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 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 conmobn approach is to use
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[0003] Conventional electrical connectors used to connect components 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 connectorslinclude 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 transpdrt low and high-speed signals within 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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[0005] Flex circuitry is typically used to transport |ow and

hi gh-speed signals within the flexible carrier material. To access
internal signals one must connect to themthrough a series of vias or
by surface nmount pads and/or connectors. [0006] As system density and
performance have increased, so have the stringent specifications for

i nterconnections. One way high electrical performance is manifested
is in inproved thermal characteristics and signal integrity. This can
be acconplished by designing the interconnections such that they

al low thermal planes or materials to be designed directly into the
i nter poser . or caffFefAOrRELE FrEdpiiReY deariesphen drelydn peebidfedconnect ed
to the contact dltemintosheidermbari | ar argunent can be given 1 for the

addi tion of ot hgygseristbl 0¥ b wlickCretes placed directly on or
enbedded |n@&qfall to.the interposer. DESCRI PTI ON OF THE DRAW NGS

[ 0007] Fi gur “?&W&fﬁ??lif*°dia%{ﬁ?faﬁﬁlt°wa%n“§ﬁw§a@gﬁ%%)ér of land
grid array structumesonfivxfktesel mat erial . [0008] Figure 2 is a schematic

di agrami| | gsky at |nggre@ns a%ﬂieﬁeﬂtg @iggrﬁxgﬂ:lﬁsltrgcﬂglm e\lﬂaﬁyg QhiodN\EwioRL act arns
for an exe rrpl A" Y o) arms%r an e;ézl;zglgry L&nd g&l? grmy%gnl:tacty array.

[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 SA-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-SD.

DETAILED DESCRIPTION

[0013] The present .invention provides a compliant, scalable, thermal-electrical-
mechanical elecirical 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 connector can better accommodate uneven contact arrays to which
it is matched. In this manner, desirable connector properties can be achieved in a
flexible carrier or circuit implementation. ‘

[0014] The connector takes advantage of a compound system of compliance (C1 + Ci)
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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[ 0009] Fi gures 3A-3D are schematic diagrans of enlarged perspective
views of different exenplary contact armdesigns. [0010]Figure 4 is
schemati ¢ di agram of an expl oded perspective view of a connector
according to one configuration of the invention. [0011] Fi gures 5A-5D
are flowharts show ng exenplary steps for making a connector
according to an aspect of the present invention. [0012]Figure 6 is
schematic diagramof a view of each |ayer of an exenplary stack up
ggggRaccoEgiFg to the method shown in Figures SA-5D. DETAI LED

| PTI 0013] The. present 1nventi | '
scal abl e, thernﬁf*%f%%%?ﬁ?gP?OﬂggﬁgﬁfggfB%ﬁg%?%%%g?&g%ﬁ%g%?%?
construct ed on &eifd ceneirpted og ypei¢ bfEe and i n anot her aspect, discloses
et h o?_s for [omjﬁid N hSiavetionlshisedRPha Yibxitgp sabstrdnd atvo Elintiwdiebthensdiopter at e, t he
I nvention provi nect.or w.th i ] t-aonly the
el astic contactggeﬁgﬁég($%§?&ﬁﬂ¥%%1g%&%ﬁgﬁﬁgﬁgnéﬁgg? 1)éthgub)s/trate on
whi ch t he cont actbsiraggginimizes the amount of electrical interface between two electrical

O

circuits. Since the contact arrays on either side of the substrate are in close
proximity to each other, separated by the thin substrate, the entire assembly can be
plated after the contact arrays are adhered to the substrate creating a monolithic
structure. This approach minimizes material build-up in the contact, in comparison
to pre-plated through holes. Such material build-up can tesult in the contact being
stiffer than desired, resulting in less compliance.

[0C16] According to one aspect of the present invention, an exemplary connector
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
sheets and the substrate can be sized relative to each other o 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 help
maximize the surface area on which the contact elements can be disposed. ’fhe
present invention provides a connector having a high-density array (also referred to
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 m< 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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mount ed. The overall conpliance of the connector is equal to the sum
of the conpliance of the contacts and the conpliance of the
substrate. Wth this increased conpliance, the connector can better
accomodat e uneven contact arrays to which it is matched. In this
manner, desirable connector properties can be achieved in a flexible
carrier or circuit inplenentation. [0014] The connector takes

advant age of a conpound system of conpliance (C + C2) where O is
the conpliance of the thin flexible insulating substrate and C2 is

t he conpliance o f.c | i tacts formed on the
substrate. This %ﬁﬁgguggiZ%P%gpn%gﬁﬁf?@*%éggﬁg@*ﬂﬁﬁmﬂ§mfﬂﬁm¥ﬂexibIe
substrate al | ows™tRaicaing & cogfecthapd Fasppeisisr f aces to behave fuch like a

floating ar(@plof ToKbE@tSent FheSol-aRRy) RAMR otk it g LpuaNg' al |

system fl exi bi | i {yne@f10605M3b . r |y ipcreased, over that of
contacts being constructeéd Sﬁ&g&rla%}y ee“g% g’?%a aé’fig'?%‘l e Prigrange

i nvention's use BFefeioHpe Imse seripgsé deviess pptimatgly 8 62neh indi0Babes t he need
to pre- plate thewsghntyohedasiititytditze BUDS tnftRtafproxlineeags oftbhge 8gUCt | ON
in thickness of fhessubstrate m nimzes the amount of electrical
interface bfoé%ﬁen two electrical circuits. Since the contact arrays
on either s of FAEERHYb rearegmtineriop p §edlespEsipravidys additisdch ot her
separ at ed by t hevakiignangepsipliaatee As tdxeibenbdve, e amdaEh ¥ 6&RLLR: pl at ed

after the contaGlexdd dndiks oGy dPREL LRk oRbBS 1 Bl Gl eating a
monolithic structure. This approach mnimzes nmateria "B 1 d-up in

P C !
the contact, in “CORPAPHEIR PSRRI, B his ratnpy L RgH ot B8t argipéh mat er i al
bui | d-up can r esotitct dlemepthand g onbdrEiatraybeiongyt dénchE &h staham stesickiae,

resulting in | essseml dedNGR4 ir[(ﬁ)f%;eﬁapﬁﬁ&%tﬂueggctIo%acﬂgﬁa‘xerasp.eCt of the
nprises a thin flexible

present invegpsion, exenpl ar onnector co a

Kapt onTM sug@%:l até u%%ﬁﬁ%&%é%éﬁ‘ﬁﬁ%‘@{“ & Bplade fiut e 0ot §piiRd ff ow adhesi on
mat eri al, such &$rta¥ gilyipide Bhe ndlo mtiesponlyag” fobkes 2 AmtihEcagoNt act
sheets and the sphgthat@opBan be sized relative to each other to
provi de an ﬁBﬁ I g i ch excessladhe ive can collect. [0017] Anot her
aspect of the f)lr esent i nvent ToMP T GUHEFEL™ Acrrdingia an wpect % b Bessitng
overal | contact Ryemss, with okand Bri¢jéuaydle®y) sigictpic PTnaddyd to Sésing phigPorand

bot t om sur f aces uled ek KafBX iLOK ZRuckR0 & Wb A LinB 1021 BN Ol iishe
contact elements can b T resent invention provides a

. et an ?ntéj ! a?grcésig}q < eh?ec onnect i 1 i i
connect or havi ng a hi ght dengTtyY EP Py aroBErEr Birarerd #iet ei n as
"fine pitch", rdPesfigvptiongharifere effestelritel beefapat dtrgednireticant ers of |
prici

near est nei ghbokppeRaRLEtiRTSHH 0f) steliatambl § il atlantlaty pperat e over
a wor Ki ng di st aglgéghegglec%gﬁrateqaﬁn hgthrzo%;g}?ew ¢ ht ran appr oxi mat € ow
resi stance and inductance of 1855t f7P¥8en m| and less than 0 5
nil, res pec[9q2§/]e| y F igure 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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[ 0018] The typical nechanical and electrical characteristics of the
contacts of the invention described in Application Nunber 10/412,729
i nclude a working range greater than 5 mls, a contact force of |ess
than 30 g, wi ping action having both horizontal and verti cal
conponents for reliability, a durability of greater than one hundred
t housand cycles, tenperature operability greater than 125C

i nductance less that 0.3nH, current capacity greater than 1.5A a
scal able pitch less that 20 mls, and a functional elasticity across

a working range_to pitch tio betvveenaraneof 3 about 0.4 to
0.8. Applicati gbn el‘ﬁu’ﬁﬁré “'1‘?01%21’11 FoF BEURP < P FpEsentA st @ et hods
for fabricati ngﬂcf%nce@mh&@:m@hfrénﬁh@mm@ewmmbe@ B0¥O4ibhieg di spl acenent

