1 A WAFER-LEVEL INTER-CONNECTOR FORMATION METHOD Field Of Invention The present
invention relates generally to an inter-connector formation method. 5 Specifically, the present
invention relates to an inter-connector formation technique for forming an inter-connector for
interconnecting two electronic components. Background Inter-connectors are typically used for
interconnecting electronic components, for 10 example, devices on circuit boards or circuits on
integrated circuit chips. The inter connectors may be-further used for interconnecting an integrated

circuit chip and a A¥VREBRtEEN e d hoHs Rt AN EG R Bk ARMAIHEMS Mie TddRRally classified

into at least 15 two broad categories of "relatively permanent" and "readily demountable”. An
example of a "relatively permanent” connector is, for example, a wire bond. The use of a wire bond for
interconnectfri§lBhfefdlR¥erite components requires a contact element or "wire" element to be bonded

on both the gigety L@rﬁompgﬁmﬂsre‘r&teéﬂg&mﬂm #r AL IR{PLTRR PR AARRRAIARHGE electronic

components. 20 An example of a "readily demountable" connector is a rigid contact structure of one
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example of ggf @@ﬁ'ﬂ)ﬁ&%ﬁ‘FPHMBW@@RIF%P?H@&@M%&%NB%@%ﬁFEL{fHHﬁﬁ)ﬁérﬁg.e _eIecFronic
component for connecting to a terminal of another 25 electronic component. The spring-like contact

structure, also known as an inter-connector, generally requires a certain amount of contact force to
effect reliablggrrgestigontact 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-connectBefotaRRASIRYS FEsSRIEHHAMEBHIP o MR GRIRAFEN D AR E I BIG BATPERRT O NENL. 2

10 example, devices on circuit boards or circuits on integrated circuit chips. The inter-
connectors may be further used for interconnecting an integrated circuit chip and a

device.

Interconnections between electronic components are generally classified into at least
15 two broad categories of “relatively permanent” and “readily demountable”. An
example of a “relatively permanent” connector is, for example, a wire bond. The use
of a wire bond for interconnecting two electronic components requires a contact
element or “wire” element to be bonded on both the electronic components. An
“unbonding process” must be used to separate the electronic components.
20
An example of a “readily demountable” connector is a rigid contact structure of one
electronic component for insertion into a resilient socket of another electronic
component. Another example of a “readily demountable” connector is spring-like
contact structure of one electronic component for connecting to a terminal of another

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.



United States Patent No. 6,268,015 by Mathieu describes a method for making such an
inter-connector. In Mathieu, lithographic and planarisation methods were used to "make" the
inter-connectors in segments. The different segments of the inter- connector in Mathieu were
sequentially "stacked" by deposition of a conductive 5 material in a piece-meal manner. Therefore, the
inter-connector in Mathieu is formed from discontinued segments having joints therebetween.

Metallurgically, the joint stress due to S%niri%a pair & inter-connector segments and stress

concentratiol e pbastEaeR Ry re 298l Yy Matinesrdesprbeicr B rehirtoakiRgedttdnical failure
of the inter-gaNRRGIESARMBIIGH-MANIBRURBYRGIARESHINVRHIPRARCHREDHIGHE Qleg §aVity to

make an inter-connector formed from a single physically continuous segment of conductive material.
The cavity dé8effbedthd i $ORNBBIRERVIly $PAVISH RN oﬁéfhiﬁﬂfefﬁ@ cRaRerwatiheditErges

towards the Bigiagabi e CRYDAiETN SRNGERI MGteNaldRerenspites dalckS She cparaing;(Rr partially

filling the cavity in a single step to form the inter-connector. However, the dimension and

cross-sectionderizkea SiRGerBeR! 51a0N8Te didRisiaser hrothisH eSS dMaliiEINs SPEBRistently

controlle_d. "'I?&?Pdfiﬂﬁ_rﬁiﬁaély ?éﬁﬂ%ﬁté‘ H&ﬂﬂd%ﬁfﬂsiﬁﬁmﬂﬁéﬁ?r f\%%ﬁt_]ﬂjldﬁl%?h‘ﬂﬁ’ef‘j’éirﬁo
addressing the foregoing disadvantages of conventional methods for making inter- connectors.

Summary IrPEeSSHHE AR ENRPOAMRI 6B SOMEHRISIREE iSRSt ERS ReSandFRtiaR AichSnector 25

formation meghiad fe fRIFRIs G Soaiat el HeEsRReRi Rt A rdamBldar R AN eaNaRi 6al
inter-connector, the inter-connector formation method comprising the steps of: forming a first passage

in a first sackiflAIEFEPRAAORE: MRERistial material, the first sacrificial layer being formed over a
portiomgf a substrate, the first passage 30 extending from a signal terminal to an opening in the first

sacrificial layer, and the signal terminal beir_lg formed on the substrate; )
Another disclosed invention describes the use of a cavity to make an inter-connector

formed from a single physically continuous segment of conductive material. The
cavity described therein is a concavity having an opening. The cavity inwardly
converges towards the base of the cavity. The conductive material is deposited into

15  the opening for partially filling the cavity in a single step to form the inter-connector.
However, the dimension and cross-sectional thickness formed using the disclosed
method cannot be accurately or consistently controlled.

Hence, this clearly affirms a need for an inter-connector formation method for
20  addressing the foregoing disadvantages of conventional methods for making inter-

connectors.

