13 JULY 2006 WO 03/ 063201 PCT/ U503/ 01035 covPLI ANT ELECTRI'CAY EracT
BACKGROUND OF THE I NVENTION Field of the Invention he present invention
relates to electrical contacts, nore 5 particularly, to ld

conpl i ant WPINY¥al contacts with very | ow i nduct ance al)t\éerhlysé)l?g@!rbequenci es
The Prior Art The purpose of an electrical contact is to provide a

separabl e el ectrical inter Pty FrEdthedh tW %t _ctrical 10 conductors.
The characteristic of sepanaBicRoUMDNBRNBHE hA@tvENTgomonductors are not

i nterconnected by permanent nechani cal neans, such as sol dering or bonding,
but by tenporary nechanical neans. Consequently, in order to maintain a
good neclfdrildabfcontéattiventiam attenpt to mnim ze detrinental 15 el ectrical
effects of the contact. sone .f.orm of ri force . is used _to press the two
conductors toggt er- - These —el'ect rrie(:lgfs'eéoﬁgaecf%c%I?lecacalﬁoerlgaggrsrpI i"ant (as in
"flexi bl epPartdontacig, Swaldrycomplilacbmpdnbact slerter necessautyaciter separabl y
20 interc%qr%%cglie%g 'ig‘:tve% &cetdanccier% i thifghqfrg&\;’ér?@iseto what ever el ectrical
devi ce t he User sifes. prinme exanplFe i's connect i ng the ICto a test
fixture orTheoPring Byui pnent used for testing and sorting IC s during
manufacture. Thee goppliant: cantacl shauh d be. as ¢l 0ss (g feglnically 25
transparent as posSiblie in order to mnimzé parasitic eftects, such as

i nduct ancesepeltablal etecthecsl girdley aogngrd iofirbetwémen |tWons letrtedgkd | ead to
o1 [ ONgQUS JESLL S, COMPLL Al LONAGLS 101 BY1 depanalher. AuaniAge.n that

t hey can conpensate for noncoplanarities of the el ectroni ¢ 30 unit under
test (UUT)thseicrgdeonpeetae e igdredgonnentedi py soewrandns Weciieainetl exact!ly
copl anar, i h it it Ry - S bet ween t he
sane condS{ceF%tosh ggfﬁtgyo%é%%er}ge\r%t ﬁﬁﬁggESThgun%o%}pﬁ%‘rﬁ&é%% acts deflect by
di f f er ent MReb@RisSadepedds ng CPTIEIURR Aot uan pBaeY i toh Fintwn 35900Aduct i on

point. 1 mechanical contact in an attempt to minimize detrimental

15 electrical effects of the contact, some form of spring force
is used to press the two conductors together. These
electrical contacts are called compliant (as in “flexible”)
contacts.

Small compliant contacts are necessary for separably

20 interconnecting integrated circuit (IC) devices to whatever
electrical device the user desires. A prime example is
connecting the IC to a test fixture or sorting equipment used
for testing and sorting IC’s during manufacture. The
compliant contact should be as close to electrically

25 transparent as possible in order to minimize parasitic
effects, such as inductance, that alter the signals to and
from the IC which could lead to erroneous results.

Compliant contacts provide another advantage in that
they can compensate for noncoplanarities of the electronic

30 unit under test (UUT) being connected. The conduction points
on the UUT are not exactly coplanar, that is, they are not
within the same plane, even between the same conduction point
on different UUT’'s. The compliant contacts deflect by
different amounts depending upon the actual position of the

35 conduction point.



13 JULY 2006 WO 03/ 063201 PCT/ US03/ 01035 Conventional cohpf{ght?®%ontacts for
connecting to UUT's include spring probes, conductive rubber, conpliant
beam contacts, and bunched up wire called fuzz buttons. Each technol ogy
provi des t WO KéeE85ary neans to overcone the 5 noncopl anaP§VFEs8 ' HEf ween t he
contact points and provides wuniformelectrical contact throughout a
plurality of comvaatsonEdchomelhmod agpntzasssiiort commagsing oneJUT s

charact eri sti g, -anobher and.al L have o, glect rigaly, Bar asid c
charact eristics.. I°fi addi ion, "they are rel atively (0 expensive to
manuf act ureantadbtgpi eald vpnchgdprpbel wonrsildtest dluzat bheashst hriseclor  f our

parts, a | W a rj r r The spring is
housed i nmfo#ehqgalr %éflr %vrvio}tyﬁ&?ﬁetgﬁdﬁ%’%Sa%%épg\%&nae%éog\r’?%%%ggitﬁh%pposed open
ends of5 t heoryamlenagti t1gst hetenes Wie tdvatsypti pginTheasdrpngbieses the

pl unger s %ﬁff%ﬂene theraby cBrOYL i Nor AiHRAING. Fohegiioythe tip of the

pl ungers. I ng proges can have 'y varying degrees of conpliance and
contact for@eiacdsd aﬁécéeﬁéﬁéw%gﬁe%ﬂ% ghogtsicemingf pakPRg contact nmany

times or fQr, AL, QLEeS orSRhbRRe 20 CPES ek ﬁ&?;ﬁ”@?gé‘&?i@?m di fferent
conduction 1 nterfaces, such as pads, colums, balls, etc. Sgrl ng probes,

however, panasitisi shagpebeeAtrhcs hatIn Reldifiiong theel frea theelade very

smal |, ot her 38 £oRY shaltasPhiag force fromcontact to contact cannot be
mai nt ai ned. Thus, spring probes are 25 relatively large, leading to an

unaccept abl y | dr gePiif@dc ERREBI WRHEPE IRBF s eifeetr Leaft styree so@t hi gher

frequenci egour Mdidd, 0Ralhby 1 o&PHhAe PrPhEs Al ighabhMebye CoOStiy, Since the
t hree conponents nust be manufactured separ atelﬁ and_then assenbled. 30
Conduct i veP¥iIRES -coft&c £8TAPE haderwied upbdheaRdrrel| VebRes dfevh3fi ng

types w t heidriedgr@d reorgduabeyei Aedgbos &l i endthesecrenbacte sAwt i ons
usual ly are less_inductive than spring probes, but have | ess conpliance and
are cdpabl B¢ sMYewdr 86t FPEYEFes THAFRIPM P 1FE66esheTREVRS R RICt | ve 35
rubber workscwien i he ne@REYCHireii @0 dla igpralRvabedeoth the 2ip of the

plungers. Spring probes can have highly varying degrees of
compliance and contact force, and are generally very reliable
for making contact many times or for many cycles. Spring