range (el astici Joﬁr)ectdg@ﬁltﬂe;lﬁcmﬂtb@@& §0nqg§r§iroh R@grdér @fﬁ%& l}r(iﬁg ion Nurber
10/ 412, 7294 and O e size range

oxi
for the deScr 0§4 3& Cfc?rdnnq%@ °neﬁ?’pe% 6%63 pées‘f%‘f“(ﬁét@ﬁ nﬁﬁﬁ?“@k’i’”ﬁlﬁf“éﬂ §20. 12nm and
0.8mm Consequ eqfitltﬁﬂyeleﬂteh@f eichfconggetelemends-cgr teeperifidalloengigeeiefitot he
appr oxi nat e ran@ﬁm@Em@@ﬁ&@ﬁﬁQOém@@QmﬁQOsﬁ@ﬂ% hﬁm@&ﬁ&&ﬂﬁ%ce wi th

t he present iny, carrier ovi es addi tional working
; angg compl i anc tgxn etac o étzééeﬁe dlk())e elec c[ to Fyae %tg% OPH?S?SBWE fﬁnnefcﬁ%l

substrate flex L}”P@maerfdntﬁ%éewmagww Wralé)@nfacthénce@nthamc@na%bl es a
connector to bemaM£amﬂﬁeawaﬁﬁew&ﬁﬂgkmﬁgﬁﬁﬁc&ﬂﬂmﬁgghaﬂﬁéb&&h.| n this

manner, for exmh?‘%her&mrxdlg agve%cﬁﬂzélgf%eac%con%ct ITEI’I'[S ffgd a second

array of contact el enent's’ can eFW% FBIPe YL h<tr at e but
be oriented i n 7% B Pl ashofitoptl drf@ésﬁ@mfﬂleeol@af@hmgﬁ beaarbe
[0021] Sui t abl e wattast rates for the flexible carrier include, but are

nO][ L,‘!S{ne'lt‘ 6%015?1 @%ﬁre‘é 9€ IB/EIQQJatX 'e;@nglgré%gxtaﬁta% J%gn% fore thgrng%lll(are c;S s, MlarTM
poly Array (BGA) ora LGA system As mentioned above, these contacts can be formed

using a process similar to that used i in PCB manufacturing to make a spring-like
structure, and can be heat treated before or after forming,. |

[0026]  Figure 4 is an exploded perspective view showing the assembly of an exemplary
connector 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 404a

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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[ 0022] Figure 1 shows an exenplary configuration according to an
aspect of the present invention, wwth 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 nanner,
any internal circuitry can be directly connected to internal signal

| ayers. This configuration therefore offers electrical benefits over
ot her conventional approaches, in the formof: i) shielded contacts
mat ched i npedances; and iii) rratched el ectrical trace |engths through
t he connector. [r0023£ gur e cross-sectjonal view of an
exenpl ary connectof - 206" npogc% gﬁﬁéee“"i'ziﬁ"’f PGP SSPUEH (ot sipkiePr esent

i nvention, incl Lﬁdpwgedsﬁ@\ﬁ%anlgles@mtaé%e:n@hwrgaslﬁﬁ me rished nssingflator t i ons of
the contact el ermﬁaoraﬂzftheiab@acmgm@g bet ween the distal ends of the
facing spri ortjiaons 2( The hei ght of the
contact el e@gzﬁ) 0115 From thepsreﬁr ﬁ%eéﬁOB’facf”i‘?%"mfPEW??Iaéfog‘mﬁsF‘iséte 100 to
the top of the sfb’lﬂioi‘iéieb@iﬁtsil@ﬁafq 494 1 Oroviflddgwhich bas amycanpliteougigeswi dt h of a
via through fl exiokl ghsuhséiatie p&tﬁ&anQ@@re@ﬁte@m tﬁrgh%hz R 868 vfyech@em | S,

for exanple. Th fromthe outer edge
of one base por ﬁl %\gﬁg%cg ax%%hhgtogolf%{n surgce Cf? ubs?r]ate esuchtpr:]eenllatlag is Boése portion

can be 16 nils, "eHFsaRxRAHst: éeca‘(%?)‘?fﬁhaé%@n%ﬁlwbmwf@m@e substratelded, f or med i n
accordance with cbﬂﬁﬁ:tsmﬁih@ﬁi()ﬂindﬁ%&xehM&Bﬁrb)@ﬁltya&eaﬁlﬂﬁ&f MQEEHhQ@d OW,

al | owi ng connec toglg"%ltﬂv}ﬁd%%ﬁ%&%%% g(g‘i s\ﬁ@h t%iat éﬁ can\%e convenfen%? co?nﬁct%grli ;[egg n ? rder

of 20 mls or |ess easec
i nvention, mec ha?HliSE"éEFm b‘i‘tiﬁ‘éérP?ereémé‘? exgmpko P et 4Q—ffllsé‘?mfn¥mmfh gndiet of
cont act el enent Saye@nppbiel tspanidkd. cal | y engi neered to achi eve certain

desired op ef0@49 on %orr@s@@fdﬁg {o?i{elai%ylo tﬁrou%ﬁ%{%}es%ﬁﬁgpubgfate 4&? 2 1(:?]09 z}ct?%][ OINO ree

for each cont act el enent can sure er
resi stance connd¥d ﬁﬁetFrW“g%nﬁ%’ﬁ?eéﬁfm@lpéﬁﬁlﬂ‘f@fW argaripy;Qf centeetr al |
contact force f olmbhelog enrecihdning Assapobhed oexangt astid fogiol ast i ¢

wor ki ng range Ofm@@eﬁgctgﬁﬂénéclkcl@lngﬁig Qgsu&(@gbrl ?po%ﬁgg &g\ be A%neg‘ ot her

exanpl e, the vertjcal height of éach contac can be varied.
As anot her exan§i°eP® tHEPH ‘ir(?‘itier(?‘rea“ﬁo?’ie%tﬁts?le“‘ai%ﬁ%*i%‘ﬁéheéﬁ“?% cont act

el enent can be wafaced the flexible dielectric substrate 404 using, for example, an acrylic layer
provided integrally with the substrate itself, When a second set of contact elements
is fo be included, a second conductive metal sheet or multilayer metal sheet 406 is
similarly patterned and attached to the second major surface of the flexible dielectric
substrate 404. The metal sheets can then be patterned to chemically remove
unwanted metal from the sheets, so that the contact elements are isolated from each
other (i.e., “singulated”) as needed. The metal sheets can be patterned by etching,
scribiné, stamping, or other means.

{00307 In an alternative configuration, the protrusion of the elastic portions can 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 remaoved 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,
6



j 0025] Figures 3A-3D illustrate exenplary contact arm designs for
either a Ball Gid Array (BGA) or a LGA system As nentioned above,
t hese contacts can be formed using a process simlar to that used in
PCB nmanufacturing to make a spring-like structure, and can be heat
treated before or after formng. [0026] Figure 4 is an expl oded
perspective view show ng the assenbly of an exenplary connector 400
i n accordance with one configuration of the present invention.
Connector 400 includes a first set of contact elenments 402 that are
| ocated on a first mmjor surface of a flexible substrate 404 and a
second set 61" Bont ALY EFSRBIEEL B0 tppfterard & Priadiadpalspiagt dede®nd nmj or
surface of substmdtagmindBdto iSulictubsaitei04,0itt cnrpy/strieureiaad 8e ficdantbpn TM

whi ch is avail abliu8ss flatndfth Bat &n@bivPRLes i A% Bhen® 404a
sandw ched bet weentl  Apere S fnachrv Q%GSIMEbgh Iﬂpsjtﬁﬁg1t%h"r(%lleabyacr ylic

t WO Iagler 0 yl'1c 40 W :
layers acting as*HYREEMNS&OTRS;HmAYs et Sl 48 nupre shoyslisiept 1456 t o
Kapton | ayer 404mspedEactrmonl pebpaindidcgl bk doftcttontsand0ellemant s 402
and 406 is pref enahlyinddds Rk kdh foid i Q9 Bmmh%(pé&&n%%fe%{a%- by
y

substrate 404. Throu hol es 408 of substrate 404 pretfera are not
pre-pl ated, as ded@f g‘gsér teﬁ% t?’r@f“‘?e""ﬁ%’f%‘(ﬁ”"ﬁé}l"ﬁ*&}?h"f%(‘)‘%?]‘“ﬁ*@“é‘xpl oded

vi ew of Fi gure 4asshbingnardmavescirorh B00408 yennergeoatret elerbaats redihafist st ep in
the manuf act uri NGaRERRESS oppddtR bt cRment MR séoRNOAWS st e 13 ays of
contact elenments 40 .ar][d tﬂfrgG connected together on a sheet of netal
or metallic material fromwhich they are forned. Subsequent

manuf act uri 33t epSrtigeally.ep Hovhie Figheb tadugting treees 410 pa\be prerfrvasdtoe d
portions, so thaheuliRe 6005:8HE 108 hQMBNIS e@FBerh SO RS cH(throh hole

singul ated) as n d.. For. exanpl e he |. sheet. can be masked and
et ched to singul Lg)tg 'gﬁslsocﬁ%ﬁglrve ré‘fglrmdoc’faﬁ ?“%aéme(:t%%ie%é%a&é)fng%’ﬁ? LR 6928] I n one
aspect of the pr@seafielenientp el shget eniifveendantivy tmods Srmeddn wbstrito| | ows.

