ELECTRI CAL CONNECTOR ON A FLEXI BLE CARRI ER [ 0001] This 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 relates
to electrical connectors, and in particular, to a conpliant,

scal abl e, thermnal -el ectrical -nmechani cal reconnectable and renountable
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%"ﬂ‘ﬂ%’fri%‘g tﬁ'ﬁ’t % A PREFHH 1%/ %33’?%%28 Eﬁggt 0
meki ng el ect r beMbvemds BLAOD Which nmbmniéncugpnagdm%mqe@pﬁsmﬂlrw 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 goamd Wehls ik B@eMreiarts tolt@ @k Cornirg sndiinghiRtiy to deomplexanpl e,
cormon appllcatl

X .Ci.rcuit an be re cell
phones, boards?%‘%ﬂg?ﬂmmgﬂﬂaqF‘ aﬁgﬂgﬁ”ﬂ?%% §§§mnlﬁ%g§ﬁ EE%:xﬁmrcwtry
is typically uamektdroomstinates poz flexitdaeamizd hi gh- speed signals within the

Background of the Invention

[0003] Conventional electrical connectors used to connect coniponents such as printed
circuit boards are fabricated using a wide variety of techniqueé. A common
approach is to use stamped metal springs, which are formed and then individually
inserted into an insulating carrier to form an array of electrical connection elements.

The insulating carrier is typically made of a rigid electrically non-conductive
material. Other approaches to making electrical connectors’include using
anisotropically conductive adhesives, injection molded conductive adhesives,
bundled wire conductive elements, and small solid pieces of metal typically ina
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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flexible carrier material. To access internal signals one mnust
connect to themthrough a series of vias or by surface nount pads
and/ or connectors. [0006] As system density and perfonnance have

i ncreased, so have the stringent specifications for interconnections.
One way high electrical performance is manifested is in inproved
thermal characteristics and signal integrity. This can be
acconpl i shed by designing the interconnections such that they allow
thermal planes or materials to be designed directly into the

i nterposer or carrier. These features can then be directly connected

to the cont athoﬁh@é@Rﬂ)ﬁ of dﬁw?&n@g rfagnd [ QISR glage% Ialrgﬁy 81 %mbetdF ar t he

addi ti on- of ot her C|rCU|try an |scret l'aced directly on or
embedded i nter‘ﬁ‘a‘l“PiﬁP@efrFFéPqS%terposer DESCRI PTI ON OF THE DRAW NGS

[ 0007] Fi gur e mms:mpsmmmmmkmwmthat shows a nunber of |and

rid arr es. on .f mat er i 000 Figure 2 is a schematic
giggranlquﬁitrg% ng§gﬁsgﬁ?3F65§m§35$$%ﬁ %ﬁf%ﬁh?ﬂé“@bntact ai s
for an exenpl afyciiresva figx mebesial.r ay contact array. [0009]Fi gures 3A-3D
are schenpiosy dimghess aQéhexﬁQic%fa H 11 %éhtehl\ﬂx%ﬁ&/ deGiRal Q{eYJQf Hf erent

exenpl ary contact arm_desi gns 'S scC I'c di agram of
an expl oded p&PERERTISIRE ag PERPRY é“%%ﬁh%ﬁWﬁ@mw”mmW

[0009] Figures 3A-3D are schematic diagrams of enlarged perspective views of
different exemplary contact arm designs.

[0010] Figure 4 is schematic diagram of an exploded perspective view of a connector
according to one configuration of the invention,

[0011]  Figures 5A-5D are flowcharts showing exemplary steps for making a connector
according to an aspect of the present invention,

[0012] Figure 6 is schematic diagram of a view of each layer of an exemplary stack up
made according to the method shown in Figures 5A-5D.

DETAILED DESCRIPTION

[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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according to one configuration of the invention. [0011] Fi gures 5A-5D

are flowharts showi ng exenplary steps for nmaking a connector

according to an aspect of the present invention. [0012]Figure 6 is

schematic diagram of a view of each |ayer of an exenplary stack up

made according to the method shown in Figures 5A-5D. DETAI LED

DESCRI PTI ON [ 0013] The present invention provides a conpliant,

scal abl e, thermal -el ectrical - nechanical electrical connector

constructed on a flexible substrate, and in another aspect, discloses

nmet hods for nmaking same. In enploying a thin flexible substrate, the

i nvention proww&gssyses BEIREY Of compliaBce@brdatinineredsecdouvemint ofzndtsetst he

el astic cont a%t.s th mse%lﬂ\;es at|GSO fromthe flexible substrate on
{ .

.bu
whi ch the cont’28g L EE™ orhanﬁti%(%ugsﬁrﬁe overal | conpliance of the

connect or{041§] equik inventivhie usofa thih fietde wbsipicizkimelaniees ths@eddtiract s and

the conpli ance; of, bl bR Rl RratdVikdied Bk Rodioied RARGHescompl | ance, the
connector can better accommpbdate uneven. co

/en, t%ct arra%is '{colvmichit IS
mat ched. |n t RPSU3RRREREZes hesmPUbeietErh BETEE "HIEPErT I'E8 €Can be
achi.eved in a cfrbexi $th® tigaoithopirra@d onGliliet lid of ihepllem@adrainicose. [ 0014] The
connect of 1 akeg, AANANLRDEA! o B ATPRYRH SkELE € ABIIAGG S, (T +
C2) where d IS N corrpf)la’nceo e thin tlexible Insul ating
substrat e and pERdiaBertipescontetpraysaietsheed tp He sesiFagoratingIpIPiaift contact s
formed on the sgiast Iofi€pprdith SiRHidQchaA8 A BGld-@fin $:0 BRtdcRneempriaw ded by
the flexible substr a%e al | ows %hﬁ ar r,ag)é ,%f mat ni instHr%‘O%icaq%ei}lgo behave
much 1ike a fI'OBREPREIHUE) IS SWAEIETY W FHPS SR SHCH AT OWe® t he
overal | syst emiffdrebah Béskred, yeswtingdolp ompliseet 0 be greatly i ncreased over

y ¥ ‘ g y

that of ﬁs&%ﬁct SAc?&ldﬂg 88 gﬁtpscv%@mg ¢ Avdnkic, th SMRSEY 8rBectdr 0015] The

invention S use of a thin exi substrate al so elimnpates the need

to pre- comprises a thin flexible Kapton™ substrate bonded to contact sheets with a low
flow adhesion material, such as acrylic. The corresponding holes in the contact
shcets and the substrate can be sized relative to each other to provide an area in
which excess adhesive can collect. .

[0017] Another aspect of the present invention provides a method of increasing overall
contact density or of decreasing pitch by using top and bottom surfaces to hglp
maximize the surface area on which the contact elements can be disposed. The
present invention provides a connector having a high-density array (also referred fo
herein as “fine pitch”, referring to the distance separating the centers of nearest

_ neighbor connectors) of deformable contacts that operate over a working distance of
more than 0.2 mm with an approximate low resistance and inductance of less than
fifteen mQ and less than 0.5 nH, respectively.

[0018] The typical mechanical and electrical characteristics of the contacts of the ‘
invention described in Application Number 10/412,729 include a working range ‘
greater than 5 mils, a contact force of less than 30 g, wiping action having both -
horizontal and vertical components for reliability, a durability of greater than one
hundred thousand cycles, temperature operability greater than 125°C, inductance

less that 0.3nH, current capacity greater than 1.5A, a scalable pitch less that 20 mils,

and a functional elasticity across a working range to pitch ratio between a range of
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pl ate through holes in the substrate. Indeed, the reduction in

t hi ckness of the substrate m nimzes the anmount 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
nmonolithic structure. This approach mnimzes material build-up in
the contact, in conparison to pre-plated through holes. Such nmateri al
build-up can |l -esult in the contact being stiffer than desired,
resulting in | a3& (cQpBki & faﬂoﬁ:%&i@elﬁﬁfﬁ%%a?&%dgsgnt?eg%u ﬁ f the
present inventjion an exenplary connector "conprises a PR P exi bl e
Kapt onTM subst PafRricginsdisrontacivind eamaectosheet s with a | ow fl'ow adhesi on

