; e3eHVHHH 4J@X~L6LTM e ? 1 A WAFER- LEVEL | NTER- CONNECTOR FORMATI ON METHOD
Field O Invention The present invention relates generall

i nter-connector formation nmethod. 5 Specifically, the pzmﬁmh@m@ﬂmmml on
relates to an inter-connector formation technique for f

i nter-connector for interconnecting two el ectronic conponent¥?!5Backgr ound
| nter-connectors are typically used forlinterconnecting el ectronic
conponent s, forA YWAERRADE CEL ANTEReE OONEG TORIRFORMATIONMEJHQR t s on
integrated circuit chips. The inter connectors nmay be further used for

i nterconnecting an integrated circuit chip and a device. Interconnections
bet ween el eFiddOf tnvedtiponent s are general ly cl assifi ed into at least 15 two

broad categories of 'relativ er d"re efoun le". An
exanpl e of ghe PETSERY \?é?'{}’oﬁerfﬁ%e%fma oﬁ%é‘gt%‘ em%nne%S erﬁ E}elaotaV\ll re bond.
The use of BpaifillPoRE pfesént imieptichoRRES b Y mmoahamrrmmanoﬁmmqemt s
requires a contact el enent or el ement tqQ bhe bonded on both the

el ectronic é‘?frfﬁ‘gﬂ’é%l‘l“b‘“tekﬁomﬁﬁ%wﬂl“FFéCOBP?ﬁt}B%5“‘0 ‘ﬁfgﬁonﬁéoﬂg%‘lf " separate the
el ectroni c conponents. 20 An exanple of a "readily denountabl e" connector
is arigidcontact structure of one electronic conponent for insertion into
a resilient Bagkgraund anot her el ectroni c conponent. Another exanple of a
"readi |y demgetdoaRdctors GRNMBILDY vkl foblihBRohrekingCOBdtimtc dmpsmbnis,efopf one

el ectroni c conponent for connecting to a term nal_ of another 25 electronic
conponenf. FranEpderiges ercaresis hosds ok eircyts o EteatediCE PR The inter-

inter- connegg ectoRGHE) B FHhELEH T6SinfréoRhdcRthg) aﬁ'ﬁﬁéﬂ?&te@tlr&ﬂmh‘ﬂpﬁndf prce to
effect reliable pressure contact to a term nal an el ectronic conponent.
Theref ore, wWhdcshape and netal lurgy of the int er connector are 30 inportant
factors in determning the effectiveness of the inter-connector for naking
pressure connection to the termnal of the electronic conponent. 2
United Stat én;teﬂ@aﬂreclﬁon&ld)et“@ﬁmelsctfbh& dmynpwhedtﬁi oo gaeesallyi dassifiad mte htdldast or  naki ng
such an .i.nt 0 Ma hi | i t hogr aphi nd sat jon net hods
wer e uséa t %ﬁ?{“ " e ‘f%g“ nf’erre a(S' egpasnelﬁ %{é nr%% d#‘%?%%{’?f er}éﬁt

segnment s of ekdigple of erremﬁmpérﬁfanmﬁ Mmhéumm \fmaampkquewire abndy Tietwmeked" by

deposition of a conduct.ive - mea nner. Therefore,
TR Tt er - c OhACKEBDON, (R ERteTne ¥ pustreRpBiniareauat: AR oGt o navi ng
j oi nts t her ghateneen:wivet élbxhbﬂtgbcb%| Borided b bptii fht ekdotresis comporiets) OARI Ng a
pair of inter-connector nts and streﬁ concentration at the joints due
forces appli 8gpPop ngﬁ@c?sﬁ Srddp SPareif e EgRironls RROMBGhani cal failure of
t he i nteg- connect or |n Mat h| eu 10 Anot her disclosed invention describes

the use of a cavity to make an inter-connector fornmed froma si n%
physi cal |y ¢ShPRRREL 2 dgAdEn eBPuriaiid ROpTerlT it pgidgontaqtfiruetite; af oG e o j ped

therein is %I&Q&H@Vdoﬁ%’: Y1159 iRBrtiBR SiRloN S - resiiiéht Cad¥ikek Yof! Meﬁ”e%cﬁ@tﬂ&’er ges
towards the base of the cavity. The conductive material is dep05| ted into

15 t he openicagpPensat. pAnpthey wsampiq ofi mgreadily demquniablen, canngpieyiesigpike o f or m
the inter- C%B{&ﬁ&tsgﬁ%t%ﬂa%\gg@aec&o% ééh%ﬁb%'t R cBRHcHTp0S S t8Efihdl 8P Rotidri Ckness

formed using
25  electronic component.

The spring-like contact structure, also known as an inter-connector, generally requires
a certain amount of contact force to effect reliable pressure contact to a terminal of an
electronic component. Therefore, the shape and metallurgy of the inter-connector are
30 important factors in determining the effectiveness of the inter-connector for making

pressure connection to the terminal of the electronic component.

O
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met hod cannot be accurately or consistently controlled. Hence, this clearly
affirnms a need for an inter-connector formation nethod for 20 addressing

t he foregoi ng di sadvant ages of conventional nmethods for making inter
connectors. Summary In accordance with a first aspect of the invention,
there is disclosed an inter-connector 25 formation nmethod for fornmng a
waf er-1evel inter-connector for use as &n el ectronechani cal

i nt er - connetihied Sthtee Patatte¥o. GR6R8HE § by Maﬂmﬂlamsombmtmdhocbfmmak@igrsgc}t he steps
of : formngaflrs SS n a.first.sac t

cmcri 11 of o ineepipRy B Fep e uta iy RS Pplaflop e Slrdiel 121
portion of amSlttbSmé ahter-cdnlectdrs r1ﬁtsegm61ﬁtage’l“}&0d1§ﬁeteﬂndegn@nfsr ofntla: gitgnal
termnal to anoenlggaghntheflrst I‘Iflgl rA ﬁ(i::ﬁbgna
termnal beF?est o4 e EFSQ?"FI& - stackgd'y g?( R éonp?of’rcﬁg St Gver the

openi ng 5n therikl ihtpicasidal inginat, TI&Y&‘dSrc thé éhtgarcohied ok eﬂMbmiangs fafmed second
sacrificial material and the second, sacri f| ci al mater{u furt her, extending

fromthe pr 39%%‘?‘&9ﬁt1‘?‘t9dtsﬁ@n"s‘1tsgh%ﬂm& ioinis Hhsrebetivisety Mptallvzgiealihahdeithge in a

second sacr kfds¢B@d tol Gk aPhirloh SitdrichRtec®REdghlehGiand stResiBrRértAtion ithBe Second
sacrificial |ayer being fornmed over a portion of the first sacrificial

layer and t iRinpeeg M‘@Féﬁplleﬁﬁ@ thecipisrrePnpadera leadt '8 i WSChPP‘S‘Hlle\‘Ee Bf ot rusi on
to an openi gg ifBr- L e&@rqg rificial layer; renoving the second
sacrifici al rraterla to t re y renove the protrusion and to expose a
structurl® channel extending fromthe signal ternminal to the opening in the