First, flexible skel ectric substrate 404 is provided, which has an

array of th ;0‘8%? h h/Qsl 82 f%?cénaryA%ng Légrt? wgu?cp d L}gcgaite\,/t%e Bgﬁor(l%esgr%gd a gve

pre-plated in thr oug% hot'es™4 bet veen the
for forming connector 400 of Figure 4 could be used as part of many different
meanufacturing processes, which, for example, apply further plating depending on
the requirements of a particular application. For example, as described in more
detail below, after laminating substrate 404 (which is not pre-plated) and sheets 402
and 406 together, chemically singulating sheets 402 and 406, and plating the entire
structure to connect corresponding contact elements of sheets 402 and 406 together,
additional plating (e.g., hard or soft gold) could be applied to the structure to satisfy
specific performance requirements (e.g., contact finish requirements). Thus, ’
notwithstanding the particular methods described herein, the present invention
should be considered broadly applicable to any application that can benefit fiom a
method or conﬁguratioﬁ that eliminates the need for pre-plating through holes of a
substrate.

[0034] Illustrating 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
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top surface and the bottom surface of substrate 404, such pre-plating
is not necessary. |Indeed, because of the m nimal thickness of
flexi bl e substrate 404, contacts elenments 402 and 406 are in close
proximty to each other when adhered to opposite sides of substrate
404, such that they can be conveniently connected in a subsequent
pl ati ng process. In one exanple, substrate 404 is KaptonTM wi th
acrylic layers applied to both sides. [0029] Corresponding to the
array of through holes 408 in substrate 404, a conductive netal sheet
or a multilayer netal sheet is then patterned to forman array of
cont act el ement s™%s girgicAisEhing &rpiag g lapingips écpimes MsthehvdOone” or nore
el asti c porti onsprodib® a plonlitacthighlyengiméral clebtial dithongeabddR oelsamtli ¢ oOr
Spring portions, sege@ﬁletagrmtx%fr E(ﬁga qyan@xj't%&e?%r, t§éc%mltsrlgi be% ecg}; her neans.

2 ched to the t

The nmetal sheet 4 Is atta o) irst maj or surtace of the

flexible diel ect [oEELBEEFRIBCADUCOREGYYiracy Byt t P8 as apRrmgReply | | ¢
| ayer provided i eibegd @hdegtorvitbievtdueths thlasisingideitivtaisedsking Mieching second

set of cont aCf[ eétﬁym%rﬁn% tﬂe%ée@ir&ﬁsﬁin&ggrﬂg&Qions?‘thmte@Briligt £y|s ve netal
sheet or rrultllaégr g}gt I gheefhr 406 1 s sjmlarly patterned and
attached to the ¥8&§ “%ﬁ?ﬁ FITHPS LRBSIBP SERE: 1 exi bl e dielectric
subst rat e 40235]TheAnsitval in Eigwe s netnd hepindie stgrefi02 eitnbokekoiocdfen cal | y
remove unwant ed g Blingfla@M b Ghe $RE6F SntacB QudnidberiiB EHBLACE ! ement s

are isolated from.ea ther (i.e., "singulat gﬁ ~as. needed. The
netal sheets can®H&S egll ‘?@?pﬁ?é?fg %S?"Zé’toﬁ"’r?l” H‘ES? métﬁrfaf %?Qf&‘fa%?f“é %y, or
ot her nmeans. [ 0080dettins. dhe Abreeseldivn simateiphénpided fha tdngit, eletnbres tpbot r usi on of

the el astic port i@Rsrd @ halkend RGBS indleldri Bk Bbrii&h B8L factd: AC| Ui Ng
patterned cont acf %legg)egfttge,b Q?n%t Qgert]] attached }tﬁ't he. 1f I eX|(PI e

diel ectric substrate "R BnotAEr AFFe Y REPS P SO TETFaft B8 t he
unwant ed por t i onkerest werkies ypese sdferssip te tange ofdispiaeement pisy wdchiiefdoformatih e
contact el ement Scoah® pdridndBbe nlSQsallf dAB14tAWRRELREIND P detepSedof the met al
sheets can be rem)fved bef a attached. to

ore the tal. sheet I

substrate 404. 6% frﬁlﬁxﬁfr}i?riaénr°¥u(rirlﬁ%’ at ogtﬁ%%%ém’ﬁ%f Caéﬁlﬁr “J5E"4FE" Bat t er ned
to formindi vi duti¥sticd Adaestial alcmpm atdslegiing! chagviendicssdchtaprefifiansg, bl e

slubst ralt e 404|, tiﬂ@ecﬁrﬁt'é,iiﬂd?ctﬁ&d; bb@acgafnee BA6 elBic Rhatd Orok ﬁ(aﬂple, ﬁib\?]fnel 08
el ectrol ess pl at} rm conductive tra Ln rou ol es 408,
t her eby connecti éﬁ%%%eﬁéesg%dc?g?t%%ﬁegséﬁncee&selﬁf%antzﬁfngﬁog Sﬁlgl heeémffg‘gn and over-
the short di st andiévedsortaselosddsierapp-Ethe @piprt plentes! repries missituprarnesi de of
fl exi bl e di.el ect #filgs thdnlas ilgdhers 4 Qdlgrarhsidf oddli asid HERMWBIed dvB@o f0E esent

i nvention can aVQ&%Mgagﬁgﬁ%%mg%&rﬁe% mERE DR Aa&Ya%Jm‘[éﬁqesis&ﬁe F ol es

pre-plating substrate 404 rm conductive traces throu

408. I n the finaFssgespiliphmspiaindhe deflegfiopef thegpriastyrsulidr &g connect
cont act el ement sgrfnisand 40hweand bf1sdd. MRjrge o tflf@Eaent AOPPOSiifgcedant act
el ements fromt h‘goﬂgggcrgr@gomc%ﬁurface to forma nonolithic

structure. . . . .
[0036] Optionally, in step 504, the sheet is heat freated 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.



[0032] Optionally, as shown in Figure 4, conductive traces 410 can be
pre-fornmed on the surface of substrate 404 in a ring-shaped pattern
encircling each through hole 408. This donductive ring 410 can
enhance the el ectrical connection between the contact el enents on the
metal sheet and the conductive traces formed in substrate 404.

[ 0033] As one of ordinary skill in the art would appreciate, the

nmet hod descri bed above for form ng connector 400 of Figure 4 could be
used as part of many different manufacturing processes, which, for
exanpl e, further platlna dependlqg on the requirenments of a
particul ar ! ‘g)ﬁ)(/il i c3tsten o Fegptachslcep] iedesigied s 6aiep beP ap Araprde: fofet ai |

bel ow, after | andhabichgosubs tThabuenbdOdcopmdn itk airsy iN0desig @oifdlaad ed) and
sheets 402 and 48, LodRi il GHSlGakd ik 3 AOMAhkfiG.Heet s 402 and

406, and platln% the entire structure to connect correspondi ng
contact el enent STYFRLHRAULS coppton nide A5 FUGEMEHO 2 ERIoFIGnal  pl ati ng
(e.g., hard or s@hymgmhmmoo@whdxbemapp&meﬂnmgmmbeas@humﬁwme to

sat i sf y speci fi g.R&ifiRMBRES] {ogegs’r{gr @H@ ﬂﬁ: Sonfe dBign heE 90t Bdpickeh Ni sh

requi renents). é ﬁ §%ﬁnthst gl g tlcu ar _net hods descri bed
herein, the pre%&ity Fa F?%ﬁggﬁ%ﬁp QH@“@ FT RPBTIER® BrERESEbappl i cabl e
to any appli cat wWarh it dieensiaathatzesdiss fht dbipombeporreititvolbriostiog trifity gur at i on

t hgt : el It m nat e?,;}"“ﬁ tﬁ'@r@ﬂte{sﬁ&es Hfn le@&slemthte mb@zqulla gl test of a .
substrate. usirating one enentati on o e
present |n&&ﬁ@|on%“ﬁﬂﬁ %fngﬁg?H%nIFBWEH%W¥¥m%ﬁ?Q|n|ng an
exenpl ary net hoehnBGYbfcowe tﬁwmfhgog:@m otits plhdnge high dendie thodad®00 al so

rel ates ta bat chud Ahkd. cmtslhgﬂdéa&tyfomn&@s t:oafa;s a@!&ﬁiﬁ%@g Svelbiktg 7

maski ng, chenlcal tc tech ue Met hod
500 produces a pf Hﬁa m&k h?¥w%f l%ﬁwl%gg?g eme ng ﬁtacts |
capabl e of use pugosadtg gm@m@own@md@qﬂ cagigeth ﬁé@fwﬁ ﬁpoazfmltm lelg‘pos er. O,

the contacts caﬁunmer oBléoh@&d th Ve ﬂaMQ,rdateﬁgkdlaﬁtt hét SaBst rate as a
continuous [ a;e n sla (}Shaqx%logr %l cal:i}' sensmve red<: ét tﬁm 1s%aefx ap Pled?onbo% 51des

connector. and etching
steps to form tPféhets}*ﬁefeédmfﬁ@ﬁmbsﬁsaqlfoslggﬁr#gturpeﬁe@raéﬁ@fr%nwé@y’mé?e creat ed
in flat arrays &Dﬁarﬁ%ﬂq\ﬁd’l&d‘btcfaﬁbd@difbrﬂia&retsﬁé’s%stﬁﬁnmﬁil onal shapes.

