ELECTRI CAL CONNECTOR ON A FLEXI BLE CARRI ER [ 0001] Thi s application
clainms priority to U S. Patent Application No. 11/265,205 filed on
Novenber 3, 2005, which is herein incorporated by reference inits
entirety. BACKGROUND Field of Invention [0002] This invention rel ates
to electrical connectors, and in particular, to a conpliant,

scal abl e, thermal -el ectrical -nmechani cal reconnectabl e and renount abl e
el ectrical connector constructed on a flexible carrier. Background of
the Invention [0003] Conventional electrical connectors used to
connect conponents such as printed circuit boards are fabricated
using a wide variety of techniques. A conmopn approach is to use
stanped netal springs, which are formed and then individually

inserted into an i fﬂﬁ@mﬁmWNNmTéﬂoi\Q(mmmEmmmel ectri cal

connection elenents. The insul ati i.S .t of a
rigid el &PH cal™Py al??(‘:i?f‘“?:‘b‘ﬁ"ﬂ‘ﬂ%’fri%‘g tﬁ'ﬁ’t % A PREFHH 1%/ %33’?%%28 Eﬁggt 0
meki ng el ect r beMbvemds BLAOD Which nmbmniéncugpnagdm%mqe@pﬁwaﬂlrw conductive

adhesi ves, |nh ded conductive adhesives, bundled wire
conductive el &Ren S, and small solid pieces of netal typically in a
rigid carrier Fieldodbagmiop di nension flex circuits are readily

avai | abl ?Ooi@ﬂd }[quhls i BN elatts fo@%o@ihﬁ@&rﬁéﬁﬁft‘»} Sndlnﬂﬁﬂtl)i&mﬁlyw akcomplenanpl el |
common applications in X_.Cl.rcui an, be re ce
phones, boardS%%£Bﬁ%¥%ﬂm§ﬁH“4P@%mﬁgﬂgﬁxﬂ|g% ngmnlﬁ%g lé$%§ﬁC|rCU|try
is typically uamebtdroost@ied pox flexitdavaaivd hi gh- speed signals within the
flexible carriger Qﬁ&ﬁ%réhweTg access |nternal signal s one nust
connect to thew%?‘ a series of vias or by surface nount . pads
and/ or cd%ﬁébtoﬁ%mWmedﬁFﬂ§“%V§F@ﬁWH§ﬁ§Pf?m%%ﬁmﬁg?WBHHEWH?“ﬁgve

‘i ncreased, 50cﬂéM%m%&QmﬁEﬁkﬂ@ﬁﬁhgSﬁaﬁw&kﬂaﬁkﬁMQW&OMJmmmemConnect|ons.
- One way high electri] er oved

t hermal char a@?‘ﬁ?rﬁ‘c%’tsloclgeg egmetﬁasprm%‘twm%lq{ ]ng lﬂ%lélr?ﬁ]t‘)’ld%

acconpl i shed hymﬁégmgmmwgmmm@mmwﬂeﬁn@ﬁm@vwPéﬂ@“@ﬂéﬂ“@%@ﬁd?ﬁ@? al | ow
thermal planespf, Fatek Arﬂérss tyﬁcahgnﬂ@e%fg Red elddtﬁdamt doj-cordlogive he

i nterposer or carrier. These ure djrectly connected

en
to the cont actmasrignfhearoraackssip ’fnélfmga"ieﬁﬁﬁgﬁ?mﬁcé%s IB%udé i'Ven for the
addi tion.of otahiestropicdll vbridicivamitiesiies, thij@dorah@ded pérdetive adlhq:sefgq,l y on or

embedded i nt er 1 (Jled)(mrte %)orxtd\t]c IVé Qérgengoaﬁxﬂ small solid pieces of metal typically in a

rigid carrier.

[0004] Two dimension flex circuits are readily available and well known in the
electronics industry. For example, common applications in which flex circuits can
be utilized are cell phones, board to board, and flat panel displays.

[0005] Flex circuitry is typically used to transport low and high-speed signals w1thm the

. flexible carrier material. To access internal signals one must connect to them
through a series of vias or by surface mount pads and/or connectors.

[0006] As system density and performance have increased, so have the stringent
specifications for interconnections. One way high electrical performance is
manifested is in improved thermal characteristics and signal integrity. This can be
accomplished by designing the interconnections such that they allow thermal planes
or materials to be designed directly into the interposer or carrier. These features can

then be directly connected to the contact elements. A similar argument can be given
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DESCRI PTI ON OF THE DRAW NGS [0007]Figure 1 is a schematic diagram
that shows a nunber of land grid array structures on flex material.
[0008] Figure 2 is a schematic diagramillustrating an enl arged
sectional view of the contact ains for an exenplary Land Gid Array
contact array. [0009] Figures 3A-3D are schematic di agrans of enl arged
perspective views of different exenplary contact arm designs.
[0010] Figure 4 is schematic diagram of an expl oded perspective view
of a connector according to one configuration of the invention.
[ 0011] Fi gures 5A-5D are flowcharts showi ng exenplary steps for making
a connector acg kA8 . I nvention.
[ 0012] Figure 6 ?gg&édgﬁlgltﬁgﬁo?%r %?ggf%n%%?lg%%\i ?%%%gpécggé% orlegif/%?edof an
exenpl ary st acReUFRHE WBRBFdi ng to the nethod shown in Figures
5A-5D. DETAI L HiES0RSERIGN OBNHIOLSWINEs pr esent invention provides a
nmechani el ectrical

conpl i ant al e, .thermal :el ectrical - ca

connect or[O%OZﬁst ?ﬁ%‘frééalsgﬁChgm?tfcgﬁ?igrB’f’éhaE%%st?‘H‘P’Q?r °§HBJ i ®4Mot her aspect,

di scl oses net hougureson fivakirteripl.same. 1 n enpl oying a thin flexible

substr at goodshe 1mMyuens lsggctﬁxﬁgwdggtﬁmﬁluﬁt%ﬂgﬁ%gfarg\% stegioﬁﬁ Q}ajwloﬁt'ﬂg e from
ut "al so e

not only the elastic contacts thensel ves; rom-t fl exible
substrate on VATEHAHET @RREERPR Lapdridd\ry eeptactimay-over al | conpl i ance
of the cdnert orFigsessegLsal aré @hdntafc Gapfan@for édMesca QERkiRGEWSr t he
contacts and td%}?ere%?%&jlg‘rpggntagg t he. substrate. Wth this increased

. Im gesl .
conpl i ance, the qonnepfo can Detter accommpdate uneven contact
arrays tdo%Al ch Higurs 4is pelerostie diagrhin of dni esploded pespectidesew afal cenreannect or
properties cancdeliRahbR\¢ethishRtid of ik carrier or circuit
i mpl emsnt&} on. %%Olég%T e connector takes advantage of a conpound
syst em of! clhrlnpl i AFHEE WT&W%W@"“@W@W%@%MMWW he thin
f | exi bl e i nsulaerdirg te arrspeciads the aresbnGavensont he conpl i ance of the array
of conpl irgnb; cCotacd &; h bstrate. This added aspect of
conpl i ance p]r ovi ded i@gcﬁﬁgﬁ? fhgé} ftrb) P%‘E%H):fte?%ﬁa “al Fone™ q%gﬁcr%rugy of
mati ng sur f ac &% Wepdingipdherppiiad fioka inFigwres 4Ai5Wy array of contacts.

Thi s appr oach p@TAANED BESCRIPTION

[0013] The present invention provides a compliant, scalable, thermal-electrical-

mechanical electrical connector constructed on a flexible substrate, and in another
aspect, discloses methods for making same. In employing a thin flexible substrate,
the invention provides a connector with compliance from not only the elastic
contacts themselves, but also from the flexible substrate on which the contacts are
mounted. The overall compliance of the connector is equal to the sum of the
compliance of the contacts and the compliance of the substrate. With this increased
compliance, the cormector can better accommodate uneven contact arrays to which
it is matched. In this manner, desirable connecior properties can be achieved in a
flexible carrier or circuit implementation. '

[0014] The connector takes advantage of a compound system of compliance (C1 + Cﬁ)
where C1 is the compliance of the thin flexible insulating substrate and C2 is the
compliance of the array of compliant contacts formed on the substrate. This added
aspect of compliance provided by the flexible substrate allows the array of mating

surfaces to behave much like a floating array of contacts. This approach allows the
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overall systemflexibility or conpliance to be greatly increased over
that of contacts being constructed on a rigid substrate. [0015] The
invention's use of a thin flexible substrate also elimnates the need
to pre- plate through holes in the substrate. Indeed, the reduction
in thickness of the substrate mnimzes the anount of electrical
interface between two electrical circuits. Since the contact arrays
on either side of the substrate are in close proximty to each other,
separated by the thin substrate, the entire assenbly can be pl ated
after the contact arrays are adhered to the substrate creating a
monol i thic st rou&alwyaem lilsbhmh@p;pfo@ﬁcahcendwﬂgaéaﬂﬁmcmeceuvaahat bicontabtsup i n
the contact, %n co {3 & d@&gaglated t hrough hol es. Such nateri al
bui | d-up can PFREIR Phe & being stiffer than desired,

resul ti ngodis] Ie§§wuwﬁpbnan@@fa@@@@ﬁ@ﬁ@@ﬁmﬁﬁhgdﬂ@n%ﬁéwa§ﬁé%meof t he

present i nventpla‘fy}hro@éﬂ 1SS AEB AO MHEL BE 1B QB infﬂﬁ&n@s stmen flexible
Kapt onTM substrat e bonded to contact shee w. fl ow adhesi on

