom'cgﬂtdqctiw any

ot her suitable of electricga at hs r.out ed om.the top side of the
menbr ane d??rtl%oéjtggs‘&s“%tﬁr"iwﬁ@“‘tl (itﬁbS%B%rtateéﬁ]?el & %é‘é?‘t}’sfrﬁtteé‘i’ Y% side.
[ 00158] Fighlerram altBindils &*‘3}01’}’1@1%@5%@&191&! Aaitiié ROmBEERI 8P 204- t hat

uses an enlarged turn 253 the spring to anchor the spring 251 to a
ri dge 252 il cbp;mrApiaaed/\thton [vigitls B thémplgiodevitesmiskelbagicsandageld turn 253 and

ridge 252 are at or ot e. Spri J9: I n other cases, they
are at or Cr?été’ilgtotpée‘fﬁgf?’él tbnetngi “bf)‘foer?]f &?fl C‘f 4till other cases, they are
near the qeofe2] of tHMEuEREIINGsideliew Branig Ot i g&ﬁ@;ﬁamh’ﬁ%oaﬂﬂleamy from
the top, mddle and bottom of the spring 2512Vd 160] In sone cases, the

&

ri dge 252 unsompresssd stafe.fin pichraorbhongonducter 22 S &W?y g the sEmeraIll owi ng
out ‘a port 'éﬁ? %E%A" gott”n(fl o}pﬁlelsplglﬁ%;nl%lmn sg? (gd d@l“? the tQP ?ithe amﬁ? evtcge via

wall may b ayers ayers elng par a boar d.

In this | ayﬁeletdstpsa@ttadt@tad 063 atidiburfip d@eﬂasaywheﬁémrthesbrhgtmmtsm | ayers,
or may be its own dedicated | ayers or dedi cated |ayers. %001(21%%N0te that
contact ped0 ZW%W%%WF%Hﬁ‘llqr)te%eO%}tf‘al?%tOEHSlfl‘ht Bmtl&ﬁleé% poprd t

creating i %loﬂtcgﬁ% ?q%@%ﬁ?fe?esoﬁé{}sﬁgrﬁﬂi?eﬁtp 16 o SR hAfLm PBe a’?l%z chiftalt dI oad

boar di nter ace enonstrates a connecti on enent is a
non- conduamveqopoﬁmtmarrbbom b@l(hlﬂt@SfZZhh‘fadeEamahdWEISQhHg@Z)htO&tCldS the pads.

The substrate nmay be nad ma th| n filmof polyimde, comercially
avai | abl e qof’“tﬂlﬁl%ﬁ tie logtﬁgﬁar d0teAf3ae copper-pl ated Kapton, which is then

pl at ed W|t i ckel ol t<oh @5@M@§g1 pxtsptet on and
enhance el g?:lt%rs:jlcal chElt?e;écdtn%r([3S%e‘glS@t]egﬁltegﬂlﬁhgg’j1 'eéllgag a side- VI}éW drawi ng of a

spring rrecthameshmlmZZQBtddeZﬁcsbor\pnasElgdresﬂétaed24n whi ch a ribbon conductor

rechan oIS on' ¢ rhPYER A et die pfherhEma o AR0iHERARA e PBfe ot set pac

263 and bypRhdfidmid66%s Avphe fleRifetchitdsRIVEMthoreEdtaplinte &R Ghe fegtVidtetet he devi ce
under test. On the bottom side, facing the |oad board, the ribbon conductor

222 f|exesTlmmytomem@ansfm deyvnvesch initidkmalgroatact enend blopd BpardagingB7. Not e
that the ribpon GONINGE QlerlhBulPheRSRE, B Q10 HehB] FHBEBSN Helbdafa. 20

some cases, the springs 221 may fit inside a housing with holes or even an IPT, as
described above.

[00165] Some other potential advantages to the springs and/or bumps are as
follows. Thin copper-plated film in between two thin non-conductive materials may
be used in the bend area to relieve stress. Chamfered and radiused holes may help
form the contact plate bend and prevent material from yielding, thus increasing
contact life. Spring in via hole can add extra path between top contact area and
device interface and lower contact plate interfacing to load board. The spring can also
just provide mechanical support and bias to both top and bottom contact plates.
Bumps on top contact plate can be formed to different shapes by using standard wire
bonding equipment and attachment techniques. Multiple wire bonds or stud bumps
can be placed on top of each other to make the bump size higher and change area
bumps scrub balls on device and at what height bumps first make contact with the
device. These bumps can be placed strategically to create a wipe function on the

device balls to break through the oxide layer and can be up to four mils high to
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conpliance to the | oad board interface. [00163] mthe conpressed state, the
spring nmechani sm 260 cl osely resenbl es the nmechani snms 220B and 220 shown in
Fi gures 2802nt)/@248175[ 00164] A potenti al advantage for the@CTius2000055023

| ongi tudi nal ends of the spring nmechanism 260 is that the flexing creates
even nore conpliance for the test fixture. The bottom portion can flex
downwar d timpsdvel doncepk eparatitigahgefteBGA devack dndgodsible I{ahdeptesmawadl. war ped,