10 second S%%ehp {a‘hcg&sea I BhtondSerioBE ms sd/6E ysaemg *a@maﬁé aflfldr RbARclhe shape

and di nension O I nter-connector; and depos a structure materi al
into the opdorimed foin arsmgéaepmaali;acwntmmsaﬂegmayeﬁ @n@cumarr@tpylah Th¢ ng t he

structure Chg weclies%rq)%d q\%r&g t hgonl%ﬁ\ylﬁlclgxa%n %I:E%SJIII] %ﬁglcqu%} ?pre .and

di mensi on of -t ructure chann e 1 nter-conne endi ng 15
fromthe si gowlergee tawands! the basbhxﬁt}mpamtsngThmcd:nldects/emrtmliakaoiepcbsutcd gito | ayer. In

accorda th a s on . AS of the. |nve ti.on (e sed an

i nter cgﬁ eﬁ o 8f tpf‘gﬁﬁ§§§¥n§ﬁyef%?"t¥ Blraﬁln%e AP 1O {Oggth&}rrlmreg(fn%&t or use as
an electro mieee"r; ¢l difensi@c bl crotmcmmbtmamaggetbmd fighigrdici discleydt em
conpri si ng: ans for for a first ge in a first sacrificial

| ayer of a @g%élgﬂ g"f ?cé?ré1ewrr‘ligg ﬁ‘séqntlyf?fgmilf"?st sacrificial layer being
formed over a portion of a substrate, the first passage extending froma

signal termnnal to an opening in the first sacrificial |ayer, and the
si gnal t er mitiase, BB riearlyr 48BN A Rasd fBTBE LIRKEEOARSH Sormafion memoﬁg‘%é

protrusign qa@ressinlgeth@ R&BEIIE HRadvBfaddslottcot@alibdal Ghetlods I%Chakir® idtére
protrusion being of a second sacrifrcial material and the second

sacrificial AePSal further extending fromthe protrusion to the signal
termnal; neans for formng a second passage in a second sacrificial |ayer

of the first
Summary

In accordance with a first aspect of the invention, there is disclosed an inter-connector

25  formation method for forming a wafer-level inter-connector for use as an electro-

mechanical inter-connector, the inter-connector formation method comprising the
steps of:

forming a first passage in a first sacrificial layer of a first sacrificial material,

the first sacrificial layer being formed over a portion of a substrate, the first passage

30 extending from a signal terminal to an opening in the first sacrificial layer, and the

signal terminal being formed on the substrate;



sacrificial material, the second sacrificial |ayer being forned over a
portion of the first sacrificial |ayer and the protrusion, the second
passage extending fromthe protrusion 30 to an opening in the second
sacrificial layer; neans for renoving the second sacrificial material to
t hereby renpve the protrusion and to expose a structure channel extending
fromthe signal termnal to the 4 opeding in the second sacrificial

| ayer, and the sformiogus erahaioncdvetdhd wpening hie thhdise seadficialnayen dbe of t he

i nt er-conneﬁ%sloéﬂa g%@@sse@o% s (ﬁﬂﬁr‘a'l Mamlaﬁaﬁ{hy%g&mgi F@&ﬁran atdrfdf O the

openi ng of € seconds sacriticial layer and there y Ing the structure
channel t hefiathet dxtentling f&muhepmmSl&mh@mgrmﬂtenainhhg t he shape and di nensi on
of the structure,channel rmthe i rco.

endi for t he
signal terminal PEPRE Sgﬁ i ésa?%“f ﬁéecon Shd lgléct ?rl(gl)ﬁé E?SZS%P fﬁmﬁﬂ]
accordanse WatehiaktheRédotld sspificial lajer bbiag fonned bveda pottioe o€ the firdisacifiombd an
inter 10 connector fornation method for er-connector for use
as an el ect agemglﬁlyggtfuspgnﬂ'gdeg?n Pﬁ%“gFﬁf‘g‘ng%%ngf f’%ﬁ’sﬁ%ﬁ %" met hod
conpri si ng bpairglie Bk sedond k@vrificiablagerst ruct ure channel in a sacrifici aI | ayer
of a sacrificial materi al e sacrificia bei ng.forned. ove
portion of a sub&foxing th etq’?éo'gtsf‘ “fﬁlg’aéaﬁ‘éLWéﬁélg%rg??ﬂY%@ePF%WF‘Q“ a naI
term nal to@ékpoRaidtRguitdchafiel Saeddidg fdnd thel sipnel teméindl t6 e opergii@in thd t er m nal
bei ng forned on the substrate, and the structure cenggnnel defi nj n% the shape

and di mifisi &ord sacrificiplevst. 2a6 hesEpgire chanmeldefing theshans asd MimpansiB Ofmt er i al
into the opepiipg,-Qnntdig: afcrificial layer and thereby filling the structure
channel therewmth, the Structure material taking the shape and di mension of
the structure chdapesiting ostrusture ateriphinter the openéngt drthaserendaiapificial dayiet he 20

St gnal ter A nek@y i RE Wrdlfhy Rkt OGR! i Huch Y SfmertD Bl nd e

i nter-connec es 0 east a f1rst elonga portio
second el onghapedn@drmemolnn of the stmctursf chahiel o faam the onigyenontkcpn exieading ei ng

Coi nci dggt pori’nqhggg?a?ﬁ]e%alt%r?ﬁe %ﬁlﬂgﬂ}tﬁég’ gt &EiRQAhdyap and the first

el ongat I'nter-conn elng perpendicul ar to the second
el ongated portion of the inter 25 connector. Brief Description O The

Drawi ngs Enmbodi nment s theln enti.o re described . f ith
reference to" #RETT0FS 3’ ity SEPANA TS L &; %ewﬂven 1o §8er Ilt(]‘:% fOgado%/s ln<'§é{¥|pr ocess
fl ow di agr agomiectan forfiadén @ﬁsmﬁecfctrofonﬁmg naat in@o-conticttorl faasoradi angelearoa fir st

enbodi nent of the lnventl ot?l ows a front .view of an

s
i nt er - conne&<GRAGH FAIREIRY ﬁé‘t‘?rr?P%‘?eCt@B fﬂ%‘ﬁtﬂ%’rsyswm comprising:

20 means for forming a first passage in a first sacrificial layer of a first sacrificial
material, the first sacrificial layer being formed over a portion of a substrate, the first
passage extending from a signal terminal to an opening in the first sacrificial layer,
and the signal terminal being formed on the substrate;

means for forming a protrusion over the opening in the first sacrificial layer,

25  the protrusion being of a second sacrificial material and the second sacrificial material

further extending from the protrusion to the signal terminal,

means for forming a second passage in a second sacrificial layer of the first
sacrificial material, the second sacrificial layer being formed over a portion of the first
sacrificial layer and the protrusion, the second passage extending from the protrusion

30  to an opening in the second sacrificial layer;

means for removing the second sacrificial material to thereby remove the

protrusion and to expose a structure channel extending from the signal terminal to the



formation nethod of FIG I; FIG 3 shows a process flow diagramof a step
of formng a structure channel in the 5 inter-connector formation nmethod of
FIG 1, FIG 4 shows a partial front sectional view of a substrate with a
first sacrificial layer formed in the step of formng a structure channel
in FIG 3; 10 FIG 5 shows a partial front sectional view of a substrate
with a first passage forned in the step4of forming a structure channel in
FIG 3; FI Gopeﬁmtghovﬂse saecpnat $acaﬁc1ilr1@yﬂr adahé enehurey cleandfdefiniogiet shape Wit h a
transitional Acg%gns orned in th nne St epy of formng a structure channel in
FIG 3; 15 (ﬁlows a par front sectional view of a substrate with
a protrusion formethsifor tdhpbsmtngpi stfucime mhatgyiad istd rtbe toperang: ofitieebecomd FI G 3;