20 probes can accommodate many different conduction interfaces,
such as pads, columns, balls, etc. Spring probes, however,
have a size problem in that the spring itself cannot be made
very small, otherwise consistent spring force from contact to
contact cannot be maintained. Thus, spring probes are

25 relatively large, leading to an unacceptably large inductance
when used for electrical signals at higher frequencies.
Additionally, spring probes are relatively costly since the
three éomponents must be manufactured separately and then
assembled.

30 Conductive rubber contacts are made of rubber and
silicones of varying types with embedded conductive metal
elements. These contact solutions usually are less inductive
than spring probes, but have less compliance and are capable
of fewer duty cycles than spring probes. The conductive

35 rubber works when the conduction point is elevated off the

2
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feature fromthe UUT or the addition of a third conductive elenent to the

systemto gg)tqs/ogﬁop protrudi ng nenber. This third nenber gﬁgﬁgﬁ}&,pe

contact ar or~“a given contact force and thus increases orce per

unit area so that consistent contact_ can _be nade, The third el enent may be
a screw math FEHSHEEEBAT WRY ch PEREIAIGY £RBEFEBLEFOBtRR AT IR E8Rduct i on

poi nt. Thiggdiltiibd o€l 8Ment r&adolit iadd el BAlEAt anseth® d e OMHAGLESYSt em
Conpl i ant beam contacts are made of .a conductive 10 material formed such
Chat def | € FoR*BhECGORE BT ce T ° ATLARNBATSEE GHE STRF (0% he UUT
conduct i orcqziant whehefdbhea oihet @ntacendbnsef ax@dthiws tirecraidsers easduct or.
In othsr B/vords t he f.grce is_pr vitded b)_(L gne or _nore, el ectbrically

conducti ver &4 PSpr PRYS. ATRRsEC comtactESvEFy g e3P 9T a5 $haEand

appl i cati arhe $Stuiedceirpheant mivedve cordcaetvs markinsdabht enoughi dio restysed

ef fecti velc}/ W, t hrl gPs. ggge r?ongl icaont Utg%z%@nconggct S Jse_ anat her conpl i ant
mat eri al, Such'® a8 PEbbEF VTS  add” tO dhe conp??an%'e or ‘tontact” force to the
beam cont azlierpoitntanThede bdddeindypesideend tbhebeosvadt esyrt.han traditi onal

conpliant beam contact ggglmt@gstapc ve aIresrsnadi nglgct ance.a divare better suited
for sorting hi ghef'3 reguency avices.” ‘Folever Ot hes@ tontacts still tend to

be sorswhataterdell dpgeetiosbeh usied uldd il esorenr adi ocdnegue nbyr (eRE)s
applicatiaons..: Fuzz t S, ar ' . iJpl e technology in
which a vvigr%allgégr ér%rpfgg %I?\ ot(g %‘%L{ﬁr ?%%ﬁggﬁéglé%%ﬁ%t S‘Afkg}s)luei ttlhr%g shape

| ooks ver ythssh endksenphns cfikedero rade oohersrertfiuepot. \Wrerptthee cylinder is
pl aced wi t.hj el - £ dugti yg erial, dqtActs like a
spring tha@%a’li Eg%oﬁ%’?ﬁgoﬁr@ ée\ffe)%etdr]i%gé?ﬁy ghor\rﬁtég%l(%é%locv%l. s a less

i nduct i ve eirebratiival lpafhsphangot hefhasenrcastaceehvervgiesatlyike rubber

cont agles, Lo ugs BULE 00, | Sof0S s SRIMMALY susedeolh Do dINL 8] ement needed

to reach insi t he 0 tive sheet to nake contact with
the fuzz banaldnengugl jolLlye2esed effectively with IC's. Some

compliant beam contacts use another compliant material, such
as rubber, to add to the compliance or contact force to the
beam contact point. These later types tend to be smaller

20 than traditional compliant beam contacts and thus have less
inductance and are better suited for sorting higher frequency
devices. However, these contacts still tend to be somewhat
too large to be useful in some radio frequency (RF)
applications.

25 Fuzz buttons are a relatively o0ld yet simple technology
in which a wire is crumpled into a cylindrical shape. The
resulting shape looks very much like tiny cylinder made of
steel wool. When the cylinder is placed within a hole in a
sheet of nonconductive material, it acts like a spring that

30 is continuously electrically shorted. 1It provides a less
inductive electrical path than other contact technologies.
Like rubber contacts, the fuzz button is most commonly used
with a third element needed to reach inside the hole of the

nonconductive sheet to make contact with the fuzz button.



WO 03/ 063201 PCT/ US03/ 01035 This third el ement increaseslﬁﬁﬂﬁﬂﬁ%ﬁ(:

i nductance, degrading the signals to and fromthe UUT. |C packagi ng
technology is evolving toward being smaller, higher frquenc &fa§ter), and
cheaper, r8Q3H8in 5 new requirenents for these types‘@VU%P i cal
contacts. They need to perform adequately at the | owest cost. SUMVARY OF
THE | NVENTTION Arhiols] edterefntt hecpeasentpd rasdritiicon nidectenpeovileeradimonpl i ant

contact witfh.a{ rs %€ Lnlan¢yehapge &bp hi gher 10 frequencies than existing
technol ogi es. Anot her object is to provide a | owsel f-inductance contact

that provi des siff fHaskastingoygichaA&_IY ol & eato wdnidotowapdTosinget anot her