even t hou re / be no stiffeners underneath the board, .1 n_sone cases,
The spr i ndQUEHT ray HEwe et BEE HOUSHITES P PROB AR GEm S a0 4R HIT,
descri bed gbey 278421 6pboreoRiuRidr 072, RAMERIhA 2 A ¥ AR RIS aldly s BT | NgS

and/ or bunps are as follows. Thin copper-plated filmin between two thin
non- condudhsideofitht ¢op @lilsofraespring 27k.edhe flexible fingax$ can ba nade muire ggisl st r ess.
Chanf ered and radi.used.hol R formthe cgint.ac 1%' ate bend and

hel
orevent ot PAECT YCRInREs| ATHER! thine CirHase alle e dBviEs a e Ppiactaliavng i n via

hol e can adste ehk bR RAIBe BREWS B bOBent Biktvacd toﬂ{eﬂﬁaﬁ’g‘iﬂhgfﬁéﬂr@&ld fottge f ace and
| ower contact plate interfacing to | oad board. The spring can al so just

provi de neehigr afdhe eanasting magharhsras Nots dest that thp capfigusgtandmbegiie 4¢t pl ates.
B t | if i
B o AR SELRATHLPLENT AR SOLIP e Rl S PG RS S,

bonds or q00rbMunps Figute 8 iPh sidediedndiadingddf £peing Alidthinita 280kewhivh bunp

si ze higher and change_area bungf scrub balls _on device and at what hei ght
bunps fi r $he prds233 ok e aibbomrenductor 28 vy itebumpic2id, exirpdingaerdly &rop) theed
strategic te. i t4 i : Kk
through ¢ RSl Gofic BB Y spling pEF TP AR eEn RN RBpie UBabR VAR cept
oper at i ng flaaeg€ackqrsuBGe mhd\or derleddeligms Ndd that (B4 fubgeisdleginginwedd . [ 00166]

Figure 27 is a sigde-view drawing of a.spri mechani 270 _in which the
ends 273 @#loysﬁheofgwsctemfé%@ V%w,g.aml? O D 3@{‘3@&‘&1?&‘8%@?@ y from
the insi d%n?foxgiam)eﬂhe@édm&ﬁ. RofPiidMadhd confibifatidnG Ffe 58 HAGHE can be
made nore rfgid wth excessive plating. A funnel shape can help align the

devi ce t o espeeiadiynisefil fanrtesting dbiates thitdtave hadsfdrésdds) such anQENs, Maul's bed bent
outward t el | ] the termnals.to.the centers of the contacting
mechan smOIG: Sty GEAbHE hHENABRTRIE HeBAOTRP P RUPe U aPHS R paci al |y
usef ul f oryitiRst h&tdsHAW KRmd DAl BRYR betdm E6Htidt iddnSbrasddC Thassis Behsrue [ 00167]
Figure 28 is a side-view drawing of a spring nechani sm 280 in which the

ends 283 dbr the configmations @l Eigvres29227 aidi36-Bssoxelp gvhiclesoay also iusedingley from

t he outside of ..t coi | i 1 . This arrangenent may help
test devi CAL rﬁ%l\?? ﬁla.lt’l ?(R) adlor b%ttor% C%B{ac{-'}gat%g

[00168] Before proceeding to the fourth alternative to the pie-shaped cantilever,
it is instructive to consider one final alternative spring mechanism 390 that uses the
pair of open-ended tubes 392 and 393, but replaces the coil spring with an elastomeric
material 391. Such a spring mechanism is shown in Figure 39. An example of an
elastomeric material, or elastic polymer, can be rubber, although any suitable
elastomer may be used. For the purposes of this application, an elastomeric material
is considered to be a spring element.

[00169] Note that the pair of tubes 392 and 393 confines the elastomer to reside
inside the pair of tubes. There is some additional air space inside the tubes, which can
allow for expansion of the material 391 during compression to keep forces
manageable and allow for additional Z-compliance.

[00170] A fourth alternative to the pie-shaped cantilever may be referred to
informally as a “leaf spring with a conducting ribbon inside the via”.

[00171] Figure 29 is a side-view drawing of a leaf spring mechanism 290. A

ball or terminal 292 on the device under test contacts the contact pad 293 and/or
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flat surfaces, such as pad or |eaded devices. Note that the fingers flexing
innward allows the fingers to performa w ping action on the term nal, which
can hel p wormowean2srry oxi des fromthe term nal. Note al soPChAIS2400855023
configuration in Figure 28 may be especially useful for testing devices

t hat have pads or |eads, such as QFNs, M.Fs and SLPs. Note finally that the

i nwar d- f agphendlitéiggres 2oN6e e cdBMchifadUTRd t@Gurss Ak Gaidd O Siping ifeohdnism
necessarily having a full top and bottom contact nenbranes, This_ is also

true for tfhepasmifi¢agad applisatonfangimpyrhslp brsalothreyeh ang.oxgleg fo ignrove Wi ch may
al so use sjnal i tather than top and/ or bottom contact plates. [00168]
Bef ore proil:eggjac%%g&}%gaf%é fourth alternative to the pie-shaped cantil ever,
it is instoerckive tdheepsiacigrad®98 if dispdsedbh erenmaidiofa legfisprigg A2k ivdnels m 390
that uses the paiir of, gpen-ended tubes 392,a|rt}1d 93, but replaces the coil
spring wi TRSIGRs 18Yide2 Bigan the membrang P9 30Qppasije ?Wi‘ﬁ’ée‘iﬁﬁth@ﬁi smis shown