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;



3 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; forming a second passage in a second sacrificial layer of the first sacrificial 5 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;
removing the second sacrificial material to thereby r@rnpve the protrusion and to expose a structure
channel extending fREMIRSe Bignalrusiaingyeh the cnening iintHae 16rskcaatficiatifleMarialfed, and the

structure chana@l d6ARMENErSHIBCANSAMTII MR IS M aHe ABRGHNaGRTL AFRRSIENA @ structure

material into the opening of the second sacrificial layer and thereby filling the structure channel
therewith, thE/ERecefaniateiamaRmy eHasieheddmh R8BI the structure channel to form the

inter-connector extegiity hosEIRASIRAIHe e dCHRARAENIAgN JhensasRdR A HigIal layer. In

accordance with a second aspect of the invention, there is disclosed an inter- connector formation

system Por foRsiftiRb M eeFIshsrsettie iRl daxes Being forseero R RAHICR Ridha dies sagidiciadr-connector

form_a_tipn SYRigap ﬁﬁ’ﬂnﬂfésﬁﬂ%r%@_iﬁh_,e'%ﬁéi E@E@ﬂﬂ%@eé’gﬁ@k%ﬁﬁ@qm fitstresiitical syl _Of a first
sacrificial material, the first sacrificial layer being formed over a portion of a substrate, the first
passage ext@PRIIHYIHdAeSeOREIRGHIRRI 4885 opening in the first sacrificial layer, and the signal

terminal being formeehepifaa s BSIHALE sAPAADRFORIRIRING TEFeiuRIRDAY BicthRoBRSRINGHR the first
sacrificial layer, 25 the protrusion being of a second sacrificial material and the second sacrificial

material furfReP@RESRIRYY $HBFR CRRNPRAGUSBHRE THRSIGR A IBARIAM AN SRR &'8econd

passage in agerRNAGREERr Rl Ay ah@ibetfiisiuaaiiicial defirAgkhdshapsand gmssHish sryer being
formed over a portion of the first sacrificial layer and the protrusion, the second passage extending
from the proth§didir-connector; and

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

15  from the signal terminal to the opening in the second sacrificial layer.

In accordance with a second aspect of the invention, there is disclosed an inter-
connector formation system for forming an inter-connector for use as an electro-
mechanical connector, the inter-connector formation system 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  toan 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



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 4 opening in the second sacrificial layer, and the structure channel defining the shape and
dimension of the inter-connector; and means for depositing a structure material into the opening of the
second sacrificial layer and thereby filling the structure channel therewith, the structure 5 material
taking the shape and dimension of the structure charfhel to form the inter connector extending from the

signal termirfiieii 1B dbBEnRsganRctsacsdtcdd avsrifbfhtplr oy raceeri e iRk tharehapect of the
invention, thegrg if/HisRRPaS i i@F-cHAcmesiry 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 structiMeaphalRh RS IEAGHACRIIUEIER JPald)iffial thiateprling O fs AgiffeRANEyer being

formed over @ RaTERN PhyaSRAIRGHIE FifiglUrR ChAREGE CHRMENERN TS IeRAktRIRRg! o an

opening in the sacrificial layer, and the si(gnal 15 terminal being formed on the substrate, and the

structuré chavaieriakiing the shapr 28 inersiiopl dhthelineiie shaseebtoafidpediiel a structure
material intodgmaRepingcAting SR ialimaranniacei BB b steciahansmldagrewi the

structure material taking the shape and dimension of the structure channel to form the inter-connector
extending frdtehe 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 beingccoincident with one end of the second elongated portion and

the first elonJhteFPERNGE ¥ ife airtdFe GRPRA LG iR d DERSINIIRES (15 1S8R diRIdME§Eted portion
of the inger- 2onrRBRRAGMBYIGHT RRSS6IPOR f3FnR RFAWRBToNnector 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 structure channel
extending from a signal terminal to an opening in the sacrificial layer, and the signal
15 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 taking the shape
and dimension of the structure channel to form the inter-connector extending from the
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;



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; 5 FIG. 2 shows a front view of an inter-connector formed by the
inter-connector formation method of FIG. 1; FIG. 3 shows a process flow diagram of a step of forming
a structure channel in the 5 inter-connector formation method of FIG. 1; FIG. 4 shows a partial front
sectional view of a substrate with a first sacrificial Iay@r formed in the step of forming a structure
channel in FidG3;218M0155. 8 JHWsviearfapftdntesecamieaivielrares dandhatdprsResifassage
formed in the steR & festiitor SitsIcture channel in FIG. 3; FIG. 6 shows a partial front sectional view
of a substrate with a transitional layer formed in the step of forming a structure channel in FIG. 3; 15
FIG. 7 shows a partial front sectional view of a substrate with a protrusion formed in the step of

forming a strigeture GRAEHIES oW EradtaPh e SEREfAdFRIM SaciARA N @WRhel SHisYate with a

second sacrificial 20 layer formed in the step of forming a structure channel in FIG. 3; FIG. 9 shows a
partial font $MEHERANGRN Hraaliprmabenef §Kechbnd passage formed in the step of forming a
structure channel in FIG. 3; 25 FIG. 10 shows a partial front sectional view of a substrate with a
structure channel formed in the step of formin? a structure channel in FIG. 3; FIG, 11 shows a patrtial

front sectionbl GichsBPWSaPSHUALHRL secierplajarief A bIE Wi rotiinsiercafieizhianpst sacrificial

layer of FIG érindiehstrrsebierminging 3 stucHaheRagIHIG 3. 3; 6

10  FIG. 5 shows a partial front sectional view of a substrate with a first passage formed

in the step of forming a structure channel in FIG. 3;