Cacri 11 oi al esgPa by ooy s B ptisis Sha5teReif Bkt afannel i n

FIG 3; Kl GmaRriah@sgahdapé ahd ﬂlh@ﬁéloxﬁ Gﬂfhlecsﬁaétur\éidhmrﬁf toafos libd metre with a

second passage forned in the step orm a struc%re chann n FI G 3;
25 FIG 10 SHREORexsdmedron F‘kﬁrﬂg"é'efe{"inaﬂa{i’ 1 BB mthe serond é%“é‘

structure cln,@,g,nel formed in the step of formng a structure channel |n FI G
3; FIG 11 shows a partial front sectional view of a substrate with a seed
llayer formed over the protrusion and the first sacrificial |ayer of FIG 7

in the steppplaclddibd%ifh 3nidd rablﬁt:tuf)? e #RBRIon! thefd & dBclosedCarFlrdter- 12 shows
a partial front sectional view of the inter-connector of FIG 2 with a

conduct ilfe benmctpbfqmau@hmemd floreforaing anhiafezspnneptpGor (e o8 GRselectPar t i al
front secti g{é Kc'a?é%nﬁéct& tﬁyﬁﬁérrc@ﬁr?ecfg}' Fotmh it xﬁétﬁdeﬁéou{pﬂsﬁgmr&?eb or.0f FIG 10

being fille a structure materi using a laser "deposition device;
FIG 14 shows a framinga stfuctre cleped imaaicrificielagér of assabufiqialtreatouial,ithe he

structure Cg&%{a ?ageﬂ,& X OQ%OL P@%ﬂ (gé gub@traérmst &Pﬂé‘a&hﬁﬁde?' usi ng

an ink jet ep05| n ap ows a front sectional
view of a subtshchmg ﬁomatshgﬂah'ermmaluotau mpemrtmmrthﬂ sa@ﬁﬁﬁhl@ayei,(hnbehmgglfai l[led with

a structyre mate SI n a_scr SS shows a
process | oﬁrﬁi‘rﬁyf’ OT’ Heawe S@%‘ﬁn@'&({] &unﬁ nn¥1 detﬁﬁ toff SBPE 1
accordi ng t@n@dlﬁeﬁﬂmdoiam)mchrm{ectﬁf ahdie i nventi on; 15 FIG 17 shows a
partial front sectional view of a SLibSt rtﬁte Wi, t h st rg%tt channel forned

in accordance wi fFPOPHRE & SUYFHTCMAE RNt G PPEHRE P &F B mat i on
met hod of FhierebGillidOthE bfmchk8 chdn¥ithetewied, ttﬁeadtruétﬁﬁﬁhatéxﬁﬂ&dkmahe yﬂapw of a

substrate with the structure channel of FIG, 17 being filled wt
structure mg{uéiilin}fpsmn of the structure channel to form the inter-connector extending from t e
20  signal terminal to the opening in the sacrificial layer,
wherein the inter-connector comprises of at least a first elongated portion and
a second elongated portion, one end of the first elongated portion being coincident
with one end of the second elongated portion and the first elongated portion of the
inter-connector being perpendicular to the second elongated portion of the inter-

25  connector.

Brief Description Of The Drawings
Embodiments of the invention are described hereinafter with reference to the
following drawings, in which:
30
FIG. 1 shows a process flow diagram of an inter-connector formation method

according to a first embodiment of the invention;



FIG 19 shows a partial front sectional view of an inter-connector forned
With a structure material in accordance with the second enbodi ment of the
i nter-connector 25 formation nethod of FIG 16; FIG 20 shows a parti al
front sectional view of the inter-connector of FIG 19 with the structure
material being plated with a plating material; and 30 FIG 21 shows a
partial front sectional view of the i nté&r-connector of FIG 21 with a
conduct i ve BlGp2 bpwsg af fientedew roft 4ne intereenneqiyr tfhrmredoby, the inmstcannesigr
Descrlptlonf ag&{ﬁg@ %&Hﬁ%sgntatlon met hod for addressing the foregoing
probl ens is descri erernafter. The invention relates to an
inter-connector formation method for formng an inter-connector, by

L o0 200 o AR e G058 Lol Ll e

interconﬁecmhagxﬁh@mﬁf@ﬂmnmcmamahmﬁﬂ§,hfor exanpl e, a sem -conduct or

device, a nenory chip, a chip carrier or a portion of a sem -conduct or
wafer. A first enbodi ment of the invention, an inter-connector fornmation
met hod 300, FaG. 4 6ho$RQVpartiah fxﬁht@ectibnabﬂémﬁ)f Seﬁbsﬁite twhtheefilsbdaorifdigdsyer f or m ng a
structure c annSL, filllgg the structu Eﬂ? and freeing an

i nt er - conned®gied inihg stepp "EHﬁﬁéE??NmF ﬂ? method 300 is for forming an
i nt er-connector 60 having a configuration as showmn in FIG 2. 15 Wth
reference to FIG 2, the_ inter-connector 60 extends froma signal term nal

62 formdd oAlG %El@é‘tsrad%aélaéﬁfonﬁ%ﬁgl%‘ﬁ]b@?‘?’ &f 8 sehstrate withpfirst PasspeqirEgd

i nt egr at ed- Qﬁﬁﬁg&%%fﬁﬁhh@%@ﬁu&h&QHﬁhghQFuﬁhﬁ | i ke electronic circuits with
contact elenments are formed onto. The signal terminals 62 are preferably
one of copper (Cu), nickel (Ni) or gold (Au) term nal pads for connecting
to one of t SR o ﬁkﬁlmeﬂm sgéuotntsﬁws\lve&t ralmtpat&ww frshsitignf195y8d on the
substrate 64. The inter-connector 60 conprises of a post portion 66a, a
bean1portiodb@@ﬁimﬁ@S@ppfbnpmg@wﬁwﬁﬁeﬁhmmwenFH&éﬁ connector 60 initially
ext ends qubstantially perpendicular to a mounting face 68 of the substrate
64 to formthe post portion 66a, then generally 25 parallel to the nounting
face 68 of tHI@. 'smmtaaiaasmmeumnm titve obhe subsprate wiithra Bétysiomrfdmsdlbisequent | y,
substanti al | ndlculqnl%p HP%mg qqugrtlon 66b to formthe tip
structure 6 PRt 2 TOIT LY 6P 68" Fesiliently biased and
electrically conductlve for 30 interconnecting an electrical conponent and

th bst 6 I | ect I th b 8
The i nter. cOIRCEEBT st FHEaF GRS BORr Ve Re' GBI Bb3 HPgorrE

i nt er - c@ONEqiyRf fdrREdRithOfep S BREnSHArdesurd ¢Hasiel ir0FIG. Bg t he structure channel
in a step 310 of FIG 1. FIG 3 shows a process flow diagramof the step
310 of FIG 1. In the step 310, a first sacrificial layer 70 is formed over
the substrateG64 saywslanastia iffogt Gecflbﬂieﬂtw&\a@f afsubitale withat @coml patdagover the
substrate 64, as .shown in FIG 4, in a step 330. The first sacrificial
layer 70 is fpaneddn Wédteaﬁefoamw@raﬁ%ﬁuraﬁhm@ infF{@t3;sacrificial layer 70 is
renmoved in a step 332 to forma first passage 74 as shown in FIG 5. The
first passage 74 extends fromthe signal term nal 62 to an opening 76. The
first pads ag‘éGmO hovesHgpratial et afrcrmwg iviseef asubsiale Mathtaostiugires ehapeel and

di mensi on of connector 60 of FIG 2.
In a step 3§2&%$ Eﬁéﬁwg%th@glqgﬂuégggp?#gﬁgfﬂﬁgierlal 78 is spin-coated
onto the first sacrificial l|ayer 70, thereby f||||ng the first passage 74
and formng t ifi.0onalk ol r.L g er 70 as
ahown i n P &0} P Cffsel SEUPLeofhal ¥k drdfubliab W APE Ll P ITT 0 P
second sacr idva:thalprqmnsieniaaﬂ ti®0fiist sapaficiar lagd of idG a7 pDﬁl'@ISCﬂp ffotnhag a

transiti naI wcha 4 qgved to expose a protrusion 82 extending from
the firs sacrl CTat ayer 70, as shown in FIG 7, in a step 336. In the
step 336, a portion of the first sacrificial layer 70 i s exposed when the
portion of the transitional |layer 78 is renoved. The protrusion 82 has the
shape and di nensi on of the beam portion 66b of