[ 0035] AS SE(?MQ I nU;: nggtﬁl aﬁw? ﬁ‘deﬁ scgep SOE’(JO Qot}p(geqlopna%d fso%orﬁ %ﬁﬁ)e s% aréNi th the

sel ection

exposed to ultraviolet (UV) light and then developed to define contact features in the
resist, in step 510, Portions that are intended fo 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,

[00413 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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base spring material for the sheet of contacts, such as beryllium
copper (Be-Cu), spring steel, phosphorous bronze, or any other
material with suitable nmechanical properties. The proper selection of
mat eri al enables the contact elenments to be engineered to have the
desired nechanical and electrical properties. One factor in the
selection of the base material is the working range of the material.
As used herein, working range refers to the range of displacenent
over which the deformabl e contact portion can be nechanically

di spl aced whil e nmeeting predeterm ned performance criteria including,
wi t hout I|n1tatﬂ%ﬁem$H?%¥%%Wi%%5?%@?%@@@#ﬂ@§°§U€ﬁaﬁ@sﬁﬁ%%tlC|ty and
spatial nenory apdoedeeObdeieicial, ircdief 5 BICthefrota&tiven s e @kist &SenfoRgliisd ance,

i npedance, | ”du%ﬂﬁﬁgepr%c%@ge%ét %ﬁed%&%%){nﬂ%'sﬁe%“ ¢ behavior. For

exanpl e, assume t sired contact resistance is | ess than 20
mili ohns BA& t he™ HERA Bt BiRE Boldtltiged bapeg dren rs aegledhe ™ 1f t he
contact el enent stega®h&sonaconfesiatdnahedetcl fnges taf inblessa dibdity 20:1im | | i ohns

at 10 grams of |gagantheldl@had atayikd ﬁgergo\{,%y bifly b0 AB%EBM | 0ad of
40 grans for the beam nmenber, wh Inta resi stance of |ess

[
than 20 il i ohrRE:et Ra ﬁ“p{’ﬂ’ité“f&éef ITQ%‘F}NE?"F“@’F 4 Hf‘e‘%é‘gf %ISR ® ts in
between 10 gransiiféeredt f4iesgriberrntofs, theodylimpartie difkregenedfnicef | ect i on and

mexi mum resi st ar}:ﬁ@ac‘teﬁst{cng céﬁﬁ&&nrﬂg sintpaL. Qiqe daPene Ottt bearings is
[ 0036] Optionally, in st eat trfgate rior to

subsequent procé@%il higsh %%?Wa’fa‘?é“%ﬁg@? tesge@%\togﬁr THEAS poi nt
the process is detfgrmionedeythyusedte fopy giferof comatt erapeal Insterd Btihed f or the

sheet. Heating r@hsest ek Gt HersbiBSis aPhrel B8 HasBiBREkRGnEBLICr | al by

solid state precipitation rix to provide
desired nmechani ¢& F‘ B\?%%?r?d%%eghe%s%redfe°8‘?’ta°9%]§1ne?tﬁléloéacgcrr{‘tapmé?ss 8 [0037]In
step 506, al0eBht ac@riielabiyrizrster §26, thpehictparieh hoah tleajed togysd relibvd trgiems an arr ay
form for use i Qa@@eﬁt@%e%ﬁﬁéﬁr&deﬁgm Wi th@tepwm@ﬁmga‘s d@%&rﬁﬁﬁoﬁthb n an array

is a design choic n% ct ed roma tacts
that can var y d éxbageﬁ@i a:%ggor F]shee? Be on the tmatexflal and { e 51zeyof %e cONfacts

ere U|r e‘connector, The
arrays are repede é@tﬁeﬁwﬂ@lt&eSb@hbﬁlaﬂﬁg@wmpprf%ﬁailt@@’@ﬂ@hetpbﬁ@ﬁl ps or die in
a sem conduct or I)f@é@és,degir&ﬂbﬂobﬁrﬁhgfoinﬁng&oﬁaiahsabl e design that | ends
conpl et ed (BEaal [yare BCh R A SR st A RREEY, |
ported to a Ger b‘é‘?’secﬁlﬁﬁ Hﬂtﬂaﬁ%ﬁ'f’@ﬁ ?féhela lst“i*aé?%%t%ﬁdbf’ﬁlmt Frere ’Séﬁ@mn%f t he
design to be pOrftn&Ej: sh&tt&se@ﬁb&ﬁcﬁﬁish@ﬁaﬁ(ﬁlﬁél&ﬂn{a}é s@erpmedudert he mast er
slides or filmtg 06 ngﬁsp!%aace utdlf cm%s«egggc%ngsg%tchlnggaqg)?@lg he panel

format can have ‘a any one
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 better 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, Z.e., there are no conductive

traces through the holes.

10



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 chem cally 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 |ithographicall y sensitive resist filmis then
applied to both sides of the sheet. A dry filmcan be used for |arger
feature sizes ran g fromone to 20 mls, and a liquid resist can be
used for fedftie ‘E‘é%ersélggéla‘E“ﬁ%?ﬁn BIE o4bp XeOAC bFsieg metrral rop wor k
defined in step tBOGpgeliot dan tikeihd opacanchetiat taaing dfe ctdret Bheeto var e exposed

to ultraviolet (JdMiathd SMeciBifan R@c‘ﬂanﬁi%‘ﬁ%' apad s defldenE any act
features in the resi ste . Portions hat are I ntended to be
%?%18 6115*9?%‘&

etched are | eft Pt ﬁﬁ?&red‘ﬂg‘i’% 28 O PE¥8yr aphi ¢ process
to define the co¥itcaetvelp|oeniitibmile halylee grotidee ingid sniisirnigeanbe nhalevehiawi t h a

fine resolution dxa%ieﬁ} Joﬁéwﬁfagargm&n fd@ah'x@t@ oHﬂe &Emg%%%gp%heet
manuf act uri ng. %%}Jg steg % ] ﬁ then_etched in a

sol ution specifi c%‘f‘la BIsEct BY PP h@eaﬁ’&f"é‘ihl‘c PegRihgueRH°Y Each
particul ar mat erWigl suthhapnigasioheves dls@ntoéite fcotic, fon @stghve ebre toyopicod! | y has

a specific etch mhaRiedfine KASSO&E &:E&FlshWt R eicEss E&yl@(ﬁ@ﬁﬂl@)@w&cﬁ%&: best etch
characteristics how fast the

sol ution perfor g n%e#ﬂemsslvﬁ% an?ﬂﬂ*ls "€ Zhe S e pr‘f’pr%l théarW evc?’bhas“ileﬁf%‘}géff ionin
t he context of t%ﬁ’@@fg?@@tﬂ@ay @W@V@Qdéh@?%tb@ém@e@e%ﬂaw somafefladtrs ot her
characteri sti cs tbj:lktﬂigt he sidewal | profi I e, or the strai ght ness of a

feature as i sec common 9
in the |ndu ap: lise gows eacgkyeégfaréﬁxe & 8%;} o‘?%e ré%e'}[]ﬁ &%Inétioghl oride,

and sulfuric hyd’l“’é%@?gd@cor@ﬁéés‘ﬂ@t5%éﬁs afTanesiffléﬁ?u@Paalte{eﬁ@ hpiedrect i ve
| ayer of resist coBack @aMME Ghsdrttd 8 in®inblilf)Ek, n,gyepma%ﬁmsslpﬁ&\fdaﬁgaxt he et ched

f eaj[ ures in the Lsa;'e?ggs a S}L&Qﬁg %tla EEWI ! ?é?leélé_lg bve?‘the s%%gg contf?c% erfgmegt ngfgrl IS
desi gned based upon the art
3is arelease materlal with a relief hole over the spring contact, Layer4isa top