Sheet s and TR cuhar T o R e bR 5"
provi de an ar 2%‘? n %ﬁE ﬁzgcli ?:pé’éoé‘m%ﬁﬁ' SR Oc]&ﬁ‘mca(‘}‘ig 86’8{“. Thotee 138 ot her
aspect of the forésdaeibedieant spongspbrb@wwedfapprap_mﬁﬁélhadzrmﬁ ahdC8n@ASi Ng
overal | cont acéongé:e]ﬂe%ﬁ% YheQfastt rﬁy HE6LSa%! Ixsrh?%hg QmBYe e, Ie\?\ﬁb \f??l{ (ﬁp d

bott om surfaces to p mexin ze the su area o
contact el emer®™® an be di sposed. The present invention provides a

c](c)nnect Or[OEZW'I ngInacdﬁt@ﬂibedﬁ:Hﬂdefpbés@f inatidngd f&@]bfeQﬁrﬁéﬁﬁ@l&Qadaﬁi&%! n afs
"fine pitch" di, st ara nters o
near est nei ghb‘{cr)o(r?lfﬂg%ranr%%?%? g ceoﬁs gﬁg?r’%?cﬁéﬁ‘f 5’8 Qé“‘?ﬁ'ﬁf% ate over
a wor ki ng di stf&ﬁ%féa@ffhefﬁﬁﬁ@lw kaEithe ®n@ctmnamstahommtcapcpwmeﬂm¢re | ow

resi stance an%@&%ﬁ&ﬁ%fo@oﬁfcoﬁlmtﬂ% alnﬁér%%x{l%r#é %@M& 3¢ than 0.5

nH, respectlveIX LOOl The typi cal anical a ectr cal
char act er i st i ¢8UBf PRI EBHE %FE?“S gy of Festaphpleatts e9A Skreste sapie dexitie
Appl i catl on Nuntpeate b beldr2nié B diffgdntidewititspicn@ cbdv@Rr.gr eat er than 5

mls, 31@651?“ §u9£b(feesuﬁ at!e?f%ﬁhg H(ixr{)]efcamgx’ mc}Mdg, Tqar ttlng{t] havi ng bot h

hori zontal and vertica HiPabi I'i ty of
greater than d?i‘éfOﬁWrPGW@ddet‘/hoégalﬁdlthlgl@lbsasl\/lylﬂé’rmé'ﬁa«trar-é nojpéricbi | ity
greater than Lg&@anamghbghance | ess that 0.3nH, current capacity
greater tp et %calable itch less that 20 mls, and a

functi ond as t i Qs B EEempIaRp FRfigerlipnatensdipefo Br eseeet pLibs RiSHét ween a
range of 3 aliattiof, withtad.afd Grid Apayl (LGAY strocurdbddedhed £/ddskidd Fo2fs al so
descri bes mul tiphe I cont act d, .
connectors. [00 155 t‘lh{k%;{%&%s?%%gtﬁ% ﬁ%)édrogsﬁikéeé} % q[n'}to tﬂ e m{cmjcw ? %O? q’f trl1“eS
contacts desc l“?%%l "‘FW“‘B&{%‘I GIEHYY e5A biiTepyreommegtefito infepa! signablpysrsoxi mat el y

bet ween 0. 12mmand1fgur4tmmmeiréﬂ@e SfifcfLe1dc B Serb @ olel@nd esfEdRg f1 ange
springs-is betﬁ Conse uently t he

roaches 9;5) LK o{‘: ﬁl sgi Igédl 2 1y a$ d 9 gmn
elasticity-to-sSize ra RECCERHIGH RECY r“é??&@“c‘fﬁa &ween 0.5
and 1.0. matched electrxcal trace lengths through the connector,
[0023] Figure 2 shows a cross-sectional view of an exemplary connector 200 in
accordance with an aspect of the present invention, including showing some
. exemplary dimensions of portions of the contact element 202. The spacing between
the distal ends of the facing spring portions 204 is 5 mils, for example. The height |
of the contact element 202 from the surface of the flexible substrate 100 to the top of
the spring portion is 10 mils, for example. The width of a via through flexible
substrate 100 can be on the order of 10 mils, for example. The width of the contact

element 202 from the outer edge of one base portion to the outer edge of the other
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[0020] I n accordance with the present invention, a flexible carrier
provi des additional working range conpliance. As described above, the
conbi nation of the substrate flexure and the elasticity of the
contacts enabl es a connector to be even nore accommodating to
non-copl anarity. In this manner, for exanple, a first array of
contact elenments and a second array of contact elenents can share the
sane flexible substrate but be oriented in different planes with
respect to each other. [0021] Suitable substrates for the flexible
carrier include, but are not Iinited to, KaptonTn1poninide 1/2 - 5

'rlpe:‘ isolnfll'n’f hi[ gg%f@nmwgﬂfqg/hﬁg Ifc%%)% %o?tac:?s om,hls hsi{ze gmxﬁogﬁnz%%dqu& O?SI ng
to an aspect %?POVE‘% Withehemathad ﬁf/@ﬁ tnwt@hon twdtsmlad bedovd al@wigg Array (LGA)

structure 90 ame%@mmhwn@wuba@w@@mga%dgémy&@crokﬁbmc?ze@za”p' e, LGA
structurﬁ)%ﬁlsmte rat ed |nt lex ¢ircuitry 100. In _this manner,
any intelRall ci \‘x&‘i?fdt“%Q %rﬁﬁSpB‘g %rﬁsﬁ‘i‘t)}l‘vé%ﬁﬁé‘@ﬁlé‘alc%’@r@%@roﬁﬁl si gnal

| ayers. Thi s oonftelunesbi ot dfhetef amensbiae spealieny édgﬁhaérecbte nefits over
ot h er convent écgfa@el CCIQJ?IP 539?3% gg&a’uo gll cﬁa? IfISQC mFglf am;)le %he C(I)né %{ gont acts

ii) matched inpedances; el ecttica Sngt hs
t hrough the cinerekeostact e[e@wsfjnﬁe@@?c@d@@ﬂm@hq aéqmgsstm@mmqmn vi ew of

an exe{fpl ary ?Qﬁﬂﬁ%xﬁaﬁ:t Q&leser@s@@ve@@%ﬁacmoxcb fcﬁ“ﬂle%&{?l@&& af the f
presen |nven i in SsqQne. exe di nensi ons o
portions of tH ?:rc?’r‘\ geleéF%%ﬁﬁ'f’&ﬁ’@ 899 a0 S %B%"af‘?ﬂe di st al
ends of the fatann@ersmpivgthpManghtzﬂdach SOnﬁxctr’elelrrﬁnt chiobe vast@inpke. The
hei ght of theangmteaﬁpzeelh@g?aﬂfm tei2onkdl @RS SFle c&%%igfe%én@mfb{; ex! bl'e

substrate 100tothetopo he spring portion 1s
exanpl e. The ieth of a via through fl exible substrate 100 can be on

t he or defoozsf 1OFlgﬁrkgA-a‘mmmmaamh@lmdeaﬁa%didas@i‘s f&r'@%e@@ﬂ&l?@ﬂid el ement
207 o A TEaRea 2 08 DRISBSRl 3 s DSBS, o e

ot her base pOI‘q(yI on can
si ze can be fusingpdrorass m@&nroctbﬁw@dmw ndnefashetnly Gdndkk asiregilikvent i on as

described bel@Wiurdlah®Wh BIhEORICE DRSS oWl Boriddl t Ch Wel | bel ow 50 mils
of 20 m|s or |ess. [0024] According to one aspect of

and on t rde
the pr eS0T vty I 20 FBLRE e RIS Uyshe v e the gssepbly of an exemplary

conmector 400 in accordance with one configuration of the present invention.
Connector 400 includes a first set of contact elements 402 that are located on a first
major surface of a flexible substrate 404 and a second set of contact elements 406
that are located on a second major surface of substrate 404. Substrate 404 may be

" made of Kapton™, which is available as a laminate of one layer of Kapton 464&1 ‘
sandwiched between two layers of acrylic 404b, with the acrylic layers acting as
adhesive joining contact elements 402 and 406 to Kapton layer 404a. Each
corresponding pair of contact elements 402 and 406 is preferably aligned with a
through hole 408 defined by substrate 404. Through holes 408 of substrate 404
preferably are not pre-plated, as described in more detail below.

[0027] The exploded view of Figure 4 shows connector 400 during an intermediate step

in the manufacturing process. Therefore, Figure 4 shows the arrays of contact
elements 402 and 406 connected together on a sheet of metal or metallic material

from which they are formed. Subsequent manufacturing steps pattern the sheets and
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contact elenent or a set of contact elenents can be specifically
engi neered to achieve certain desired operational characteristics.
For exanple, the contact force for each contact el enent can be
selected to ensure either a | ow resi stance connection for sone
contact elenments or a | ow overall contact force for the connector. As
anot her exanple, the elastic working range of each contact el enent
can be varied. As another exanple, the vertical height of each
contact el enent can be varied. As another exanple, the pitch or

hori zontal di nensions of the contact el enent can be vari ed.