in Figure &ﬁ@m EhastPMRNO& bHREEsdRlI , or elastic polyner,
can be rugg‘%?]?%t oug §%(g{$a(§g?ta%fe {eﬁ%astoner may be used. For the

pur poses {0017 s apflhededfispring acludbaat optemalkcsehfeligninaht mechaomssi, dered to be a
spring ele

t. [00169 e that the ir of. t 392 d..393 fi
Che. oF act SR ing cpBEp b e atdt 2 10 Rt hvef ot BeiRe BRalFgS GiRadai 11 onal
ai r space yog®l. dhid fagalltibRsoes WY ©niadim 2l ih@Wnbelse&¥Panah@Rit adjdtentmat eri al

391 during conpression to keep forces manageabl e and al |l ow for additional
Z- conpl i arpeds 2900170] A fourth alternative to the pie-shaped cantilever may

be referr i nf ornal | a "l eaf rin i a.¢ I i bbon i nside
R e B T e N Bl S i
mechani smd{28fs frémid8idhind tht &fadiboatd 92 on the devi ce under test contacts the
contact pad 293 and/oroptional textures 294 on the contact Ead. The

textures rM@§1Mhve a InFigure29bnleal swingaP1 padhonm ip daieaampipised &ats on, and may
hel p brea hr . any  ox| i ove: i i [ 00172]
The cont act MR SRR RASES P RREY Gich NS, ShBEL bl 00 aRTBGRH 200 1 00
resi des i rppeslutivayd, dinhilarttd eherpaidb ireFigui2® 56 atdpphisick@iied@boevi ce under test,
the nmenbrane contacts a contact pad 296 on the | oa ﬁﬁﬁrd 297 00173] The
| eaf spri 180376¢| udes“‘lﬁm%‘ﬁﬂyoﬂlélleasféplfm%%ﬁﬁ@h?"tﬂéﬂ‘ﬁ ¥OPWRLHFRA t he
contact p [ oE ?M?a?[ f; bgd gt 290 the | oad
boar d. ThieigIe f%geélo@ﬁeﬁggﬁ %@gé@g?h)gytlcgé%n na lyzlg‘gﬁgdh%o%hg{é%ﬁre cont act
with adj aqedt77pads I83ome cases, the leaf spring may be made from a conductive metal,

and may conduct current to/from the terminal from/to the load board. In some cases,
the leaf spring may be the sole current carrier through the via. In other cases, the leaf
spring may conduct, along with the wall of the via. In still other cases, the wall of the
via may be the sole electrical conductor through the via.

[00178] The following section describes various surface patterns that may be
used on the contact pad closest to the terminal on the device under test. Any or all of
these surface patterns may desirably help scrape away any oxide that may have
formed on the terminal, and may therefore improve electrical contact between the
device under test and the test fixture. Any or all of these surface patterns may be used
with any or all of the spring mechanisms, contact pad configurations and bump
configurations described above.

[00179] Figure 30 is a side-view drawing of a portion of a test fixture 300 that
has a textured surface 302 on the contact pad 301 facing the device under test (not
shown). The textured contact pad 301 is formed on the top surface of a membrane
303. A corresponding contact pad 304 is formed on the bottom surface of the

membrane 303, which may contact a corresponding contact pad on a second
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[00174] El enent 299 nmay be a bottom contact plate, which may hel p prevent
debris fromreaching the | oad board 297. [00175] In Figure 29, the | eaf
spring 29o0i2e108h261M i n the conpressed state. Wien the spCIrA$2009/055023
unconpressed, the arnms with the contact pads 293 and bunps 294 open
outward, simlar to the pads in Figures 16 and 26, described above. [00176]
Al t er nat i viténibrah®6r biethe 1648 bdagd. aT et Rid Batt@R doritactipalis 30 Pattd/®y4tare f om t he
center of the via, rather than extending radially inward, as shown in

Fi gure 29.pefmanentflestricalnopneciiondvith aaeh pHhgt, agd mayPperpdsetuinalliygganacicdrit a

conducti ve nr%}%tr%dée fb@gti&%%hl%tﬁﬁfgﬂfetmgﬂﬂrraﬁé]goim fromthe termnal fromto the

| oad boar ™19 "SOHE cases, eal 'spring may be the sole current carrier
t hrough t eo180). | n Kigler31das esp-viewalrdveiag o fitel dogtaceyadcidifdEiguraBong wit h
the wall of the via. In still other cases, the wall of the via may be the

sol e el ect teccantacbprd (AL dras pisprdesgH stries oF Hdegse627 81 somecaseh IhfidagSsect i on
descri bes 4 : ngﬁ% : ct pad
cl osest to@#@ggg?%%% on t tgﬁ{lfg\%flglggtﬁ%%g*’ talglsc!tH .Stﬁ%n@{béé‘y%l ﬂgéaﬁt hese
surface patontachwiththe dbesierumldentestel p scrape away any oxi de that nmay have