obj ect is LQRaPr&w, dﬁg%érpmguenbpdwg&m, Ecenkapkrt habscani e fmde
extrenely small for testin UT's” with close conductions points A further
obj ect 7 s B8 piiHIFEENEWLSE FhPRBUEYRRT L EdRcacticehafonrsa¢et ati vel y

i nexpensi venép Al iddr@ormlBBeRLESENE dtUeMnRt 10 else doMery | ow _
sel f-inductance, 20 conpliant contact in two enbodi nents. The skewed coil
embodi ment i ncludes a coil of VAR Wt AHE PHVENGFOBppositely extending

| eads. The | eadsn eydnrd id¥ andi beekbipn anglad Jo q _tbhFrGQEBeaa(i s, the
magni tude of the angl e bei dependent on _the particular application. The

ng .,
gr eat er th%o%ﬁ&ﬂﬁﬁttqﬁ?9ﬂ§tggéépeﬁ LABST G HECEsSang et 8t cBipress the

contacto Daféqi@encidPpress @kisthagCobdhhonpsiaar.e el ectrically shorted while
t hey slide anqg}eﬁgh other. The coil on needs tq _hav enough of a | oop
to cause a shorPitCuiTIEE WeEn “ChBTPERS 2 wirdi SEartpr8888827SS i ni num of
just over 36ftadd thHwr gress-deeckubiatishapsmf]l ildheewitbetean bB&r akys shape,

i ncludi ng round, square, triangular, elliptical, rectangular, or star, nor
does the cpﬁﬁsgsectional di mensi on have to be uniformover the |ength of
the wire. Crossreecdrnarhes tdbjlelcat isstdesrpriad de lawgkeateinaadt &ede surface

than wire wilh & 35 round of oval glessSEFLaly ML 248 1%L gsgessarily 4
with close conductions points
A further object is to provide a low-self-inductance
contact that is relatively inexpensive to manufacture.
The present invention is a very low self-inductance,

20 compliant contact in two embodiments. The skewed coil
embodiment includes a coil of wire with a pair of oppositely
extending leads. The leads extend in a direction angled from
the coil axis, the magnitude of the angle being dependent on
the particular application. The greater the angle, the

25 greater the force necessary to compress the contact. During
compression, the coil loops are electrically shorted while
they slide along each other. The coil only needs to have
enough of a loop to cause a short circuit between the leads
when compressed, a minimum of just over 360°.

30 The cross-sectional shape of the wire can be any shape,
including round, square, triangular, elliptical, rectangular,
or star, nor does the cross-sectional dimension have to be
uniform over the length of the wire. Cross-section with flat
sides provide a greater contact surface than wire with a

35 round or oval cross-section, but are not necessarily



WO 03/ 063201 PCT/ US03/ 01035 preferred. The wire is made &H'Uny*%fectrically
conductive material which has inherent elastic properties. The | eads ends
can be configured in shapes that aid in the contact integrit for exanpl e
a_heni spheP@B¥Phg for 5 receiving a ball contact, or &% 30108

pi erci ng oxides. In one application, the contact is pI aced within a through
aperture inrededirefect fhe panelis Tiesleapdr eoveehastr ppehingsoratudidtvie ends of a

| arger cenfgle 384! lﬂHQchIﬂagnﬁhgg}ﬁd'eq%@ttactp§ogéﬂ§§§r' ¢ panel has a base
sheet with one of 10 the r?(grgnl ngs and the center section and a top sheet

with the ot herThGpéﬁPﬁ@ %ht%thﬁlﬁpéé@dlﬁlnﬂﬂ%ée%éﬁhaér aggcinon and

the sheet sy @c32REW ¢HEE L OYP! NSy SARUE agh&hfs@%t@%r rhigg L he
aperture. In another enbodinent, the dielectric panel has two mrror inmage

sheet s Swheras edyaRds Rebp L haGORFRE WS WpeniSRgaEnEoR MEE¥C BT t9rdd8ent er sect i on.

The contact 'SInpb%erbﬂl@é‘@lc% decr?é”@oh%cﬁh%tﬁl@é@d sandydched together to
capture the contact. Optionall he remai ni n? space of the aperture is
v

filled witHhEpUSSnBPRERETE e} R R r‘ﬁk?allq%}:ré@n&%? e The ARVMBIr S &S adds

resiliencyopid ndisdsti Bo€heshds Cat |y 120 gehoethpgr t fec€0dd . | 09PSnelhe ravel ed
wi re enbodi nent, of the contact of the resent jnvention is created by

forcing a THRLASHE wrhe FhEteCH 15 IRaNGi 83F 2aRRTy THRRC Hidth ogcardt er

| ar genot hathd r@en@hgssaﬁ@cth@@énw&mmanoénﬁh@ 5 Eshd &S Witdhn @ hien
randonty 25 ent an%I ed convol uti ons faorne aﬂ wi thin the confines of a

cyl i ndri cdl*RFafReNTRE - | Bl eFYE ot uditAG S Pal Ax AT | S rPmSqrd on
convol uti oiisl tHae selbaltacaemﬁmml@{ed h@gwherarea;bb@rl@ntﬁqea&dnmg&e of the
skewed coil, gontact. Al other _characgteris s of th@bra eled wi.re contact

are the same 35PPEFRiFar t T tHEEE St of 8 é‘l‘%‘é’\}\}éd § 19SREEE S o her
obj ects ofpdra waesemb nbyesot | ey | dhdeecomBerappacienshédr IHghtonef the

foll ov¥| ng draw n %E C%“#ﬁ' %ﬁld deschI%AI on of theT}llgveoantlaorE 5 VI NT&40515
13 JULY 260 HROEA PES
placed in one side and the sheets are sandw1ched together to
capture the contact. Optionally, the remaining space of the
aperture is filled with a compliant, electrically conductive
elastomer that adds resiliency and aids in electrically
20 shorting the .coil loops.
The raveled wire embodiment of the contact of the
present invention is created by forcing a length of wire into
a cylindrical cavity that has a diameter larger than the
cross-sectional dimension of the wire, resulting in randomly
25 entangled convolutions formed within the confines of a
cylindrical shape. The lead ends protruding paraxially from
the convolutions. The characteristics of the wire are the
same as those of the skewed coil contact. All other
characteristics of the raveled wire contact are the same as
30 or similar to those of the skewed coil contact.
Other objects of the present invention will become
apparent in light of the following drawings and detailed

description of the invention.