[ 0025] Fi gures 3A-3D il | ustrate exe | ary contact arm designs for
either a Ball &MY KPHS ROBER s f‘(at ¢ cEcky ey e jielatsd e Siededhove,
t hese cont act sav@ndedelFdrexampld, thisrhata) sl@etphroassked iai dichéd tb einguidd Used i n
PCB manuf act ur | ing-1ike structure, and can be heat
treated befor ekﬁ%%gggﬁ%?gﬁﬁﬁé#g 0026] Figure 4 is an expl oded

per spect i YE28)i ewBPRsRirRY of theprepend inverttin, 6 coraertas isefanpted psyfoliowmniist or - 400
in accordance ditle GoEtEQMst-GU0atd PEVidl, wHlR hi 8883 of IiENkleN-
Connect or 400 L&C|Alll es

a first set of copntact elenents 402 that are
l ocated on a first tn%‘iggﬁong‘tfweé’@%s %?P%EPTFPBE?PB’I@OEESB‘@F?@? BetyesA thsi d a
second set of twonwrketandkberettmsudBéottshistratatd, dudcat-gldtimgs @t second nmaj or
surface of SUb%Es@c{rﬁ Iﬁ&%d, bé‘d\%§ Eir tﬁérﬁm%%h{gﬁbésst%?ﬂé@b%esu?stqatg tonT™M
I a apton da

which is available as a lamnate of one layer o

sandwi ched bet S8EA eigBents)aand 40 argincippq reoxirginijo eagh ptherpwhen ashersd tp

| ayers iacti ng _Q@oﬂﬂhﬁé‘sio‘fﬂxb&tﬁi&ﬂb@gﬁﬁQﬁﬁtﬁ@tcaﬂe?m@ﬁi&lﬂ‘gg&mi&ﬁd 6 to
Kapton | ayer 4 . . correspondi n air .o ntact el ement.s 402
and 406 is pr eg’g%g%eggﬁ%n% gnéd wi TR ag’tp%’rsé‘{ﬁsérﬁte ﬁ@‘ﬂ% i 0r) %B’fﬁf ar?giic by
substrate 404. las apolfd thiskesidet08 of substrate 404 preferably are not
pre-pl at e@ho2ds desedshdaBily loheTREyFor 8843h hotabOW.sudsQRL4l ThenExR) 0ded

view of Figure 4 sBovvs cop_nector 400 during an Internediate step in
the manuf act ur PHY SprEbY agulileypanciol g is then getferned todorapa arayeof sonesly s of
contact el enentlencdB202and 480i6cleiRR G @oktibr@e bl moR cRstkhedbns0f net al
or metallic mahgri I Ck ey are forned. Subsequent

manuf act uri ng st élﬁ‘gl‘°b§%’?é§]‘rs¥m‘%"ﬁ%g§*%e%€t‘sc and ng?oerlr%‘\sfézanljhbr?%%ﬁl Cgbd' portions,
so that the cofitig: skamingetiperapeansi She metad ghett 402 s attasheddutha fistihajers

needed. For exsafe®f tht N&ibBliddctrs BEBkaLA vlis:, FRSKR le,eb.BQCrﬁECQEQ@ld to
]I n" one aspect of

singul ate sone_or..all of the contact enents. [0028

the present i W%Vﬁ?ﬁgbrﬁe,gmi{y g&%ﬁ%s’gﬁw@i@é YR 8 segndisgjiof cppect elemprdy |

fl exi.bl e di el gstorbednchuddiist seedng cehiQuktivasmepal chekithe ehultidiératetahaset a0e iar r ay of

t hrough hol es (4 L ye s PR BL&PLaled in
g Z&gigrlgéme&gmt@ﬁg&%gg&&é% BELP- A oPfe RLEILLELE

t hrough hol es et ween surface an _ om surtace of
substrate 404,5Ue{eR 40 dhpmefelishagts can thratbe puemediacemiqafiviemeyve because of

the m ni mal t hingkit@ssetD froh kiR Xhddk 8o H4fa8d doath® c¥Bdnts FORIAG oSl gent s
402 and 406 arg cl.os ot her when red to

i LOX1 m .t 0_eac dh
opposi te si des of G’se'ﬂbsénlg‘?%t ({a%fé’ﬁ‘fde%l}zl:lﬁmffgi]zfpeefsﬁé’i/be(%‘f‘?"ﬁgg%ﬁ ni ently
connected in eﬁcréhil_kgéqmémorpﬂatmm-proces_s. I n one exanple, substrate
404 i's KgpizenTM wiah Riedfafivtlchifigh@¥ ! e ABRIsIoR Or hOe1 QS g?)rtfbhg&ﬁ be

formed after the metal sheet, including patterned contact elements, has been attached
to the flexible dielectric substrate. In another alternative configuration, the
unwanted portions of the metal sheets can be removed before the contact elements
are formed. Also, the unwanted portions of the metal sheets can be removed before

the metal sheets are attached to substrate 404.
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[ 0029] Corresponding to the array of through holes 408 in substrate
404, a conductive netal sheet or a nultilayer netal sheet is then
patterned to forman array of contact elenents 402 and 406 including
a base portion and one or nore elastic portions. The contact

el enents, including the elastic or spring portions, can be formed by
etching, stanping, or other neans. The netal sheet 402 is attached to
the first major surface of the flexible dielectric substrate 404

usi ng, for exanple, an acrylic |ayer provided integrally with the
substrate itself. Wen a second set of contact elenents is to be

i ncl uded, eco conductive tal sheet or_nultilayer netal sheet
406 is si rly PEEPEs sasgts é@gﬂ%@%@rr{e@qfw@ iadidgdinlcorisrislementt f ace
of the fl exi bl enddamsh@etty flexidennBitiati@l, 40 dntirelrectiretalbe phieet-g., 6an t hen
be patterned t ] Ga nwant i t he sheets, so
t hat the cont ag]te &Jéfegg rpga??ltn @X %%Ogrg‘lpo\sﬁg “a e\g%zefs ?nghrﬁ%%ﬁle%{oﬁgba%? .e.,

"singul at ed") &¥meréiagibelcontppelementyihrovghdeles 408 and gyer thathpi digfange ipyhe

et ching, scri biggghctivekdARhIe Ba hObhRLEST 1EBRD Seledi@O3OdhIB 480 13dhiser nat i ve
configuration, t otrusjon . of the el ag%ldglagortl ons ,canﬁ(ge f or med

e nr ,

after the net afna%‘ﬁ‘ég’te PrESRE YRR P e P CEPeBedRENES PRas been
att ached t o t helafidgexisiite 4@itefoan tanihetigutasds thadugh hdles 4ahdhkbetfindl t er nati ve
configuration, .fhe,unwa i be
removed before’t ﬂ’g) )gont gtga?geﬂpg{ Sh@%%g?ieon%‘%fcﬁeﬂﬁ&@%ngﬁfﬁ% tlelgtﬁ}ﬁtwant ed
portions of th@aRewEhceshepsesinecamachdenegirfva thelsepet maerrafaeofmaheet s
are attached t gosdilsd firatt@e404. [0031] After netal sheets 402 and 406

are patter to formindividual cgontact.elenments and | amnated to
L ext il o WA - ackRlrgly, Mg e P8 ek S A A PR g | Oy
el ectrol ess pl &t purfgye dfouthionterild orrdingthapel tattac esirdling tdeh burgbh Il es 408,
thereby conneclisngnisRend6RIt A%l 16LATRALS tleRl-OHMN ARl A5 #ARARd over

the short distance to the respective term ng{r‘s on the other side of.
flexible diel ebPRreleEnspp he metalgheet and the penduaiysrases formedinsptsaaint
invention can auoid the added tinme and expense involved in
pre-plati ubst,rate 404 to, formconductive trace r o hal es
408. In t e3§i na Sgléesoef O%fnf}fy Slrcrlétm H eatﬂrwa()(‘:lesa p‘Er‘r’m"%%eu{ghﬁ "ﬁ%?(}eééscﬁ’g%;]ag%vﬁ nect
contact el emenfos formiggranhestor 190 Figap 6 coubd refusedes pag b ppysiiffgent ont act

el ements from LRiRRARNHodTRED Whish) Fdr %&ﬁxpfe,%g{ﬁ? filth & an@&ebénhing on
structure. [00 Zgﬂ%'g onal |y, as shygiwn, I n_Flgure 4, cong]uctl ve traces
410 can be pret ety At & BRI APRYCAion f Fog egwple o desgiad ooz

ri ng- shaped paddairtalognaficr Rininaitngeatetutd 404 Outgdh ihoat pre4RRd) ablisisetCIAduct | ve
ring 410 can e L; ; ' . t act