material, sucKUb§EasRpamires the?ﬁ%‘“‘é?fre}eétgﬁbmfffﬁcﬁwﬁgleeé‘sfw ? ﬁ“fr%} cont act
sheets and t heirGiiRssinclie ot heysdinzikbr sied elthiewebstae @aiphlosgt her to
provide an ar %?‘ox&n?l La%PothCs% Sa%ate%%h%% bYifsubd e Qﬁé eh{':ﬁ% tassenLl:ﬁ’PJaZl)éA‘nOt her
aspect of the PRFEYERR FRYEHTOR provi Jes3 I nCcr easi ng
overal | cont amtatﬁd@ﬁ%ﬂthe;ﬁomct maym@@éﬁsq ta e BIosERe Rptings PRYOEBIH and

bot t om sur f acggyduRe. NBESpPBAch %ﬁﬁz&smﬁteﬁﬁmﬁlﬁﬁ\@ 1ﬁi’fheaom iM&bIﬁ;hirlEdﬂe
contact el enents c n _he dlé The fdent i n hl on OVI des a
A ?Stg ??i S

connector havi‘hgf*& F‘Fflg’r'i"“é ucl pptgtial “8"?’{9‘{’35“““ ‘%01“3 e‘n N as
"fine pitch", stfifreandaged, esiitig diestandiencsepar ati ng the centers of

near est gsgggb%c%&'a@g%o% @b AT RLIRNBof NG By bhialupper at e over

a workin tance o an ap rOX|nate | ow’

resi st ance andobpribecs thindlexible Kpriend™ ubsirate ppridedig somiact shegiyiedeV t han 0. 5
nH, respecti VQioyl adﬁe@i@ﬂ&lafgm shidnRk Saltic, n’ﬂ&h&fﬁsﬁb&hm@ﬁtﬂes&i tacdoniagal
characteristi c ontacts of the inv nt in

Appl i cati on Nu? (3 RSN TOEPYIHATS SEF Q) rpg?%e }é?g%{l er than 5
mls, a cont ao&hm‘h@x@ssadhesivewcolhan 30 g, W p| ng action having both

hori zont 3{% @fd V&fﬁﬂe@sbe&m(}%‘&i ﬁvefn%n ﬂ%@z'xde@@xhéth&d&bfxn&eﬂu@a@rhil ty of

greater an one hundred thousand ){) erature oggr ability
greater than FoSest densigirhircieasing g¥eht ﬁéﬁmgd"%’a}‘i‘fll OWH’rSP’g??f’S Wacity
greater than ha’iﬂmz&h@ﬁx&hc&b}ee opwhicHhd cestsct bladgntsABn bd disppsedirithea

f t | el ast ' t
ange of 3 abit i h e d Rkl M AR s Ry sBa i Teen @

descri bes nul thepineas finelpielS, eloming totdhel distanserbeparating BespnisE OEneaiTH

connectors. [ Q@%ﬁﬂ&%@d@gb@&%ﬁm@ cb@aw.ﬁha& Sﬂ%d\@ﬂ dwotkifgOfistdnbeof

contacts descri bed Appl'ication Nugb J,c !}25‘ c@ tanceotggsg oxi mately

bet ween O. 12mﬁ‘°é?1@a‘00%ff‘?‘mw“ﬁ?§a@?%mfe R e sipigee P EEF | "% ange

springs is betﬁmermnappdmssnmu)élny ©spd@imely.and 0. 8nm Consequently, the

o 6! sBos | Rl Al ok PR ARREGHIRLS of GOl oo e O 9
O0]In atco

and 1.0. rdance present ‘invention, a flexible

carrier provi dewntéghdiescribadan AW%‘P%WW‘% YA IR 3psinluds @Ok TS c r i bed
above, the corinatH.@5nf, atc&@acﬁi’diést;ﬁ'léﬁ ﬂhalf 30%X{z}i’pﬁ1g&6tdmﬂﬂiv®1g&>b’ﬁst icity of

the contacts ena,bl e connector t ¢Cco g to
non- copl anar i t‘f”zqnﬁ‘??’ﬁlvgmﬁ‘gﬁ?{%ol"?en’f’sg?’ % labd i uragl%?’l t%%ggﬁ

contact el ene dermoﬁaﬁwdﬂdempﬂ@ye @E:rabl_bmgaa_@tr tbfknelﬂé"rﬁ}u Eld@&iﬁ%s _har e the
same flexible 1 slsj%f](g ﬂ;l—famm&t Jaﬁac@én%{é; £ch 1 Sh, Q'séaiagfe%ﬁéh 102k ARESS ikt h

respect to eac
and a func’uonal elasticity across a working range to pitch ratio between a range of
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[ 0021] Sui tabl e substrates for the flexible carrier include, but are
not limted to, KaptonTm polyimde 1/2 - 5 mls in thickness, MlarTM
polyester 2 - 5 mls thick, epoxy, and TeflonTm [0022] Figure 1 shows
an exenplary configuration according to an aspect of the present
invention, with a Land Gid Array (LGA) structure 90 attached to
desired points of use. In this exanple, LGA structure 90 is
integrated into flex circuitry -100. In this manner, any internal
circuitry can be directly connected to internal signal |layers. This
configuration therefore offers electrical benefits over other
conventional a l.ded

mat ched i rrpedalr;i)ggt?a‘qgg§ ﬁ)}? c&tﬂﬁﬁﬁﬁem&{m 7%%188[%?5% ?eélélé‘ @ﬂ% thr ough
t he connector. [%WE%WW&W?&P@WQS%%évsﬁ%m%ross sect i onal V|em10f an

exenpl ary [oom] nec ey dispRenicht rdte (Hlddﬁﬂftﬁ%r%etcbmﬁ:& BRAGANn Bpikiiea Pr esent

i nvention, n sone e nsi ons ot portions of
t he contact eﬁg‘%ﬁfﬁ)é‘ég%rﬁ%’f’%m% g‘g‘f éﬁ‘mtaﬁgoﬁ?‘g’t dhe $H¥d@LDf t he
faci ng spring footht desqribeRWbed sprifigs id tetsveerfapproinatelpb.e2mat b hgight of t he
contact el emeng Benll], A0t f. bl e substr 100 to
the top of the %“g% r?gi; poreta?%oélwsgli%ggog)smghp?p@]%olx%kemqgec’%fﬁ \?é%th of a
vi a through 1841181 e substrate 100 can be on the order of 10 mils,

for exanpl0e20] Thelnwkdidance fvith e pfé@diif ﬁ%tx&' £ARMBLe cafld: frd R IdaRoQUt er edge

of one base p out & porti on can
be 26 e PISBabd MR 36 8588 fie BF ok ool Be PRt |
accor dance w tﬂ?x'efh@dﬁhet%@ﬂmbf fbh@niaﬂw@aiﬂ@somomsctcdecshbravhadorbeI ow,

al I ow ng connegtdffdin Q@n@bﬁlﬁl@ﬂty\eﬂnlthxméy fé%x&gldlélg%ﬁﬁarpagof he order

of 20 mls or Iess S\‘F‘ %) According to one aspect resent
i nvention, nmecRERT EsenRaphaiccondarmgrof songghplements wh ghnetthe wme fexitde  of
contact el ementistraabutbeorspee infdifsadnt planemtm&gém ehdh oB2PI eve certain

d d ti tact f
esire 0[@@51 ! Oéﬁﬁ%ablecsmgsﬁrgt% 5¥ %}g he qﬂ?e caltner dnct%%e eq;ﬁs uér %ott Eri%tt%igg Z'Cl OWOI’ ce

for each confact el ement can

resi stance conffeeRT'@alyimde '6 ofenile bribickmess.NdaBrolyeser 2a Snvlarthioker al |
contact force ef;@dy doheeannect or. As anot her exanple, the elastic
wor ki ng r[?(% of eachhcont act elemepnt can be varied. As another
exanpl e, vert§Ls) SRS Airerytanssontevepr aeqrding 18 AR pPect efihageestnir i ed.

As anot her exanvphtep, withe pnd Gid Hiray(DGA ysondtaé 9@&5@%10@6&@{;01&&& cont act
el enment can b%S %fhggxan{p%og J\F{HQHIE% 1531@3%?%36&'& g)E ((rl)%t ?6%9@ hE

contact arm desi gns for eltﬁer a or a
system As rreﬁ‘“tafl??ﬁé@’ iglspolesircyitinea b%@ﬁ?‘b[@?@e@wo b?éenfﬂbvmdaxwl ng a

process siml ahxsb@lfglli}éﬁonlﬂfe&ﬂbrb Berdri (b c Bl dnamt shel S8k LOhvBRISR @ .
spring-Fike s ruca%loegom P ﬁf}@ %at tr at ed efore or after

form ng. [0028THFGUPE™ e fxm gk Velst (fgﬁacbs‘é 5’6@8?9?‘9%? PeerehBwi ng t he
assenbly of amashedisiskisica) traceremetbs BroughOl: domegiacor dance wi t'h one

confi gur q8020n Ofridul® sRERSERLss- Ee@t\fcﬁlgltv'ie%f anc&QF;g%% ?e Snnét P Zbdqiﬁl udes a

first set of contact elenents 402 that are on a tirst nmajor
surface of a PIBMSP Bitainrseectalghe prysentinventionsiaelesfing stevingfomeont act
el ements 406 . theafplagrdimdngiomtof Gorfidhs 3f theoMad c16B4r0L02S Uhé Fa@niervebtPst r at e