FIG. 6 shows a partial front sectional view of a substrate with a transitional layer
formed in the step of forming a structure channel in FIG. 3;

15
FIG. 7 shows a partial front sectional view of a substrate with a protrusion formed in

the step of forming a structure channel in FIG. 3;

FIG. 8 shows a partial front sectional view of a substrate with a second sacrificial

20  layer formed in the step of forming a structure channel in FIG. 3;

FIG. 9 shows a partial front sectional view of a substrate with a second passage

formed in the step of forming a structure channel in FIG. 3;

25  FIG. 10 shows a partial front sectional view of a substrate with a structure channel

formed in the step of forming a structure channel in FIG. 3;

FIG. 11 shows a partial front sectional view of a substrate with a seed layer formed
over the protrusion and the first sacrificial layer of FIG. 7 in the step of forming a

30  structure channel in FIG. 3;



FIG. 12 shows a partial front sectional view of the inter-connector of FIG. 2 with a conductive bump
formed on the free end thereof; FIG. 13 shows a partial front sectional view of a substrate with the
structure channel 5 of FIG. 10 being filled with a structure material using a laser deposition device;
FIG. 14 shows a partial front sectional view of a substrate with the structure channel of FIG. 10 being
filled with a structure material using an ink-jet deposition apparatus; 10 FIG. 15 shows a patrtial front
sectional view of a substrate with the structure chanrfel of FIG. 10 being filled with a structure material

using a screEHpridtislPusseRasial fent sectinpdlvienroédhe fin-arRmeaR0pRhlfAtet-doindctor
formation metpal@lvé Hamb #&¢REAIBA dR 386 eRAGHRRRBPdIMent of the invention; 15 FIG. 17 shows a

partial front sectional view of a substrate with a structure channel formed in accordance with the
second embodiment of the inter-connector formation method of FIG. 16; 20 FIG. 18 shows a partial

front sectiong| ieys eha R PRSI WITHREBBHAIBF AN Glo St AitGrilty thegauiligd witihaeptructure

material; FIG. 19 shows a partial front sectional view of an inter-connector formed with a structure
materiaPin aBE6AODRIRE tHiedHEha BrHBUERARR N R 1asBhARRAsHI IEdRdieRition method of
FIG. 16; FIG. 20 shows a partial 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 iftr-chHEASrAPEIE! SO RACHOBBRUIGHIPE BERRSEAYHORRATBIHE AR thereof. 7
Detailed Desgrininn Apcafjaniés RiRAAIalion @it PiamslepsFRgeR SRLpaiNp pirialRmS is

described hereinafter. The invention relates to an inter-connector formation method for forming an
inter-connector, by lithographic techniques. The inter-connector is for use as an 5 electro-mechanical

conneqlgr. ThrselesURIE e MR FORNREIHS Plew of a substrate with the structure channel

of FIG. 10 being filled with a structure material using a screen-printing assembly;

FIG. 16 shows a process flow diagram of an inter-connector formation method of
FIG. 1 according to a second embodiment of the invention;

15
FIG. 17 shows a partial front sectional view of a substrate with a structure channel
formed in accordance with the second embodiment of the inter-connector formation
method of FIG. 16;

20  FIG. 18 shows a partial front sectional view of a substrate with the structure channel
of FIG. 17 being filled with a structure material,

FIG. 19 shows a partial front sectional view of an inter-connector formed with a
structure material in accordance with the second embodiment of the inter-connector
25  formation method of FIG. 16;

FIG. 20 shows a partial 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 inter-connector of FIG. 21 with a

conductive bump being formed on the free-end thereof.



interconnecting electronic components, for example, a semi-conductor device, a memory chip, a chip
carrier or a portion of a semi-conductor wafer. A first embodiment of the invention, an inter-connector
formation method 300, as 10 shown in FIG. 1, comprises of three main steps: forming a structure
channel, filling the structure channel and freeing an inter-connector. The inter-connector formation
method 300 is for forming an inter-connector 60 having a configuration as shown in FIG. 2. 15 With
reference to FIG. 2, the inter-connector 60 extends from a signal terminal 62 formed on a substrate
64. The subQﬁé@é'@hﬁ?@%?Hﬁﬁi@lfbn which integrated-circuits, printed circuits or the like electronic

circuits with genERG §!PAPRRENRER FOFRAHITH- addIRSiagahrRIn & Hroisidrs TRrabiv i of copper

I
(Cu), nickel (Ni) or gold (Au) terminal pads for connecting to one of the contact elements of the
electronic ciRiRE@ETorrhedryantiendghiaate Fyinfiecrtapcontsttah soreehshiaSominbst portion

66a, a beamRqrien @ARRES AYPiPBLIahRS fechRRIHE-FABNREREGhENRIY foteRESs@Rstantially

perpendicular to a mounting face 68 of the substrate 64 to form the post portion 66a, then generally
25 parafel t& @ mBERIARY Gake GHBRGIN: substrite clteifermeaRaiedm pories®obisandor

subsequentlyysrisiainly BREBRMICHRNSRIBRDCRP BRIHMIE6D torfarBiectin divielirg 66¢. The

inter-connector 60 is resiliently biased and electrically conductive for 30 interconnecting an electrical
component &PRIMAEY SHFSARRIB 2358 @ SrRasioB IRLA eI CORAHEIICWABY therebetween. 8 The
inter-connector 60 is formed over the substrate 64 using the inter-connector formation method 300 by
first forming the structure channel in a step 310 of FIG. 1. FIG. 3 shows a process flow diagram of the

step 310 of AAGITEL AMRILRSHT2 Ihe rireaURRifiafal MY/ I ES RIr e SR thetembsiPie?84 by
depositipg adisiaaarificial b cunipristy dravedhinan Brlpataditing shevetireRantelnfaIRigp 330. The

first sacrificial layer 70 is patterned and a portion of the first sacrificial layer 70 is )
the structure channel and freeing an inter-connector. The inter-Connector formation
method 300 is for forming an inter-connector 60 having a configuration as shown in

FIG. 2.