Gl onent s on t Padan Bphdiy FeAGhY lfRlBRRRTD: o HEMBIRL AR
substrate 404.SHUgOBY wencshreratonding ponieiclasients pf shepistqBangdiHPs tnestiter

appreci ate, thgianehd getidas s hRes s cdube bt 10 heGRRARSH Sdiisgt 00 Of
Figure 4 could bceﬂ,luseO as par}re of Eany otllcférssr ent .rmaten,ysi1 turing
processes, - whi TR RS OERRERI PR emenls (45-F e th PSP B PRE Y ei8hdi ng on the
requi renent s ofioteithsandingbd mrticalpphatiodt degnibedherinctiapriest, nvagiodescr i bed

i n more detai | bk 8kondidarordATLAALLR% SYRSEALLoA U, (Al finbs nOt

pre-plated) and sheets 402 and’ 40¢ o%et er, chemcally singulating
sheets 402 andmeibws! or seidiepyptionitsteliinate e ned fos prepiating Eropdh helshpfact
correspondi ng &bdlaect el enents of sheets 402 and 406 toget her,

addi ti ona atiﬂ . 0., hard ar soft .qgol could be applied to the
structur etO{)%ll] sat1 g]s_t%%ngon’e exempgry 1mpl§>menttatlgn of the present mven%on, p%ures ng-
5D provide flowcharts outlining an exemplary method 500 for forming contact

elements, Method 500 also relates to batch fabrication of the contact elements using
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specific performance requirenents (e.g., contact finish

requi renents). Thus, notw thstanding the particul ar nethods descri bed
herein, the present invention should be considered broadly applicable
to any application that can benefit froma nethod or configuration
that elimnates the need for pre-plating through holes of a
substrate. [0034]Illustrating one exenplary inplenmentation of the
present invention, Figures 5A- 5D provide flowharts outlining an
exenpl ary net hod 500 for form ng contact el enments. Method 500 al so
relates to batch fabrication of the contact el ements using maski ng,

broduces a pi uraril HEpRResRE R a bl bR S b R kol 5.
capabl e of use Producgs srdpalitapl I&hbmglef@teé rlectnipgtrontscts, papalrie offubein pos er. O,
the contacts cadalasle Sinh&eck biéh bith SORRLED:. IdIlR: RndddSH ha ﬁct%is a

conti nuous trace th% then functions as a ger manent onboard
connect or. HowdR/eFated infy &pstialeaha ¢ratinygus diges that Bamfungiigasas agermasntet chi ng
steps to form bheathomectai m@b@ﬂ&hr tsemrumﬁ@adaﬂbrtal ﬁﬁbﬁmghﬁlﬁ}’chﬁ\ée created

in flat arraysg Qrnmed into thre on shapes.

[0035] As shown @%@@Bﬁ% B;g% din B NS PRGOS tﬁ‘?’ T Cr%%é‘ﬁ“@%é"wt h the
sel ecti on of aalb%@h@kf@imémmh@?@la#nsmnﬂlsmm sheet of contacts, such
as beryl |l |[OO§3]COpQ\@rsho%'i ure §fprnﬁeﬂxgd %%@éms HPQ%SS@B%’CQ% sé?&:ﬂ&nz&a or any

ot her materi al ani cal properties. Qf

sel ection of nﬁ?béfﬂr% m@tﬁr foég“etgl??ét 056%‘??5&15‘”8 P%‘?‘F@’t’l‘f“é“ ‘EOBP"E) e?’i’gl neer ed
to have the desiringsledipbipini-@abroassbr etyatter haatal pitopesHld 8&hanale f act or
in the selectl S of the
material . gﬁa&é?{]er . r{)bc%gxese{ga{'og 5:¢ ngalﬁerlal elpéeb gthV\inéni%acF ﬁemen asgoebee of
di spl acerrent oSAgneGip e Have e déﬁél%m?ﬁhmfél ant plecdrice! pyenetticd rplt?éfr?mb’e

mechani cal | y diss @Al@ﬁ@ﬂ)f‘(bfﬁlblas‘é nﬁﬁﬁ&l lis gk vﬂfﬂ@ﬁﬁ&%@ Bitﬁé%ﬁat&@di f Qrgance

t | t t t.at t h
e olastici ty BRI eh e (R Bt FoaT OurAPRLPEITREIS such

as resistance, canfipigddiot ean be mdehetieafly disploapeitk traeatg paddémmineé| ast i ¢
behavi or. For %ﬁ%@e critthiz ngﬁdlkg' %théupﬁmgtﬁfﬂo é\lgglcaﬁ %&ﬁ&[’m’c{c@ dl?&sa nce is

| ess than 20 m|l.iohns and e fraxi mum a cont act I's 40
grams. |f the EeHtNEd wpirlarmoy el drsica chopsedtisrioeh 3saml6nSf | ess t han
20 m | liohnms aimptdngl moktade, &a@ﬂﬁalﬁﬂﬂldﬁ)f@ﬁué ®hSRr N FRAxMPRY, askinet he

maxi mum | oad o fo mai nt ai ni ng a
resi stance of aetéshg“tg gs c{reﬁ“itanceﬁs & %R gﬁmfuﬁoé‘mag?dle%c’f’?xgﬁmbf t he

cont act resul t&lopped @etam@d isUQ stpmank tban@moelegreahmcm‘s alrsitnce Tinge r ange

of deflection ands {Eﬁﬁ(iorﬂa'imoﬁx’ﬁ§ét%§t%§of'lo%d baf¥Gh AR KRG o¥RRAR Of the
contact. [003 %rﬁ | | in ste 504, the sheet i s heat treated
e’!‘i %%"Q§

prior to subs farpg for ﬂ‘@\ﬁ"é‘f“ﬁ%"*ﬁnbf’]n@h%eﬁ’@éi‘a"i“%g HesdtweE gt this
point in the pescesgo mshcdaeis,ehmtmeﬁﬂéayontohelequetres‘ulmiauaecva@hosel ect ed
for the sheet Eﬁ% t S fxibhe base [ing

mat eri al by soéiy> ta‘%J alggr%g(?ad ?’? §g°f%e§et°{1 %dgi rl%ﬁzlntrel'suls la'fltjlsllriuh@etrl X to
provi de desi re‘ﬂorh@&ﬁagﬁoéﬁllecm’f@bertl es for form ng the contacts.

[0036] Optionally, in step 504, the sheet is heat treated prior to subsequent processing.

Whether the sheet is heated at this point in the process is determined by the type of
material selected for the sheet. Heating raises the yield stress of the base spring
material by 'solid state precipitation on the Be from the Cu matrix to provide desired

mechanical properties for forming 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 choice and can be selected froma |library of
contacts that can vary depending on the requirenents for the
connector. The arrays are repeated into a panel format, anal ogous to
chips or die in a sem conductor wafer, resulting in a scal abl e design
that lends itself to batch processing. After the contact design has
been conpleted (usually in a CAD drawi ng environment), the design is
ported to a Gerber format, which is a translator that enables the
design to be ported to a fabrication facility to produce the master
slides ofP%7ll m fstepei0s; & sentactelams isdepigred aedit copicd jpée poRFBPTHE panel