20 the inter-connector 60. As shown in FIG 8, a second sacrificial layer
82 is then formed in a step 338 by spincoating the second sacrificial
material 80 over the first sacrificial layer 70 and the opening 76 of the
first channel 74, with the second sacrificial material 80 filling the 25
first channel 74. The second sacrificial layer 82 is then patterned and a
portion of the second sacrificial |a er682 is removed in a step 340 to form
a second pa$iQgl gewas permvirontsertiaal giew D ghesiateraenngetesefgd G368 with @nds from
t he protrusi t ' t he shape and di nensi on of the
tip portioncggggéﬁtﬁﬁ@an gghgﬁﬁﬁﬁgﬁgﬁwg%ﬁ 30 The first sacrificial

material 72 and the second sacrificial material 80 are pol yner based. Each
of the firs ri.ficial erial.72 and the.secon crificial terial 80
o has a degPiaet v anpufblh e®ortd AREALESETEH PR ShbbE onfe

t enper at gr e oAFIGND Gbing fidedwity Aettudnas edtefivltring allasdedppadesn devivet he

i nter-connector formation nethod 200, the degradation tenperature of the
first sacrificial material 72 is higher than the degradation tenperature of
the second FaGri4 dhoivak padtabfrbitlsedifdnalRied of aklbyraté heth shad@icmeadhanmv]
tenperature %f each of @h first and second. sacrificial mterials 72/80 is
400C and 206 F%éﬁ@ew\f? F@Wlﬂp A STYFBITE PalsTialiing AR kSIRHPPHEIQn ApRarYs;
heat-treated at a tenperature of generally 200C in a step 342. At 200C,
which is the degradation tenperature of the second sacrificial 10 material

80, the Qecdla Sathors paryiel fragtepstionalgievyels sibsicate Wit throstuepiechapielct ur e

channel 90, ,281h0WBink FIEd Fith 4 ArucARE nlaRERERMGABREEPIIRgERmblyep 310. In a
step 312 of FIG 1, a structure material 92 is dep05|te§ into'the structure

channel 90 through the opening 88. The structure nmaterial 92 is deposited
using a sul 6! fs Loioh BRlobds Gfbw BRI Car RERLC6RoctSPROMiSP RRRLA 1 (VD)
sputter deposition, and el ectrol esS plating. f e structure material 92 is
el ectri cal | fIGohahgetdingdo anpetondembasinaend bf the mventh; copper, ni ckel all oy or

t he Iikﬁselectrically conductive material. \Wen electroplating is enpl oyed
as the deposition technique, in the step 312, a seed 20 | ayer 94 has to be
formed bel oWIGhE? fhowsta pratss dopat Febtiom] Vernefth substrdie withepst@8@re dHaendeed | ayer

I Y ey

El ect r opl at inghadedFiG.€%; t he structure material 92, for exanple nickel,
copper, cobalt, 25 palladium nickel cobalt or the like electroplating
structure material, to be applied in a formof a conmercially avail abl e

bath or 290l WHIGOIB shbe aqfaftiaffrbmt skétRnsltvedv 32 subdtr@bl iWitBihe étficRipPEHaffll Det ween
an anode (not_shown) on the signal term nal 62, thereby creating negative

charge bui | FEF-dr beme flledivih asEyotrpmatesdsl, The negative charge buil d- up
causes netal ions fromthe electroplating solution to be reduced to its 30
netallic state and hence, depositing the nickel cobalt structure materi al
onto the sidiidl 19 shewnaraszl faet sertionahyiephel &t mfrricqprecton defmed Wit 2n t he
process. ke bt it hRoRBARI Wil the2eaR aibb&ithehtlofl € itérSRnmkbior €Xt ends
fromthe signal termnal 62 to the opening 88 of the second sacrificial

mat er i al2580.Toqmatign gethgd 8 BIGHA6:F1 G 1, the inter-connector 60 is freed from
the first sacrificial 5 material 72 by heat-treating the first sacrificial
material 72 at a tenperature of generally 400C. At 400C, which is the

degr adat i on Rienibshawe p @amifl frdng séctipnal viswafitlfel infentormedten af UG 71D, witthésef i r st

ls:?gi f2' cial Rl lerAPOLA SRl Qi % BRSRe MARrbINARS Cconnector as shown in

30 FIG. 21 shows a partial front sectional view of the inter-connector of FIG. 21 with a

conductive bump being formed on the free-end thereof.



10 Further in the step 312, a bunp 96 can be one of electroplated or
deposited onto a free end 98 of the inter-connector 60. The bunp 96 is

el ectrically conductive. Following the formation of the bunp 96, the step
314 exposes the inter-connector 60 as shown in FIG 12. 15 In the step 312,
vari ous nethods can be enployed for depositing the structure material 92
into the structure channel 90. A |aser processing technique, as shown in
FIG 13, cametmledtmquﬁhbni n the step 312 for depositing the structure

mat eri al 92’Anaobhec re @%%er:rrRaet{ ?iJ[IHetﬁodS f%lr g&{resslng‘tﬁﬁe f"ol?%oﬁl:grﬂ'ﬂgﬁl%? 15C&§J?ﬁgtll 90. The
| aser processin ue is typically efiployed 117 'a vacuum usi ng a

| aser - based heeinafter. Th4 mvEﬁhoN rbletemaxdn\,ieﬂeycormmtmrtbrnjwémn depodifer formiagpar at us
106, as shown. |n Fl n for 03| r mat eri al
92 into the *&{TH (fomrleecmcrh%i@f’g gh egrl11 €8 us) ﬁ?:]te{ o@lgectt{l' ‘823%&58%%

appar at us, alesttds-ﬁechamrcaht torgedtac hni qhe cetentrd»meelmpicayedonnactomelsstﬁ)p 312. The

screen-printing technique uses a screep-print appar a
directi ﬁg 240 ‘é‘%@f‘“teﬁg}geglﬁc%’é‘ﬁog‘?’?}?%ﬁmf h EW{?B{ u%e eﬁﬁtcg? Y For S)‘%V’icﬁ‘t b the

structure chwnivey i) aahipshaBW of Mpdrtién ofdsembcariaatwgeibodi ment of the
i nvention, an inter-connector formati on nethod 350 as shown in FIG 16,

conprises of four main steps for formng an inter-connector 200: 30 form ng
a structure £hgRebodifdehd bN@e tiRnfidd, W tikkeLcdnRedisreformatRhn 8AGHhSD 3G) as

i nter-connector and plating the inter-connector. The description in

rel at i ortOt o sBewh# B0 1, symprispyiofathree majn steess &misigce FRICR chanpelt filiRg odi ment
of the invenid gncikd éhahﬁ‘e‘l %B@Wé&né @n Edt&co;lméafoe TG QS AR &SbrBi@ition @S St eps
360, 362 and 364 respectively. the step 360, a structure channel 120 is
formed in amqtkost3084¢ forffpmiing an aryeéﬁoqr@sztoaﬁ%havw & perdigdratige p§ shopndn | ayer
124 as showgsm FIG 17. Both the first sacrificial layer 122 and the
second sacrifircial layer 124 are fornmed froma first sacrificial materi al
126. The structure channel 120 extends froma signal termnal 128 to an
openi ng 130, th the sigpral termnal 1 el red . ate 132.
10 Fol |l ol\J/S\A ng ﬂhre}}% TS t@(fga % tﬁ]e‘ TFue Iﬁerceorc(ﬁaer’fg%fis% q Sl 1?71%10,% g

struct ure neEbmiedaln aléltbsurzne 84 sﬂhe) sﬂﬁﬂata334shamanel rmnRi/KB:h fh&gr&ﬂlcchrcoi‘ts t he
structure material |. first sa a

deqr adat | on HERETY e B¢ TrewobEraai iR SPplh e A et ur e
mat eri al 134rhesignal tlamghﬂs 62 Iaferpréﬂaablje@feaﬂabppm (COMpeka t(Nheorghpld tay)f i r st
sacrificial mater In the e 64 of FI 16 he . .