404. Substrat e Jmade of ch is a le as a

| ami nat e of oﬁlgﬁ{gélyeg?yog elz?fmtggﬁrm&@ﬂlggggﬁﬁ\%gwg PrEERSe ﬁgf{ﬁﬁ fayers of

acrylic 404b, OWQ‘}W‘P%@IB@W?PQ gonh thy exfeceat the fcxidssubibieDvie t}}eoopmfng

contact el emept rﬂggorams{l@ﬁu; ﬁ)rgg@d%%l@n'rﬂe%&ﬁofaq hroE?’&ﬂ,xr% rrespondi ng
y a

pai r of conta% ele 402 and referab W|th a
t hrough hol e graﬁ’el Ff‘(? ¢ gy the ﬁllg?toféqréﬂstl@ﬂexa"l’ﬂ? oUt‘jh"“HBP Be wpiact of
substrate 404clpnaf 202dbhythadueer addk ofune bfab Pl to BSolke Sedeidb@d othe NOT €
detail below. [0027] The expl oded view of Figure 4 shows connector 400
during an internedi ate step 4




in the manufacturing process. Therefore, Figure 4 shows the arrays of
contact elenments 402 and 406 connected together on a sheet of netal
or netallic material fromwhich they are fornmed. Subsequent

manuf acturi ng steps pattern the sheets and renove unwanted portions,
so that the contact elenents are isolated (i.e., singulated) as
needed. For exanple, the netal sheet can be nasked and etched to
singul ate sone or all of the contact elenents. [0028]In one aspect of
the present invention, a connector is forned as follows. First,
flexible dielectric substrate 404 is provided, which has an array of
t hrough hol es t can be ated in

t hr ough hol esbagg}gv%ﬁcg&%quﬂg%?%&n 3‘2%&3&’%3“55}%%0 5’? gﬁ%)c;s’ﬁrface of
substrate 404accape ‘f)‘ﬂéhfp‘ﬁ%hqdﬁ@thﬁ BWW@QH ndvedsdbyow, kitemd, because of

the mini mal t&vngéetms;ﬁmqunéhlv%n'bahﬁ 56 MBSIE 3l Be &@é’mfﬁmﬁsa&ie§s el ement s
402 and %8?4 are cl gse proxi g]hté to each ot her when adhered to
opposi t el’8Fdes éfcoéc\ﬂﬁ? P EPedt Gthe Rt ipvenion.mipghpnical RropatisSh eni ent | y
connected in ammtbsquuemsepdfabnta&gelmeﬁ@e&m spetifieie epkRépd ©, substrate
404 is Kapton]M r ed o _bot

[ 0029] Cor r espécl);n é?@nctgext@au?‘(ﬁ:egl ed'o eral:ci%){z& arata(ﬁlpstxcs (Iio ximé% €, % n%c? foch strate
404, a conducﬁor‘?i‘éh?Pé‘la%flele@?fééﬂtﬂbélsel%?feﬁm @WWW apex la$lstghwmq080nt hen

patterned to ifoﬂi’oﬂ?eadihta%fdl@iém@f)r ﬁemae@atu cBRIRRE for #d20:880rA@6 1 ncl udi ng
a base portion astic portions. The contact

el enent s, mc?%%ﬁ?ﬁanf e&EFlﬁnsls?‘fi‘”S&&gr@Eer‘ifﬁif T ment @abe FEek or ned by -
et chi ng, st anpiagheroranplehbe vangahiwightidi eachedngbt a@alnemtcam&zranai akt ached to
the first maj &ethé%gin?p@@thgglt&mﬁhoilkmx BlGnstbh£d Bﬁt&x ab&f? HAbe 404
usi ng, for exanple an acrylic layer provided int egra h the
substrate its¥ffd When a second set of contact el errents |s to be

i ncl uded025) Secﬂgxdemminﬂltxdwe eX@RipRly SREE broQfesigad lfarleit@ysnairmcal sheet
406 is simla er and a tac ed . tot Seco urface
of the fl exi b‘{‘%‘%ég 8%‘%%??‘ %gs Stﬁmstrsaf‘[‘e@ P e%?’ﬁ?cg§ﬁér%ltf%m’8 n t hen
be patterned qsmgeh@mStmﬂaytortménmmamefdchmadmﬂqeaaprtnbékesheets, Yo

that the contsaﬁ$mr@Iaﬁmnwhe@meaﬂe&sufa& &algmgach other (i.
"si ngul e nmetal sheets can be patterned by

hed
et chi ngﬁ(’&% Hi blal?‘lé“re é?rfiip}?ée RSPPSHievFRRe thf BEPst of 2askeRpleEr nat i ve
confi gur at i onontdekter 400 bt acesdanie vath chd@nBduasibn ﬁtm@fdsetr@ﬁwenﬁan be forned

after the mt%éne?:f&?% 1?05113%4 Utﬂst@ op%%{[a&rﬁlgl%qgntscﬁg ¢ atc z;[re 0C eﬁ%n a has been

attached to the exi b r| Cc su anot her aTS{ ernati ve
conf i gur at i orinaerfefaanetadiexble pbptraiedié angfa sedaed Sﬁ‘isftfawt@h@mestSé%m be

removed bef ortﬁath%@caarun&%&coﬁd ﬁﬁ}&%@ac@&esuﬁs%m s&ésﬁae 4dahgayovnant ed
portions of -th nﬁ% ﬁ S Cange(fg vedf efore the rretal sheet s
are attached I?a g Q’EOP t Bhighys availy iF"Nria@ro PRS{HP L KaRPE* 492 and 406
ar e pat t er nedatdyichet wivepmliveilayora bf agylit 402b, vehenmntyBc layees deduganat ed to
flextble subshicleolibcolieanbli ShubibRafo Ak RaPLaRCC (2 0. by

el ectrol ess plati n% form conductive traces 1n through hol es 408,
t her eby conné’&‘t"?S Pﬁéa"cﬁﬁ?%fel‘éﬂ‘eéﬁé?ﬁ@dﬂ‘?ﬁrlwgﬁ%’ah%la’%‘echﬂlﬂlaand over

the short di Slﬁralfgﬁﬂiolb @Oﬁd&ﬁnd’d®§ m&dtevmtﬂﬁcmgmadl& 40@oﬁsb@tr@c€ hgr side of
flexible dleleg hCSU the present

s
i nvention caf av0|ydar?’?1° pre g ¥i ??%nbﬁ?nﬁmé %‘E}%ﬂ@ PHvol ved in
pre- pl atiP@gl sub@l@ﬁ&lﬂ@ﬂﬁm oiiguor 4nhowrrduretipnA80 tyring @s intehmalinghsteh ol es
408. In the fij aﬂaham&ﬂpé Moceggetrﬁémf&% GEhR 4tshsv9sqmrﬁ§!4 &S0l connect

contact elements fromth irst major surface to opposing contact
el enent s frofieRAEs YecuhtPe ﬁﬁﬂ}“ﬁﬁ’tﬁdstﬁﬁe%‘a@éaﬁ’éfe‘fcﬁflﬁahmﬂﬁ Jeimaferigl
structure. [ God2{nntihepalfinned Sib&HRWmdniFadnirBd biepshattetOMeliteéd @ traces
410 can be pre-fornmed on the surface of substrate 404 in a
ring-shaped pattern encircling each through hol e 408. This Conductive
ring 410 can enhance the electrical connection between the contact



for form ng connector 400 of Figure 4 could be used as part of nmany
di fferent manufacturing processes, which, for exanple, apply further
pl ati ng depending on the requirenents of a particular application.
For exanple, as described in nore detail below, after |am nating
substrate 404 (which is not pre-plated) and sheets 402 and 406
together, chem cally singul ating sheets 402 and 406, and plating the
entire structure to connect correspondi ng contact el enents of sheets
402 and 406 together, additional plating (e.g., hard or soft gold)
could be applied to the structure to satisfy specific per for mance

requirenents (eng)ﬁ ntfcht finish requirenents)

not wi t hst andi n§ %mﬁvﬁ? FHiOBY SRR i qentagis ‘i’:‘?ef“ﬁérﬂlsﬁlé’ie%f’ﬁ’suﬁg‘i@teﬁ% esent

i nventi on shoukshebdedchmstathpiesbe it sigthtcaipphdsicd bhdxtdhed tasigguipl T cat i on
t hat can benef gc;mef&gquhergg&t%pﬂ confl guration that elimnates the
need for Fre plating throu of a substrate. [0034] 1l lustrating
one exenpl®@fY i mpt efemedef Wfﬁﬁntﬂﬁ@ﬁpl? asemectqripfemed exfollomisglirses 5A- 5D

provi de fl owchasdise mu&dm&hmgatam4@ﬁme@r®hlm£ﬁ9%@Q@tﬂ& h oM Ng
contact el emeny . AI}{E cong%g Ia te d E’ %i}h fabrlcatlon of the
contact el ements dsin kil S°a8 BFE4l é’tt Rystdoles 9f Ayt thend
| am nati on tect@nﬁ'qtve@and Nie bbiod: sb@e pisochtraie $04asuph pré-albtidgys of hi ghl y
engi neered el egloLdfal m&RRHAGES of (AR ﬂ%aﬁh&%ne&%?ﬂéﬁheasﬁs%@ﬁ@b' e

connector such as in an interposer. ontacts can bé directly
i ntegrated int&gcs GIB‘ETI’F%P%W‘&@%”‘E’@MOFW%“WP grsk otheyather debaredftainct i ons

as a permanent oppasieaiies of MBARERUS, suchiMdENS can H@Bﬁ@ﬁlerﬁlp%hné@ddnga
addi ti onal mas ching.ste dj.men | onal