15  With reference to FIG. 2, the inter-connector 60 extends from a signal terminal 62
formed on a substrate 64. The substrate 64 is a panel on which integrated-circuits,
printed circuits or the like electronic circuits with contact elements are formed onto.
The signal terminals 62 are preferably one of copper (Cu), nickel (Ni) or gold (Au)
terminal pads for connecting to one of the contact elements of the electronic circuits

20  formed on the substrate 64.

The inter-connector 60 comprises of a post portion 66a, a beam portion 66b and a tip
portion 66¢. The inter-connector 60 initially extends substantially perpendicular to a
mounting face 68 of the substrate 64 to form the post portion 66a, then generally
25  parallel to the mounting face 68 of the substrate 64 to form the beam portion 66b, and
subsequently, substantially perpendicular to the beam portion 66b to form the tip

structure 66c.

The inter-connector 60 is resiliently biased and electrically conductive for
30 interconnecting an electrical component and the substrate 64 and to enable electrical

communication therebetween.



removed in a step 332 to form a first passage 74 as shown in FIG. 5. The first passage 74 extends
from the signal terminal 62 to an opening 76. The first passage 74 is shaped and dimensioned
according to the shape and dimension of the post portion 66a 10 of the inter-connector 60 of FIG. 2.
In a step 334 of FIG. 3, a second sacrificial material 78 is spin-coated onto the first sacrificial layer 70,
thereby filling the first passage 74 and forming a transitional layer 78 over the first sacrificial layer 70
as shown in FIG. 6. In a step 336, the transitional 153ayer 78 formed by the second sacrificial material

80 is patternEBeaies pRIMBHAT B9 isriRT5I6EnaY ayBE 78BS AR R 4B XPE SBTRFERASIN 82
extending erHPrH&ﬁJH%e?ﬁj@ﬂ”ﬁ@@'d?Wﬁ%tﬁbrﬁﬁ MR dhdRirRISICR 3B6-dNole siep 836, a

portion of the first sacrificial layer 70 is exposed when the portion of the transitional layer 78 is

removed. THe Brotaliowh BPrAGRSHIOWHAIBErAMPAIMEHER AL ThE e dm IWdRfotepeb8f afi the
inter-connecigEHieiAs| insFiSPmde BSeE e saiiiieiablaygr &b izitiie) Jofmedderqistar 338 by

spin- coating the second sacrificial material 80 over the first sacrificial layer 70 and the opening 76 of

the first harReieal &roneé $8e sHBstaiRifRdaanhatonyd 40 filfag thdms 18P chathnel e fiffle second

sacrificial |a%%&ﬁﬁd%lthﬁyel?aﬂ?r@eﬁaﬁ@ﬂw@dpﬁﬁﬂpﬁ FHoWi%nSSFQHQ sastiligialfryar @9de remeved in a
step 340 to form a second passze;%e 86 as _shown in FIG. 9. The second passage 86 extends from the

protrusion 85eHWEIdpEriieg 8820 HAB S RARRAL HAPRANBDF e 3ip HHHiGH BBSMIGhe inter-
connector 6G438FhadirrssAgiisighanaterim1262ne the 5669RY yaCTivialimateHLg0 aseipolymer

based. Each of the first sacrificial material 72 and the second sacrificial material 80 9 has a

degradation YBRAPE AR MERY Aegr aerE e B ahaRs RNEhEITGHT PRI BeRORMEeHIgTE66a

polymempbasgereattsiat sled@eeso by thgsinter-connector formation method 200, the degradation
temperature of the first sacrificial material 72 is higher than the degradation temperature of the second

sacrificial material 80. Preferably, the
In a step 334 of FIG. 3, a second sacrificial material 78 is spin-coated onto the first

sacrificial layer 70, thereby filling the first passage 74 and forming a transitional layer
78 over the first sacrificial layer 70 as shown in FIG. 6. In a step 336, the transitional
15 layer 78 formed by the second sacrificial material 80 is patterned and a portion of the
transitional layer 78 is removed to expose a protrusion 82 extending from the first
sacrificial layer 70, as shown in FIG. 7, in a step 336. In the step 336, a portion of the
first sacrificial layer 70 is exposed when the portion of the transitional layer 78 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



5 degradation temperature of each of the first and second sacrificial materials 72/80 is 400 C and 200
C respectively. In the step 310, the substrate 64 is heat-treated at a temperature of generally 200 C in
a step 342. At 200C, which is the degradation temperature of the second sacrificial 10 material 80, the
second sacrificial material 80 degrades to expose the structure channel 90, as shown in FIG. 10, and
thereby completing the step 310. In a step 312 of FIG. 1, a structure material 92 is deposited into the
structure channel 90 through the opening 88. The stfucture material 92 is deposited using a suitable