sheet of formed contact sheets (e.g., 402 of Figure 4). Layer 5 is an adhesion
material (e.g., acrylic 404b of Figure 4), preferably with a relief hole beneath the
spring contact. Layer 6 is a core dielectric (e.g., 404a of Figure 4) with relief holes
under and above the spring contact. Layer 7 is an adhesion material {e.g., acrylic
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). Layer 9 isa
release material with a relief hole below the spring contact. Layer 10 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 conditioﬁs for tﬁe adhesion material.
During this operation, the top and bottom contact sheets are bonded to a core
dieleciric 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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step 506. In one configuration, the batch form ng tool includes a
plurality of ball bearings arranged into an array format, preferably
by being set into an array of openings in a support surface. The ball
beari ngs can be of different sizes, to apply different forces to the
contacts, thereby inparting different nmechanical characteristics to
contacts on the sane panel. The curvature of the ball bearings is
used to push the flanges away fromthe plane of the sheet. O her
form ng tool configurations may be used to formdifferent contact
shapes. In step 518, the flanges of the contacts arc then fornmed in
all three aR¥8! by IniF3s tigrapt eufaess mrid negningsete thewplethido gbveetlly t o produce
t he desi I’edhcontcﬁﬁéctﬁdt@ﬂ@ﬂb&oﬂnﬂla@esb&ﬁi@ﬁaﬁﬂi&ﬁ@@ﬁ)reM%&@ﬁdl@pal ly, in
step 520, the s : t . treated to stress relleve reglions
cauged by the fgr%%s'hgﬁ%rcg%gg@gy oW atcﬂr%géné%m %,Onﬁ‘gg’P PG> & dependent
upon the mat eri & hs@pdiolederrontspt bpth gheagnd eqntact Bamenty. anpen auiedhenietter i al  and
the size of theocnnitReti of he bosudeldird momithkRemeRRe The AL H:REs rr:ay be
erformed to obtain ' rties desir or. optima
1? orning conditi Tg%& aﬁ%%ﬁ%ﬁ&g’?el ?B%’%goﬁmg 1%01% IE&te olef\gwg%aredrfo @%r face
treated to enhaf®@ FUHESPSH i slaErrinds cotsh togeogumh Bedearent foadyi nat i on
process. |f thetetthesoinaad elguatsarcadhadiaayy.t here i s a propensity for
the sheet F[@05§Fpaﬁ\1@7Et§n sftgpgm, Qp&%?e%&ﬁv@gegstgl{m ig%é%mtyo%ﬁl]%ide So‘t:’\%g r .al met hods
f ng can be u , I nc udi

for pnfonning the surface treati g I, 1 Ing mcro
etching and a bPHEkAGXICEE $pPAtieaddeveigned tpficdipeghedrdividuplgortast drgerss t o pi t
the surface of ftiwepsteatthis pfift @obd predsy, a conexaiot sich aBcogticetat 400 h8 lded ace ar ea

(by making the sirdiagfnhQUah: ARG &b ALE bkl t‘ﬂroﬁ’ghgm%ﬁ oGl er
adhesi on. [0045] Pri_or towﬁre55| ng, I n step 524 substrate

conprising a coffSTH&E PERAIoReRratiResn B dFRaRds P 2BRicatinpior Tiskiths| e
di el ectric cor ecquescgr is ingnded ¢lrey brinertoKenpld bnsirgyalntyd at this peimowthela) 1 S
provided with halgs td}gt are in registration with and | ocated beneath

the flange el enments. ' |In accordance with a significant aspect of the
present i nv[gor?ﬁi onfr" ??PséfWﬁﬂ?ﬁp"imngnrgﬂ'éeélie?t%lf@%i"?’ PP pP&pl ated, . e.,
t here are no cordtiet andepriy fatespldtihg. duepnditglyein ktey 588, an 4ropriate contact

finish type, for example, either hard gold or soft gold, is determined. Hard gold is

typically used in specific applications where the numbers of insertions required are
high, such as a test socket. Hard gold itself has impurities that cause the gold to be
more durable. Soft gold is a pure gold, so it effectively has no impurities, and is
typically used in the PCB or networking space, where the number of insertions is
fairly low. For example, a package to board soc:,ket 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 panel is then submitted for electrolytic
CwNi/Au plating via a hard gold process ini'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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[ 0046] During pressing/lam nation, there can be excess fl ow of
adhesion material up on the flange that can alter the contact
properties, causing the contact elenent to be unsuitable for

el ectrical and nechanical use. In the event such undesirable flow
occurs, the lam nated stack can be de-snearcd with, e.g., an 02
plasma. Alternatively, or additionally, the holes provided in the
substrate can be nade with a di aneter sonewhat |arger than a di aneter
of the openings in the copper sheet beneath the flanges, to provide
"bl eed" areas into [ X adhesive can flow. Wth such a
configuration, V& |%”@%ﬁ% F COREFA S Yighod Piidkeamdeatsiere to
ooze out from be¥een the Kapton and copper sheet, the excess acrylic

woul d not rpagh thea Joh@@tgﬁﬁshtlshi@t%@eﬂ/ 83tep ﬂ@%eﬂ Q%g%%ged% ctoﬁﬁlet&?el r

propertles In an rrng step

provi ded to ensur ul%ﬁt%? ColiAg ?eleé&egéglsmg f%wﬂi‘?es}stgfﬁ’ﬁ%fé?fmvﬁr"iaéﬁmf%“gpI ating.
[ 0047] Figure 6 mm@a@ml Tayler S6dfelegirpleesdéiip] alxp knogt ackoftgoldgiener at ed

for | am nation plessihge paﬁ& Q@sregxignﬁs cE&ac%e%ﬁnté%@step-gm %aﬁﬁ{e@&gxenent
coul d be alter edqughges ar%‘route& ou?o as ! nternal
IS

| ayers. Layer 5) eﬁ'fme t‘éseﬁaﬁ?%%% pﬁ?el m’i‘_’éf%(f‘duaé CqIEeYr spacer
material wth a af"@15 Fth‘ﬁé (thtlj\?'eiﬁa‘ftShe55§pr| ng contact element. Layer 3
is a rel easpossnt er’IIhanoft\gblﬂ f‘mlsamg eloa;eefsmgmalt@ tHoV&factl B 6 Bl%ﬁr@gNi%th act

Layer 4 is a to r fa 2 of Figure
4) y Layer 5 s %ﬁg%ﬁgnl on metgl s%%aces cliﬂl }(rovu}eee,xseaqm% mTog%us%(s 4{816 8crnta';_tl gurg 4)

preferably with SSmFe| Théfhﬂ?ﬁi‘? weysemelaip Ct’l‘l’?él\’ﬁsagfﬁwtm@lat@mirtﬁw ovetthyer 6 i s
a core dielectr ISSZSte(‘rﬂLf@f the &fdda, soibe éﬁldgikﬁlﬁlalﬂl)mem Slhgu[aﬂcld abr t&ﬂi‘cﬁéls Under

and above the spri.ng:d andnBY. eco LS. an a A2 ,
acrylic 404b of Qﬁ’? Eglgﬁggﬁge%%m g%nﬁa}/ yr ?Dh 91 Oﬁ‘ ehalir?eé‘ﬁté{ﬁér\/e the

spring contact. Cif?ﬁ?re‘ina@gla? aefleﬁti’t‘t"ﬁtﬁﬁt %@%lﬁas éﬁowﬁJ@P%@l fegnttiast el ements
(e.g., 406 [6956Fi gurcerdie.to diay@nfi@raiids 6 the@tanStverh, abinddctonist h a rel i ef
hol e bel ow the %%fd&gmﬁg&ta@t%kmenlts%@ﬁg d}ﬁ%reht%ﬂe@atﬁfﬁ‘g %rtms”?ga? t}?‘e wth a

relief hole below the sp rln%contac a bottom
press plate mat &P P GEASTFIHOLISP BBt clymqps ‘éf‘Ee&d}P@ ougRtips preferably
pressed under t@mp@meabmaeom@rmhnteﬂtmsb@a‘eatmmrécpfrendﬁsmlﬂed adhesi ons

and flow condi tisQfs afnﬂﬂ&aﬁ%befh@w@ﬁﬂg%@p%ts rltact e@rﬁeﬁtpege ¥02I& S operation,
the top and bottom contact sheets are c? core electrlc

material . After “SHBoPe - eyt W%e’%?séﬁh@g@m femsntsBack up i s
renoved from t hécppesisg whiad eements @il difigenacipaing bndoong@hinkad of | ayers