spring porti ongssllb&g%e%{)}gatm%prg?e%sgtlneo eg’ﬁa"’#’f)a%“&éf?tfé@‘@s gﬂ’&mar B R HEHf or ned
into three di neresapnldd tslivthpédss. [ 0035] As shown in Figure 5A, nethod
500 begi nﬁmg} St eprrRbbAading {o'i'hetagﬁy o?@lr&\%ﬁ h&& 49% m@utgﬁa?@wﬁgarc'oﬂ%ctmt erial

for the sheet of f)ntactsl such %/ ium co Ve-Cu), spring
steel, phosphoPHshestyazulilaer "é?f?yshﬁiti‘fé enpaffeieq 5z|f°rm gy At bmisre
mechani cal pr opendnis@g2 andhes ipaeigr bse peabd M8 oaf or Mdicehit@lpogitabl es t he
contact el emenps i have the desir nmechani cal and
el ectrical propercgrlgaeclgge’&ﬁg P%gc{ g%ee%s e Spm%%m{icin%ﬁano f? he[p@ase
material is thechiitgr ¥amner anther mspnsy fbe rnﬁqlelrepfaliOZ is Atiachesldelthi Ersenaior

wor ki ng range dufh® roﬁthE ﬂeﬁﬁl@ilé}@ﬁ‘ﬁ Sutikatdhiod Béxﬁglc ﬁ)gﬁgﬁlp@?/aﬁ %cr%mil\%l&i the
| Spl ace Ile

def or mabl e cont ac on c mec

neeting predet®@fY eﬁ V g %ﬁﬂ’gﬁraf?r‘tﬁ{‘]’g W}ﬁ”?ﬁe{f?’lﬁi&f’tﬁécmﬁfﬁeﬁﬁ‘ﬁﬁs
limtation, phywlb@aiclucfhiaa gcdng corgdtdtigsmaal leeias maltikgérinetal ghea@nab ispat i al
Tenory and ol e huhBARAGkRILS hES.AHER PR ARSL AL ARG oliTRRIANCE,

i nduct ance, capaci fance an | astic AV1 OF une
that the desi ri8bFTeisAh dhe mealisheel sroghgnde paigred hahﬁmﬂmemweohms and t he

maxi mum al | O\I\Bﬂlwﬁlﬁéﬁxﬁ&aﬂ frbxaasésme&s 49ttgftﬁd&nta&t%1e&xaﬁs OB AG froR REENT
reaches a re5| 1ce.tange.., RN rans of
E} ed as nt%e

han mlljiohns 10,
| oad and t hen |s FANER ° t)‘?ﬁzsg‘?fmcfnb%?cfa%efmggy‘a? for the
beam nmenber, hitlige, mnmmaprmhqgﬁ@nsr esi stance of |ess than 20

mllioh 23003@119 n ke al@?rfa 1\%%5#_%&21% ﬁx@ﬁoﬁ@ﬂg @ﬁfx Jlgﬁéjﬂog‘tﬁmé dn het ween 10

grams and 40 [ ang of he ran ect1 on and nmaxi num .
resi stance is P& Q\Qﬁ’ﬁ’ieﬁ’@talrsﬁ?‘?éémh‘fim% FréeReoBiet! slepentBler Oppriptakadl y, in
step 504, the tsthe@txiblsdikiemic stﬂfseﬁé ad a:ﬂﬁheﬂﬂtein@txﬁu&ﬁ@ﬁlﬂﬁiﬂtth@r OC essi ng.
Whet her the s t

det ermi ned b Qﬁﬁ‘&mé{d} OH%I% 0?9'6 g %SE 3%0 %““Heﬁ‘ lt’e?or? ﬁ%c‘)ﬂ‘i‘&tee {emeRs ati ng
rai ses the vyi érecformeﬁeélgo,@fe un\rmteéa@@@ pfﬂlwgetaiEh@snoai belpymoyer efirest at e
preci pitati on g@indid1 6heB8 ark LiRPAk R ulut8Bd4 | X to provi de desired

mechani cal properties for formng the contacts. [0037]In step 506, a
contact elenent is designed and is copied into an array form for use
in batch processing. The nunber of contacts in an array is a design



contacts, because the use of lithography permts placing a high
density of contacts onto a panel. This high density of contacts

provi des an advantage over existing nethods in that a batch process
can be used to chemcally singulate the contacts, as opposed to
stanping and form ng individual contacts. Method 500 permits a | arge
nunber of contacts to be patterned, devel oped, and etched at once.
[0039]In step 508, a lithographically sensitive resist filmis then
applied to both sides of the sheet. A dry filmcan be used for |arger
feature sizes ranging fromone to 20 mls, and a liquid resist can be
used for ure sizes |ess e 040] Usi ng the artwork :
defined i rﬁo 3i]ep BT i shpets ﬁéz af‘@)f)%éﬁd’a%‘te?gﬁf’ L?’W@“"gﬁ’é@ft elemeniax posed
to ul travi ol et afdifindtedyh fledbielsubdueta 4aigihe bpipesthudhae cafbk iated @I3t, 8¢t
features in th th re. otended to be
etched are | ef tgle%hﬁﬁlﬁsg{mm%)qo%&Eponﬁ‘;cgvetr Erﬁf’sm&hlmla%l}t’ntgerr zphl C process
to define the é‘mﬁ?céé& thepcem@eeﬁta@pé@obh@m ovet theshet letﬁfWe@ i th a

fine resoluti OFbspeS‘dnmtdnﬁfnaIEQn%@éﬁlergl@é&(ﬁeilﬂe SBIGORNEGE 94, In this

manuf act uri ng. ! 0041]1n ste p?gcf: is then etched in a

sol uti on speci It pseé?“elc“, eé’B"“chrf a"f"ﬁg’e °d FpaindisEheRsy YeRe! i peh
particul ar mat ehiirglsulishat 4@anfope cadictattaces finrugh hdesghdh theyipdlcal |y has
a specific etc i est etch
characteristi C%g&ﬁb%%%{g&ﬁ%}%&%%&% ﬂomect&n&g %;19 % twﬁr tt<a)1st t he
sol ution per f ofAET Heredq GRysingFprtast ?lfénea‘iﬂi frpmﬁerseammwﬁeifadeﬁoéqm@n in

t he context of mbiigkapsts. The etchant sel ected al so affects ot her
characterl cs L he si de) e strai ness of a
feature as é%en R l{‘mr‘”‘%’f's %%?%ﬁm? fth‘/SHa%b%llacghteerﬁr 8?)mmn in
t he i ndustry aﬁiesumfswme@élmplgﬁhapmamdeuclmepmhdnqueﬂwq de, and
sul furic hydro%dsd%m%ﬁﬁctﬁéﬁ&%% cdn BniihB RheRibArical BEnRLQT RGkbME. | ayer of

resist is renmoved in a strip process, leaving the etched features
in the sheet. POBEZqMInS Petae eife‘ Sheat 3 the Fondpptivg %e%femed jnsukssds gned
based upon the4@twork defined in step 506. In one configuration, the
Pﬁ: ghaLO; rgﬁ for%ma. (f gn?ni/ S%E)F}xtkl%a% ot ag;]:recpate lhebeélocl é?agc%mead’ ali)c?i'frggeq
openings in a @umvemgcwwoaé@ Ofmeeﬂmwdheaﬂdlaﬂgﬁstqfalﬁnmf%ﬁm di fferent
sizes, to appl yaficfchBhERbeeted, Gish, bR eﬁahlsle,%ﬂ% akh& plamgeaesémmwpartl ng

n

dlfferent mechani cal c racterlstl s to contacts qn g sane panel .
The curvature reﬂﬁéemﬁﬁtFP apatieyly geplication SKog exappls, fs ﬁesf‘ﬂ’é PRfyes away
from t he pl aned«il telow, sfleelininati hebstraectOf{wigehtioet prephfel)gud sieetod? nmay be

used to form djf fdf48§]1%géﬂfxegr%ﬁ%nﬁ&aﬁlﬁﬁ%%f%ﬁégnshée& 403 G 4 &%n pﬁl{h‘ﬁ% file @x(iﬁees of

the contacts are t ree axes
form ng tool t@UEHE ie¢paaget corresp?}}dwae@@cﬁiﬁewﬁesﬁhe@ 4@%?\@&8@ toéqt@ﬁent s in

a batch pr oces&zdml;a&@f} @qu&addryoﬂgommmmeép%meatbmsﬁae@ettogﬁgrybe heat
treated to stress.reljeve ons sed %;'éthr’fﬁ ?gr rocess. As
with step 504, SPRB&} RS @miagcedgglfﬂléfgﬁ SeHact qcug?rf‘eéfs séfected for
t he sheet. Basmdwithyemditgthe preticalp mthomwxh@l hgieipethopredetidnvegivhact s t o be
defined on  he.gies! eongee@éd'bmdl T BBIRELS Qo &&@@h&&@ﬁaphys' cal

properties desired for rm ng condi t1ons I'n step 522,
the sheet is tHehody F?“&é@attqné@f digninatss B pesh s Pigdiides Bivugvlolsertiai es f or

a subsequent |asduartion process. If there is inadequate adhesion,

there is R)Oﬁlﬁ Opeﬂl%lstga}/ing one exemplary implementation of the present invention, Figures 5A-
5D provide flowcharts outlining an exemplary method 500 for forming contact

elements, Method 500 also relates to batch fabrication of the contact elements using