i nt er - connedf'gr™ aﬁ(‘%‘4 f§r ?‘?”é“é“dm\grt%ﬂ?et ‘FFS&’? F?'S?Ct §]§E’F?tf fG’thﬁlehr“fﬁ?@? CEfY%26 by
heat - t r et | Temidd@nfthd eibsti@cs4. ficial | ayer 124 and the second sacrificial

| ayer 126 at the degradation tenperature of the first sacrificial material
| 26. The first sacrificial material 126 degrades after heat treatnent to

free the st rﬂﬁthélecdﬁﬁé&Jr'@%oﬂéﬁseggfﬁ@gsttpbﬁfoﬁ%@i%Hebﬁ ﬂoﬂio%%ﬁﬁ@ﬂd‘@%or 200 as
shown in FIG 19. The structure material 134 is preferably ymer - based

and havi ng preripreioec Theintestcopractor 49 lrw%béxf@é%s@éfamwﬂ&rp@rpﬁwg@% % asiliency

to the int erm&ﬂﬂﬂf‘?atc%SszQhe AR T4l % Sodn tl&énﬁos%ox?ioﬁ%?%ér{ Eerfé?a‘il?“ al or a
nano-material 1s used as the structure 25 nateri al . The nano-materi al,

for examd e naeatlelte dhspreunting fage 68 of Be sybistate i inford thvel@n@moctwm ofbcdrti es.
Fol | owi ng t 6 { - & ect | &gt 1.0 t th a

pl ati ng mat gﬁ?%h&%gg' ﬁlﬁsgmg%]gg’g %g&gtgﬁsﬁo% b%%gr—q 210%2(8@ %h@hgfg‘?f’

mat eri al | 3Gupétateddc.ont o 30 the inter-connector 200 is electrlcally
conductive and in electrical comunication with the signal term nal 128.
12 Further in the step 366, a bunp 138 can be one of electroplated or
deposi ted orifle antérr@andtad 8@ 0isofresilizatly nlbiaﬂedcammw&ouicanymconﬁhmivbuﬁm 140 is
el ectric IIy conduct.ive. .In.the second nt _of the inte nect or
Format i o mipReaeEre §eedtitel orbetaf oot e efind Giinklt Aot HENCTr Lot ur e
mat eri al | 34oamthnidagorpthatbdigesimt eri al 5 136. This enabl es both the
structure material 134 and the plating material 136 to perform decoupl ed
functions with the structure material 134 providing the structural support
and biased resiliency and the plating material 136 providing electrical
conductivity. By using the polyner-based structure material |34, the need
and dependency on netals for producing inter-connectors 200 are
substantially reduced. 10 In the foregoing nanner, an inter-connector
formati on nethod for form ng an interconnector for use as an

el ectro-nechani cal inter-connector is described according to two

enbodi nents of the invention for addressing the foregoi ng di sadvant ages of
conventional nmethods for form ng inter-connectors. Although only two
enbodi nent s



15 of the invention is disclosed, it will be apparent to'one skilled in the
art in view of this disclosure that numerous changes and/or nodification
can be nmade wit hout departing fromthe scope and spirit of the invention.
13 Cains 1. An inter-connector formation nethod for form ng an

i nter-connector for use as an el ectro-nechani cal connector, the

i nter-connector formation method conpri8ing the steps of: 5 forming a first
passage in ahé iintetconmertdrf G0cisaforthady ever ahe aulisiratst64smsing fhiecinter-comeetor al , t he

first sacrificial |aye el n rmed over rtion of a b te, the

first passa&oém@)ﬁ“elﬂg%ﬂ‘%}’ {%ﬁrﬁI g’lﬂaﬁﬁltﬁ? %F"ﬁﬁ‘ﬁég&a%e?énna Stﬁ%%?%aﬁflrﬁgtlhe first

sacri fi ci al FiGyahowangrocése fleivghugtrani ef the step 3 o MRIGT Dr ek wep 110ea Asbst r at e;

formng a protr u.ngS%ro er the o t sacri t he
f

ening in the fir icial..layer,
o o o o PR Bt T s e Gh Ry bRy S by kbosthi e sl g
sacrifi ?:'5 a:c nd¥ekier 72lovérUthe (rjsebsnatet &) dis oW MNFIGe4,pin04 ][s@eﬁ 1330, ltl'het hst fsi gEaI
termnal; fornmi_ng a second passage in a Seco sacrifigi. a .of the
first sacri pacgifigipl feer? df ,p_e"it%%‘fds%‘@oi’nd’oét&’@r ?f?gfi g‘ls" FW@F‘?{)@Y%% dt med over
a portion ofendied i 4 §dp B2k kdrinGl bt Ja@H LS 7PRARSWEINHIG! §. Uhefivst fak@gs econd
passage extending from 15 the protrusion to an gpening in the second

sacrificial 7f &yepds frempdle pignal Hermiwad A do $BOPRIINE 761 ThattEst passage 7t Her eby

renove the ' ) RS hfclnl WirfrenS 107 BP@E p6athBAhBEa f T oM the
signal ter m%@%d%@ﬁﬁg&%g%?cﬁg In tgt%lge s?e‘f:e(b)hﬁld saélrli ficl aIp Itgyer, aand t he

structurl® chéhaditerchohnaston§0 ohklGRape and di mensi on of the inter-connector;
and 20 depositing a structure material into the opening of the second

sacrificial |layer and thereby filling the structure channel therewith, the
structure min estenl334 akFKg X heewnd pecridisidl diatesialsT8is spih-cohted ontoutbe firse channel

to formthe_jn: C endi fr s irSaal 1 t he
opening in £ Cglkgiéz:%g%@’a%%{e?f@lgg EHegg%trp 2 &% g‘ anﬁiﬁe I rﬁ%ﬁ“&%ﬁgéé}%
formati on @8 bed tsfiisnsactifiahldyer TQast shewn aoRIGY. 6s Imystep 336 thedfansigorali ng t he

first sacrifici material to expose the | L-connector. 3.. Th

i or- casn ol A RECTRe stPndiRaRGH Alerift 6 SORRSEMRLs potio e L (1o
30 passage iangitidnal BiyerSTCIsirkmovedl tolerp@e acmomisian 8 ettbralig frpa thd firscoat i ng a
portion of a s

urface qQf the substrate with e first crifi.cial, material
to formthe S‘I“irﬂltl‘ﬁa &‘Ef%lof sShayn l":é}gr 17 m a $igp Bé&tlé‘rt § $iP %%%ea porhaR Oita?;r ificial
layer to deffirfiQadriTRiaPRRBE MY id Ekpbf@ WhenSthe pakioh foif GheddrarsRRAl; lay@Rd8 is
removed. The protrusion 82 has the shape and dimension of the beam portion 66b of

20 the inter-connector 60.