4-8 of Fi gure 6 -pmgehies, 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 electrical
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 dimensions, 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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[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 though 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 thielness of the plating
can be chosen tg account for th% g(%ent | oads thg t.he coLH?ect or

el enents are i nE&HAEEPHEHTIY © IRsts] iRIsiaRee of R e G ¥IRce,

phot osensi ti ve ¢oggitsitmdnisiomalss begppgitepredio tiepldyab br riigd gerpfmapdse panel . A

pattern is ex po&%ﬂda@&%ﬁ%ﬂﬁ’oﬁ&%ﬂl sﬁ&segﬁltﬂ @%em@yéxxagkhuﬂngua&ck &Nt act
elements in ste

int.in co ctor such
as connect or 408“?1%?@ CB‘é(’é‘r?n %lf’%g’% 1 t??t’?%ag eco‘fta(;?e?e{me%? crmétg111 g’F contacts
connected thro ugllgmﬁlreéttwem&@shab@y sagenoridelned kyindyftry e@r@@ré% fugh
Dependi ng on t h@ﬁ@@%ﬂ@&bmem@%rﬁc@ﬁq&&s@mm@l&e(Bbsi)ch the connector is

| nt ended, pI ;{6?&};‘ co n?lﬁ ca and dlec r]?calsplron liles gft e cor%;[ct etle]mm%s {)ar(l) Lenl'}lddlf V\é t hout

further e Tat
requi renents, hbwéwmgthﬁ@ﬂm d@GHf) P@é{nﬁt@oﬁﬂf’l‘ ﬁlﬂéhicéﬁ‘éﬁ Déﬁ)lbﬁpyn& urt her
plating. Accor dbdﬂtgnlrx)Sfthd dantsdk aerme&%& be@élbcﬁ@ﬁrgﬁpﬁ degtte@ cmfttt@et Fdri ni sh

type, for exanp er’n{} 1;(gjncﬁness o?‘about?& rmcrons tprQlflg; %1\%9 a Ig% nactgo? 8l % ned. Hard

gold is typi cal f ere e nunbers of

i nsertions reunfﬁ%df léhgé‘mhi“dqﬁs Wé‘l?@ﬁla@sthﬁhte‘éﬁ40%%%5“’65F%l‘lg‘éffgoI ditself
has inpurities tdhai fCaVsH gl fog@t dmb Oispheen¥htl Ehethidia heh, aBohide gol d is a
pure gO| d, so i gft}%fsfrgn%#)ryc%lcynaﬂ@@ﬁl\ﬂgctédrircp%\gtﬁeldﬁged B %’c t%e t yp' cal | y used

in the PCB or nu |nsert|ons IS
fairly | owl00Edr e%??ﬁlféenuél % aloRig EoTtigys Bﬁ%f‘re‘éim§6?f’k‘é‘teleﬂ§“éﬁfnf°ﬁ a PC (soft
gold) will typi @abtkdtos@rvaark ddred @fiteheforcqfihedss@ed cordGairyh@entations,

wher eas ot her t%%m@%%sewcoﬁf&t rg&bmr ﬁ'or%lngle %Jblmg%&%mabenmﬁg of

i nsertions between he cont act finishis a
hard gold, a Ia%ﬁ‘onb‘Puﬁhﬁ(élP‘g’{eSW‘l°Pta%§?ff=m}§é%‘ maffffﬂ“’igé?i’a‘i‘% Wep 534
covering bot h Stotlghly dodreabighramel resistines bpafetbr df ot hen submitted for

el ectrol yti &066?‘1/ N'TAlf%utththte bﬂga syrlin? p@tugl‘%ﬁxﬂneg@ ggedmé:?\fe%%m eRet3daP 548.
[ 0053] The resi st is renpved

the entire panel is
etched in step ?eﬁpé“i“’f?bpmple%‘f’s ggkeatﬁ‘ﬁli‘tégg %PPYS?‘W g as a hard
mask to conpl et progétingfidnathé iewe pofiior, bee alsorRtvact toezrvpalyde&kqd elstiggal 864, mal
i nterposer outl j,0gs:@f Spkaut ed out of the panel to 12

[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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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 Nl 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 cont acto863pr i diurthep islesstipipgfhe NWH&VWOP’Imﬁ?eﬁ’Fgﬂ‘W? "5 et al
surfaces, and prantede metBodeddriplagessvebigses mvdntien o hprtcdmtsaetce| enent .

This helps to po%?%é’p?.“ﬁov@%ﬂ%& Alent®Rf tﬁ%h\égo@%ésyéof%%o{rgﬁﬁn &oul d occur
over the systemlite of the contact, since r

i i d%m d | zoucjnogbu?hln!tc}é inert.
Si ngul ation pr iFHeS et fisrgsel e diranthg? F* EBFSt OGO CapSul ate the
copper contact twht hartiniot shencereitsias despribed |4 owegf preiinget kdlriete ¢imagi ng and a
cl eaner cont act,,, Whieh;RaRneRseh @R ARSRAS] th YostiBlk. DOkt

[ 0056] According to other confi invention, a

_ urations of th r.esent
connector is pridUPHBaRifHe %@ﬁ%ﬁf@%‘ lﬁﬁ‘éﬁﬁ‘ﬁt{c%tmﬁ%\??lﬁ&‘%g‘? PEEPER
operating propeiiigss onfhedainiss fn atidi@ngorrhesdsrted pitcimsbpdrigor
het er ogeneous cQNLRGHnEHE&IRRSHMIRLE nd: BEiOREL A bi@rREQPERE es of the
contact el enents can uprements in. pe desired

be sel ected tQ et re
appl i cation. ThEPYPEF TG B ?5‘38?%%%? t%‘eaétccc{ﬁatda?'c P Eent refer to
t he el ectri cal , seqreshamiy balaricdmdlstt edmain yithin thysppit a9 etors B&egFsetthe cont act
el ement. By incgip@nati ng contact elenents with different electrical
and/ or mechani cal properties, a connector can be nmade to neet all of
the stringent electrical, nechanical, and reliability requirenents
for high-performance interconnect applications. [0057] According to
alternative configurations of the present invention, the electrical
properties can be specifically engineered for a contact element or a
set of contact elenents to achieve certain desired operational
characteristics by selecting materials for form ng contacts and
t hrough hol es, their dinensions, pitch heat treatnent and
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the |like, For instance, the DC resistance, RF interference, the

i npedance, the inductance, and the current carrying capacity of each
contact elenent can be varied primarily by material selection and
nechanicg@m?ro erties. Thus, a group of contact 13 elenents can be
engi neer B¢ 'ower resistance or to have | ow i nductance. The
contact el nts can al so be engineered to dis Iaé no. or m ni nmal

per f or maric QEfETHIGHh CHEEPT. SAIPTSHISR flesblestbiateduviag aritgssutiprsrang 2
cycling, thermal shock and vibration, corrosion testing, and hum.dity
testing. Seﬁﬁ%‘y %’%ff‘aglé fér@ﬁéﬂ‘?sga@éﬁﬁ%saoplwéh% RGihFigh Befet Horpirg pyigpe to
reliability requirenents defined by industry standards, such as those
defined B Segoad EHgice s PlenqUsHYRsIpYS) adlierad Ao s frsesyyace phths gl substrate; a
mechani cal and el ectrical properties of the contact el ements can be
modi fi ed S%f;?ﬂ(ghﬂéﬁwa Iy readhbes B §eoars ugRo R P E S Subsiaig eachyqh ghe first
t hi ckness of the spri.ng portion of the contact el enent can be .

sel ect ed Se@?‘{;‘ecoﬁg‘%%ﬁ b b Reacropdy obres FoR&AchIpPEts 1g regiftialiofelith ¢
about 30 mcrops typically gives a | ow contact force on the order of
10 grans '3 2aet o fhe pliraity 3%%@@%& BT Iek AReS 3 PIBT eI HEUOR B aPRYRY ger dhe first
hi gher contact force of 20 graps for the sane displacenent. The

wi dth, | EHEFHYe Ay s figpriugh tﬂgﬁgﬂﬁﬁnﬁﬂﬁthﬂ%hg e arsHatpe anda fhs cteapd
to give the desired contact force. 10059] Second, the nunber of spring
por £1 ons TRETIAME A Bt et S HES OIS Shihe e Goehicaybeitio
desired contact force, the desjred current carrying capacity, and_the
desi red UOHE AU OPRS? Sichrller apeop SEHHP! CPABIBIGYE ARe HIOHHSE PV 3 of the
spring po%Lions roughly doubl es the contact force and current
carryingP ﬁﬁ%city, whi | e roughly decreasing the contact resistance by

o2t 0raoh L LOOPCLID i e, chpe of, Lpe s Lng pord {00 <30 e
RN T AT LD IR LN (L.
rechani ool LeRELL g8 [OQeLLTnS, el ot Lt ok e prasent, Lavent o
he 11 hoacanhc s ques, viso and e iyl o Loplin Sl et f o
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 comnmector of claim 7, the flexible substrate having a thickness within a range of