7



for the sheet to separate froma substrate or del am nate. Severa

met hods for performng the surface treating can be used, including
mcro etching and a bl ack oxi de process. The mcro etching is used to
pit the surface of the sheet, effectively creating a greater surface
area (by meking the surface rough and cratered) to pronote better
adhesion. [0045]Prior to pressing, in step 524, a substrate
conprising a conbined | ow fl ow adhesi on nmaterial and flexible
dielectric core (e.g., an acrylic-Kapton-acrylic sandwich) is
provided with holes that are in registration with and | ocated beneath

bresent  Pnvent roritytebeASERDERNG ety Brafon 68 VBP0 eq, 1 e
there are no cervdureﬂnlea}etr aﬁ@ﬂxemllmgh clbdtgcalvohteds, cappOdfetdBuRi ng
pressing/ | am nadph@hle anB&fo@srﬁﬁQs iR 1 nx?@s%rs dr tﬁ’é’\éogttict@&ngé&%@ﬂ};mt erial up

on the flange that can alter the contact @ertres causi'ng the
contact el ement™ ’Tgbataﬂé“t‘ir?l TR %COPE'}”méI“é‘E?tt?ﬁt st fupgignsas e RYMREE  use.
In the event suﬁima:ﬂmdasatdrahbeevfed &Wexﬁﬁ‘éﬁhkﬁlﬁg adllifienal Asskingbeckieihack can be
de- snear ed vvrt I na i vel r, ditionally,
the hol es provi a%g E n? 31 prm o rons Eyareé{'%ﬁjﬁe% n@zg&rﬁaé( fer
somewhat Iargelﬂnqquathenafmmeémtbﬂee@memhealdpeem ngs in the copper sheet

beneat h t hes$l ang@%howﬁl% ]ﬂﬁlﬁy&qer'nethmi %@egn?srn?ﬁeﬁ) 50@%11%'5&&1&?%%55
a configuration, even If sgone of the

adhesi ve can fh tﬁg@b’@

acrylic, for iR&E %"r‘i‘B%ma rhg Sll?&‘é’é""&ﬁfts F‘r‘CBFﬁ brotipErseree Bkt on and
copper sheet, Bmmg em@s@pmcw biofizey® uﬂyd)th&ﬁlhatér&aﬁiﬂl dwhebld ﬂa@ﬁ@&&l '
themsel ves, ﬂ%tpr(?g s%fecd"op g:tl nI;atep ag)lie 't %Ontacp elem W e nt, a
cl eani ng or de S arrn% 0 ensure PRAT any
excess flow. i s°iEseedhavs IﬂTEG‘FSHle mﬁﬂhenrqa}rgd elpyirginirdhietios. 018 fastpoins each

| ayer of an exgspdtoh c&‘i@%gse%ﬁtegﬁ%ﬁeaﬁcﬂgng IQr{ge b ﬂﬁEx’ia@nAQfs«%ss' ng,
according to s enent. C to have the

e ra
contact el emenEl Q? r‘i@gﬁ"fgeﬁ’g%%e P g\g E qf8§§?°§me"l_8‘§fer’&“f ?‘5 deforpable pr ess
pl ate mat eri al conlagypertio? cande smedpricdy dispdcad whik maeting peedetednired hol e over
the spring conjaginflamRRL 1nc1lu§in$ W GwitRout ﬁmﬁm&? g}%gzﬁ cﬁ@gc%{:&tﬁi afkh a

relief hole over the spring co top sheet of forned
cont act sheet s®lifsicify and spgiiel Bemeny @’Ef‘re@cfﬂ}yal ClLaéayférr‘S“? such asesigpREs | on

hmalt er |bal ( ehg l,mpadahgél in@uciétDcapdcitiric@aht Rr A"()Stlc &hﬁlﬁ(ﬁf‘r ﬁb'eﬂan}:ﬂeﬁ Bsidel ((5‘| i ef
ol e beneath t core dielectric (e.g.
404a of Fi gur ep%)ﬂ?epd’e?ﬁg conl(? {rr@ Sl%anfeelg%sﬁrﬁh ef %H {PPER 3PS AR} i ng
cont act . Layer alipwpdcontactdaih éssiOgremynlf éhe kenltac edergnt reagloas pIrgsistad@ 4dpgo f

Figure 4), pr e&ﬁés@ﬁlaﬁ’zd%ﬁlﬁhﬁs artezb biehs T8 AN & Bf}Rd SRE 1ok cont act.
Layer 8 is a bottom sheet of faornmed contact elenents (e.g., 406 of

Figure 4). LayBfi®un adofARerams for the beapy mambgy whilemaintyinipg a Iig41890%| ow t he
Spri ng cont actlessliey o miilohns, tRenSipaikefidctidhal BE takactvbdihs ia beekdngb hol e

bel ow the spri %?Tsca%mi@%rgxgggq(ﬂﬁ ni‘he r%ngé( Efr det:l‘ectron angl m ltnt Olresxslp e R3med late

material. [004 n ste era ressed under
tenperature co\rmlﬂrlwneeoéﬁwmt@ed for desr red adhesr ons and flow

condi t i ongofepr tbeloaslr}e@s@p sdmmerﬁeaks heMEdté&Qthb %b@@ﬁér@-{n’o&gsm the top
and bottomcon‘%{i’;\lﬁi1 g ts are dielectric rraterral
After a cool dowA™p ’FFQ?B‘ Is li’eﬁteg?télﬁs %’3’6“‘ ﬂﬁ"r?éo"gsls E@Qteﬁ‘ﬂnﬁd@yr@m% from
t he press pl atmesggrial eRutbdifyr the greie Heatiogmpisessiedriadf sthedyp@ths bake Griag Fi gur e
6.

material by 'solid state precipitation on the Be from the Cu matrix to provide desired

mechanical properties for forming the contacts.



[0049] I n step 532, the panel surfaces and openings are then plated to
el ectrically connect the top and bottom fl anges. This plating can be,
for exanple, an el ectrol ess process, which contiguously deposits a
conductive material on the top surface, into the through hole to
connect both sheets of contact elenents, and then onto the sheet on
the other side of the substrate to forma nonolithic structure. The
pl ati ng process creates a route for an electrical current to travel
fromone side of the board to the other. The thickness of the plating
can be chosen to account for the current |oads that the connector

el ements are intended to carry. [ 0050] Next, in step 534, a

phot osenf08Tlve AEgiPS06. £ icriact elémepiif degianed andipeanicd iR 269 PHe IPanel . A

pattern is ex Q@Sl@ﬁhtoﬁ@ﬂ)cdﬂﬁhge IrepRshbeiof 6@dc & dnlfayl iNgliedighl tialce &@Nt act

el enents in ste i t he proce connector such
as connect or 556‘ ﬁe ectegg%:ﬂ P %?’??ggmm\%ﬁ? t@?‘f c?f’afg do?enigg °“aP“r ay of contacts
connect ed t hr cggjlemptiaforidtle tvoheewr. t The arraye e regeated iy a prbel d@metact s.

Dependi ng on t(e,.68 WPRES o @p&kﬂl&a&c&m&wrey‘xﬁyn@h‘ dsBRpfeQRpget or s
i ntended, the connect or could be singul ated poi nt, W t hout

further plati B leEsH joratcl Bpestng: ﬁgﬁrttbwvfafﬁ desigp P?S&’aﬁwcaﬁpleted

requi renent s, (eiewerCADN®Eiviagnbiimes)) the designiiRriedtol a Sppbryforfndt t her

pl ati ng. Accor I e ropr.i.at g, cont | ni sh
type, for exarrg cﬁ'g a¥ra1}sL{3r% tet?a&?e %F&esgp?oub%#) xQedt abncatlo&g cEer ®ned. Hard
gold is typi caliomvethsé’dstﬁrnhdgmé“ﬁmt@eawéhnfbawb%m@nWe?e t he nunbers of

i nserti ofR3§equiThethnd i @mbt e haveSht e?e%eﬁve&?o%’(e amQJﬁgénuan@rro@ gold itself
has inpurities that cause the to be %lggﬁbl e. Soft gold is a

pure gol d, soc‘?“fa"té’fbf‘@&ieF}{?é‘FVfH%%g‘?P&y P‘?ﬁﬁ‘ﬂsr’? ch“§§ S PLEATCE al | y used
in the PCB or omet paelk Thighigipdeasty ofvataas privédes andaivantagé ovensdsting ons 1 s
fairly Iow Fgmth (‘F%ﬂmtgbat rr?&ﬁsg%eo rug)edp@c@:@rﬂxcﬁ?%#ﬁ%ﬁ%@%n{a&s Qg PC (SOft
gold) will typrcally see o e order of one I nsertions,

wher eas ot her orreeR Hotaagips e fergingdndivigiel qnipity. IMathod S8 nsumis@dargst

Ih nsgrtl Ions behm&nofﬂs&t@@%ﬂepQMeQQQvem[p&QE«%]etche&ah@meont act finishis a
534
cg\r/er?ﬁg?d%ﬁh ¥rtfée§%8§ ? ﬁl %@}y Se“ﬂ%\ég’f‘fﬁﬁg‘ﬁlm ePﬁ%"?fAs ?#‘ Bd for

el ectrol ytic @uhdNinéeAuA piyditr rrg by had for hegedfegot szgpraogiesfom pnege 2p 548,
[ 0053] The resln%E aﬁcﬁaﬂqﬁlﬁ‘i’ééﬁpkah&é&oefgrf@élge and1ddiRRRt kfie panel is

etched in step 552 using electrolytic Ni/Au as a hard
mask to B8 et éISI§$W@EfF"ﬁ’E1f ‘E?ﬁnf‘&fm ’Et‘ﬁ’esoé’(?ﬁfthé}%?t“’l’aﬁnii gromofthg phegf a5 4 - £ j pal
i nter poser oukdpbdee & ulktFa@iclDWIVE dgHB titd i dbRRpias edfing contasiFparatietht he
panel into indi.vidual ..cognect arr t t step
556. [0054] | f & s50f TP 51@1 s g £ inféiea te"%ﬁf’ﬂ%g a%qg“% g‘%{é%t%g%ﬁ
etching i s usmdskt Usmmniyhm@hlypromswgd?fa@@wh@%@me&@?ﬂa@lﬁ%ﬁem s in step
560. The resi ﬁntlg% biTinbsSwith@IRY REbIMAR sBrifil b RPLARA iPdeREBRRcthn Step 562.
In step.-564, electraoless Ni/Au, also known as a soft gold, is plated
onto the pane1na“”é*’6‘i}‘§?5 ng the contact elenents. In step 554, final

i nt erposgmctqutl e 5az, merszlwamerﬂezoaucthecmhatsdslmopapmeﬁcetn@saepmalfcatte t he panel
into individu r step 556.