As shown in FIG. 8, a second sacrificial layer 82 is then formed in a step 338 by spin-
coating the second sacrificial material 80 over the first sacrificial layer 70 and the
opening 76 of the first channel 74, with the second sacrificial material 80 filling the
25  first channel 74. The second sacrificial layer 82 is then patterned and a portion of the
second sacrificial layer 82 is removed in a step 340 to form a second passage 86 as
shown in FIG. 9. The second passage 86 extends from the protrusion 82 to an
opening 88 and has the shape and dimension of the tip portion 66¢ of the inter-
connector 60.
30
The first sacrificial material 72 and the second sacrificial material 80 are polymer

based. Each of the first sacrificial material 72 and the second sacrificial material 80



renoving a portion of the first sacrificial layer to formthe first
passage, the first passage exposing a portion of the signal termnal. 5 4.
The inter-connector formation nethod as in claiml1, the step of formng a
protrusion over the opening of the first sacrificial |ayer conprising the
steps of: coating a portion of a surface of the first sacrificial |ayer
with the 10 second sacrificial material9and thereby filling the first
passage Wi t hast hdegeatation teureratire.cilhe deatadstionl temperaturenis dhe fempsiafuroabl | ayer ;
patterning the.transitiqnal, | fi 3 Q0. novi ng a
portion of ' ghtﬂge nos)(r%‘lirgoﬁgﬁd nilag%//rgd;i d{%adgg‘r irtﬁq? %@Qegrcglﬁlﬁéh{so?gdr@ gtrl%{arg%}ﬁ%oge a
portion of 20 thd degtadstiartedperatate dfdlyefirst sabrificial Thaseriah 72 iis- lighren ¢lwanche f or nat i on
met hod as in clai.m t he step..of formng..a.secqnd sage. .l n,. a second
sacrifici al 9?%?/%%‘%%%?‘?@?5%90?% $ §?°8%d;ns?)‘g‘:ﬁac%:agar{'é%%rbalgﬁsboralﬁfa%ﬁggf tge surface
of the fprstegantiod tedipatatirayeachod thelfirstundisedond eacrificiahmiateealk (72480 is
sacrificial mgterial (1to formthe second sacrificial 20 |ayer; patterning
the second 481G aPZPYIC resprelivelys define the opening in the second
sacrificial |ayer; and renoving a portion of the second sacrificial |ayer
to formthe second passage. 25 6. The inter-connector formation nethod as
in claim 1, Inthe sipp0.dlic ubstratenest ia hedtrtrsted alssiamperptyrezofigendralyt 2093 i f i ci al

| ayer of a firs aGgr hfliocd al . ri ML | S| . i.ding the
first sacrif is{cept<a:1”l4§'rr§[E g{)qu:; %fh ol %ﬁlg d? #rfl sa?ms?éég?ée |cr|g§ h]l%gf/ée%%fj S?({?(eﬁ%gg first
sacri fi dDal naeiial 86 theesengndpadcyificinl hated ahdepaddsny expoe ithedsttucome

t enperat ure. 7. The i r-connect or formation od as in claim®,
the step of c‘?%’f‘%?]%lqgaséh?)‘?”blnrrgdgi bqi aB‘S'z' TRy, EARigH tﬁ)e[ S}’i%’e#li%r st sacrificial

| ayer: providing the second sacrificial material for formng the
protrusion, the second sacrificial material being.polyner-based and having
a degr adat i &2 8P gpp%érj%f}u&ea Stﬂ‘?mﬁ%@a?ﬂ"ﬁ@?-‘%%?ﬁ&eﬂd&oft %F‘?‘E?rf?‘ﬁ’@’te od as in
claim7, theosksRgOfhe RSB ThStrs@sO Mhtesar 92 fd @dpaditedRbmp iaaduitgepri sing a
step of: providing the second sacrificial material with the degradation 10
t enper atlfr e deppsitienrteghdiong qhemical vanour drrosHiegr GdA): SPutier Mseesiiony @bt t he
first sacrifjefiedbssBhilgl alThe StrudflR hidleBiar 92NE dcRicafllP0RdcAR AR hod as in
claim8, the step of renoving the second sacrificial material to expose a
structure ceisraly esngfcornendickekallop opthe likgelpetrieally canductivs m¥eridecond
sacrificial material at the degradation tenperature thereof. 10. The

inter-connector formation nethod as in claiml, the step of depositing a
struct ure nahkenjelgctrpplating inemplowed #rgthe flepopision tashimgues st the iepidd?, awadri sing a

step 20 ,qf: i i : ial. 11.
The int ézra-cg) ﬁlg%t g% tg)rci}rgrl;a |eg$1)%fr¢e(vtethggﬁggg%sa c?gftrfng}g‘,eéﬁiggtsst%?g?&ﬁ%rm ng a
first passageedilayea94,asshovwaorFIGi t1,ad formgdkbelaw therfirstisagrifiviad laypr df witt5 f or i ng
a seed | ayer beta/\feen Elhet f(‘i.rst thcrifi C,[éﬁ';,lnlinall er and the substrate, the
seed | ayer Bléelsﬁ& g%eﬁgug%(f"\]/em%%‘ﬁr rsl%g%ll over ie signal termnal. 12. The
inter-connector formation nmethod as in claim1l, the step of depositing a
structure erial .into .the openjng of .t econd sacrificial ¢ rising a
Step 30 of - HAHRRPIRieSy e dns HECLT maETH el R saro ket et SR o

mra]t eri al2sby phﬂﬁdﬁdnﬁtﬂic{}t@l @bslnar tgeliknriélgdﬁoﬂ]ati@stfubﬁresmgaﬁdrll, to e ra]')pflii:]ti ina 16 13.
The inter-cqnnector formatijon t as in claim?2, the ste removin
the first sadm f’f éicgf‘m??é“tl?elh %Haﬂgtltle g’ﬁtbo%’esc’?‘ﬁ‘(?ni n qu%rSeretE? 8 p%dﬁp?i Si ngga
step of . heatmédieahpphed bbwebd &S hnodd GhdtfshGkl on b eighall tetindl e, thegbpdat i on
tenperature thereof, the first sacrificial materjal and the second

sacrificial cratieg negative rhingesbyldrymer headagl gryingheh Jhemegative <8#188nd second

sacrificial yiai-gpiahsehaNdtdl%ioRs GBRF AEadlbARBph P SSIRidH B bihehetd id 6
degradati on tenperature of the first sacrificial material is higher than

t he degr3@damienilic #atpendhanee deositing theaickabicobale structugs mpterigloatol the signal
terminal 62 and filling the structure channel 90 in the process.



10 14. The inter-connector formation nethod as in claiml, the step of
depositing a structure material into the opening of the second sacrificial
| ayer to formthe inter-connector conprising a step of: formng a
resiliently biased inter-connector. 15 15. The inter-connector formation
nmethod as in claim1, the step of depositing a structure material into the
openi ng of the second sacrificial layerl%o formthe i nt er - connect or

conpri si ng Ahssteptuod mafedali2ndgpodied imthe step GhAexxtends fipmithasigrhtarminabr
configurati he | nt ex [ i fiexed end attached to the
signal ter mggg th%gpeflﬁlg%sst?gg{ggg%ég%Rgi%laﬂgatgrr‘%g&end. 16. The inter-connector
formation nmethod as in claiml, the step of depositing a structure materi al
into the opening of, th C sacrificjal_ .l ayer .t oo

i nt er-connei’{ 8rsge@o$ﬁ§1'r ?@Fﬁg lgqg ngerbﬁp?nefg’r gplgsf?etefinfgong%egﬁ; Eg%cin\f/iglalst ructure
mat eri al 5 lihatefibe 72 dyeheac-abmingt the ffrar suatifiosl mettidd72aat antembeanel 6 f urt her

conprising a st f. form conductjve stub at the free.end.of the

i nter- conneé?rt?Fa?@S%)O:tL’g: Meﬁg%‘ﬁewﬁﬁgﬂﬁé@? gpgr]a 1ﬁ’éttP‘BPler?fB’Eeh8%%§sﬁfS claim
17, the stepachfichPhiaicnial §2,CMRNHSH LavRHiGAIURaRAITPAdefdBg td BRposé eRS inddr: 17
plating a conductive material onto the free end of the inter-connector; and
renovi ng a poresteiasshowhi londucti ve material to formthe conductive stub
at the free end of the inter-connector. 5 19. The inter-connector formation

method as in claim1, the step of depositing a structure material into the
openi ng 18f Fhwhes écdadtep 3t afonmp P chmbegnetof cleetraplatedeoridapasited oo e fedr

conpri si ng %&é@@fﬂ% 'intéif‘cBHrfe!cioir B8 dnSbd %st%lem?‘fcglﬁn)j ﬁdémtd{glég%@. FofowiRENi ng of