approximately 1/2 to 5 mils.
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[ 0062] The foregoing disclosure has been presented for purposes of
illustration and description. It is not intended to be exhaustive or
tolimt the invention to the precise forns disclosed, Mny
variations and nodifications wil| be apparent to one of ordinary
ski 'l i n% He caprecionof qlajmtl, bavingreliraisgge oliogigtsipments amhesesensseray pf qopiact
invention is to be defined only by the clains appended hereto, and by
t hei r eq@lewghtepod, the farst nd o@gndRirayhgharing e W@fmbm@ bt kedngrriented in
invention, the specification nmay have presented a nethod and/ or
process @fffefarepipice stheespesy rfestoriheds a particul ar sequence of steps.
However, to the extent that the nethod or process does not rely on
t he part il@ultgrcopregior obelaigy pracls gentich plemeiexiending ehoae et fraihlotubprcads
should not be limted to the particul ar sequence of steps descri bed.
As one ofovGFdiacaity ERricpirespendingdhraygh hesiin thedlspiblecibatraie: ot her sequences
of steps may be possible. Therefore, the particulai order of the
st eps set lf Bret wwnpgstor 1oé clagedi fhecist e ssepnd|candustiveplayesobring gfarieedsto be in
limtations on the clains. In addition, the clains directed to the
net hod aff@FsEriPrTgteslandgridaray Jriedenball gridatay BG4 heutagt sigembe |init ed
to the performance of their steps in the order witten, and one
skill ed i'h theeoiettopefrldivdd pach oaBisrcaridelemena compisingdgiiditdreorpgyanp e
varied and still remain within the spirit and scope of the present
i nvent i oRlAtiNECOMPRENS FYPPel ai med is: 1. A flexible electrica
connector, conprising: a flexible substrate having a first surface
and a secédridespiesoro! dHe b Futihranpsisng e sead BRERSHOAHEIRUTY aRPlE] pYer gF
through holes fromthe first surface to the second surface; a first
conduct i &t ceRfaptivadper.ee PBralive of fraeh digler ik ehegfexibiifesybpieats. tipg the second
substrate; a second conductive | ayer adhered to the second surface of
the flexFHIdEctEEleTate, each of the first and second conductive
| ayers having a plurality of raised contact elenments in registration
with at Ieabfe ernaegidett gpim heaipleast spme yidhe eeitast Glemsels deving pépetiical and
pl ating contiguously applied over the first conductive |ayer, the
pl ur al i t {reeRnicHPERRgHichoitisen| fon pder pEke pdcksligastfsat e, and t he second
conductive | ayer such that at |east sqnme contact elenents on the
first and®-sdesARCEhefudtimve thearalondystte Byp delininge RlUEifer! cppringspligned
el ectrical communication with one another by way of the plating. .
with the plurality of through holes in the flexible subsfrate, 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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2. The connector of claim1, further conprising a first adhesive

| ayer di sposed between the first surface of the flexible substrate
and the first conductive |ayer and a second adhesive | ayer di sposed
bet ween the second surface of the flexible substrate and the second
conduct | §eMPrER{pgreontag elqpratscigId g GPost the [lgxiphe substrifis anfl teyardsoh eitey of a
| ayer and the second adhesive | ayer conprising a | ow fl ow adhesi on
mat eri al couEspordedspyddelr of claim 3, the adhesi on materi al

conpr|5|ng acrylic. 5. The connector of claiml, having conpound
conpl i and CO“PPFé"‘c‘?fnﬁé‘HhéI@c%‘Ffb?rl WHPESBR g e mntirieb disegscd beiveat the
conpl i ance ( attributable to the flexible substrate and a second

conpl i an@é’“?@‘)b“é%t? pidsasnefthe tiegulatrd cppded contact el ements. 6. The
connector of claim1l, the pIurallty of through holes of the erX|bIe
subst r at &3-bEierfgRRSHE 9 ¢ladr i 1§ ehpyie eEmotesomphigice G} fthr gomponng pranpliance
second surface before the plating is 7. The connector of

cl ai m 1, PEip® coPREiSED PEa§E%§PW§’(@°%&@DW&“§‘“@W txthe dlexiblsr upsiiatspndtagsecond
enabl e the plati g to electrically connect the opposing contact

el enent s comigianee{eZbikuiable fo 18F coitasism 7, the flexi bl e substrate having
a thickness within a range of apprOX|nater 1/2 to 5 mls. 9. The
connect of9-ofhe epaiienton of Hailp Mg having 4 Gist afray ) spenlaleheentactsetnd geproad amy of
second array of contact elenents, both the first and second anays
sharing fR&1&eheoniapishog) e & and sseendiieysisbaig ts s dlegiblersubstrate éﬁféﬁtﬂg
pl anes with respect to each other. 10. Thc connector of claim1,
each conP%%?“%Péﬁ%ﬁ?“@%FéW&Pﬁﬁp§b§M%FWQ%§rfIeX|bIe substrate and

towards a center of a corres&ondlng through hale in the flexible
subst r at €0- Thg ponnppfar deslriacloothe st é‘l’dafieFH“f Setts REsipgyladgd cortacts beipg grranged to

conductive |l ayers bejing arranged to inregistration with a |and
grid arr 8§nCwAsraten yih ¢ 18@? piad ar%&%k@aﬂﬂ eon et (BEYI ceict sysem- The
connector_ of claim1l, each of the contact el enents conpri si

beryl | i uhl-d8ppeReEpiPchém 6? ;f@?lh@f theioparislenyis GppRising 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.

26. A method for making an electrical connector, comprising: forming a plurality of through
holes in a flexible substrate; laminating a conductive sheet to the flexible substrate, the
conductive sheet with a plurality of contact elements in registration with the plurality of through
holes, each of the contact elements with contact flanges extending away from the flexible

substrate; chemically singulating portions of the conductive sheet to isolate respective ones of the
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13. The connector of claim1, further conprising a second plating
contiguously applied over the first conductive layer, the plurality
of through holes in the flexible substrate, and the second conductive
| ayer. 14. The connector of claim1, at |east some of the contact

el ement s CoHRet lgmentacthe lasinating somattizhilierasing rap pehasive daygt betweenthe fflewile
others of the contact elenments. 15. The connector of claiml, the
first conthseat ged thgyeprdugete shpehgand dsfinipapn eiga etwegrethp Hgsiblalshigphreld apd the
the plurality of through holes in the flexible substrate, an opening
in the fremctEsiiest tintg evhigy excessaadheng cameipriphsere flownwitiost reapiipe fhescontact
corresponding hole in the flexible substrate such that a bl eed area
i s provi 86Beitht o whi ch excess adhesion naterial can flow. 16. A
flexible electrical connector, conprising: a flexible substrate; a
first set’of ngiadi leamalingiap glachicadcoapisioactodpasing rfedning aphyrplity tof through
surface of the flexible substrate; a second set of chemically

sngul at efelevit dctlexibigrubs@tet daminaivg on gordyetivgc theef tot e flgxdble shlestrate, the
substrate, the second surface being opposite the first surface;
respect i ¥&9BHE sket with p phisalitsefraeniest dlamentsiin egiskation ayith theplpistity s threfgh
singul ated contacts being in electrical contact with each other by
pl ating eUfticgtoakhy el elgmepve withheoniagis fegey geendingsawly fiem| thadlexible
sonme of the first set and second set of singulated contacts and over
t hr ough PHRYFERS: ichenpiplyfsingwiatingeostifys of the eondpgive slieet tp isofatsiespeetiyve iooes ofiheh
the respective ones of at |east some of the first set and second set
of si nguPAsHe BB mdnatigg gondhetive ishrgts|ahdifarepidpratiensof thedlepiblesipigate; and
contact el enents extending above the flexible substrate and towards a
cent er ofoytEgrthedlssiflei HyStas studint ik eondugtive shppss apsediffeyentolpcasiony are
16, further conprising adhesive material disposed between the

f1exi bl e?&yiged in gtterenh plares GHithapspedh & @rhhgfiirat ed contacts. 18. The
connector_of claim 16, having conpound conpliance (C), the conpound
conpl i anéd barspdcionpranelagivgte ap elestcal cordyrtrnae e {asible yubsate.i JompEiPrS
to the flexible substrate and a second conpliance (C2) attributable
to the cERtiagt sonduatye sheshtodshirreronBrtsgrlyingiaferrang kakip iy cqnipgtp iy forp thay
of singulated contacts and a second array of singulated contacts,

bot h t he®PHacktin JHer dRepTiRIsaticking theopdysgve Heetarfiectshed jpdfosmed ersfactoa
but being griented in different planes with respect to each other.
20. The C6hkERIESrORtecprassine fegethehige pondygtivg shpes withpighed end fasped contacts on
singul ated contacts being arranged to be in registration with a | and
grid arré§ ﬂ(@ﬁé&)su‘eﬁmﬁa’mﬂe@Pl?lwna%?aéweem s Sentigaqustyeqyer the gontapfpeand
connector of claim 16, each of the contact elenents conprising

beryl | i uMteBppereh falet de thy Jexifly wbiigter singyatingppdividualyones Ti{gthe contacts;
connector of claim 16, at |east sone of the contact el enents havin
el ect ri cHfANgHY ARULEYH thats 3t dpisrent satipns o fhenflexthic pbsiraie ragd grouppieg the

cont act quents. : : : o
exible substrate so that the conductive sheets at the different locations are arranged in different

planes with respect to each other.