[ 0055] The sof ater ?gg]%%trsl%s § 1?13%2{%%“%?}%5%83&%%&Fcﬁ%p@g%{e%tcts prior
to plating. mpwy\mqsmifme@ @??P‘}S%F\SSW@&IWI@JM eedds thaslheet eshovi des a

seal i ng mechagiasbdsaes, meascé@ma@e% Sl RN bnd HBW st 1he bddgioh Perfornay ent
potential corrosiye activj

oul d. ogccur t he sytemllfe of
the contact, 9FAEH §BFiep ?‘p%/ﬁﬁ”f ‘ifﬁflge{ﬁ“f"i‘f&ﬂfe Coﬁ?ﬁﬁﬁﬁf"ﬁ?ﬁh?)ﬁs For to
plating is a ﬁﬂaﬂselb@edlasohf&tce other chmraaypistits erethet%welbprpﬁp, oc‘dmt act with
anot her net aI L [Mye:Tol} 50,%h 004 act,
whi ch has a Stra g?’%gﬁéfnasr}?ﬂdrp %re%s %&sts:sng. F%B%%% Accor I'ng ?o ot her
configurati ons of t he present inventi®on, a connector is



provided with contact el enents having different operating properties.
That is, the connector can include heterogeneous contact el enments
wher e the operating properties of the contact el enents can be
selected to neet requirenents in the desired application. The
operating properties of a contact elenent refer to the electrical,
mechanical, and reliability properties of the contact el enent By

i ncorporating contact elenents with different electrical and/or
mechani cal properties, a connector can be nade to neet all of the
stringent electrical, nechanical, and reliability requirenents for

hi gh- per f or mang rconne I|c I on A |ng to
al ternative coﬁ?] é’?ft?‘% RO Sflcwag umfglg(érﬁjtesﬁrﬁg/%g nld%fir%&{:s@[le ‘el ectrical
properties canydexgpeict etd"aﬂ,lnysteerig‘i te@rogadtifedayerpf cointiaemoei éreent or a

set of contactygl, %%Qtés,ﬁegvxﬁgqﬂé&%@dﬁ%%@ﬁh%sgﬁeﬁﬂ red operational
char act.eri stics by sel ect n%gmat ertals for formng congﬁa_ts and

through h8P@s, tHetp St pRardiBREe mﬁi‘ﬁéﬁ‘gﬁ?éiéiasefl?l%tﬂf‘?éﬁfm mehia | ke.
For instance, &é@somnb%doﬁﬁgaﬁﬁ@. thREatdhﬂ‘&rﬁﬂiIfg&cfoemcledes‘ablerahﬂsmﬁbiﬁnce t he
i nductance, and the current carr tact el enent
can be varied p?rlmr%a?mln%edmoanafrarl a ggree?dg%f Xm %155€%Q?1 ngl
properties. Thepspings ing wogeriefrfas fhebdll beainghean P%Ofééf?l‘eb@lzéﬁw@ alered to

have | ower resalﬁ%réﬁ@&ce% tﬁe%xh&iée\hérew lﬂnﬁudﬁ&%tdﬁﬁ%ﬁt meIﬁ@mﬁzont act el enent s

can al so be engi neered IS no or ni ma| ? ?qp&»?

degradation af¥ Ct%VW?SF‘bWﬁtéﬁi%’lmessﬁ‘P‘ég%“é‘sT UER2HE 9 aREHF i ng,

t her mal shock @adhophdnnitfianias avap fro0 SHe@lind €Stiel shegt. Gt fdnuing @pt y t est i ng.
The contact el enp t ereliability
requi renents del %tr% %%Vﬁ%%g ‘?gmg‘?g%%w gtgmg (E,%Eﬁm ?%gfehedefl ned by
the El ectroni cféangfr?@i@? ?%aﬁﬁ #rp et ferged Jogll tthWSEB‘]Y'Fﬁ@W%@ﬁ@H?‘E%W and

el ectrical progefetsh@s to%frodh&ehefb@ﬁte@é‘amaedemmﬁ;amm Iba:em)dl fied by
changi ng t he fol | o desi ar anet hi ckness of the

spring po®?tdn ofPi% CIBﬁtF%. » 0 WRR A 53?1& gé{eéiol Sggsts ve R
desired cont acdauded by;ae forging pra@syp e withsteihitd knreimg 1solfapea4ygmpmgme n crons
t yp! cal | y giv rﬁ%’c %chtgc?f& t?xggheeft 0152%9(1 \%@ &lgﬁla{gﬁg%d tﬁgsmlgftgé SABctOr | €ss,

while a fl ange ness m cro gl ves a higher contact force
of 20 grams foebe ﬁ%’lngch%éhedf@bli%’é&%tbe quﬁém%tﬂ?tﬁa‘“ﬁhéﬂaf’ﬁa and shape
of the spring &@ﬁéf&e@ﬂbsﬁ@ﬁo@bﬁﬁh}hﬂnﬁ@b@ﬁﬁleﬁ to give the desired

contact f 0 f sprin ] i-n¢l uded
‘n & cont RTe) e}%esg S%aﬁ‘ nl?étsfs tpeéléf] e Fedy ?ng%}]ée %ﬁ%%é%?%ﬁ ﬁggnt act
force, the dessubegueptinmiesiion pragessy |Iﬁger@apaéﬁlqwe adhesignttheee igaBiop@dYcont act
resi stance. Fog, £XaRhSsepARLHRInt NGbIRR oPIIHRAKatO KRR inétﬁbd@ﬂfrt i o ns

roughly doubl es the contact force and current carr g{a@ E
whi e roughly Rfeferngheyripedeatinnian ot vsed Jebling mergs) é{‘g nd g RIack ¢ tvvo

[ 0060] Thi rd, t&)@d@hﬁgb@ e nhheet&mfgumgsecpmrpttmraumwﬂﬁe sbkes effeeadiyt o gi ve
cert al n el ect rl C%ng anrgater urgg ?ﬂy Ipéﬁ( ?x{etshr?a% %eanﬁahtnggé Qf t he
spring port|on prol ction e base portion,
can al so be vawmleeleb@telg#dbféwtlhe desired el ectrl cal and nechani cal

proper t i egossh 006hfikheorasial, alkdpista aafbstufbecoap RtcohBN@MW Bd | S not
limted, and can be-easi n due.to the

|
i t hogr aphl c t¥beAngrrLaly g‘% u%hd!r%eﬁ%‘cﬁrﬁfﬂgg ap ?ﬁpﬁ Pga{l€ed for
form ng the cosanddtl)ls pedviieentisholes tatwreie ratishraivs wish snd 1§06 X

foregoi ng di schoqure . 0as P ieRcdlaRR e dichiRbanPibROF R pRet | 1 st rati on

and

invention, preferably this substrate is not pre-plated, i.e., there are no conductive

traces through the holes.
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description. It is not intended to be exhaustive or to limt the
invention to the precise forns disclosed. Many variations and

nodi fications wll be apparent to one of ordinary skill in the art in
| ight of the above disclosure. The scope of the invention is to be
defined only by the cl ains appended hereto, and by their equival ents.
[ 0063] Further, in describing the present invention, the specification
may have presented a nethod and/ or process of the present invention
as a particul ar sequence of steps. However, to the extent that the
met hod or process does not rely on the particular order of steps set
forth herein, the nmethod or process should not be |limted to the
parti cul afo04QquePurdnggresspadauingtion therqsapbe exeesyilny Hfrpdhssion magipl wiep| | i n
tEe a][t woul g P [IErRE thad can al@fﬂgetfonﬁ&(ﬂtbﬁé’iﬁﬁﬁca&ingsﬁe&pﬁtadiﬁﬁm@etoIbﬂsSI bl e.
Therefore, the 0 t he s t r n.the

speci fication s t;f%fﬁ%?{oflwﬁeaﬁ ?:ngns ¢ m‘éaélusﬁshleiﬁ) ewfng Ix on%&e%rﬁélfﬂe cl ai ns.