t he second sacrificral [ayer using depositio sel ected fromthe
group consi $teifpgnatipn phithe burip Boghe §tens 14icpRospethe dugraonndcton 6@ avishowndien
printing. 2Qy5The inter-connector fornmation nethod as in claim2, the step
of depositing a structure material into the opening of the second
sacrificial |ayer conprising a 15 step of: depositing a pol ymer-based

structur terial .into.the ning of the second.sagrificial |ayer. 21.
The i nt d5- cOhTECER? PoRrt T ar s R BF G st@ e url ma il bosi 1 ng
a 20 struct 9pentoetesstruturel chtighel D® AL Prgcadbing tbehxﬁ@_ceoladgt@mrihfﬁi@.i 13l !ayerf
conprising a step of: depagsitin copposi.te material int e apening o
threTp secong §%L?1%F‘€I°§P‘9I‘ ?f’@rs.tenglzgﬁqr AITBB%SW"T& @F-SEB?{H@CT’W“%M]?‘E% ms%J hod
as in clai Mempetdtge $b1a6r, @ito dRPAGEDIIeNBamhes HO.UThel [8erfRbREdidd tethitfiquetiie openi ng
of the second . sacrifjcial |layer conprising a step of: depositing a

nano- mat er i &PiGaHy gmplegeiBd vy bysgrdassEbdkd dedee 0% ci al 1 ayer 30 23. The
inter-caoggnector formation nmethod as in claim20, the step of renoving the

first sacrificial material to expose the inter-connector conprising a step
of: 18 reddigrmativainentink-ist deposition ppRagtuskoeds dewp dn Elddecan begset i ent | y

bi ased for depositing the structure material 92 into the structure channel 90. Besides using
the ink-deposition apparatus, a screen-printing technique can be employed in the step
312. The screen-printing technique uses a screen-printing apparatus 110 for directing
25 and thereby depositing the structure material 92 into the structure channel 90 as
shown in FIG. 15.

A second embodiment of the invention, an inter-connector formation method 350 as
shown in FIG. 16, comprises of four main steps for forming an inter-connector 200:
30 forming a structure channel, filling the structure channel, releasing an inter-connector

and plating the inter-connector. The description in relation to steps 310, 312 and 314



i nter-connector. 24. The inter-connector formation nethod as in claim 20,
further ‘conprising a 5 step of: coating the inter-connector with a
conductive material, the conductive nmaterial being in electrical

comuni cation with the signal termnal. 25. The inter-connector fornmation
method as in claim?24, the step of coating the 10 inter-connector with a
conductive nethod conprising a step of: llcoat i ng the inter-connector using a
coating net destribesl &cthedfint ombadimenjrafuthe duvestien ity teferascede Ffpl dtarag and

el ectrol ess n r tion systemfor formng an
i nt er-connechS&’ actﬁ% hﬁgegn %Sé?efg%& 36?91-[?1?355%9%@0{%1% ?‘;al connector, the

i nter-connector formation systemconprising: nmeans for formng a first

R Y Y R R R S

first passageoadtendiciaplafydramm as shogwisin RIGr 1. NBbthitike At eyorficislgayen 12D t he

first SaCI’IfI |aI Iayer n the signal term na ei ng. f or ned. t he
substrate; endssagrific F?S laé'eb}%ft %ﬁgﬁ”gﬁsgff’g} atﬁﬁsg Sﬁcﬁgﬁlaﬁﬁgﬁ 1afPT7E§. first
sacrificial ﬂh@y@mre bl@mﬁélquo Hﬁtbﬁli’sl fhﬂi ogg®i teamiaL M3do aA6pdningcizal whint er i al
and the second sacrif.i CI al %llnp é#bher ejétendi ng fromthe protrusion
to the signdte sgrhiermipal légbﬁ‘ﬁ& ‘E)?""f AFHY 3¢ second passage in a second
sacrificial layer of the first sacrificial material, the second sacrificial
| ayer bei ng formed over g@dgortion of the first sacrificial |ayer and the

pr ot r usil8n, FoHewiss dimuem ks derestgeneliontr! PO filled Witba ST RaCTh openi ng
in the secong, ﬁ?&{)é 162 RLndvAVRFIG MBS Of th ﬁﬂRKx‘r@ﬁia&hﬁ 138GRie HRET 1 i ci al
material to thereby renmove 30 the protrusion and to expose a structure
channel ext eatifisigl f mafprialné26Gilpaad dagradpiic t@f@peﬁmeop@hl iy idperadaionecond
sacri ficial ikelmeaBf! dd1Quili ChitoRaC 3NN bl k! Bfe H0ARGHBR

di mensi on of t nt er - connect or; 19 neans for éllepos ng a structure
material i ntt@nnehmuropéﬂllerﬁ'gst@dcrﬁhel macmid%acrl ficial |ayer and thereby
filling the structure channel therewith, the structure material taking the
shape and di nension of the structure channel to formthe inter-connector
extending f rIm thet step 33’14grrfaHIGt &6, rthmiﬂter{conﬂehter ot i3i finggpd ifronb the Herstsseadivdhl

sacrifici al onnect.or for i 0 yst cl ai m 26,
further conﬂ?q %}aﬁméch T‘Pégrﬁ%t gf’ f@sﬁﬁ‘w‘h&la]tlﬁ%er %’?Pglé T Sfcrfdcrl‘?ét erial to
expose the |153teen26:muree@etgﬁﬂanohaexﬂﬁeram dfﬂieéﬂrst&.@ct‘tﬁ'&ﬁﬂl efatckialr 12st iThe firet hod f or
formng an inter-connectaqr for s an el ectr chanj cal co tor, the
i nter- conne(,Sf“iﬂt{‘zfagF’F}ﬁf‘id 6ﬁ‘§$rﬁ‘éﬁ§ gﬁﬂﬁf‘f %ﬁaﬁefmfr? tapYrugpure ‘F‘BtFWir‘]Hgga
structur® chadbRleford tR iBBE€Ednhéctdr00 koyHHneh FEG.g0crificial material, the

sacrificial |ayer being formed over a portion of a substrate, the 15
structure channel extending froma signal termnal to an opening in the

sacrificial hRydlicuRNHakfi SUGE PrettBE1YT ORMPBLRE @ MAPElg Polynieic sulst r at e,

and the structure channel defining the shape and di mensiron of the
i nt er - connectBturahiioRfEss i i iged Biesedc ragHEnamntter el inteirconeesor ophi ng of

the sacrifi CAlfymaln@é/l?rcin@%@ a cgﬁlb@sl?% n{a’térial 8% hde- rﬁa{téﬁ{lﬂﬂs@d GhABRERhcriBer ew th,

the structure nmaterial 20 taking the sha dimension of the structure
channel 250 froateriad h24.i ﬁhfenaf@oﬁﬂ@@ﬂ der @sam%dmamg -cOPRSn 1t Heeddpyliaenhergedi nal to
t he opening rh& ﬁrl?&lﬁx%fi&‘ngé cial layer, wherein the inter-connector conprises
of at | east |rst el ongated portion and a second el ongated portion, one
end of the fi rst el ongat ed portion 25 being coincident with one end of the

second el On%tllgvgi he s?ep %"P 519 emtfer-co%slector 200 is electroplated with a plating
material 136 in a step 366 as shown in FIG. 20. The plating material 136 plated onto
30 the inter-connector 200 is electrically conductive and in electrical communication

with the signal terminal 128.



el ongated portion of the inter-connector being substantially perpendicular
to the second el ongated portion of the inter-connector. 29. The

i nter-connector formation nmethod as in claim?26, further conprising a 30
step of renoving the sacrificial material to expose the inter-connector,
the inter-connector having a cantilever configuration and the

i nter-connector being resiliently bi asel® and electrically conducti ve.
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material further extending from the protrusion to the signal terminal;
forming a second passage in a second sacrificial layer of the first
sacrificial material, the second sacrificial layer being formed over a portion of
the first sacrificial layer and the protrusion, the second passage extending from
15 the protrusion to an opening in the second sacrificial layer;
removing the second sacrificial material to thereby remove the
protrusion and to expose a structure channel extending from the signal
terminal to the opening in the second sacrificial layer, and the structure
channel defining the shape and dimension of the inter-connector; and
20 depositing a structure material into the opening of the second
sacrificial layer and thereby filling the structure channel therewith, the
structure material taking the shape and dimension of the structure channel to
form the inter-connector extending from the signal terminal to the opening in

the second sacrificial layer.