29. A method for manufacturing an electrical conductor on a flexible substrate, comprising:
etching a conductive sheet to define contacts; applying a forming tool to the contacts to form the
contacts in three dimensions; stacking the conductive sheet with etched and formed contacts on
the flexible substrate; pressing together the conductive sheet with etched and formed contacts on

the flexible substrate while applying heat; depositing plating contiguously over the contacts and
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23. The connector of claim 16, the flexible substrate conprising
polyi mi 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 flexible substrate havin

no pre- pFathingropsh helenin the fexiblet subsiiafen slagwsiias titbvideat ones &Uh¢ aengacts; the
before the contiguously applied plating is applied. 26. A nethod for
maki ng affaedirgceaningiaing disnerans a9 adheshiepryes peftyeent be spndgctivephent and thy flgkible

t hrough holes in a flexible substrate; |amnating a conductive sheet
to the fFexi¥eeand desnipgpe arcp i bettyphuibe iflgebls iyebstratgiand, the qonduckyg shyetgato
contact elenments in registration with the plurality of through holes,
each of thEhewessadhessicarigsiakeagiflony wibavtaeaching Bisgeyaddsct endi ng away from
the flexible substrate; chem cally singulating portions of the
conduct i ¥& 4 Hesstodtfgr malsingtap elestisalceonyestopnegpgsing: Herming @ rifygelity of through
el enents; the | am nating conprising disposing an adhesive |ayer

bet ween hPles il eRybBIrac; SABEINE At @ndysive Fheelcioribritbrivase, dhroeanduciingl skrst ik Ag
an area between the flexible substrate and the conductive sheet into
whi ch exebsdityaefitesiadtelamnisy ptdpast e 4f|tepponiactrdementsedeckicaly edveled o precal
elements. 27. A method for making an el ectrical connector,

conpri si H: Pyralityiofh ghraugh) hptes) the wowact elemeiig lsadidiasiggianbage praga picared to the
substrate; |am nating a conductive sheet to the flexible substrate,

t he condibeiraje aahaspitpgttiiange prtending axay dfone Bt sabsirats) singHatingi pertions of the
registration with the plurality of through holes, each of the contact
el enent s “WdPHIVE SHechde ol ErarecEYa e oh gheamact elementhiethe |seokripg gomprising
substrate; chemcally singulating portions of the conductive sheet to
i sol at e FisRyBEtaN\phestye nagTial brdwesdribagbstetcetd riba condugiive sitdety gnd defining an
conductive sheets at different |ocations of the flexible substrate;
and noun€iciRy ReHEYER it wbgiptsind dheecogductipnghetrato syrdhueessy adhspise materal
the different | ocations are arranged in different planes with respect
to each el witlpgt reachingtthrogpntagtlaggguf act uri ng an el ectrica

conductor on a flexible substrate, conprising: etching a conductive
sheet t o3Hef mpi@ottommaking an glsirical pepnectorinmivding thogepstod clape3¢ wharaie the sicy
formthe contacts in three dimensions; stacking the conductive sheet
with et cRetrealing Brinda theotre mesigpg and ehenpigaly Btcgms thssendectéve sheséssi ng

t oget her the conductive sheet with etched and formed contacts on the
f1 exi bl e3sdbaethed ©r Waking amplsetyicah gomeder; indusdingsthe sterg o Figtn Fgywherein the step
contiguously over the contacts. and mﬁthin_throu?h holes in the

f1 exi bl eosGpEing dchidessthagfen oftlpRigatingdissoadrstiviotied \ohe pibalrddont act s;
arrangi ng. conductive sheets at different |ocations of the flexible
subst r at & ‘afthed dp MR fchEing | 28,6lq5irisalsiopdicioator bt CPMRIshaGkins ge
sheets at the different |ocations are arranged in different planes
with resfREErctive shestie dstipreivo-dimgnsionalroptaery TPt G ord toisnsipRp! septacts into
el ectrical conductor. on_a flexible substrate, conprising:; etching a
conduct i {¥askdRhresodippensions askingdhescondysrs shegf vty dehier pad fued sataction
contacts to formthe contacts in three dinensions; stacking the
conduct i P& SUpERE: thcrrneethe Kerflugier et mddh <dnd ged Lorprd coptacy @ythe pubstrate;
substrate; pressjing to%ether t he conductive sheet with etched and
formed cowritsPHia RAUBIQRIVLPST depenfast endirithén Hispneli hegsHadhe substrate;
depositing plating contiguously over the contacts and within through
hol es i nSIRGHEANE @Ry pAnEact fipiatap ttisr cilash G atguegondreiive daetr alotiserentloqapins
contacts; _ the stacking conprisin disposing an adhesi ve | ayer between
the condbichs Hestefraatd Heppting thepplsltppethaiihstondictve shsefs afdhs ﬁ%{fﬁ'@md?fa%\wéa
in between the f| exible substrate and the conductive sheet into which
excess atif@ginged ighifferens plapesvith g3Redhiie (f6etheteachi ng the contacts.  30.
A method for making an electrical connector, conprising: formng a
plurality of through holes in a substrate; securing a conductive
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31. A nethod for making an electrical connector including the steps
of claim 30 wherein the step of singulating includes the step of
masking and chemically etching the conductive sheet 32. A nethod for
making an el ectrical connector including the steps of claim3

wher ei n he Bedpd of madraipe plgetiiced Fergedortiprduditedpe eps|oh fimsd w&el gip ghe step
conductive sheet to the substrate. 33. A nmethod for manufacturing an
electr|c8‘EEHHﬁd%?B?SﬁﬁS%P%ﬁ%@%m&#@Cm&@ﬁﬁ@ﬁ@ﬁﬁﬁﬂ“€WBﬁﬁﬁg a conductive
sheet to_define two-dinmensional contacts; formn t wo- di nensi onal
cont act s 37-rft BeRhEdng tHe plRsteeal gepesier lmgdlngstb%lmswé 01@%3%8%@& theypesp
sheet with etched and fornmed contacts on the substrate; securin the
conduct i JeseSHBgiNaHidehhe slemeicheaiing of psrarr o discardustiveshedh andifipatbs

deposi tin | at i ng. caonti guously over the contacts and within throu h
hol es. i n HEME B phatkdne & RlgTICH Pongedoranclustinede stersohriain ot Hhgrein the step
cont act ; rran i.ng conductive sheets at different | ocatiaons of th
subst r at 8 Segi i they Stemel regspia g cendugive bget o subtatsothily ép@ﬁ%%‘ﬁ%‘t
at the different |ocatigns are arranged |n different planes with
respect o @&HGt] ﬂre?lanufa@fmg&nrﬁéﬁtcmgl PRIHK NG TRETE Sempiigag etching a
connector includjn g the ste s of clg|n133 mhereNIthe Step of securing
" nel udes CYHECTE é%see fo ¢tias Sy ngimeREonab FACts; (Ash ShEeat hpng hdese S 3
35. A nethod of naﬁ; g the electrical connector including the steps
of cl ai m &FCWREIW OrpRE dhe pVofincaional FGNpsE Ihfa firep niimsrsisioflagkingt g
at | east e of the conducti sheet and the substrate. 36. A nethod
of maki n@on{AH‘élvé shsct pilbgried grd e cprer g hrgubsarcseap@edhe endicHysgheet
wherein th of secu ncl ydes the step pressing the
conduct i V& Shreipe tpaﬂioﬂ §{3Pogtf$e§t %lﬂv&ﬂweé Caaﬁftw)ﬁgfﬁmwmte PosKingei4iisg
for nanufacturln ectrlca nducto§ a substr conpri si ng
etchi ng OIS TGS HSRPOriE tle “ﬁét 0&% U RSP ORA M Lt hEg oo s e
contact having a base portion ? ggge portion; faormng the

t wo- di mettSPEHAIFTYATECE Lot ig © éPB“tﬁﬁt B Ater nigek figtackiae comprising
conductlxe sheet with etcheg and f d contacgts on the ﬁgbstrate
secur i ngUtREME GAGHETVS i beliipsoribe fase PASE" 0 At 1ot 08¢ ©f e cetetieth Hd
formed contacts gn thg gub trate &§95|t|n @Iatlng conti guously

over t heB48EVHorEst GHY dfe STr%tS:s'tmdo g b AtsET SCRNA DT friterial

t hrough hol es | he su r at ulat t |ea t one of t

cont act sgeft?’%er’?lﬂlé?rf Estt‘ﬁ@rangﬁﬁt"% “Ct“feﬁ §faé‘ g‘é‘a[@B‘rfﬁ? Ly cﬂfltéﬁégf‘g’fg an
adhesive material between the base portlon of at |east one of the
contacts on the conductive sheet and the substrate; and defining an

outl et where excess adhesive material between the substrate and the
conductive sheet can flow without reaching the contact fl ange.
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