For a fulbf& ggggﬁgtandlng of the nature and object of {ht'pr¥8ent
i nventi on, erence is nmade to the acconpanying draw ngs, wherein: 5 Fig.
lis a perspectlve view of the basic contact of the skewed coil enbodi nent
of the present invention; Fig. 2 is a side view of the skewed coil contact
with oval |oops; Fig. BRIEFaDESERIFIAWNoOF HElE IBRAMINGSR | contact nmade 10
froma wre w rec ar Gk Fi i S e yi ew of
t he skewed coi %‘ngﬁt g@f{ﬂQBE Y e%% gﬁfcﬁlgone%g i rl#o n;gtrhﬁfrleg aqﬁgcpggé(::es/ %f’
per spect i Ybevpresentt hevsne\wd,cmelfec:@mcaacns wiade &£d dédek faremupamy na
prong; 154 IS tial cross-sectional side view of one enbodi nent
of an asseﬁ%ﬁin nbl%@?gggphe skewed coil contact; Fig. 7 is a partial
cross-secti onai-"lgoplvnSWaobetrbgecaasenbimmfofFit@e GaHig.cdhtisc@ parthal
Cross-sect onal S|d$ EFSM/Of anot 20 embodi nent of, an assenbly enpl oyi ng
a

t he skewed %%?@ toh ogdhfent P dtﬁﬁtﬁrgsﬁ d JOV S st oner; Fig. 9 is a

partial cross-segtignak ai dedei @Wedf oF Raler skefveskewmd et contagdis mount ed
in a dielectric sheet in very close proximty; 25 Fig. 10 is a parti al

cross- secPYdhal O9P8iv of several configurations of the ravel ed wire contact

mounted in a giglegtikcashegt; vaRd bifdthtl skewddPaidilialcHidsse seedd onal
side view of a configuration of the raveled wire contact nounted in a 30

di el & ri Erghedt WhhE wiFheaeﬁpﬁngaléén@ﬁ@tsis\rée@té@trbner DETAI LED
DESCRI PTI ON OFp | 5 N]\L/ENE' glél E&%e%ews*%“tc'h%“ ék%uﬁeb&?g{&l %Bnt%@&t rical

contact with a oW S uctance It has two e nents.
VI NTG405181 48 @LLQEQOﬁermedThetSkewgdnGDiI Enbodi nent of Figs. 1 to 9. In

h kewed mbodi th ' d
Lyewsng:"’ﬁg goiﬂ:‘elgt hQO#QgQ g{e??,@é@tﬂ}e':b%w S eneN ekt i 1 d £leat e

with a lead formed into a prong;

15 Fig. 6 is a partial cross-sectional side view of one
embodiment of an assembly employing the skewed coil contact;

Fig. 7 is a partial cross-sectional top view of the
assembly of Fig. 6;

Fig. 8 is a partial cross-sectional side view of another

20 embodiment of an assembly employing the skewed coil contact
and filled with a conductive elastomer;

Fig. 9 is a partial cross-sectional side view of a pair
of skewed coil contacts mounted in a dielectric sheet in very
close proximity;

25 Fig. 10 is a partial cross-sectional view of several
configurations of the raveled wire contact mounted in a
dielectric sheet; and

Fig. 11 is a partial cross-sectional side view of a
configuration of the raveled wire contact mounted in a

30 dielectric sheet and filled with a conductive elastomer.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is a compliant electrical contact

with a very low self-inductance. It has two embodiments.



conductlvgaﬁ%éf éféo a cylindrical coil 12. The gap 44 SI%éWVkﬁwﬁloops 14 of
the coil own in Fig. 6, ranges from essentially no gap (a cl osed
coil) to a distance of up to about 100% of the largest wire cross-sectional
di mensi on. The greater the wire cross-sectional dinension, the greater the
gap 44 cah. beTls SkpeedefoayeEobodhventogs- Eégei-ohakol0 . dinension For

exampl e, Wi th 4, Wi ck058aSESLio0fboadhBRDS! g0k 909384 NN, a gap of

0. 0001 inch ( accep as wth™a"w're cross- sectlon

dlﬂEﬂSlonc@dtadt(EM)1mchreatgépbpfw®ndiﬁglacheﬁéﬁh@ofse&ec@mﬁ@bﬂéy The coi

12 can be_r in Fig._1,_or vaI The t wre

ext r o 1 SO atlr Satlat Toa Syl iRy 8 ofiei o oli T ERBofos !t e

d|recmlonse@aﬂaﬁaiédp@alalbelthé ceamhlothshoaﬁdlatFag aBgl eahge® tthencoi

axi s 38. The nmmg ude of this s g yn Bend on th articul ar
qbi r€8 fo %

appl i cat | DFHHALFheY FHPp¥RRNER F ?E% 18RENCE0Cap PR E&ti on. The

greater tiwowndl s tde gneal grqgébe \ﬁ/@féecragge§§@t’:¥oh@lc@mé@1%§ohhe cont act
10, which nmeans that the contact 10 will provide a greater force against

the  condti® iGHeaiihtthR VhES FTOMRERCEREORBAt A4FeRE1PE, bt G4Ca§6eh t hat

the |eads d6.5k8 £ancdg 5@@5%85&@&@5@& oEhend5ceakk-Ldcprewhdes
conpl i ance as the | oops 14 slide along each other. WWen the conpression

forcdl s dimveihnt hefdpopxamaley eviykR fowikei Frqafpeseekiospate. Wil e

compr esseghndlify@0ide 2% pusheschhe,l sadsol®o 48o3oahant (g ggnduct i on

poi nts of bel ng’ connect é I'ng an acceptable ctrical 30
connectlcnncdpt&bﬁhxlwhereas wnth a4wprevcdesstbecneoaaéadymehsab@r@fof

adj usting the nonco | anagi of the gnductiagn i Once the gap
29 15 o queffo Mot a8 8E L0 FEer bl (568085 i eRPaBaRout « he
conpr essi on ofTHdhecebnt BZtcdN bhi keuldd, t heyial Fdeg.allongreaevhlot her inThe coi