formed on inal, .and t f i | i cal t act
bot veon tHBOERITCE Phsuidtes a0 thap oE Kamieady RS Pihots 55 S eiia pOTBOT  hese
surface pajeyes Way (Y tlﬁﬁnéﬁl%d}é‘i)%&léﬁﬁ%el@lret(ﬁﬁﬂg &wit fieo SR PaBSrBERGNi SIS,

contact pad configurations an unp configurations described above. [00179]
Fi gure 30 dtheraugatdemeilod. dr awi ng of a portion of a test fixture 300 that

has a text surface 302 .on.the contact pad.301 facjn devi ce under

test (not @ﬁﬁ%). T?nglfrgggd? %EOP_(':‘()lﬁ‘fvéfg?WlBﬁ&?Mé?rscopﬁ%%% 3Egnq}aﬁlélgtaop sur f ace
of a menbrigngredQdrfact With FRERGHIR} RANEEBIAC TN Betle 34ds,itBe FeRfNBEs @faytbee bottom
surface of the nenbrane 303, which may contact a correspondi ng contact pad

on a secordiveddr lgneredroubaf theelansad thssentrct pasded32lodn aH6r Bases:dhs cont act pads
301 and 30 i ical . i i . and
an T ct%@e%@gﬁﬁ%{%&%%m?&-ﬁﬁé Sia 9rW1ﬁ10[;H}8 SR %E&-g%ﬁ{lﬁl% rt}f‘er and nay

be electrica one or e l'ocati ons rou e nmenbrane
303. [ 0018Mnerdfahy €nddkt psd.a t op-vi ew drawi ng of the contact pad 301 of
Figure 30. The contact pad.301 has a seri eg of stripes or. ridges 302. In

some cased001§H ri dddgured? inaicp-yRy drrisea @%h?f/cap aghpad 331 WV g Acor ner s,
L, e RS gl M e SR 01O
way into tdee ometoré opthd cotmental @rclds\wnedyybeatiskd nglodevad dutobthelpdansad theor by any

contact pad 331.

[00184] The three textured designs shown in Figures 30-33 are merely

exemplary. In practice, any design that provides an angled surface and/or sharp

angles on the surface that contacts a terminal on the device under test may be used.

[00185] In addition, any or all of the textured designs may be used on any of

the contact pads shown above, including pads that include bumps, and the pads on the

ends of the conductive ribbon.

[00186] As an alternative to providing portions of the contact pad that are

angled, where the plane of the contact pad is generally parallel to the load board, it is

possible to angle the entire contact pad. This provides a surface to have device balls

rub against during insertion into the contactor.

[00187] For instance, Figure 34 is a side-view drawing of an exemplary test

fixture 340 that includes angled contact pads 342. The test fixture includes a

membrane 341 that deflects under the effects of spring 344. The ends of the springs

344 are deliberately angled at the contact pads 343, rather than being flat, as shown in

earlier drawings, such as Figures 20 and 21.
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ot her suitable nethod. [00182] Figure 32 is a top-view drawi ng of anot her
contact pad 321 having a textured surface with rectangul ar features 322. In
sonme cases 20iv26E6t angl es nay be rai sed or | owered out pofi/usb@9pbsne of the
contact pad 321. In other cases, the rectangles may have a pyram d-I|ike
shape, with portions that are non-parallel to the plane of the contact pad.
[00183] Fi[g0r88]33 i sAmotharpngliedipad desigmiy shbwalimFigere Fonlnabis epadplafy 1 havi ng

t ext d f h t f with .th
Fect angui 4FLABETES U SHEERORBE S SO PR S REEREP TR E) BE AR B Vi sed or
| over ed 0@540fEaE}tﬂ€1aB|5ari§ar%fled QAP oaR4t oRadidd 335 ck@AdSAkhdhewhiaee text ured

desi gns shown i n Figures are nerely exenplary. In practice, any
desi gn t hatevise ondetdest #ranghepprbsie sifle 886 aldrasticshthe yiaatii may bavetafatsur f ace

h
addi 1 on, Hhgrdrd PR « A telfr RN Eat R A iR B Ryt or Che

contact pagsichiaWigidd 8y e As laedultc Mkis &d irbéfack mimﬂe Vﬁlﬁmtheaﬁﬂtaéthe pads
on the ends of the conductive ribbon. [00186] As an alternati ve to

provi di ng nedRdRorkichrontpds hererminalpadhe ﬁ%i’tlceali@e’éﬁ@q (8gt shapa & al$e pl ane of
the cont aC {%ﬁdlﬁgthgrte % t1¥p8$[}b% oellorr}l datfﬁﬁlel @ﬁl‘lﬂfggéﬁg theI tfnckﬁe QBﬁS' ble to

angl e the Bhtire cor provi ace have eV|ce balls
rub agai ni‘dnediﬂ’elolﬁ@ldm&fctpmn ﬂhbmdnk&armordthmtthmmor{ﬂh@iz&?]Otﬁerr i nstance,
Figure 34 is a side-view draw ng of an exenplary test fixture 340 that
i ncl udes é‘ﬁﬁ"! banptieBhirs Pes Eésg’&g The test fixture includes a nenbrane 341