15 depositioRa&énfrglasiatiemieaPessbie: ddpestesrriaian) lepaaaiye pesitoreaA didetdiess plating.
The structurg,mieieraldf 1h & BatdaatiieARPYSIMBRNd AR i raRN RE® PisaRRRI MetRlAlloy or the

like electricalléoconductlve material. When electroplating is employed as the deposition technique, in

the step 3122@0sEde0rrdptionderaretathee ol e d bt 3¢ hisiatdnpigsishde whigRsFrian ifehe step
332. The segdhiansti it emSaratife of e 1 dedSHOMRRARGIAVHRR fiESt SOCTIfiSiatdaysty, 7thwith the

seed layer 94 extending over the signal terminal 62. Electroplating requires the structure material 92,

for example #fokdatgpiemraspafe oeaeadith, RN epandsaeE fikaloRdadpuiRE Ut ticture

material, to be@rpligd Q@@»éqggbg&ﬁ,ggmmercially available bath or solution. Therefore in the step
312, a current is applied between an anode (not shown) on the signal terminal 62, thereby creating

negative charge build-up on the signal terminal 62. The negative charge build-up causes metal ions

from the eleyiapialigg spluion BRRESNTEHSR 1> A0 PR AR AGERERIRPAREENG the nickel

cobalt structure mat onto the signal terminal 62 and filling the structure cha 0 in the process.
10 The struetsteprdéierial 30€potitet in the dtepdiretempesfucnoitibesignandesaiifatia?2 to the

opening.88 . rfici 2rial 80 tep. 314 of FIG, 1, the inter-c r 60 is freed
from thgeofirs?@%%?riﬁgigp@ ﬁez%égg %ﬁé@aﬁtr@;@ﬁ%@ tﬁéebfiﬁ}selgggog%fié?aleﬁlﬁaage%a?ﬁ 92% gp g emperature of
generally 400@nAelAI0ES shbigh is HE deyrenthtienetantpenalieiregohthgdir SLO.

In a step 312 of FIG. 1, a structure material 92 is deposited into the structure channel
90 through the opening 88. The structure material 92 is deposited using a suitable
15  deposition technique chemical vapour deposition (CVD), sputter deposition, and
electroless plating. The structure material 92 is electrically conductive and is

preferably one of copper, nickel alloy or the like electrically conductive material.

When electroplating is employed as the deposition technique, in the step 312, a seed
20  layer 94 has to be formed below the first passage 74 is formed in the step 332. The
seed layer 94, as shown in FIG. 11, is formed below the first sacrificial layer 70 with

the seed layer 94 extending over the signal terminal 62.

Electroplating requires the structure material 92, for example nickel, copper, cobalt,
25  palladium, nickel cobalt or the like electroplating structure material, to be applied in a
form of a commercially available bath or solution. Therefore in the step 312, a
current is applied between an anode (not shown) on the signal terminal 62, thereby
creating negative charge build-up on the signal terminal 62. The negative charge
build-up causes metal ions from the electroplating solution to be reduced to its
30  metallic state and hence, depositing the nickel cobalt structure material onto the signal

terminal 62 and filling the structure channel 90 in the process.



sacrificial material 72, the first sacrificial material degrades to expose the inter- connector as shown in
FIG. 2. 10 Further in the step 312, a bump 96 can be one of electroplated or deposited onto a free
end 98 of the inter-connector 60. The bump 96 is electrically conductive. Following the formation of
the bump 96, the step 314 exposes the inter-connector 60 as shown in FIG. 12. 15 In the step 312,
various methods can be employed for depositing the structure material 92 into the structure channel
90. A laser processing technique, as shown in FIG. 18, canbe employed in the step 312 for

depositing thENStptie&iksenRatEi 92 depasHetdein bes sare3ddicRrients trmsthectisreabiAHBr00. The
laser procesging, igehyyaniadBEPiaR!YeE5NRISYG ik A YR HHNdeSIng a laser-based device 104. 20

Alternatively, an ink-jet deposition apparatus 106, as shown in FIG. 14, can be used for depositing the
structure material 92 into the structure channel 90. Besides using the ink-deposition apparatus, a

screen-printing fegapiade GRS eMRIQY GetéR LORRIGRr SE2isT RRRLCREM RIS lestiRyA uses a

screen-grinting apparatus 110 for directing 25 and thereby depos_iting} the structure material 92 into the
structure chaPiieNiab &5 BndwatiReaig 18ealistsasr KitisbdnnsREbf theaingeRioREraiiftéf-connector

formation meeeki50.8p-eowRy IV IQRAMRIISRS ALIRMIAEHN SIRpe IR0 IoR Mk frst
inter-connector 200: 30 forming a structure channel, filling the structure channel, releasing an
inter-connecta¢réieiadi aagrink fdietieofirdcose fistabasiapabrisarasietide RXBesSpstRRLANEI2 and 314
11 describeghinhtheftst ShRsimeat of the invention with reference to FIG. 1 are incorporated herein
as steps 360, 362 and 364 respectively. In the step 360, a structure channel 120 is formed in a first
sacrificial layer 122 and a 5 second sacrificial layer 124 as shown in FIG. 17. Both the first sacrificial

layer 123 andh e Spanediepiiciablavgrobddmir Mieadiserdadtet seqeliirbaaitsialdkes. The
structure channel 120 extends from a signal terminal 128 to an opening 130, with ]

end 98 of the inter-connector 60. The bump 96 is electrically conductive. Following

the formation of the bump 96, the step 314 exposes the inter-connector 60 as shown in

FIG. 12.

15  Inthe step 312, various methods can be employed for depositing the structure material
92 into the structure channel 90. A laser processing technique, as shown in FIG. 13,
can be employed in the step 312 for depositing the structure material 92, a high
temperature solder, into the structure channel 90. The laser processing technique is
typically employed in a vacuum using a laser-based device 104.