12 onl eds to ve 7 VINTGA051S 13, JULY 2006 enou of, a_l oop to cause a
Shor 50 TEE T Dot vt THY P EBASSREEOT LB B AR LaRr B8o0aadndbr e SxRtbe

extremel yrshordhev ddil VeZ yihovppbectei €akepaiasbt geserdheyspalda@stelceid has

each other and at an angle from the coil axis 38. The
magnitude of this skew angle will depend on the particular
application and the compliance forces required for that

20 application. The greater the angle, the greater the force
necessary to compress the contact 10, which means that the
contact 10 will provide a greater force against the
conduction point of the UUT. When the contact 10 is mounted
such that the leads 16, 18 can be compressed axially, the

25 coil 12 provides compliance as the loops 14 slide along each
other. When the compression force is removed, the loops 14
return to their quiescent state. While compressed, the coil
12 pushes the leads 16, 18 against the conduction points of
the UUT being connected, providing an acceptable electrical

30 connection. In addition, the coil 14 provides the necessary
feature of adjusting for the noncoplanarities of the
conduction points.

Once the gap 44 is closed, the loops 14 are electrically

shorted throughout the compression of the contact 10 while

35 they slide along each other. The coil 12 only needs to have



slightly ﬂpﬁféi one | oop. The wire is coiled a nininuﬁ%%”uygmfust over
3600 so t e ends of the coil 12 make contact during conpression. In
addition to the skew angle, the force versus deflection curve of the skewed
coil contact 10 is also determ ned by the volunme of the wire used in

manuf act Lo 0f e korpate, ceuge aheharfrectroustsbetiveral tiiemdresiden, coi

di ameter, dlé’“ Wen Q@Qreé ¥el LnSSFB{Jg SEH.SEeSS%E!rth%'l %g%% %}1%"“ re
naterlal. e Cross-sec ona shape o e Wi ré can be roun as shown in
Fig. 1, oveanylathelestmpealiperadinhgcsquaTke smadhgskacpiél hiagti cal ,
rectangul 15 star.. The present inyention also co mpl at.es t hat t he
cross- secai%ﬁﬁﬁl¥hmﬁﬁﬁl %a%ogg ng?oﬁave¥ﬁg Bertintfof it g@@ 2 PRI AT of
the wisr e. jWhenwst s ow r€o W hiit acheoendsesti one Bayingof hakeSchm:,acs:uch as
rectangul ar_or star-shaped, adjacent |loops are in contact along a greater
surface ateaH THEESH hOES|ng wire with a round or oval cross-section.
Consequently, theisdorissttel eserkral Qﬁébepoﬁﬁébk@rbé veraaked, resulting
in a |l ower inductance connection. _ Howev for cost and other reasons, wre
with flatdeflRacion ¢igfvecebssaei plepeds 6@%édC©0EﬁCF—o&ﬁdl§né 6Pal wire. 25
The wir e SATL e ABHI%PT180Yv 61 GRET bEALKY GPBIUGLLYCinTRhGLEALCWRICE has

i nherent elastic properties, for exanple, stalinless steel, beryllium
coppép, cupperoniaciss,e and hh@kwlreCQFQﬁﬁuﬁﬁatLoyalAﬁhm@hSﬂh@seC@aﬂer|als

can be uggqm%%éwﬁ d@gfgfgﬁefén Egée%gﬁ@eiio agﬂgahggsgo gng rdened. 30

The end |gur 'n_shapes in the
contact|$ﬂ&§ﬂ|&@d(ﬁ1t¢mm£baraal poThe cnes - eganpbaadfsaapeadffmheatlon IS
a hem sphere or r|n homm Gﬁ fog receivin% % bal |l _contact as
in the té%%ﬁ%uf%ﬁ grl ?gy ?% }9de 1 c8Y ARSt REFCExSHPPE is a

spear, ﬁﬂdﬂ&&&ﬁﬁfﬁdﬁhﬁéLYtﬁﬂﬁﬁgahamm ehlEpglcél wrebtangudariyobe prongs 22
i i oxi des at the conduction point ication, shown in

f |
F?é.gé?rﬁ%gg%keﬁgﬁad%??se%anQX?nEboFs F%c%ﬂnRFFHEﬁtggfﬁbéﬁgﬁ Sperture 24

ina cross-sectional dimension does not have to be uniform over
the length of the wire. When using wire with a cross-section
having flat sides, such as rectangular or star-shaped,
adjacent loops are in contact along a greater surface area

20 than when using wire with a round or oval cross-section.
Consequently, the shortest electrical path possible is
created, resulting in a lower inductance connection.

However, for cost and other reasons, wire with flat sides is
not necessarily preferred over round and oval wire.

25 The wire can be made of any electrically conductive
material which has inherent elastic properties, for example,
stainless steel, beryllium copper, copper, brass, and nickel
chromium alloy. All of these materials can be used in
varying degrees of temper from annealed to fully hardened.

30 The ends of the leads 16, 18 can be configured in shapes
that aid in the contact integrity of the contact point. One
example of a lead formation is a hemisphere or ring 20, shown
in Fig. 4, for receiving a ball contact as in the testing of

a ball grid array (BGA) device. Another example is a spear,



5 dielectrig gq@gl 26. The aperture 24 has openi ngs 28 atl3BBth200énds of a
| ar ger cemt®fC4%&2t? on 30. The cross-sectional dinension of the center
section 30 is slightly larger than the |argest dinmension of the contact
perpendicular to the |leads. In one configuration, showm in Fig. 7, the
center 1Gsiseedinn B0 has, anioNabner 68smseet peongwhepe fole pdierediricon 40 in
which the cojl 12 expands has the |arger dinension. The smaller di nension

|
42 can bt IEI e G tFNAGFFIoR BALbn, since the coil 12 does not expand

in that dinensi®nodel. apdl 08ge e9RPdsABRh, i8hPVg .1 B, File BkelR® dighectric
panel 15 26 has a base sheet 34 that contains one of the openings 28 and
the entir®kicHtterl ekt iR atilitBiRop EheREIB2aPRAEEUTEORtALAS 20Nl y t he

ot her sopefy &k 28-1 INGy gONt 26t 1Pk SspLhacde 4R Bgs Bséﬁiaggetzepaartt et he

aperture 24 and the sheets 32, 34 are sandw ched together, capturing the
contact l&ndgé ti m ROrgére egrtenrseeuionnd@not Bee enbedi-secstiogsiedwn in Fig.