L or mat Caﬂ havg 1@?%@5@511@8%@&%0@%&@1 dnafrgds NEBPRErolRE aONt act s,
ecause the use.o pl aci a..hi density of
contacts onto°% 53 er%ectegg‘fﬁ gg?#ﬁg t@?{%t%?t c%’?ff’%&%‘gnb f ovi des an

advant age overeqeiximstts fegtherenirots 'Ehnallréyaareafptrmimho prooddégmaican be used

to chem cal | y,si3oukAhes bk lﬁgmmmﬁéafapr%ﬁﬁg if:QcaduRiigy and.
form ng individual contacts. Method 500 permts a | arge nunber of

contacts to b&aperdt %ﬁeﬁ?c?atcﬁérQ‘é’FS&tﬁeéﬁeré‘f*ﬁFoétﬁfé Aesign bt bﬁ‘?‘i‘éémplfte‘bSQ] I n
step 508, a I(&Mgfmmkw;yg@&m}nkntymema@nsipoﬁed tia Gerbérifemaappl i ed to

bot h si des of f] can .be d L ar. feature
si zes ranging %‘r%}sn%gmg}a 0rfﬁ‘§ %IeF{he gtl,s,lr%ato belpoxgile%%o Iltfaﬁe)pscatlon feSoilt Iglthe used

for feature splpél@ﬁheg@mtrhlahserﬁénmbleuseF@IOh@ﬁ]Ub}sﬁwgtSteh% artwork defined
In step Pﬁ@s botrhe §04 QR cﬁﬂﬁv@cﬂw&% Befweld\Ge %B%QBg@ﬁu%bé%Pos ed to

ultravio i.ght n devel oped .t e Co tact f eat ures
in the resist® U\’/‘%aﬁ §>? e Gse"gg‘i“%‘%@?ﬁﬁiﬂﬁ%aaé‘ P‘B‘aﬁﬁ et ched
are l'eft unpratteepael. yis hibiedensis lof coolpétngrovddds mt:!rd@grta@phveﬁegmnmgess to

define the COHM;?&S &h&%ﬁ&%@&@@ 85 ubdl % q%i@%fa@g%&&e i &ﬁaﬂwag h afine

resol uti on, sSIm oun I N sSem con manuf act ur i ng.
[0041] I n st epomesd tqsfnemping awskformingripividuat copfaqss. iMpthed S erpitsrg Jaree

speci fi fal ly ﬁﬁﬁ&ﬁ&f@&xﬁc@ﬁo Ee'}y@tte%ﬁ Qmewpedgamrmhaﬁaeam Each parti cul a][
mat eri a n cte r th ese specific
etch che Fﬂoéﬁ séeé’gpgf‘ gg‘ i VSR EV R EEEHT ﬁfé é’%‘%/to E?@ ﬁlges
characteristi o@he shert A dig fibt cin be e fof larger feath@mzeamngmafwin e st t he
sol ution perf &El@n&ﬂﬁuﬁg&ﬂoc& ETJUSL% i‘oxsfeﬁ'&}e &1@%stt%ton§f3ﬁ‘5| deration in

the context o hr ou he etchant sel ected al sgo affects other
char act ef4%4d;j cs qSlP&@e rigdegirssledt Tep0Hopihdhe tepyand poltomof e Sgetalss of a
feature as seeipoded toliltRSBleSE@WVY) iigh andltieneieRpe t5b83ine elaatifeals ichemon

resist, in step 510. Portions that are intended to be etched are left unprotected by the
mask. Using a lithographic process to define the contact elements enables the
printing of lines ‘with a fine resolution, similar to that found in semiconductor
manufacturing.

[0041] In step 512, the sheet is then etched in a solution specifically selected for the
material being used. Each particular material that can be selected for the sheet

- typically has a specific etch chemistry associated with if to provide the best etch’

characteristics, such as etch rate (i.e., how well and how fast the solution performs
the etch). This is an important consideration in the context of throughputs. The
etchant selected also affects other characteristics like the sidewall profile, or the

straightness of a feature as seen in cross section. In method 500, chemicals common
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in the industry are used, such as cupric chloride, ferric chloride,
and sul furic hydroxi de. Once etched, in step 514, the protective

| ayer of resist is renobved in a stripping process, |eaving the etched
features in the sheet. [0042]1n step 516, a batch formng tool is
desi gned based upon the artwork defined in step 506. In one
configuration, the batch formng tool includes a plurality of bal
bearings arranged into an array format, preferably by being set into
an array of openings in a support surface. The ball bearings can be
of different sizes, to apply different forces to the contacts,

t her eby i npart, chani.c act ri.sti 0 contacts on
the same panel mr&%ﬁ du%gra{/eélfe&rsgc of c‘fpﬁlgalg%{ e Ch?ond%’ a?(gS%llf‘éred to push

t he fl anges avarOﬁnder@mhecfpﬁ,mde ttltwmdqe‘@tlaye(qf krsist i wmpveAdn & ool

conti gur at i NSy BRcks fthitdnd AU Mk Sh tbnecont act_shapes. 10 step
518, the fl ang eSv fg contacts are then forned in all three axes by

appl yi ng ©f®l f or sty E i%%)\’at"é’(gor{nlﬂ‘i‘é toghjg desiengdPagsA Sepndhs Atk defved iag

contact el emengdp so6 1@ ohhai‘oﬁﬁguﬁﬁ@cms Batch[faﬁﬁl@]t@)mblomh biyrality of iwtlep 520,

t he sheet can be heat Lres ted to sires sed by t he
f o i ng pr oces X arl%s arran%eﬁ an arr; Ofﬁlmaﬁ ezrab'l9 blyS §%£e€lg! %ﬁ'?ﬂ ?jgg n

mat eri al sel ecepeningsdwa wmﬁstIréieet ThBh@évdarmsmn bhef dﬁﬁteetrsi!zaq, t%ﬁ?b’t he si ze

of the contact gerloh RecedBfilcREHacRMNLLS ﬁﬁh@ﬁxg,dlﬂ%eattméaganrmy be perfor med
to obtain the physical properties desired f

condi tions. | o@ar&r?rﬁﬂeﬁwnts@zszm thesame patly PSR °£ {F F*’é‘ PPELRT ed 1o
enhance adhesiaed m@@qnetretﬂa@s dvay fram wtp&eqafelﬁetshéea rotieafonoing prlocess. | f

there is i nade tﬁ%gl% ghg&edttoFo%%ﬁfe%n@co ever gﬁil Enystehng T:h@e sheet to

separatefromas str or del am nat
per form ng t heflaggsfofithecanteptatrp thep fermed freall fareciaxes By@pRIvingYe f‘ﬁ”&‘%"o@t chi ng

andf a bl al(‘:kt ﬁxt'o@% ch{epﬁﬁ)‘ﬁ&iuce-ﬁkbeie%@Edﬂta@tte(éﬂieﬁ'tgmla?oatb!ﬁlﬁﬁbeiso pit the (b
surface o e shee i cre ter .surface area (by
maki ng t h@O%dr aQBt“’rni‘J‘l?(g‘l’i Stﬁ‘h%?o ﬁ"aﬂ%&% %‘%agﬁ?agl’grﬁot gesﬁeethfve radhesi on.

[ 0045] Pri or tOcapﬂ‘eéSﬁthﬂ@rmmg\prsdespASBﬂh step Hdliwttingisalerrodeptiped thy a

combi ned [ ow f 8¥,¥1 hesd Bﬁhgﬁ%ﬁrééled ﬁjthfa lm%?éhi?hr%tﬁla‘ £ 6EHS dohtaGOT €

(e.g., an acry apt on- acr?; Ic san h) provi ded with hol es
that are inr e‘rgﬂog defined erihesheeh hegfig m@dﬁpg&r%@ﬁ%%ttteﬁn the physical

properties desired for optimal forming conditions.

[0044] In step 522, the sheet is then surface treated to enhance adhesion properties for a
subsequent lamination process. If there is inadequate adhesion, there is a propensity
for the sheet to separate from a substrate or delaminate. Several methods for
performing the surface treating can be used, including micro etching and a black
oxide process. The micro etching is used to pit the surface of the sheet, effectively
creating a greater surface area (by making the surface rough and cratered) to
promote beiter adhesion.

[0045] Prior to pressing, in step 524, a substrate comprising a combined low flow
adhesion ‘material and flexible dielectric core (e.g., aﬁ acrylic-Kapton-acrylic
sandwich) is provided with holes that are in registration with and located beneath
the flange elements. In accordance with a significant aspect of the present
invention, preferably this substrate is not pre-plated, i.e., there are no conductive

traces through the holes.
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the flange elenments. In accordance with a significant aspect of the
present invention, preferably this substrate is not pre-plated, i.e.,
there are no conductive traces through the holes. [0046]During
pressing/l am nation, there can be excess flow of adhesion nmaterial up
on the flange that can alter the contact properties, causing the
contact elenment to be unsuitable for electrical and nechanical use.
In the event such undesirable flow occurs, the | am nated stack can be
de-snmeared with, e.g., an 02 plasma. Alternatively, or additionally,
the holes provided in the substrate can be nade with a di aneter
sonmewhat | arger than a diameter of the openings in the copper sheet
beneat h tEP@4€r%| an§uEns ressipy/lagingtions thresapbe expeasilon sfedhesipn maerialpen s
adhelsi ve fcan f{hevvangwhhhaﬁu&hthacoa@afptoguﬁaa;da&mg tig\oOftadt Elerﬁ@ﬂﬁ vef the .
acrylic, for |nst I, L tween, t apt on an
copper sheet, %@g%gé‘?}ggtﬁ%arm@me&am nttgreé'%ng %Fﬁnde?niaangevg