25
2. The inter-connector formation method as in claim 1, further comprising a step
of removing the first sacrificial material to expose the inter-connector.
3. The inter-connector formation method as in claim 1, the step of forming a first
30 passage in a first sacrificial layer comprising the steps of:

coating a portion of a surface of the substrate with the first sacrificial

material to form the first sacrificial layer;
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coating a portion of a surface of the first sacrificial layer with the
10 second sacrificial material and thereby filling the first passage with the second
sacrificial material to form a transitional layer;
patterning the transitional layer to define the protrusion; and
removing a portion of the transitional layer to form the protrusion and
expose a portion of the first sacrificial layer.
15
5. The inter-connector formation method as in claim 1, the step of forming a
second passage in a second sacrificial layer comprising the steps of:
coating a portion of a surface of the first sacrificial layer and the
protrusion with the first sacrificial material to form the second sacrificial
20 layer;
patterning the second sacrificial layer to define the opening in the
second sacrificial layer; and
removing a portion of the second sacrificial layer to form the second
passage.
25
6. The inter-connector formation method as in claim 1, the step of forming a first
passage in a first sacrificial layer of a first sacrificial material comprising a
step of:
providing the first sacrificial material for the first sacrificial layer, the
30 first sacrificial material being polymer-based and having a degradation

temperature.
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8. The inter-connector formation method as in claim 7, the step of providing the
second sacrificial material comprising a step of:
providing the second sacrificial material with the degradation
10 temperature thereof being lower than the degradation temperature of the first

sacrificial material.

9. The inter-connector formation method as in claim 8, the step of removing the
second sacrificial material to expose a structure channel comprising a step of:
15 heat-treating the second sacrificial material at the degradation

temperature thereof.

10.  The inter-connector formation method as in claim 1, the step of depositing a
structure material into the opening of the second sacrificial comprising a step

20 of:

plating the structure channel with the structure material.

11.  The inter-connector formation method as in claim 9, the step of forming a first
passage in a first sacrificial layer comprising a step of:
25 forming a seed layer between the first sacrificial layer and the

substrate, the seed layer being conductive and formed over the signal terminal.

12.  The inter-connector formation method as in claim 11, the step of depositing a
structure material into the opening of the second sacrificial comprising a step

30 of:
electro-plating the structure channel with the structure material by

initiating a charge build-up on the signal terminal.
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. 109448 () - 9é&' f f TagUteigatidector formation method as in claim 2, the step of removing the

first sacrificial material to expose the inter-connector comprising a step of:
heat-treating the first sacrificial material at the degradation temperature
thereof, the first sacrificial material and the second sacrificial material being
5 polymer-based and each of the first and second sacrificial material having a
degradation temperature, wherein the degradation temperature of the first
sacrificial material is higher than the degradation temperature of the second

sacrificial material,

10 14. The inter-connector formation method as in claim 1, the step of depositing a
structure material into the opening of the second sacrificial layer to form the
inter-connector comprising a step of:

forming a resiliently biased inter-connector.

15 15.  The inter-connector formation method as in claim 1, the step of depositing a
structure material into the opening of the second sacrificial layer to form the
inter-connector comprising a step of’

forming the inter-connector with a cantilever configuration, the inter-
connector having a fixed end attached to the signal terminal of the substrate

20 and a free end.

16. The inter-connector formation method as in claim 1, the step of depositing a
structure material into the opening of the second sacrificial layer to form the
inter-connector comprising a step of:

25 depositing a conductive structure material.

17.  The inter-connector formation method as in claim 16, further comprising a
step of:
forming a conductive stub at the free end of the inter-connector.
30
18.  The inter-connector formation method as in claim 17, the step of forming a

conductive stub comprising the steps of:
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5
19.  The inter-connector formation method as in claim 1, the step of depositing a
structure material into the opening of the second sacrificial layer to form the
inter-connector comprising a step of:
depositing a structure material into the opening of the second
10 sacrificial layer using a deposition method selected from the group consisting

of laser deposition, ink-jet deposition and screen printing.

20.  The inter-connector formation method as in claim 2, the step of depositing a
structure material into the opening of the second sacrificial layer comprising a

15 step of:
depositing a polymer-based structure material into the opening of the

second sacrificial layer.

21.  The inter-connector formation method as in claim 2, the step of depositing a

20 structure material into the opening of the second sacrificial layer comprising a
step of:

depositing a composite material into the opening of the second

sacrificial layer.

25 22.  The inter-connector formation method as in claim 2, the step of depositing a
structure material into the opening of the second sacrificial layer comprising a
step of:

depositing a nano-material into the opening of the second sacrificial
layer

30

23. The inter-connector formation method as in claim 20, the step of removing the

first sacrificial material to expose the inter-connector comprising a step of:
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24, The inter-connector formation method as in claim 20, further comprising a
5 step of:
coating the inter-connector with a conductive material, the conductive

material being in electrical communication with the signal terminal.

25.  The inter-connector formation method as in claim 24, the step of coating the
10 inter-connector with a conductive method comprising a step of:
coating the inter-connector using a coating method selected from the

group consisting of electroplating and electroless-plating.

26.  An inter-connector formation system for forming an inter-connector for use as
15 an electro-mechanical connector, the inter-connector formation system
comprising:

means for forming a first passage in a first sacrificial layer of a first
sacrificial material, the first sacrificial layer being formed over a portion of a
substrate, the first passage extending from a signal terminal to an opening in

20 the first sacrificial layer, and the signal terminal being formed on the substrate;

means for forming a protrusion over the opening in the first sacrificial
layer, the protrusion being of a second sacrificial material and the second
sacrificial material further extending from the protrusion to the signal
terminal;

25 means for forming a second passage in a second sacrificial layer of the
first sacrificial material, the second sacrificial layer being formed over a
portion of the first sacrificial layer and the protrusion, the second passage
extending from the protrusion to an opening in the second sacrificial layer;

means for removing the second sacrificial material to thereby remove

30 the protrusion and to expose a structure channel extending from the signal
terminal to the opening in the second sacrificial layer, and the structure

channel defining the shape and dimension of the inter-connector; and
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27.  The inter-connector formation system as in claim 26, further comprising the

means for removing the first sacrificial material to expose the inter-connector.

10 28.  An inter-connector formation method for forming an inter-connector for use as
an electro-mechanical connector, the inter-connector formation method
comprising the steps of:

forming a structure channel in a sacrificial layer of a sacrificial
material, the sacrificial layer being formed over a portion of a substrate, the

15 structure channel extending from a signal terminal to an opening in the
sacrificial layer, and the signal terminal being formed on the substrate, and the
structure channel defining the shape and dimension of the inter-connector; and

depositing a structure material into the opening of the sacrificial layer
and thereby filling the structure channel therewith, the structure material

20 taking the shape and dimension of the structure channel to form the inter-
connector extending from the signal terminal to the opening in the sacrificial
layer,

wherein the inter-connector comprises of at least a first elongated
portion and a second elongated portion, one end of the first elongated portion

25 being coincident with one end of the second elongated portion and the first
elongated portion of the inter-connector being substantially perpendicular to

the second elongated portion of the inter-connector.

29.  The inter-connector formation method as in claim 26, further comprising a
30 step of removing the sacrificial material to expose the inter-connector, the
inter-connector having a cantilever configuration and the inter-connector being

resiliently biased and electrically conductive.