B, the diegl I 2 t 1 LT Ok A1 hRg , re each
sheet hé%“%%%igﬁéﬁgﬁgggﬁ(g% %?h%??g%éﬁt%% g%n%éigggggiggrggé f%%ﬁlcontact
10 i s pl aded lIargwer sdidecndidhecfipehé ucenld4candethendbcsheet $o4Ghed8 are
sandw ched together, capturing the,contact 10 within_the_aperture 24. \Wen
an axialg&ﬁﬁ%$95gﬁbﬁnrﬁr%%n#%gﬁﬁﬁ?f%ﬁ't%h?ﬁ% }82%%9-18/ EgepF adi ng
throggh tde-wpsniIgshaS Hi dWel deebest seetipanevhdde the Heepstliénofact he
aperture 30 24 nmajntains osition of the contact 10

coil 12 expand. The , he ,

G it 15 ChAfridsddS et hpot 14FRADIS NG5 aFBS hATAES FLFRBSIAFeqr T of ¢ he
contact Ifny & evaidndion Ne2 COAh bOOPSe 14athé 08y SBRPAEAL NG HBARH onhe axi al
conpressi on. | n _another gfpllcatlon, the skewed coil _contact 10 is 35

i nst al | ePinF] H gt irk Zoemdnehec¥RBl ni RgtBpRCcEIBENERLNI 491 NTG4051S 13
JULY 2006 aperﬂxyr&l@ﬂemﬁocﬁﬁ%ﬁ@s V‘élﬁrcﬁwﬁ T@H”ﬁlé?”&; 3@11@0&1?@@@&&53%@%@' ve

el astoner 36, as shown I n e el ast oner 6 perforns a
f uncibon.29 thaglds hase eheesil4 eblegt ofontaens opnacef 10henerainigashas t he

cont act %Quf%%é(%ﬁ¥fgéaégﬁfér section 30 and a top sheet 32 that

contains only the other opening 28. The contact 10 is placed

in the base sheet part of the aperture 24 and the sheets 32,

34 are sandwiched together, capturing the contact 10 within
20 the aperture 24.

In another embodiment, shown in Fig. 8, the dielectric
panel 26 has two mirror image sheets 46, 48, where each sheet
has one opening 28 and a half of the center section 30. The
contact 10 is placed in one side of the aperture 24 and the

25 sheets 46, 48 are sandwiched together, capturing the contact
10 within the aperture 24.

When an axial compression force is applied to the leads
16, 18 protruding through the openings 28 of the dielectric
panel 26, the loops 14 of the coil 12 expand. The aperture

30 24 maintains the position of the contact 10 as it is
compressed. The aperture 24 may also maintain the integrity
of the contact 10 by preventing the coil loops 14 from
separating under the axial compression.

In another application, the skewed coil contact 10 is

35 installed in the aperture 24 and the remaining space of the



5 oper atimcﬁgyﬂ?s than wi thout the el astonmer 34. The 1éPekYditer 34 al so

aids in e Icalty shorting the coil |oops 14, thus potentially
mnimzing the electrical parasitic values of the contact system The
skewed coil contact 10 can be made extrenely small 10 by enpl oyi ng

extrenel yapamiurevi 24 andfibiedngitbeat aowpl2dantn elbetdiiekddyri c panel 26

for testin UT' s W i tches., small that 0.5 (0.020")., _.The cqntacts
10 are aaca%fcg Cftelv oéi;?%%o%gm%?éra%rg P‘ﬁ’ﬁ W't ﬁl%%hes%lﬁﬁ F%é—isrtr_’locr:nreornneters.
An al t er g eparfangenendual fheccbohact $tl8ddet honthe itbsdildleectriof panel 26

is showmn in Fig. 9. e that.one Jead_, 16 is_|lopger than _the other 18 and
Lhat Che SRR A by e hRgaE BAC RIS P aSGR BT OV PR ERLE B o tent
the cent asgsratlibesdl dpcpbacedas! @sehotiogehbeel aPapinbeubar, applel cations of
this arrangenment include 4-wire testing where each IC lead 20 requires two

cont act s, SAREIHIT &3 Hrdbeo cateniNaflcEREIGRhEY SPBFERPGhEPRpE@Ance sensing.
The skewerh ol 11 £0NtRGE S30RE: FRIS QLnaR; 2Phi;CRhef LBEECrSRa0NAt it may be

used to nake a tenporary connection to UUT' s"wth fiber optic interfaces.
The skewmhragitieadl @Ss ppbt tledecartartysysoemt he coil, thus directing the

light signal spalraldhlyi 0o #NA-O0E 2 0F ﬁBe gﬁnﬁéc&adlhgxe%%ig sn@3y! ousl y,
? ef ptical

is not to mnimze parasitic elecirica ects, since optl signal s do
not RAave ywcmmplrabl mpsexThemebyi saall cenracangefortning mpertueest 28 dctri cal

and optical signals 30 on_th test fixture _while providing the sane
oo Dancdie QRSP0 HahdF 28 RotRept LESPERY! yEcR] BYEENAY LT, >
Enbodi merdmaif1d+# gshatl0o ahidmil 1(0 Th2ot avel EHeweort @obsdiveate skewtabld-i gs.
10 and 11, cansists of a length of wire. that is forced.into a 35

cyl i ndri d&f 1437t S haRT P HIAnEL BR PAFGRPESt hAntPRe™EFESECEE TR NTG10515

13 JULY 2006 sgctd onaknst deqsiongehehibeo tBe E¥RESALEY 1DWRikB oW tines
| arger. The result, shown variously in Figs. 10 and 11, is a contact 50

that 1Ps cHifhSed DP3RMtORE y1 BntBAYR et cBRTol Bt | oNIES2EPBEMEAWNILEFHh t he
confines of i& CMAJMK 1©8n the other 18 and that the apertures 24 are

elongated and staggered. With this arrangement, the contacts
10 can be placed closer together. Particular applications of
this arrangement include 4-wire testing where each IC lead

20 requires two contacts, one for a drive current and the other
for high-impedance sensing.