20
Alternatively, an ink-jet deposition apparatus 106, as shown in FIG. 14, can be used
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



the signal terminal 128 being formed on a substrate 132. 10 Following the step 360, the structure
channel 120 is filled with a structure material 134 in a step 362 as shown in FIG. 18. Each of the
structure material 134 and the first sacrificial material 126 has a degradation temperature with the
degradation temperature of the structure material 134 being higher than the degradation temperature
of the first sacrificial material 126. 15 In the step 364 of FIG. 16, the inter-connector 200 is freed from
the first sacrificial material 126 by heat-treating the filst sacrificial layer 124 and the second sacrificial

layer 126 at #8eCHEBfalhiBR i pRirhedEmsninefrifae SavARERN wale HaferseceTke fits: daéfficial
material 126;qe4 &%cﬁﬁ@r@hﬁ%‘ﬁ%‘s@@%@‘cﬁﬁﬁ 32 altgetwppaterial 134 20 and therefore the
- 19. The structure materialq'

inter-connector 200 as shown in Fl 34 is preferably polymer-based and
having polymeric and structural properties to impart biased resiliency to the inter-connector 200.

Alternatively|pf Qfed 8801RCSHGCRIGHANR A PRROFORNE I ISHSEShaTHbBRISKYS U Znanaterial 134.

The nano-material, for example nano-copper, is used for its enhanced mechanical properties.

FollowirRy théesri)dl saerificial lfaecdAnestshann is BlsetddplBethving firg saeidficialtayar 138 in a step
366 as showphinthdGedhd iR mirtinoiaterial 136tated RO SHredpiRTcPAMeEiea 208 is

electrically conductive and in electrical communication with the signal terminal 128. 12 Further in the

step 366, a HUIRBALEEEANBBENGHA S RIEARSHIRIB & SIAT8bIsSTUReh AL 40 ABORGINGAB B HEN
inter-conneciqs ZgRalkBAvEN P2BARIREIEARERHY £omsiisiivastn the second embodiment of the

inter-connector formation method 350, the inter- connector 200 formed from both the structure material
134 and the plating material 5 136. This enables both the structure material 134 and the plating

materiqb136|:t@| I&ﬁfﬁ@rm@ eepupied tﬂ@@ﬁ&&% MY iﬁhéhﬁ&ﬂl@@“i‘ﬁeﬁ'ﬂ‘@i%ﬁ‘h Ja?_’étr@@l‘ﬁ@iﬁﬁhféﬁaﬁtru ctural
SO N D Stop 555 s Shown ih PG 18, Each of ther SucturS material 134 and the firs
sacrificial material 126 has a degradation temperature with the degradation
temperature of the structure material 134 being higher than the degradation
temperature of the first sacrificial material 126.
15
In the step 364 of FIG. 16, the inter-connector 200 is freed from the first sacrificial
material 126 by heat-treating the first sacrificial layer 124 and the second sacrificial
layer 126 at the degradation temperature of the first sacrificial material 126. The first
sacrificial material 126 degrades after heat treatment to free the structure material 134

20 and therefore the inter-connector 200 as shown in FIG. 19.

The structure material 134 is preferably polymer-based and having polymeric and
structural properties to impart biased resiliency to the inter-connector 200.
Alternatively, one of a composite material or a nano-material is used as the structure
25  material 134. The nano-material, for example nano-copper, is used for its enhanced

mechanical properties.

Following the step 364, the inter-connector 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.



conductivity. By using the polymer-based structure material 134, the need and dependency on metals
for producing inter-connectors 200 are substantially reduced. 10 In the foregoing manner, an
inter-connector formation method for forming an inter- connector for use as an electro-mechanical
inter-connector is described according to two embodiments of the invention for addressing the
foregoing disadvantages of conventional methods for forming inter-connectors. Although only two
embodiments 15 of the invention is disclosed, it will bé apparent to one skilled in the art in view of this

disclosure tHHHNEIS0E TRERGEs aky/BP hitifrmRePeanbelerteriattth6u0aRRHIRHhE M the scope
and spirit of {3e iByeREeHT 13e SHRIMSAneL b BT CaRBeRIRL Im AR MRUIRAIMIAHTET BN

inter-connector for use as an electro-mechanical connector, the inter-connéctor formation method

comprising tH stepef-eaRaMmRIE AfsthsabiggeaRnaaiRst tymaticnl motog 8tkstRadhtRal material,
the first sacrfifiabiaesReigfrMeshPyeiRO AL R & SHRSERIE34hRJIERE RASEAY RRYEARMING from a

signal terminal to an opening in the first sacrificial layer, and the signal terminal being formed on the

substrate; fotsfing B [sr eI RAIB thee SHMEHIFRy Matpdafirk84 206 ERS PASERI theataiiph AtRutdon being of
a second sagkifieith MELEHIAEANTIHERoREAONS BRCKHiGHrARERM MRS SWERgIRg amLthryprotrusion

to the signal terminal; forming a second passage in a second sacrificial layer of the first _sacrificial

material, theS4BBBHda8sciesar dpeklisBRg 3BAMBE RlatiRgpaaisHdr 1Be mavddingriciectssal and the

protrusion, t'&@n%ﬁ!éﬂﬂﬂﬁasBﬁgﬁsﬂ%@eﬂ@%fWr—Eﬁs%e RO AOMERARI OPRNINAd ik S@fPnd
sacrificial layer; removing the second sacrificial material to thereby remove the protrusion and to

expose a stritRERSEIAREMEIREPne A8 1R REd LRI FRANRE R B dFeSHBYAMNRHY fheussEond sacrificial
layer, gipd the structure

In the foregoing manner, an inter-connector formation method for forming an inter-
connector for use as an electro-mechanical inter-connector is described according to
two embodiments of the invention for addressing the foregoing disadvantages of
conventional methods for forming inter-connectors. Although only two embodiments

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 modification can be made without departing
from the scope and spirit of the invention.