t hensel ves, andccvib,ul@lmat@diaekcanhedersmpmsbmmf&zsancﬂml@my event, a

cl eaning or deAﬁaﬁﬁumr Sd8Bndt ﬂ?%ebx@leﬂfr@(de@ﬁﬂhé @ hfoe LR widRY
excess flow is renoved pri or atin 047] Fi gure 6 shows each

| ayer of an ex@ﬁ‘ﬁ?t%frsgf“%hé‘t’?{g‘ﬁ &aﬁ%ﬂ@?ﬁ’é‘trég‘h? ?PF“‘P%?H&‘ HEE9PB% S5Flessi ng,
according to sb@aaﬂ'ér%ﬂanfm 1% pﬁ)lvi’daﬁiyie(m’&lfﬁas apWhithbeceslatiiesieckat Bovhave t he
contact el en’en{NStL suc er ! %dura 10n e%n 1“8% o{tﬁ‘é’aecé'?w f&‘r%%s@al;lcelw r§t0? %]%Ft press
plate materi al e over
the spring confrere be’rweeﬂ@ﬁ%aptom;mde@ppg shest, the pxspe aggliqigulsiiotrachibe h a

relief hole OVﬁz{ngéshﬁ‘enﬁmésrbﬂd fmadotdier théﬂ:y@ﬂemés I8 an’_i/ VR 23R8z oPf for med
contact sheets ( an adhesi .on

oL aet S Peet Sl Giyiasts Ry e e e TR P
hol e beneat h ttelasipg.i Nng contact. Layer 6 is-a core diel ectrl c (e.g.,

404a of Ft(ﬁwge 4}‘1gWet6QhJ eéc%flagg%!f ﬁlsexyrmiﬂ; ?&Q Qp Q&ng}ééd Fop ﬁmﬁm%&nn g9

cont act . I's an adhesi acrylic 404b of

Figure 4), pr erréwswyc%maﬁo gen 26 ‘Biis wamgém%wé@‘ Yerrleradyp pavg e ont act .

Ilzayer 84; S i b&iﬁagtraesiaﬁ@ms@f%d is&rtmlay@may‘& l%laﬁﬂiﬁ‘ﬁéss pl@t@ n@tenaléOlﬁ of )
igure ay is arele hal e. bel ow t he

spring contact fayﬁa?y‘éf’sljfber fn§ter Bgagﬁef?‘@f &Yt %’F SW“% ﬁomaa okt LRE e

bel ow t he spri higacdessaniteral etteartliel hager tlielsprigg @nihdt L-’Um41m ©ss plate

material. [ 004§11:ét'3f1%¥n%a oviss sht:é?ﬁ ?tﬁﬁlﬁfﬁguré ds%f ?fs%@h&ﬁesﬂfnessed under

tenperature conditions optimze hesi ons and fl ow
condi ti ons f or MitFél GeeghaeyinfomRet &gy Pﬁffﬁbh@l@‘mf@‘e&*ﬁéﬁrbﬁ?ﬁﬂ’e the top
and bot t om condpaag co&fa&eLSyeﬁGBab@ElﬁiadchidIe a, maemgjreazt)aﬁmremefham erial .

After a cool d%\ggr R above the sprméS éogtgct 5]%29!&31‘ 1? fh a%k %% mlégnél %eg ‘%@81‘{

404b of Figure 4), preferably with a relief hole above the spring contact. Layer 8 is

a bottom sheet of formed contact elements (e.g., 406 of Figure 4). Layer9 isa
release material with a relief hole below the spring contact. Layér ld is a spacer
material with a relief hole below the spring contact element. Layer 11 is a bottom
press plate material. '

- [0048] In step 528, the stack up is preferably pressed under temperature conditions
optimized for desired adhesions and flow condmons for the adhesion material.
During this operation, the top and bottom contact sheets are bonded to a core
dielectric material. - After a cool down period, in step 530, the stack up is removed

from the press plates, leaving a panel comprised of layers 4-8 of Figure 6.
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fromthe press plates, |eaving a panel conprised of |ayers 4-8 of
Figure 6. [0049]In step 532, the panel surfaces and openings are
then plated to electrically connect the top and bottom fl anges. This
pl ati ng can be, for exanple, an el ectrol ess process, which
contiguously deposits a conductive material on the top surface, into
t he through hole to connect both sheets of contact el enents, and then
onto the sheet on the other side of the substrate to forma
nonolithic structure. The plating process creates a route for an

el ectrical current to travel fromone side of the board to the other.
The thickness of the Iatln can be chosen to account for the current
| oads t hat®%He cohirec Fhe@F‘{?hséWff%s A repinseriiben Mgeddaglecyricall] 0050] Next |

i E step I534 acqabet MeBP sidibbiidn ﬂa@@éssﬂ“hxi plbtiﬁglcﬁu iyeis] dxa?bxé on hatdlesi des of
the panel. A pattern..i.s e 0 t. e.

i ndi vi dual cont'3&t™ &MEHEh @“’“Sr’( dortg %@%ﬁe CHRF “‘F‘ﬁf’ag °‘b§‘ ¢ lop S‘?‘%’“’c ke
process, a contheﬁlrcolghthmeccmﬁmwgﬁtmfcew@tdmn&eemthérmnmhbshwhi ch has
a first array &Tth&&ﬁ@r ﬁ@é&fﬂfé@ﬁﬁ%@e&é t%qlormrn%atampéﬁaﬁg o ffifind flodssS econd
array of contacts. %ﬁfn |ng on_ t he demands of (@ plicatio ?or whi ch
the connector FEX§sArtferRne ﬂ%“%ﬁﬁﬁ%&ﬂ@Wﬂéﬁﬁﬁﬁe% ‘%ﬂﬁﬁﬁ#%@@ﬁ at this
poi nt, W t hout othdtr Tiakickpksa bf theplatin@ O b} Tibs@ad hcsdunt Pothé duerdht ®ads

appllcatlon regui, ver hod 500 can continue and apply
further plati ng’yt 15—? gﬁj@é §r’elefngv{emmteflﬁttq§§§?" an appropriate contact

finish tyfg0lfor N@S@:&WQ@MEWWHWH’P @S@dihd isgpplist fotbothsldes of ths

determ ned. Hapfle9@lHieSis E}bﬁ@éeg ald cﬁévél@@djto &¥ine 91% Qidfv'icﬁal%@xﬁick Qéteh@ns
where t he nunbers %F é?% ertions required are such as a test

socket. Hard gBrgP ISpgetip Fﬁ‘il&?"l""tsf &SRR S‘t“égss@mteﬁf@r YorH %8B be
nore durabl e. Sohdd, woéhthas Sfirst apralr & cgtdded cosiectddtihredgh@bitel t@ésyo Has no
inpurities, an ace,
where the nunb chnﬁta}: :IXIB])E gorqltall:% nlge%%li r1g Eh|Q %eljf?% 0(%IéI()J[J”&(‘?JU\é\ﬁ)1;&(*”%’h tﬁeDpac kage
to board socketonpgstetis inendedpite gogpgctor ld&F sipgulgtedtal this peint ‘ylt@@e on the
order of one tﬁﬁﬁgphn@ertlons wher eas ot her technol ogy using hard

gold wll tj.ons betme n 10 an 00, 000.

2005211 1 RET o TR it Pelca PR o a0 ot wi 1
have been appl ¢ogtihue adspep iliBe ptitngs ricrydilady, Im@apd@& andpptopéatp@ntedt. The
panel is then M’I}p@tﬁ%xﬁr&le @%ﬁpﬁa!écpéo)ﬁtdr Qoﬁ%lld'\?s/dééhnﬂleé‘tﬂial?@go‘{d @ a hard

gol d process in step 548, 53] The resist 1S renoved in st ep 550 and
the entire pan¥pically ugd e’rfé?flﬁ*?ﬁp@%wnww%q g bers efrinsgrionfspduired are
el ectrol yti c MighAsicRSs ateshavkickt. RS K gdlDitsEIOREs hxiuelti Sitiagtbhaliheqoldas bet he

cont act arr ay. uhfaBhsP o okl bl SRAREPHA b AEARL Sad U o Out

typically used in the PCB or networking space, where the number of insertions is

fairly low. For example, a package to board socket used in a PC (soft gold) will
typically see on the order of one to 20 insertions, whereas other technology using
hard gold will see a number of insertions between 10 and 1,000,000.