The skewed coil contact can be made of an optical fiber
so that it may be used to make a temporary connection to
UUT’s with fiber optic interfaces. The skewed coil leads

25 protrude axially from the coil, thus directing the light
signals straight in and out of the contact. The purpose,
obviously, is not to minimize parasitic electrical effects,
since optical signals do not have such problems. The optical
contact permits a mixture of electrical and optical signals

30 on the same test fixture while providing the same compliance
as the electrical skewed coil contact.

2. The Raveled Wire Embodiment of Figs. 10 and 11.

The raveled wire embodiment, shown in Figs. 10 and 11,

consists of a length of wire that is forced into a

35 cylindrical cavity that has a diameter larger than the cross-

10



5 shape with both extrenities of the wire protruding par &kT@Y 3% as | eads
54, 56 fromMEFidet>end of the convol utions 52. The |eads 54, 56 pr ot rudi ng
fromthe convolutions 52 provide a conpliant contact point. The axially
protruding | eads 54, 56 are the key differentiators fromthe fuzz button
contact ofedidrivel p:ﬁir@én@icbnidafthhé woradd'tyjao@al1906Wactoelfemamtirr@rse
required jn the co act s%/ftem Consequent | t he_conta t s_less

i nduct ance@ & cant Ena?lil%Y’ntK%ﬁl?H§¥Yu}9 Fpgeto 08 adtt syt ém The

W re can &snimee of tﬁl'i@t sagecomp el kaisoasrhh@oskpvetltadgleai | contact 10. A
contact 50 usi ng a rect aggul ar _Ccross- section wire can I nduce consi St ent

convol ut | RVSULigRe 2hefolped YithiRckle| APBRLAneavPEy2afYLREATiFE Lof

manuf act uhe, nd hes M 58 1 e8dsr£R: PR @koeﬂelwr&e%%sé&ue%gt pafhtd SthS
rectangul ar cross section, the weakest point is the shorteSt 20 |ine through

the w re X ilssadshi Th, i 56 e@E@ntifath?rtﬁ@ds@ﬁeth@hf—@u@ﬁbutlph@ Péngt Ahef the
] d | i : h
wire. Thus,, g Wy | Ié@%%cg%de}#?yk?rlﬁetﬂgt {:SB o ﬁt&Qchg _p%%'ﬁ'd%g the

cont act to corrpress om con o contac Feads 54, 56
can be formmilmarrtto mtpmtlpoiﬂn'e safiee aﬁlahhﬁepratSrudénge&dadBG 5418 s&f t he

skewed coil n The ravel ct_5 n_be de Very smal |,
ket he Skaih Ko | LERT AERt REEORE BROR FRE BlkgonuEPr BsRRREE S “The
ravehed whee pmm:acﬁrtcam btehatnsmal fhedltﬂoaal hcougbataaﬂ;emaheSS&ﬂen a

di el ectric pane @jl s with the 30 skewed cmh conbact 10, the

remai ni ng %‘5&6@6%1% %p%?%"f‘%t %%SE%‘H beCPRPPIURF LK atBENFPFAREE
conduct i ey £liasdHMBid s ands SHOWBafri Be ddde TBRaLa¥rt ¥hhA WheCHFulze contact
50 is fornmed can be round, square, or any other desired cross sectional

shape. 3PYGEQThE TR Bt SEBEPE- f or ned i nsi de a rect angul ar, rather than 11
13 JULY 2006 W@ 13/ 063201 ﬁ’@%é&é 8Os 3dRd Qan?te SmgtEeyhas, a%a‘tfhfe)’,sléeklfedapexes

of the formed contact 50 may used to hold the contact within the
aper lar e ®8.1 TRARLAQt hbb. be?énC@Ih‘é@mt ahd desedi peteatenaplpancrosisect ri cal

contact V!Eéﬁl&ﬁ“&fgéEéhﬁhfn@@égcéénéfétéﬂﬁtQonvolutions 52. When the

wire is forced into a cavity at the time of manufacture, the
wire tends to bend along its weakest point. With the
rectangular cross-section, the weakest point is the shortest
20 line through the wire axis, which is essentially the same
throughout the length of the wire. Thus, a unidirectional
collapse pattern is induced, causing the contact to compress
consistently from contact to contact.
The leads 54, 56 can be formed into shapes in the same
25 manner as the leads 16, 18 of the skewed coil contact 10.
The raveled wire contact 50 can be made very small, like the
skewed coil contact 10. As with the skewed coil contact 10,
the raveled wire contact can be installed in a through
aperture 58 in a dielectric panel 62. Also, as with the
30 skewed coil contact 10, the remaining space of the aperture
58 can be filled with a compliant, conductive elastomer 60,
as shown Fig. 12.
The cavity in which the contact 50 is formed can be
round, square, or any other desired cross sectional shape.