t hat defl nder %ulagaﬁ’faﬁ d-palliest h%b@%ﬂuﬁ@@g@@&%dﬂ%@nﬁ%ﬂngs 344

are deli b y angl e e contatt pads 343 thanbeing flat, as
shown in efmnhbaes side afifhag$a, ssabcds b@zsladénggloestcﬁmgaxmﬂer?dla[veg,ma]orhmot her

angl ed-pad design is.sho in, Fi e.35.. In this exenplary test fixture

350, the r?\ggr’é'tgé‘i%% r@%i"ﬂ@% ’rdFd’gf %ugpggﬁiquyglpﬁoqeg regi on of each via
354. Each gh@ofo4 | STiRRGhEHbS bhdBt thire A0arthah (ORI SeaddS ontRRPad,f ar t her
t oward the devi ce under test than the opposite side 356. hi practice, the

vi a 354 ey sheweinathe examplosiof Bigyleed4 andiBr F@rdestamcet weeptettemisdnt act pad
3531 BRI B SEIRE WAL DB el B
term nal  QRawhheslsiRyiatehginélesntict %hd ,(Wath sapWelp Hré‘ak&hﬁﬂgﬁ agd/edscripe ot her
cases, it is possible to formthe angle by increasing the thickness on

away any oxides that have built up on the terminal. This, in turn, improves electrical

contact at the terminal. In addition, this self-cleaning wiping action may help push

the scrape-away oxides from the contact surface, thereby increasing the mean time

between cleanings of the top contact plate.

[00191] Finally, we describe one more alternative for the ribbon conductor,

first shown in Figures 22-28. Figure 36 is a side-view drawing of a spring mechanism

360A in the uncompressed state. Figure 37 is a side-view drawing of the spring

mechanism 360B of Figure 36, in the compressed state. Figure 38 is a top-view

drawing of the ribbon conductor 360 of Figures 36 and 37.

[00192] The spring mechanism 360A and 360B includes a coil spring 361,

which provides the mechanical properties of the spring mechanism, as well as a

ribbon conductor 362, which provides an electrically conductive path from the top to

the bottom of the spring mechanism 360A and 360B.

[00193] The ribbon conductor 362 is outside the coil spring 361 at the bottom

of the coil spring (adjacent to the load board), is woven through spaces the coil spring

361 near the bottom ends, and remains inside the coil spring 361 for the remaining

length of the coil spring 361. The contact pads 363 may emerge outward through the
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one side of the contact pad on the nenbrane, rather than on the via. O her
conbi nations are possible as well. [00189] Such an angl ed-pad desi gn may be
manuf act weaotyo2ssovi ng materi al from one side of the PCaUSIWO5333 by

| asering or etching material away, and/or by adding material to the other
side of the via using a plating process. [00190] There nmay be one or nore
advant agegop ooihavthagpramg g heshovonindtgurpndh) arsis2 s homay iaHemhavaly ampiges of

Figures 34 _and 35. For insta when t.he.terngjnal contacts the angl ed pad,
there nmay lﬂ‘é{mgi %??Iﬁiitﬁ‘éto rc_oélc‘ﬂg%él Wy gets IBET}g‘g%gé'ed by "sliding down a slope"
al ong the [goryfQCct PIH gedthlC theBRYifiB@aloP 6 £RK tdp doRu@hpaRdidiicentloaRe away any
oxi des that have built up on the termnal. This, in turn, inproves

el ect ri caldeyisauader tegt, dependsecamnivigtkind of dgwigr is being tepfied, syieh s BGAani ng wi pi ng

action may, hel h.{ he - L OX] r contact surface,

t her eby indc?ylecgg‘lyﬁé%?“sé 0@@%@? e l\c/\élése%ﬂgﬁae({gr??nﬁla{sﬁg?s'the top contact

pl ate. [0Q#61ds])Fi nalThe ribhon desdictdiS60rREnmRIselkiicllnad b ¢entharpati 363 bhbbon
conductor, first shown in Figures 22-28. Figure 36 is a side-view draw ng
of a spri ril§ tARewiasEswhigh oentacts thedermipg Al thssdayviresindedestruging asg 7The

si de-vi ew 1 LD d R 3R i i e
corrpressecf(a{sl?a}ﬁqtI%lfa 3&?6{}%0%%5?1295 topg)?)\g{3 ggv}ng{r\%gﬁng% dgft&# ISS ??ABEHSEmrggnduct or
360 of Fi gmhasefecaivdl Sohtadt @Ad B} dEdimbephidlm seragecdfé anysoxid6 Bieam tBE0B

spr i ng. me QRIS AP HE POTES Oty DY des an
el ectri Calclgﬁ%&‘? L d6ScoRAddRs él&?ﬁb&l oloBP of Rotd\EnBRE bABET orf RELSRIN NI
nmechani sm 360A and 360B. [ 00193] The ri bbon conductor 362 is outside the

coi | spri rsgri3é] waicht doatdotstat commedtiontped ooithe lopd borgd dadiigusnt to the | oad
board), i ven thr aces, the cqil sprj 361 near the tt om ends,
and rZamai ﬁgxﬁr{’il de tﬁ@g@'@? es‘:}S’PfaﬁGpagé%# S?CP%Q%FQWPHPSH Sllcgeﬁaf “of the coil
spring 36Xkondit@orcnt Aty RAYDeTOANTRA &é@[ﬁ@ﬂg@%ﬂ@lﬁ thelddn@ugdt 3net op coil in