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. ¥Re inter-connector formation method as in claim
1, the step oﬂéfmﬁng a first 30 passage in a first sacrificial layer comprising the steps of: coating a

portion of a qurfaceqf fheSHiERIS iR ArsleRRsd fsiabrmaig dalielopah et frsbpassifsial layer; 14

patterning the first sacrificial layer to define the opening in the first sacrificial layer; and removing a
portion of the first stltrifileeiraptactaningh trRMIESI0padb8gdNiteCARNepEs s JgEMBkRDsi N HI@fbrtion of the
signal terminal. 5 4.J8/{Bicg-#RYIGEFformation method as in claim 1, the step of forming a
protrusion over the openintigﬂ of the first sacrificial layer comprising the steps of: coatin% a portion of a

surface f the first sacrificf TBYSr diisinRassaosdfon dist GiEHF IRlakeyp efng THetsBy i the first

passage Wi_th the S‘ﬁ%@ﬂaﬁﬁﬁéiﬁﬁiﬁ' s{&@ﬁ%?&l%ﬁ@%@nﬁ?%ﬁiﬁéﬂ]@bﬁw 'cﬂﬁHﬁWrwsmﬁtP’éﬁé‘,Sition?“
layer to define the protrusion; and removing a portion of the transitional layer to form the protrusion

and expose a portit§ & th@3RR0sR¥BEAINGFEYM S signal terminal to an opening in the first
sacrificial layer, and the signal terminal being formed on the substrate;

forming a protrusion over the opening in the first sacrificial layer, the
10 protrusion being of a second sacrificial material and the second sacrificial
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;



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 Q{@P of forming a first passage in a first sacrificial
layer of a first sacrificial mateiiRiniipadities saciidisist: iavsvitardetie ths aBRRNGIAN i dHal for the first
sacrificial layer, thes30;fjEpi19agElfiGiay material being polymer-based and having a degradation
temperature. 15 7. The inter-connector formation method as in claim 6, the step of forming a
protrusion over opening of IRAEIEAcRAEINaYE NS JUilirgeHE dak drvesderifiRim ahstdiral for forming

the protrusion, the second ﬁ@%iﬁ@iﬁégg‘@@%mﬁ%wﬁmﬁbbmgﬁﬁﬂ@ﬁmﬁ&]_a degradation 5

temperature. 8. The inter-connector formation method as in claim 7, the step of providing the second
sacrifici@l material comprising a step of: providing the second sacrificial material with the degradation

10 temperatyre thefigpf Pﬁéfﬂ%é‘ﬁﬁ&%h%rmﬁti%gﬁ?@ﬁg@%emWﬁHJﬁ? _ﬂfe”!s@eﬁr%tf W‘Fﬁ'ﬂ?@ad _m_aterial. 9.
The inter-connector formation method as in claim 8, the step of removing the second sacrificial

material to expose BISHURIRITO¥aRRePRYUMHSH_INY & [ikdsagrificial layer Comprising the steps
of:

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.



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 b conductive and formed over the signal
terminal. 127 The ift&#-HaRECRDESH MERIBRINBIMRINES iAscifiHalm thetlReepierr BEHORTAY & structure

material into the opeRipgRfieaesRRthaasrticiAraQmPIRiNg RyieP 30 of: electro-plating the structure

channel with the structure material by initiating a charge build-up on the si%nal terminal. 16 13. The
inter-connector formation RIEYHAAGEMSERIRY SacrBicipd retardah e RBYitae PaekHeian nerial to

expose the inter-CopRBRSGAMRIEINAR AP ind G FREUBSSEC AP RRGH i%b@_%ﬁ‘&%ﬁﬁbﬁt the
i

degradation temperature thereof, the first sacrificial material and the second sacrificial material being
5 polym('_ér-based atfR"PeE WEthe 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 ifclaim TheriBtekseHedepfimRd e sneitereniaelinifidinstepShiRpwiding fecond

sacrificial layer to Qe {1StHieicRIRNAEHR comprisingAslgpfof: forming a resiliently biased
inter-connector. 15 15. The inter-connector formation method as in claim 1, the step of depositing a

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.



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 inte_r-conneéﬁ)r formation method as in claim 16, further
comprising astep dhadRRMEPRNESHITOITaMRNIAIIRE el &hiBrindentannisaiawingdoers. The

inter-connector formpaanmAtachRteliaf Rk ddsd it SHEr QOIERIIOBniHkE BkeptBP comprising the
steps of: 17 plating a conductive material onto the free end of the inter-connector; and removing a
portion of the conductive MeREHERtOISHR finet satificial materipl At the dessasations @TBARKRHENnector. 5

19. The inter-connggipe Sprinatipdtosthadias iaeiaimahd it Sed md deRPRIAoRatsHAIChdRgNaterial into

the opening of the second sacrificial layer to form the inter-connector comprising a step of: depositing

a struct@re materiaPRREMHEEh R Sogte elbSnirst @rdspeensl sageficishEaiiEal JaublY Mmethod

_selected from the gﬂgﬁ_ﬁ%fb‘ﬂswﬁpé}falaﬁér WepRTiHioRe i I%gﬁﬁlﬁ’sﬂ'&iﬁ%é}‘ﬁ'@r%c'@eﬂw@rmﬁﬁg- 20. The
inter-connector formation method as in claim 2, the step of depositing a structure material into the

opening of the secSAerSkdafieialadpkbischiaptisifgnathe 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:



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 ir]té7the opening of the second sacrificial layer. 30
23. The inter-connector foPWEHAS FeAABeHINE MMateainh QUotHe Jiep end<thd R EReoMRCidiGrificial
material to expose gag inter-connector comprising a step of: 18 removing the first sacrificial material to

expose a resiliently biased inter-connector. 24. The inter-connector formation method as in claim 20,
further comprising a 5 stef§"BP\BMROINE Hreé e ARRUH veitmasi da dere thstepadugid/eonductive

material being in elggfhigalirOMIDERNCEEIPR Wikt b signs! 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

?'eCtrOplaﬂ“QQ@nd etegtiplessorite: ?&nﬁﬂdﬁtﬁfeﬂﬂfm%li‘ﬁr5%%%!%@)@6%@!@6@5&]@@”
inter-connector for use as 15 an electro-mechanical connector, the inter-connector formation system
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:



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 f_o_rmi% a second passage in a second sacrificial layer
of the first sacrificial mateigaIOMIBIs Bt AHSE A fiEialabRF eddhdFRKROsE0d e ligBHIoR BT first
sacrificial layer and; g REkESioN. 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 sagrificiphiaygeraafibaatHEHER oARRERIARENINGI Strnemng dmanrion of the

inter-connector; and 19 means for depositing a structure material into the opening of the second
sacrificial layer andsfﬁ%l‘?ifby filling the structure channel therewith, the structure material taking the

shap_e and dimensio_n Of_ “&%a‘ﬂﬁécfHéqrﬁ@ﬁ@@ﬁﬂé@toﬁoﬁmﬂhﬁdéﬁ%ﬁwmﬁﬁf@ﬂﬁ%tﬁﬁcﬁﬂﬁdclﬁ@_m/éhe signal
terminal to the operélg%ln 5 the second sacrificial layer. 27. The inter-connector formation system as

in claim 26, further CERPASRNE SHRcHicatGoramgURA o R sitnakierRiftial 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 stréfture ERAMHHBI-FPANSSINAQENAIAL Beked afiklaim 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



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 extendiflg from the signal terminal to the opening in the
sacrificial layer, wherein th83Rse foHRRRIBINGoMPHHEEIET dnaie&dlainiet 1 rRRARIAYPBHIBIE and a

second elongated REEUAR.saRGRI4 PlykICaHESHRIGBYFAThE AW £RIRCEMAFRINFERNWIhene end of

the second elongated portion and the first elongated portion of the inter-connector being perpendicular

to the second elongf&#etisortRIArt dakingdhe Shrrafnd soMetron Rl e riBeF§aaIRNhethod as in
claim 26, further coppRAIHIDiReARSHRECRTEXENING heraanb iimamBrRTIRARCHHRAS RSy in

inter-connector, the inter-connector having a cantilever configuration and the inter-connector being
resilient® biased ateSREARE ARG Hilalladoe. 20 A WAFER-LEVEL INTER-CONNECTOR
FORMATION METHOD Abstract Inter-connectors are typically used for interconnecting electronic
components. 5 Interconnections between electronic components are generally classified into at least

two broad cakbgoridd®fiMeIRRMBIGCRIOEMBHE P BRR NI/ ABLAGAHIE TS cRaRigINgHBuntable”

connector includes A« Rer KM SANERHSHIKEUARI AL RN thRECRY RN SOSB R BE TRb AREHISEHNg to a
terminal of another electronic component. The spring-like contact structure, also known as an

inter-connector, generally requires 10 a certain amount of contact force to effect reliable pressure

contac ¢o a ggyminal ofmer-elpEEeBicrenmRRNeNEAdEISToseming shaneramreeis kydysehihe

inter-connector are ) . .
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 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.



important factors in determining the effectiveness of the inter-connector for making pressure
connection to a terminal of the electronic component. Conventional methods of making such an
inter-connector use lithographic and planarisation methods to 15 "make" the inter-connectors in
segments. This results in the inter-connector segments having joints therebetween. Metallurgically,
the joint stress due to joining a pair of inter-connector segments and stress concentration at the joints
due forces applied to the inter-connector can lead t8%e mechanical failure of the inter-connector in
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for forming a structure channel defining the shape and dimension of an inter-connector. The structure
channel is then used to "mold" a reproduction of the inter-connector having a single continuous
physical segfM&ttags Figure 1. 30

Inter-connectors are typically used for interconnecting electronic components.

5 Interconnections between electronic components are generally classified into at least
two broad categories of “relatively permanent” and “readily demountable”. A
“readily demountable” connector includes a spring-like contact structure of one
electronic component for connecting to a terminal of another electronic component.

The spring-like contact structure, also known as an inter-connector, generally requires

10  acertain 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
important factors in determining the effectiveness of the inter-connector for making
pressure connection to a terminal of the electronic component. Conventional methods

of making such an inter-connector use lithographic and planarisation methods to

15  “make” the inter-connectors in segments. This results in the inter-connector segments
having joints therebetween. Metallurgically, the joint stress due to joining a pair of
inter-connector segments and stress concentration at the joints due forces applied to

the inter-connector can lead to the mechanical failure of the inter-connector in
Mathieu. An embodiment of the invention uses lithographic techniques and heat

20  treatment methods for forming a structure channel defining the shape and dimension
of an inter-connector. The structure channel is then used to “mold” a reproduction of

the inter-connector having a single continuous physical segment.

25
Figure 1.
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