35 If the contact 50 is formed inside a rectangular, rather than

11



5 above. Since certain changes may be nmade in the pr esent YUY %sur e

w t hout departing fromthe scope of the present invention, it is intended
that all matter described in the foregoing specification and shown in the
acconpanyi B§ B0648Phawi ngs be interpreted as illustrative afd’HI¢01% a
limting sense. 12 13 JULY 2006 | VI NTG40515 What is clained is: 11. A
conpl i ant @ixstleircakavéhvactheonpexest mf theafarnedgednoic i I mvavibeg
extreni tiegand pabid BreMeoses-Ofwamhiel @6l hpaktyrcogguctive, inherently
el astic 4materi al ; 5,(bésa| d wre being fornmed into a coi]l having at | east
6slightly nore HRanisneafobperntnafh & depcE}Pedch eP™Ruidhtextreniti es
formng a lgad separabada8trom Rl ehCidi Y tRebERYetPs S8Ld #4118, said | eads
extendi ng 9in approxi mately opposite directions; and 10(d)said coil axis
bei ng angl@¥Ps-om sai d | eads. 12. The conpliant electrical contact of claim
| wher ei n 2sai ¢i\Wckechasadnl OHALGES A&, 3RCHEAR. 1A3ehdhsr&oaml i ant el ectri cal
contact of _claiml wherein 2said wre has a_cross-section with at | east one
flat side AUSFEIASITEOMPIRARE EPRRYFiRAITTOINEEEt SEPPRI &f nThe WIFSST 2at | east
one of saifhJ&adsnisieonti gueedavd ttha shapedresd. ddScdBe€ oWl drant

el ectrical _contgct of claim1l wherein 2one of said |leads is |onger than the
ot her of sHTPIVRGs SPEEIFRE2EOADI FBAtSHAECER E8F 2ORPERRNBINEl ai m 1 wherei n
2sai d W r ediswimRfsabll éntdfprébedcospl ia: rakeckr hfal n6ontacd Dfmiddigigm 1
wherein 2said wire has a cross-sectional dinmension and the gap between 3said
| oops is nof'tifre than 100% of said cross-sectional 4dinension. 18. A
conpliant electrical contact assenbly conprising: 2(a) at |east one
conpliant electrical contact, said

12
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ncluding a length of wire having extremties aHﬁ"ﬂﬁ%%ﬂb conposed
trically conductive,inherently 5elastic material, said wre being
0 a coil having 6at |east slightly nore than one | oop and an axis,
f YITG40518 i i i en es ex ng romsa cO 7as ea S N extrem
mately opposite directions, and said coil axis being led fromsaid

What 1s claimed is:

1. A compliant electrical contact comprising:

{a) a length of wire having extremities and being
composed of an electrically conductive, inherently elastic
material;

(b) said wire being formed into a coil having at least
slightly more than one loop and an axis;

(c} each of said extremities forming a lead separated
from said coil by a bend in said wire, said leads extending
in approximately opposite directions; and

(d) said coil axis being angled from said leads.

2. The compliant electrical contact of claim 1 wherein
said wire has a round cross-section.

3. The compliant electrical contact of claim 1 wherein
said wire has a cross-section with at least one flat side.

4. The compliant electrical contact of claim 1 wherein
at least one of said leads is configured with a shaped end.

5. The compliant electrical contact of claim 1 wherein
one of said leads is longer than the other of said leads.

6. The compliant electrical contact of claim 1 wherein
said wire is metallic.

7. The compliant electrical contact of claim 1 wherein
said wire has a cross-sectional dimension and the gap between
said loops is no more than 100% of said cross-sectional
dimension.

8. A compliant electrical contact assembly comprising:

(a) at least one compliant electrical contact, said
contact including a length of wire having extremities and
being composed of an electrically conductive, inherently
elastic material, said wire being formed into a coil having
at least slightly more than one loop and an axis, said
extremities extending from said coil as leads in
approximately opposite directions, and said coil axis being

angled from said leads; and

(b) a dielectric panel having a through aperture for each

of said at least one electrical contact, said through

13



an g ; 10 (b) a dielectric panel having a through apert'tjsrJ W3 %ach 11 of
said at | east one electrical contact, said through 13 13 JULY 2006 WD

03/ 063201 PCT/ USQ3/01035 12 aperture having a center sectl'; %On/ jch said
coil is 1¥9M8843Ped and opposed openings through which s4i'dUd4HE 14
extend, said center section being sized to permt said coil 15 to conpress

and exdpandRes taxeahpyipe ed stReE§S SH5Hc8d ipowhkeh 9% ¢ &idivied & r om sai d

| eads 131 Qapthecc0BRkI 8Pbo St FditalgCAntBaLhasseml o f KRN 8 2 wherein
said aperture is filled with a conpliant, conductive 3 elastoner after said

cont adt i £4578cal peddi AEREFE SHEIUr £21nF EHZeneC RPN antdid Qddi cal
cont agts assednprebschaiBparkd Weraiin19a grvtEerdass aagPudl cdossasect i on.
1 11. The conpliant electrical .contact assenbly of claim8 2 wherein said

wire H8s & L0SE SECT BAH tTP3E | east one flat 3 side. 1 12. The conpliant
el ectriical cont.actrhassenpl yard «laivni8al2cvheset neddeigastoforaadfn gai d | eads
is configured with a_3 shaped end. J,éfl& Th}g‘ con:g)l if"tnt el ectrjcal, contact

e tPedds

assenblly TN FE1I922RREFET R bR legh g R} Hhyerc Y'HE ot her of
said 3 | esdsstoheldaftbe coiPlecaiiac] €ct ineshltodt actsassesgdntudfe.claim8 2
wherein said wire s netallic. 15. .The conpliant el ectrical _contact

assenblqy of cwgi‘mT%e SoWRet &t h éaﬁccf%'craz ﬁagpﬁcir%%%% ¢ i9n&t e ménsi on and
the gap 3wHeteieeraddi diteopssis moumdreaoksBaned008nof said cross 4 sectional

di mensi,on. 14ll

. The compliant electrical contact assembly of claim 8
wherein said wire has a cross-section with at least one flat
side. |

12. The compliant electrical contact assembly of claim 8
wherein at least one of said leads is configured with a
shaped end.

13. The compliant electrical contact assembly of claim 8
wherein one of said leads is longer than the other of said
leads.

14. The compliant electrical contact assembly of claim 8
wherein said wire is metallic.

15. The compliant electrical contact assembly of claim 8
wherein said wire has a cross-sectional dimension and the gap

between said loops is no more than 100% of said cross-

B W P N W NP W N W N

sectional dimension.
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