the spring 361, as shown in Figures 36 and 27, or may alter nativelg ener ge
i nwar d ar dlwegiglh hee eroporsaiiss I0. tIhe végsrmasoptipsalinbeiogeted ipgeay goeduped | n

general , the configurat.l o f 1t he C 1: 620} t he device
under tests,re%felﬂgthed% ngﬁct\%.gﬁf I%fhrll rgéyg%sgr?@lg%ﬁéloﬁéﬁ%élfggg?1%%%%1&:2% as BGA

devi ces wijgh balls, or QFN or SOP devices with pads or flat |eads. [00195]
The ri bbon conductor 362 connects electrically to a contact pad 363 on its

top surfadBO1%Mhi ch A¥nie thet theirihbop sppdustar 362 maydaye g certrellkddmpedasee qur i ng

use. The

in any or all of the arms or strands 368, and/or in the base 371. In some cases, this
controlled impedance may match that of adjacent electrical components, which may
reduce reflected losses and may therefore improve the electrical performance of the
conductor 362.

[00198] The conductor 362 is drawn in Figure 38 as having four arms 368, each
being 90 degrees apart, azimuthally. Alternatively, there may be two, three, five, six,
seven, eight, or more than eight arms 368.

[00199] In some cases, each arm 368 may have a conducting portion, denoted
by base 371 and its surrounding area, and an insulating area, denoted by non-
contiguous areas 366. In some cases, a pair of opposite arms may has a transverse
offset with respect to each other, so that if the opposite arms do contact each other
during use, when the spring 362 is compressed, then the electrically conductive areas
371 of opposite arms do not touch each other. For arms with this transverse offset, a
conductive area of one arm may contact an insulating area of the opposite arm without
significant negative effects.

[00200] In some cases, the conductor, or membrane, 362 is made as one piece.
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contact pad 363 may optionally include one or nore bunps or textures 364
that nmay enhance el ectrical contact and may desirably hel p scrape off any
oxi de | aywp=20m251716 term nal that woul d ot herwi se i nhi biPCTAISg@oMs®RECt ri cal
connection. The ribbon conductor 362 al so connects electrically to one or
nore contact pad 367 on its bottom surface, which contacts a connection pad
on the | 0ag ohRaEskes Whd Shdu&Sr is[FSHAG] JNokatiHIb atrips et agidhetedpads 363 and
367 are on opposite sides of the conductor 362. They may be connected

el ect ri caloppositersislegif thewepring 3Gl ondhe Bepm torallowgier swgimymilsxmeafdie 369. The
vias may optional |‘1¥’ tbe[ | ocated in areas of reduced stress in the conductor
362, whic %?fa%ee% Pé%F‘y prolong the life of the conductor 362. [00197]
Not e that [péz01]i bborn seneuscs thamdmbesnclranid be complately pbaled fopéihace i n any
or all of the arns or strands 368, and/or in th‘g@gafe 71 . Ciln ONe cases,
this cont cOTTERIEPPHEAIQRR BECARE Pora fesiencd Lone! IRRpeansh {ing Fiat Maidss MEonponent s,
whi ch may g e ; i el ectrical
per f or mancglg%((()!*g ﬁﬁ%gerq%:%n u%ﬁ)ér&g%g&eﬁ%gggﬁxn%ﬁg{eggﬁgﬁg{l %?&g(\égnc?ds&dr awn in

Fi gure 38 gasovieawiiich fray enkanes eR6Bicabankachwith ghed@rmiiegh efgbe dpaee ynder
azinmuthally. Alternatively, there may. be two, three, five, . siX, seven,

ei ght, or fbr §u(ilh%ﬂli‘a%qeﬁ}?f1¥’élﬁ}%n%.a‘¥@6%§‘§flof’ﬁo oY ec%é(geé‘, Tﬁggﬁ)og?sm 368 may
have a Pomé&@nﬂmﬁé REMbARE Vr §eht&YastRaR iR e ABEbIahS t&%ﬂoﬂrﬁléfﬁcbhﬂﬁ ar ea,
and an insul"ating area, denoted by non contiguous areas 366. In sone cases,
a pair of bepgdsidmowgrthgoxidgs.has a transverse offset with respect to each

ot her, so if t 0 .te .arns _do.c ct _each her ri use, when
t he spri ndb@]i s cﬁkﬁ%? B@gﬁﬂs g‘f??é]ncop %Ct%rﬁjebgﬁ(ref%satﬁwarg%ﬁ%ﬁt{:@ I eaﬂgr eas 371 of
Opposi te a&iph C}@%d?&lksstmc&mbssﬁdﬂ@f/el of efe spFifng 382.t Thikhé sdvianapeowey se

c

of fset, a conductive area of one armmay contact an insulating area of the
opposi t e apmparediio mmningmirentthreughabasnring iself.ecause thypdewrical pTapsHEscases,

t he conduct.gr, or e i i cases, the
conduct or oltfg’efcé’gfl}lccqg]i@e)é&a ({al)snortr&% "5&%{@% r%f“%zesg lﬁgtlajae?gfi%lé E%I?ﬁe%%zd opposite