[0052] If the contact finish is a hard gold, a layer of resist will have been applied in step
534 covering both sides of the panel. The pane! is then submitted for electrolytic
Cu/Ni/Au plating via a hard gold process iri'step 548.

[0053] The resist is removed in step 550 and the entire panel is etched in step 552 using,
for example, electrolytic Ni/Au as a hard mask to complete singulation of the

contact array. In step 554, final interposer outlines are routed out of the panel to
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separate the panel into individual connector arrays. Method 500 then
ends at step 556. [0054]1f a soft gold finish is determ ned at step
538, then etching is used to conpletely singulate the contact

el enents in step 560. The resist filmis renoved 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 el enents.
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. [0055] The soft gold finishing process singulates

t he contacts prior Ni/Au wll plate only on netal

sur f aces, andpﬁ?ﬂvfh@ggﬁhggHﬁWﬁBﬂﬁﬁgﬁﬁﬁﬁgﬁgﬂgﬁh?ﬂﬂo 424 SEP enent .
This hel ps to p¥event potential corrosive activity that could occur
over the 1em | ual l.y inert.

Si ngul at : g)\g%) (o IIi’a sbit %c{ld ﬁrhs% 1qu%{3Fnﬁﬁe¥d 'at s%%n@?? e t%m%gels %slgg {g rc\:gxg-%&eli/ ate the
copper contact Slv&“EaF? t%ﬁf@@tﬁré?lewtsam Sfef’r%%ul’h‘?ll‘?ﬁgt film ivewetsériap fEipiizey and a

cl eaner cont aCﬁvmce\Mlh &Eb %@SIn@tebQW RERPBRNIMY, ais@kncfv&ﬁQEHo@t%old is

[ 0056] Accor di ng (? g e;‘I{onflg fg;atl ons. of th Fr esent invention, a
connector is pPovi TEL WaPs REHIREE cRfea smeYs: H&\Sf Rry +doplr iRiprRpRer

-oper at i ng pr opeutlinesse rolhdidut dfShe rtaivd tosepareohgyand &ito indialwati@nnector

het er ogeneous gp| Dt %Jtho@ls&ﬂF eﬁdgﬂﬁé &t he operating properties of the
contact el ements’ can ecte 3 “heet requirenents in the desired

appl i cat i B3 The Teref ald figjshiedinesst sivsylatss thy ceninais auqr tenlaineii/A®f er t o

the electrical wlllmﬂloﬁﬁietal Afgted, %ldp?@ideéiééalﬁ@ﬁ@@faﬁm@ﬁ)r ot cdniee cont act
el enent Bylncqﬁp ts Wt fferent electrical

i_.hg contac i
and/ or nechani ¢a {orart(l)nsg‘% TRRVERIRY eﬁ?ﬂa W(S’F’“’ aéﬂ“%“ghaﬁ%?& PP REEC al | of
the stringent whtemiifeiofht contreictimngdldls virmmty ineetl Sambuilition yriorégplating ivent s
for hi gh-perf of HBREH idoRSF &Q@E\ﬁ&é th@Bphdr Sk dc QA an&f?é?%@aﬁge {rgcltﬁ'gl tC g

alternative COI’]fI guratl ons (0] présent 1 nvention

properties can” B8 Ipaneridan qaﬂ}“é‘?’i’ﬁhé’@%’&sﬁﬁwpéw&ﬁm@&%ho@lnémsnt or a

set of colomFt ehexnriizso dier anhieat@nCeE e gefentigfhficita @ﬁ@%ﬁi isonal
characteristi C}ﬁg\%@d %v?t go%‘act@%mn‘l%g ﬁardng‘ dﬁfe%r%roper% {ng'g{(lgm Il’ﬁi ?138 an d

t hrough hol es hel'r di nensi ons, *anhd t i ke.
For instance, hEcpCap @Sm@tlﬁﬁ@é‘mw conipckaldmente whes the preratingpeda n c e t he

i nduct ance, af}doﬂeﬁﬁs (ﬁ‘ﬂ{erc&ﬂzlctQ@E&M'c%e@é&%"c&ﬂee@xe BRmbrCpRlact el ement
can be vari ed ga %1 by material se|ection an(cli nmechani cal
eI gy

properties T(.SLF O}E?m%gfpemes ofa contact element refer to the
elecmcal 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.

[0057] 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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el ements can be engineered to have | ower resistance or to have | ow

i nduct ance. The contact el enents can al so be engineered to display no
or m ni mal performance degradation after environnmental stresses such
as thermal cycling, thermal shock and vibration, corrosion testing,
and hum dity testing. The contact elenents can al so be engineered to
nmeet other reliability requirenments defined by industry standards,
such as those defined by the Electronics Industry Aliance (EJA).

[ 0058] The mechani cal and el ectrical properties of the contact

el enents can be nodified by changing the foll owi ng desi gn paraneters.
First, the thickness of the spring portion of the contact elrgrrent can
be sel ected t 6leEPREcan byrmainsesd QKT QWer 1¢si51R% O RSPV XL IR e, TPhi ckness
of about 30 mMcedi@GedieyRicaatsb Ye GizMasedao digpMymont midimaf mriomage t he or der
of 10 grams or, le ile a f e thic - A00 M Cif i ves a
hi gher cont act*§ %drsa@dé] ag?r eﬁﬁroﬁ?eél&fa‘g&g%s? °% %heag @“ g?r%‘ g{dél%f tgéﬂél%rlesg{&ﬁ argjh e

wi dt h, | engt h vibaatidn, séregsien tsfting,lsed bpvidipidesiing (Thospnegslompirapasals| ect ed
to give the degifedscAaler LRHES redBORIREROy intiRQy RanAREY, sth spri ng

portions included in_a contact elenent can b el ected to achi eve the
desired cont aé'%‘hf’ﬁﬁrdét@,edFwéeﬁé@w‘%“dnwyr@ﬁ‘fm%@[;&i ng capacity, and the
desired geustpct ThesieSHasiont end efearicabprapepie@of thhonohthdt Blgméntseamberrivdified f
spring portions rough qubl t : +ent
carrying capaé’?/tc%%ngla%wféﬂcr’%%g%%&‘%gaén%{e%%'s?ﬁgé’ tteﬁfen_aglgﬁ{a gtgig%rwel‘gi stance by
a factor of t wortiof QUBOPTE element ¢oa betslepied 9feive BdesEpOMECt Bt f¥n can be
desi gned to Qic¥Enieh IftkibsErakohd 30GBtroR AidAMESPR b G cofta@ pedelon@s. The
hei ght of the spri ng portion, hgr ‘%he tgn‘té)nunt % proj ection fromthe
base portion, EaRAP gGTHE Grs e feypiEe el * RSP R F BEN T i cal and
mechani cal pr epgict foie of QRG] te ssoadimhicdnenty Thé widielepatle gudshapenvent i on

is not limted . : [ leZfliefiQl cfedbes.i on due to
the lit hograpﬁf%ﬁ@%ﬁﬁ%ﬁ%&gﬁﬂ%&yﬁ%ﬁﬁ%O%én Si nﬁlle %oéler}]%g%ag}?e used for

form ng tIASOL onriseandrthestupbes9f Pripgpoptippriacipfedinfioppd Yhe

f oregoi ng di sGLiasdinsadiase eRnreptesRNore ieaksipditypesearydfg cadatigst r at i on
and description, It |s not intend to b X i limt the
i nvention to taﬂ‘%thﬁbeé57ds°8nt?°6feﬁ§arﬁf'§g) ) 1_%’ “ﬁ’fé"ﬁ@g%?‘y’ﬁ"tﬁfﬁé"?‘énd

nodi fi cat i ons paitiohs rhehlyplpebtes tie contrcblintse ofd coreit epamips SRpdity, et he art in

| g.ht of the qpl—%\{ﬁ dgérédgibgﬁygoﬁtact-?@ﬁtaﬁ&(%pg fffor §Ro. | nVent! on i s to be
defined only by the clalins appended, hereto, _an&i bx/ thejr eqwlval ents.
[000)(/)] Third, the shape of the spring portion can be designed to give certain electrica

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. ,

[0061] 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.

[0062] 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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[ 0063] Further, in describing the present invention, the specification
may have presented a nmethod and/or process of the present invention
as a particular 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 |imted to the
particul ar sequence of steps described. As one of ordinary skill in
the art woul d appreci ate, other sequences of steps may be possible.
Therefore, the particular order of the steps set forth in the
specification should not be construed as limtations on the clains.