I n addi tion, t besuss|tis lesingdéd stack @d be ds-smhaedeithhosl. @rﬁi?/msmprocess of the

present invent hOn Ay lofadd@bonlg ieindikd ﬁ@bﬁe@ il FAEsuBRf QTR A& Wit ot hei 1
steps in the order witten, and one skilled in the art can readily

appreci at e t hatl@PHe seBgiheHue ‘%?rdlﬁ’éet‘iiﬁftf‘%‘ﬂ’eﬁﬂ%f i {op PIPPEERE N wi t hi n
the spirit andbeemipie Mdngéshe pprids eikd amaemtowmuh excévatihesige @@h idwred i S:

. Aflexible ical. conne strate
having a first s\\}sﬁar%fcgMonﬁﬁu auonse%cnol# m88 eac 199?{ 2 aF‘L %?866%%%& rate
defining a pl ufremh betyeepfhetaptongld C@REPrébeef, FheﬁfchSﬁécrt"ilOr‘EftuldSﬂ‘rrﬁ@b@et o the

second surfac eﬂan%esfthé}rﬁélvéé oRguwed doVﬁtexl tﬁéﬁeﬁmﬁéﬂib@ 18 ghyleQert, Q%leédn{g%ﬁ surface
of the fl exi blg substrat e; Eqsecon conducti ve Iaf}/er adhered to the

second surface eosime?rl’f@ siep @y B Eovidghioepsiiiedhat gy eReegyoparempyedprigr,

second conductm\pemh@yers having a plurality of raised contact 4
el ement s egl Ig § RS et el RE 1R MERl T ty of
t hr ougb h §%&gt6 ?J&s}é@;}%@g fémee ?{/é ?Eend;atgver he first
conduct i ve | ayE‘PSSlng’ Omntgrtaftm%?ﬁ ?Fhl%afmﬁa@wt PRS‘Fdé%? aftgfed 1A Bave fhexi bl e
substrate, andcdnhaer ckBCRNGsGONAEREhaY Rydra )Y Bfer $ iGhof frak pl@ﬁe niamst some

contact elenments on the first a conductive, |
oppose each ot #f}é’Fr {5?%Sﬁaﬁer&aér?wqgﬁfeﬁ%ggﬁuﬁr 5’5fﬁr’8ﬁcomat°th eomr‘?Iét }é?Yo'i her by
way of the pl atispgeleas@matdrhbwioarele€har ovefthedpangnottactf Layetfds 2 opnpri si ng

a first adhesiyeela%gladbiRPaes (pgtmgﬁmg&}@@f Lgy%tsm fegnof the
flexi ble substrate and the first conductive nd a second

adhesi ve | ayer Mfréghe dcplit ARERef Fighe 4% é@@%lyﬂﬁhﬁéﬂ’é’fwe beprathheexi pl e
substrate and épfieg &aﬁanda@amduedre ¥ieledtiey(RE., 40480fFTbﬁe pHomnetitfopleof cl ai m
2, the first a r ri sing
a low fl ow ad h‘gg ?oné{gnbé)f’ eg%g%ﬂn coﬂgagﬁ%grcf;g%nea% esm% %‘gé/% 5& Ecm)

adhesi on nmat er 40b otiape Hsireferaldye wigh 4 rglief hgje awllemn@@ﬁl@?t b#yerdﬁ] lal m 1,

havi ng conpoung,&@nRhdedt¢§mbd dontadt Ql@m&l%@?u@)@ oFﬂFﬂL panGRr HBING
conprised of a f| rst co | i ance é%!fleﬁjttr | but ab he flexible

substrate and rﬁei“"éé‘ﬁf‘?ﬂa B3rstigte eé‘frtnigf?ﬂﬁatch a?ée’"tlélstaﬁ@“i’al sed
cont act el enentaerial Gith 41 feﬁefmolla ot the spoibg ain@attrlehentt Beyepl 1Us abattbry  of

t hrough hol es gssgﬂgdr( eﬁ j bl e substrate being nonconductive between
the first surf ce an e second surface before the plating is

appl i ed. *[0948] TheInctpn ik thestagifupdy ragferpbly Preshed undles janppratus pritiont e havi ng
aht hi ckness s Ufiinfde® ik ddsRedeilfdiios shdlBovPbodditield fdr CieQbIREbA ﬂn@:alal7 y ¢ ﬁ nnect
the opposing contact el eme connect o ai m t he
f1exible substlsléf{ §%H%R}’ieﬁ§°“a5ﬂ??8‘i‘fir?8§@n R e afeat’ﬁ&dégt acﬁ’iﬁpr oxi mat el y

1/2 to 5 mi| s. dielectric material. - After a cool down period, in step 530, the stack up is removed

I mu

from the press plates, leaving a panel comprised of layers 4-8 of Figure 6.
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9. The connector of claim1, having a first array of contact elenents
and a second array of contact elenents, both the first and second
arrays sharing the sane flexible substrate but being oriented in
different planes with respect to each other. 10. The connector of
claiml1, each contact el enent extending above the flexible substrate
and towards a center of a corresponding through hole in the flexible
substrate. 11. The connector of claim1, the first and second
conductive layers being arranged to be in registration with a | and
grid array (LGA) or ball grid array (BGA) contact system 12. The
connector of claim 1, each of the contact el enments caonprising

beryl i um@%Pper i e prmst TUHEF e BAPITERTR Besid fo clecgicaliph e
connect or of chahéw the top urdtbbfedm ﬂdﬂ@%@f THié PI@ing c&a qmlexah;at hxﬂgectroless

contiguously a I|ed ver con ctlve r rality
of through holg e VPIRESS lu)%'fSB’I epogh SPY gfgemﬁtﬁﬂalf’%g‘ EOB %85)5’ hduct i ve
| ayer. 14. Ththe ﬁmnlehﬁtl@p capfiect bl sheets of agntdciedentents,@nabtherf onfolie shepnt act

el ements havi ng, @l &fd ElH@&fltlle@MtrH?t%%ﬁ'a%hol%t@%&ﬁx‘ee“i"l%e(ylgntxfﬁr@é@gs f rom
others of the contact el enments 1 The connect or claim

first conducti eSS ayete feranelstiicn! ot n tsveldipmepe Bisef tha jrerdip F"@ned Wi t h
the plurality afert Meomgheslsefmsplatmgbdﬂe;eEﬁcﬁéﬁlt&)kcemﬁuﬂasﬂqé aikent Iafl openi ng

inthe first c C hav dianeter smaller than its
correspondi ng %ﬁ%#}ﬁn ?e[?tre%%nts neen%ﬁl%’s “M4te such that a bl eed area

is provi d&d5QInt oNeki leﬁeleﬁéémotaﬂhﬁéyp espistfin ésrapplied todhathfsidenefthe 16. A

flexible el ect grs]anaalt pgtttm@stp@ged afdUTRdpSd 10 defin® th hiRKidRbiRofbSLfAke; a
first set of ¢ ie%%all sin ted contacts adhered to a first

surface of the™f thispg t‘P BTOCS, & SUBARPT St apgonReRigh 0 4ps bgen

si ngul at ed confoexddswidchites efiisttagapofsaten domemtddaleughblatet Boléslt@x | bI e
substrate, the e

respective onesse§o§i %]% ?g{ertlsatgs%%eﬁ(n% ? E’Qgﬁélgst&lsa%ﬂ%uﬁ%%s%%% set of
singul at ed confaesr breaged he enerstor fauld|be sipgmlairdtat s peintewidieuiot her by

pl ating conti gﬁ;ﬁhbsbmn@ppl ied over the respective ones of at |east
some of t irs t. an ecopd.set of singul ated acts and over
Chrough nOPEd | e Bty PR BT BR LN E e an VR ST BYRE £ ari on v t
the respecti vecootres awfapply furtbaptating ecadingh é stdpr58E, asgproaride ®eednd set
of singul at ed £R4AR! S afile biler BHNBM FLiCkoOR LA e GAFRE P N

contact el enents extendi ng above the fl exi substrate and towards a
center of a coPPiedipsidinigetitrarligrionorier fhelntmberh%f igseAAtIiedste ¢l ai m
16, further coug, ish B testliveist. igard@dlEitstidhas diiposaitt bedewranidtdie

ement o “op " A B0 REDAE bRl AR RAARE Pl rp P oo
conpl i ance bei rjcaip nysd ingbaP@GF orgetpvprking S}@mhﬁraﬁe@ln(@ of ingertions sut abl e to
the flexible stuta 'iJuatP%r SBp18 2 $E&ARG &thdk@t%& it £7¢ (8% biphui abl e to

t he contacts. connector of claim16, having a first array of

si ngul at ed con‘t’%lﬁaﬂls Sﬁ&ﬁﬂ"bﬁo’?&réﬁﬁ’ef t&?Q‘ﬁV“’(?flS whees P"Q?ré"(fh‘?f’w 48, both
the first and izeophidviAtdeaysmishafihegotsibetweans ahd Bodolsbe substrate but
bei ng ori d i i

The conne@?gz? ofﬂé §|Mrtﬁ%‘[1§&th %}%1&?%% ld%ltdheaoggslgsg% htsd%tbgalo p5| rllnsl{ﬁpat ed
contacts bei ngS3éP¢Vaﬂ’@é19thtS@eﬁé theppane glihg panghis Hep supmiedgfor %??Holzﬁcl d array
(:_GA) (ig baIIh(gm:ctldastnﬂ,{ta{tﬁgvftBQtMg(lg@ﬁt)@tgstmstypsygm 21. Thlel connect or of
claim 0 e contact el eyents conpris Ly i_um copper
and the p{loist%fng %ﬁﬁfsf@feﬁ@v@d’bﬁ%“rsnga'féhe "?ﬂ‘g ln‘ﬁgtﬁltegr‘ 521 B 16, at
| east some of fMhsamggekeladtolyst Nidnbtss Hagmasigio ebegidte sx@latlamithafec hani cal
properties diffarent, f Enoﬁlgé %? 1803 ifrpds SufR LA udlo ﬁt@&%ganen 3. The
connector of clarm16, 't & Flex; bl & substrate conprising polyimn de.

24. The connector of claim 16, the contiguously applied plating
formng a nonolithic structure.




25. The connector of claim 16, the plurality of through holes of the
flexi ble substrate having no pre-plating between the first surface
and the second surface before the contiguously applied plating is

applied. 1/7

FIG 1 2/7 ;200 16 MLS -x FIG 2 FIG 3A FIG 3B

1-41G 3C HG 3D 3/7

. [0054]

[0055]

" [0056]

[0057]

separate the panel into individual connector arrays. Method 500 then ends at step
556.