side of theoxdi ng 3hiome cides dyslatirgorn the alde ofinfentbrarmxdonddalid bxused tof t he
menbr ane substrate. [00201] hi sone cases, the menbraRrie coul d be conpletely
pl ated f oradfhinge pugei canpbiliy OF Proxideshiclding. cH Gva op mulinie siips atf usttht r ol

| npedance | ine, t lif olsESiratdipaBRR: S2%R%d t he top
portion ofah%1 ﬁgt t%%reg%;e&gglﬁ?ﬁgi%ﬂgﬁme&% o'sEpdratéipa g
from device to load board for Kelvin (Force or sense) applications and would contact

separate load board pads.
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grooves, which may enhance el ectrical contact with the term nal of the
devi ce under test. Such enhancenent may include a w pe function to renove
oxi des. TWeO2groonyEs nmay be cut into the nenbrane, or pl &aCedsaebsemns i n the
menbrane to provide a sharp bevel to renove the oxides. [00202] Note that
this ribbon conductor 362 keeps the sane electrical path |ength, regardless
of the corfe&BdPon Ievel of the spring 362. This is advantageous, conpared
to runni n%g?[agrﬁnt through the spring itself, because the electrical
properties 0 e conductor 362 do not vary with the conpression | evel of
the spring 362. [00203] hi some cases, a plating on the side of nenbrane
provide shielding. If

could al so be used to add nor urrent ca ljity_.o i
two or multipléd-stripleshid g @ag}ﬁa?%mm& 58 ratl’(SY@Q@H“praﬁélmeﬁpa"cl ?conducti ng

spring t“Qnﬁ%&%fr?cfaﬁcd%%é‘tﬁm%em%ﬂ%fd%%%é’uﬁc![é?%s@?l\e'o?@n& £1d283daRQ36@), f Or
Kel vin (Force or sense) applications and woul d contact separate |'0ad board

pads. CLAI iMBmipéisimigai m 1. A test fixture (120) for formng a plurality of

t enporary nechani c ctrical. C ns ..bet ween devi.ce under test
(136) and a1 oddngBueRe fioBofer iashinic ORTER SRy TSRO F Sathant a1y
and electrically coqiemt i ng the | oad boar d (160); a plurality of vias (151)

di sposed in the nmenbrane 150%3) each via (151) in the plurality being
associated wit mdmtab?ymfwaas ({3 Bdispesed indheimegmbeang {20, @3@ti1'¢( (ﬂédﬁl inghel a

contact pad (161) on il hand. 80 ! 400l SAFH (18 o bl i 1 ral 4y

havi ng an el ectri cal® curren ween the

termnal (131) and ttése(m?mcacmdct(pbﬁnm)aﬁ@lealo@dw@ﬂl(tw)oéacﬁpra ngs (152)
di sposed within the of. vias (151) in_a oneto- one correspondence,
each spring (152) .r€ Hén&%lwailtvwrwlw%llw@eﬂ@mﬂ@a|Wa|11ef§rst. ng force

test fixture (120). ol bR AR En R Rhmhats i ing Soflapaet 1 the
conprising: a contag¢l6pahr ane (140); a top contact pad (141) disposed on a
first side of tahp ural?tnt %Emrfgs'?f 5%ncﬁspose<? 3v1th1n the plurality of vias (151) in a one-

to-one correspondence, each spring (152) in the plurality providing a

mechanical resisting force to the terminal (131) when the device under

test (130) 1s engaged with the test fixture (120).

2. The test fixture (120) of claim 1, further comprising:

a contact membrane (140);

a top contact pad (141) disposed on a first side of the contact membrane (140)
for directly contacting electrically the terminal (131); and

a bottom contact pad (142) disposed on a second side of the contact membrane
(140) opposite the first side, for directly contacting the electrically
conducting wall of the via (151);

wherein the top contact pad (141) and the bottom contact pad (142) are

permanently electrically connected.

3. The test fixture (120) of claim 2, wherein the top contact pad (141)
comprises a plurality of arms, each arm in the plurality having a fixed end and a free
end, the free end extending generally radially inward from a periphery adjacent to the
wall of the via (151), the free end being generally longitudinally deflectable by the
terminal (131).
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for directly contacting electrically the termnal (131); and a bottom
contact pad (142) disposed on a second side of the contact nenbrane (140)
opposi t e wheofowmst7ssi de, for directly contacting the el @craise@9loys023
conducting wall of the via (151); wherein the top contact pad (141) and the
bottom contact pad (142) are permanently electrically connected. 3. The
test fixture (120) of claim?2, wherein the top contact pad (141) conprises
a plurality of arms, each armin the plurality having a fixed end and a
free end, the ftee eFht teﬁtfammgmj@tﬁelaahIlyWh@rdmaﬂtllﬁjﬂSi e1veespEng £BYh) & per i phery

adj acent wal. | t he a free ein n raII

I olngi t udi ﬁgF Pl}’rﬂgy I’%@f‘%ﬁla’ée%]é}gteﬂé %ﬁ)r?z%le(sfgﬁ?gﬂ)?hl ? ?]I xt u%/e (120)
of claim lyrnhers ﬁ?o@hd?@@%&)ﬁﬂﬁemuumne(%@)ﬂon the pl urallty includes an
enl arged turn ?225 f the spring (251) that anchors the spring (251) to a