In addition, th di.r ted to t / gocess of the
present i%%ntl EW%’f’hB{BB%fnh %%reslemmvernl n’% Spﬁ%ca{m 2 }rlfiélnce of their
steps in the pedated wmethctdelnd/ora)mesgn’féh@@smt éﬂeq'ﬂﬁn %Sﬁé’a%}ﬁltlaré‘?ilﬁe“ﬁ‘“eadl ly

appreciate th ste&cybq{o%% Q@&@&té’ﬁ%aﬂa{%rﬁé%a&q)r@egdsetshbtlrewa{md n vvnthl n
t he Spll’lt an ope O present i S:

nve
| . A flexibl epasticuly ?@?f&f“??éf’?ﬁﬁé‘f‘ Brein, dsimst Ogi’rrPé"ce%wlﬂu@%fﬂbbleémlstﬁ strate
having a firsi tﬁd{faftﬁ@l@r sec[ildncaoﬁsea@mbﬁbnsw fAa ogg, ofblignafylski} idhears ubst r at e
"9 P Wbt s, Sl SHDRH e L U] el ace 10 the

second surfac® con Ive to the first surface
of the fl exi bpetiwlbetisraf e steps s &uthin WW?WWMF%&@%W@&S to the

second surfac ﬁmgattloﬁﬁﬁ e EXhD |I@ad§fﬁp§ e %faﬁns deatd t@ﬁxe inkgodfand/et  and

second conductive | ayers having ur ed cont act

el enents in rB§rst ?féﬂ%eipé‘?ﬁe’\'?\lnf’?ﬁ‘t‘%{’tS%?LgJa%of eeé‘r‘g%%goet{’e 15t rfTﬁnce O?th?lral ity of

t hr ougb hol esjiengthaofératritag ationt skijlsd usheartappleadis amxatettmthm r st
conductive |a eqr ncésrx]nea %L \;/Fﬁ@& g¥mpz£m&ﬁ'fv%9ﬁe E}Qllxtecﬁd :!poetob@xe Fxles%ift' ble
substrate, and®fie” sedond conducti ve ayer such that at [east sone
contact el ememvention the first and second conductive |ayers that
oppose each other are in electrical conmmunication with one another by
way of the plating. 2. The connector of claim1, further conprising
a first ‘adhesive | ayer disposed between the first surface of the
flexi ble substrate and the first conductive |ayer and a second
adhesi ve | ayer 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 | ayer conprising
a low fl ow adhesion material. 4. The connector of claim3, the
adhesion material conprising acrylic.. 5. The connector of claiml,
havi ng conpound conpliance (C); the conpound conpliance being
conprised of a first conpliance (Cl) attributable to the flexible
substrate and a second conpliance (C2) attributable to the raised
contact elenents. ‘6. The connector of claim1, the plurality of

t hrough hol es of the flexible substrate bei ng nonconductive between
the first surface and the second surface before the plating is
appl i ed.
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7. The connector of claim1, the flexible substrate having a

t hi ckness sufficient to enable the plating to electrically connect

t he opposing contact elenents. 8. The connector of claim?7, the
flexi bl e substrate having a thickness within a range of approximately
1/2 to 5 mls. .. The connector of claim1l, having a first array of
cont act éﬂ%ﬂé%@@“%%ﬁ a second array of contact elenents, both the

f t d h t hy fl bl bst t b
orf an 20 TP el el e
connector of .c

f1 exi bl e S u%ld ux? ceé the’ ﬂé:xgt%ﬁ% subs%&gt 3 (%Imm é)rura 1%)' o%xhr glhglgs i‘? f}{le ﬁ{sEsurface to

ra owar a CO respon ugh

hole in et:én%é'mtﬂcg SH?t e t?\/e l?)/%xl%ihere 1ot HIS GhS ce gf %g h&llﬁé gubstltatée

. I
first an secon conducti ve el ng arrange

registr at; QR4 \%ﬁcﬂc’tgi ll%@] adggllicpthtﬁJ &¥on gilsg'@al gf thp ﬁ!ﬂ)llblﬁ Edb%ra‘rf’er E&M og ﬁ%}st

contact system connector o m 1, eac t he cont act

el enent s a‘ﬁ@ BROABERAGBES Mhdrd BAPnE Q%Rﬁzﬁmﬁ&%&eﬁ QoRAR Ll AEhtCR Y sdrStidAGvith at
copper. 13. The connector of claim 1, further conprising a second

plating centi awed Sk he JRPIIES R¥EIH Hoh:@ dnli ' lati %m%igdohélﬁaﬂpﬁy@éver thb@rst
plurality of through holes in the fl exi bl e substrate, and the second
conduct i @nduai®r layerl4he JiBRIIGOMBESGE HOfes Gh @eMdkibletsuls@ast anOMe sedond he
contact el enments having el ectrical and nechani cal properties

di f f er entcofiduotiveOire rs8chOthatt 40 @eagtGdna Cbntek @RBBRLS on thkNirstThe seond ealdadtivof
claim1l, the first conductive |ayer defining a plurality of openings
al i gned \iktets thdteppdse readhi dilyer efe it lecigh chrolnescation tvitke obd axiblet &y way of the
substrate, an opening in the first conductive |ayer having a dianmeter
smal | er treéing.its corresponding hole in the flexible substrate such
that a bleed area is provided into which excess adhesion material can
flow 16 The ganasciasoé claimel tfipthentompapinge fiesk adhesdippgaies fliprgsedzbetyean thp figst
substrate; a first set of chem call S|n ul ated contacts adhered to a
first surpdce %fthe Aexible syisbite ag%BsEtgratt endugtives ¥ AnE Seﬁ‘?“carﬁ‘é‘?ﬁ"&di‘yleﬁ/

si ngul ated contacts adher surface of the flexib|e

SUbSt 1 at GoPOTLLREBE s HEECHR TR OO EHGEI <O L HE B
respecti nes o e f| nd_set.

i nbul at daTEOREARLS %%1?%1323 R ad R e el B RSl RSO TROO mE s
plating gon ied over the respective ones of at |east
sone of t% h??%@Fgmy %@ é second set of singulated contacts and over

t hr ough Qo%ﬁescoh&atoh@fcynﬁé' L S ALE AR ALy ALEED Tegi stration wi th

the respective ones o east sone o irst set and second set
of si ngulsaygd.gaRtA6H cﬁaxmqnﬁiavm%%oﬁ Sgy k@rﬁ}ﬂﬁn&,(@@f aeledmp &Q@pdhgﬁxh&g bem

contact el ements extendi ng above the flexible Substrate and towar a
center Ofcodpfed TSP endi RBphdAtOYOD helbGable 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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17. The connector of claim 16, further conprising adhesive materi al
di sposed between the flexible substrate and each of the singul ated
contacts. 18. The connector of claim 16, having conpound conpli ance
(©, the conmpound conpliance being conprised of a first conpliance
(A) attributable to the flexible substrate and a second conpli ance
(C2) at t r ¥blhegBrascippefichian ¢diayiage Srst arpy of cppigct elsmpE #1dra sefond pgay of 9tact
having a first array of singulated contacts and_a second array, of .
si ngul at ed'eEsHs debdhe e wrmdpigs shagngthe sasrgxible sukyeate iy PripgorieRigd in
same flexible substraﬁe but bejng oriented in different planes with
r espect t&ﬁgﬁﬂﬁﬂﬁ?ﬁgF.mﬁfﬁﬁo?ﬁko Bnnector of claim 16, the first and

T oD SR B B S AR ol 8 sty
contact syste 1. .The connector .of .claiml ch of the contact
ol eront s (1R s opd o RORTE bR oMb PR Conpr tsi g

copper. %%Th—ghc%m th gf: 3191 Pft Chg{ dls§¢on tcmld%aﬁ/% 1%8:@% 81 a&r o ?&B@ﬁt
e dn%’ne %l ? di t T

el enents having electrica chani cal properti‘es fer rom

ot hers of rgg[%g‘atﬁg %tﬂ%tlang lgﬁm%%LGﬁ?&'baa-gﬁd zﬁ‘%g m}x)%%ntgét sy(‘skeﬁxi. m 16, the

fl exi bl e substrate conprising polyimd . The connector of claim

16, the contrngushrsdir RRRIM €Ladt] Fih\QnhQlMnBs SonPPRRk brfilitm SbypdCiH iR
25. The connector of claim16, the plurality of through holes of the

flexible §MQ§&%ﬁ@ﬁgﬂg%b%g no pre-plating between the first surface
and the second surface before the contiguously applied plating is
appl i ed. 14/The cérnkstorlof 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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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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