If a soft gold finish is determined at step 538, then etching is used to completely
singulate the contact elements in step 560. The resist film is removed via a stripping
process in step 562. In step 564, electroless Ni/Au, also known as a soft gold, is
plated onto the panel, covering the contact elements. In step 554, final interposer
outlines are routed out of the panel to separate the panel into individual connector
arrays. Method 500 then ends at step 556.

The soft gold finishing process singulates the contacts prior to plating. Ni/Au
will plate only on metal surfaces, and provides a sealing mechanism for the contact
element. This helps to prevent potential corrosive activity that could occur over the
system life of the contact, since gold is virtually inert. Singulation prior to plating is
a means toisolate or encapsulate the copper contact with another metal, resulting in
cleaner imaging and a cleaner contact, which has a low propensity for shorting.

According to other configurations of the present invention, a connector is
provided with contact elements having different operating properties. That is, the
connector can include heterogeneous contact elements where the operating
properties of the contact elements can be selected to meet requirements in the
desired application. The operating properties of a contact element refer to the
electrical, mechanical, and reliability properties of the contact element. By
incorporating contact elements with different electrical and/or mechanical
properties, a connector can be made to meet all of the stringent electrical,
mechanical, and reliability requirements for high—performénce interconnect
applications.

According to alternative configurations of the present invention, the elecirical

properties can be specifically engineered for a contact element or a set of contact

* elements to achieve certain desired operational characteristics by selecting materials

for forming contacts and through holes, their dimersions, pitch heat treatment and
the like, For instance, the DC resistance, RF interference, the impedance, the
inductance, and the current carrying capacity of each contact element can be varied

primarily by material selection and mechanical properties. Thus, a group of contact
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FIG 4 4/7

; 500 SELECT BASE NMATERI AL SHEET FOR CONTACTS ' 11101019

HEAT TREAT SHEET (OPTI ONAL) DESI GN CONTACT ELEMENT ARRAY ARTWORK
APPLY RESI ST FI LM

[0058]

[0059]

[0060]

[0061]

[0062]

elements can be engineered to have lower resistance or to have low inductance. The
contact elements can also be engineered to display no or minimal performance
degradation after environmental stresses such as thermal cycling, thermal shock and
vibration, corrosion testing, and humidity testing. The contact elements can also be
engineeréd to meet other reliability requirements defined by industry standards, such
as those defined by the Electronics Industry Alliance (EIA).

The mechanical and electrical properties of the contact elements can be modified
by changing the following design parameters. First, the thickness of the spring
portion of the contact element can be selected to give a desired contact force. For
example, a thickness of about 30 microns typically gives a low contact force on the
order of 10 grams or less, while a flange thickness of 40 microns gives a higher
contact force of 20 grams for the same displacement. The width, leﬁgth, and shape
of the spring portion can also be selected to give the desired contact force.

Second, the number of spring portions included in a contact element can be
selected to achieve the desired contact force, the desired current carrying capacity,
and the desired contact resistance. For example, doubling the number of spring
portions roughly doubles the contact force and current carrying capacity, while
roughly decreasing the contact resistance by a factor of two.

Third, the shape of the spring portion can be designed to give certain electrical
and mechanical properties. The height of the spring portion, or the amount of
projection from the base portion, can also be varied to give the desired electrical and
mechanical properties. .

The scalability of the present invention is not limited, and can be easily
customized for production due to the lithographic techniques used and the simple
tooling die used for forming the connector elements in three dimensions.

The foregoing disclosure has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the invention to the
precise forms disclosed. Many variations and modifications will be apparent to one
of ordinary skill in the art in light of the above disclosure. The scope of the
invention is to be defined only by the claims appended hereto, and by their

equivalents.
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TO BOTH SI DES OF SHEET C A2,500 r 514 FI LM FROM SHEET REMOVE RESI ST
| 7- 516 CREATE BATCH FORM NG TOOL USI NG ARTWORK ¢ 518 APPLY FORM NG
TOOL TO SHEET TO FORM ELEMENTS | N THREE DI MENSI ONS r 520 HEAT TREAT
SHEET ( OPTI ONAL) 4.

[0063] Further, in describing the present invention, the specification may have
presented a method and/or process of the present invention as a particular sequence
of steps. However, to the extent that the method or process does not rely on the
particular order of steps set forth herein, the method or prdcess should not be limited
to the particular sequence of steps described. As one of ordinary skill in the art
would appreciate, other sequences of steps may be possible. Therefore, the
particular order of the steps set forth in the specification should not be construed as
limitations on the claims. In addition, the claims directed to the method and/or
process of the present invention should not be limited to the performance of their
steps in the order written, and one skilled in the art can readily appreciate that the
sequences may be varied and still remain within the spirit and scope of the present

invention.
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FIG 5B 5/7 r528 PRESS STACK WTH HEAT TO FORM A PANEL r530 COOL
PANEL AND REMOVE FROM STACK r532 APPLY PLATI NG TO PANEL r 534

What is claimed is:

1. A flexible electrical connector, comprising: a flexible substrate having a first surface and a
second surface, the flexible substrate defining a plurality of through holes from the first surface to
the second surface; a first conductive layer adhered to the first surface of the flexible substrate; a
second conductive layer adhered to the second surface of the flexible substrate, each of the first
and second conductive layers having a plurality of raised contact elements in registration with at
least a subset of the plurality of through holes; and a plating contignously applied over the first
conductive layer, the plurality of through holes in the flexible substrate, and the second
conductive layer such that at least some contact elements on the first and second conductive
layers that oppose each other are in electrical cqmmunication with one another by way of the
plating.

2. The connector of claim 1, further comprising a first adhesive layer disposed between the first
surface of the flexible substrate and the first conductive layer and a second adhesive layer
disposed between the second surface of the flexible substrate and the second conductive layer.

3. The connector of claim 2, the first adhesive layer and the second adhesive layer comprising a
low flow adhesion material.

4. The connector of claim 3, the adhesion material comprising acrylic.

5. The connector of claim 1, having compound compliance (C), the compound compliance being
comprised of a first compliance (C1) attributable to the flexible substrate and a second
compliance (C2) attributable to the raised contact elements.

6. The connector of claim 1, the plurality of through holes of the flexible substrate being non-
conductive between the first surface and the second surface before the plating is applied.

7. The connector of claim 1, the flexible substrate having a thickness sufficient to enable the
plating to electrically connect the opposing contact elements.

8. The connector of claim 7, the flexible substrate having a thickness within a range of

approximately 1/2 to 5 mils.
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APPLY RESI ST FI LM TO BOTH SI DES OF PANEL r536 EXPOSE PATTERN TO
DEFI NE | NDI VI DUAL ELEMENTS 538 HARD GOLDSOFT GOLD  r560 COWPLETELY
SI NGULATE CONTACTS

9. The connector of claim 1, having a first array of contact elements and a second array of contact
elements, both the first and second arrays sharing the same flexible substrate but being oriented in
different planes with respect to each other.

10. The connector of claim 1, each contact element extending above the flexible substrate and
towards a centef of a corresponding through hole in the flexible substrate.

11. The comnector of claim 1, the first and second conductive layers being arranged to be in
registration with a land grid array (LGA) or ball grid array (BGA) contact system.

12. The connector of claim 1, each of the contact elements comprising beryllium copper and the
plating comprising copper.

13. The connector of claim 1, further comprising a second plating contiguously applied over the
first conductive layer, the plurality of through holes in the flexible substrate, and the second
conductive Iayer._ |

14. The connector of claim I, at least some of the contact elements having electrical and
mechanical properties.different from others of the contact elements.

15. The connector of claim 1, the first conductive layer defining a plurality of openings aligned
with the plurality of through holes in the flexible substrate, an opening in the first conductive
layer having a diameter smaller than its corresponding hole in the flexible substrate such that a
bleed area is provided into which excess adhesion material can flow.

16. A flexible electrical connector, comprising: a flexible substrate; a first set of chemically
singulated contacts adhered to a first surface of the flexible substrate; a second set of chemically
singulated contacts adhered to a second surface of the flexible substrate, the second surface being
opposite the first surface; respective ones of at least some of the first set and second set of
singulated contacts being in electrical contact with each other by plating contiguously applied
over the respective ones of at least some of the first set and second set of singulated contacts and
over through holes in the flexible substrate that are in registration with the respective ones of at

least some of the first set and second set of singulated contacts, and the singulated contacts
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FIG SD 7/7 PIG 6

comprising contact elements extending above the flexible substrate and ‘gowards a center of a
corresponding through hole. |

17. The connector of claim 16, further comprising adhesive material disposed between the
flexible substrate and each of the singulated contacts.

18. The connector of claim 16, having compound compliance (C), the compound compliance
being comprised of a first compliance (C1) attributable to the flexible substrate and a second
compliance (C2) attributable to the contacts.

19. The connector of claim 16, having a first array of singulated contacts and a second array of
singulated contacts, both the first and second arrays sharing the same flexible substrate but being
oriented in different planes with respect to each other:

20. The connector of claim 16, the first and second sets of singulated contacts being arranged to
be in registration with a land grid array (LGA) or ball grid array (BGA) contact systeni.

21. The connector of claim 16, each of the contact elements comprising beryllium copper and the
plating comprising copper.

22. The connector of claim 16, at least some of the contact elements having electrical and
mechanical properties different from others of the contact elements.

23. The connector of claim 16, the flexible substrate comprising polyimide,

24. The connector of claim 16, the contiguously applied plating forming a monolithic structure.
25. The connector of claim 16, the plurality of through holes of the flexible substrate having no
pre-plating between the first surface and the second surface before the contiguously applied

plating is applied.
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