ridge (252) in the wall of the via (151). 5. The test fixture (120) of

claim1 furt hersi ncl d| Aag f’j‘gﬁ'g%g%% ffFBPrﬁq fﬁﬁﬁe‘? éhlll(ﬂﬁ% (202, 203, 392, 393),
| e

t he open end of”one ing wt open end of the

ot her tube (202, 392 alidsrﬁ);ieu&ﬁae&mbeg(zb@,r@xm 1388), thesdped @bl of waid h r espect
to each other, the tubes 202, 203, 392, 3 rroundj an oysing the
spring el ement (201, tube 0 (-7’ 3 )‘ﬁﬁ%n&\‘afgblnfth@(?lif‘%’éa ?Pﬁé}e Qf#ler pbg &Og i%erei n
the pair of tubes ( fi winskEdck RPe ﬁ@ql\l\hﬁéel n each
via (151) in the pl ﬁ?g lllbt%%%]mgﬁ&lﬁ%@g%t*?gdak 1condﬁéctl ngacwa ©

conducting current btabwe(eﬁzmﬁ)é, 39%,39m)adun©mmgamrﬂh¢mmgdhﬂsmg qjemel(t161). 7.
The test fixture of ¢claiml further including a plurality of electrically
conducting ri bbons (@92)3%1 a one-to-one correspondence with the plurality
of vias (151), each ribbon (222) configured for conducting current between

the corresponding termnal (131) and the correspondi ng contact pad (161),
each ri bbon (2262) in”ﬂhajdi;trfg(tlab(l%h@tfdaneSstrand i nterwoven with the

correspondi ng s ng {221 n (12 t I NE St irst |ongitudinal
end of the cor r Sﬁcﬂ("ﬁﬁa’é?)ﬁ ﬁ%s %’1%0'3?8“’ elecli %cc?n?fi “i%ngiun?u%‘dnm end opposite
the first |ongiykginaach via (151) in the plurality has an electrically conducting wall for

conducting current between the terminal (131) and the contact pad

(161).

7. The test fixture of claim 1 further including a plurality of electrically
conducting ribbons (222) in a one-to-one correspondence with the
plurality of vias (151), each ribbon (222) configured for conducting
current between the corresponding terminal (131) and the
corresponding contact pad (161), each ribbon (222) including at least
one strand interwoven with the corresponding spring (221) and
electrically connecting a first longitudinal end of the corresponding
spring (221) to a second longitudinal end opposite the first longitudinal

end.
8. The test fixture (120) of claim 7, wherein each strand of each

electrically conducting ribbon (222) in the plurality extends to a cantilevered arm

(223) at the longitudinal end facing the device under test (130).
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end. 8. The test fixture (120) of claim7, wherein each strand of each
electrically conducting ribbon (222) in the plurality extends to a

canti | evewedosvars(7223) at the | ongitudi nal end facing treTaszeoeswRsler test
(130).9. The test fixture of claim1 further including a ribbon conductor
(362) for conducting current between the term nal on the device under test
and the cont act9.pad 1af teshéixfuseaf e 4 furthes inclustyes, conduct or (362)

conprising a pI Ny Iolnthn uctqrg%}tﬁig é’oﬁlélﬁ%trirfggcglgﬁeflﬁ% W n%@&%qr{]naqgﬁ% Strand

(368) in the pl url; Ity: ext e spring

(361); is electricaldeyiceand@aéstand thetdoftaot gadrof stid landiBodrd 58} ribbor he
plurality; termnates in a contact pad (363} for mechanical]y_and

el ectrical |y contactPRged3eDrsempaising Ripalierficord YeHye ptrandst(308hd has an
el ectrical pat h,gﬂe?é}gtegcﬂ]mmg%gpwa{eﬁm? th respect to the conpression of

the spring (361 ete i xtu claim9, wherein each strand
(368) in the plurality i sxegdahloyg sﬂm@ddmzimmﬂnafthp spriogn(3dj;acent strands
(368) in the plurality. 11. The est fix of ¢ erein each
strand (368) in the plur é??lﬁ‘g‘}“f’%l X%&né‘F%{F‘hPt ?P@QEStf@g]ﬁf%Bh e strands
(368) in the plurality. 12. Tliﬁuﬁg@,t fixture of claim9, wherein each
strand (368) in the plurality conprises an electrically conducting portion
(371) laterally surrounddembyatesingl eontact pad (393) fos micahdnmgpllyandi on (366) .

electrically contacting the terminal on the device under
test; and
has an electrical path length that is invariant with respect to the

compression of the spring (361).

10.  The test fixture of claim 9, wherein each strand (368) in the plurality is
equally spaced azimuthally from adjacent strands (368) in the plurality.

11.  The test fixture of claim 9, wherein each strand (368) in the plurality is
laterally offset from opposite strands (368) in the plurality.

12. The test fixture of claim 9, wherein each strand (368) in the plurality

comprises an electrically conducting portion (371) laterally surrounded by an

electrically insulating portion (366).
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