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

electronic coPRPEEAl YotiissRiRRSAt Y AN I8IAt e ER NN AR ESIGEFE AL IBEHHAYE Another

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-connectBefotaRRASIYS FiesSRIEHbANERH oI fo MRS GRIRGFHAT D IS E IR BARPOARTSONENL. 2 United
States fratenhdiapfe 268285 By Mathiabsessibarcaimehatdgratealdneusuehips. 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.



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 joining a pair of inter-connector segments and stress
concentration at the joints due forces applied to the fhter-connector can lead to the mechanical failure

of the inter-E8HIRECRRAS BRIENEN016 A0 EHSY RisMadteLisipeshiens dodei sk faremadnss selvity to
make an intei;GARNGHRFefIMad phaR SiNgR ayRicaltGAAHARR SPHTRI Ah&ensteative material.

The cavity described therein is a concavity having an o_Penln . The cavity inwardly converges
towards the b&akeof the dAPfEONARCEY R AU (FPE Meaterial igeSihiderRsd ﬁﬂgﬁl@%éﬁ)ﬁ@ﬁirﬁ@t?&r partially

filling the caydyBRopIg IR /RiGRIP FE YagUBkRIERPResIREd RV KEbs IS RN HRAE Ve

cross-sectional thickness formed using the discloSed method cannot be accurately or consistently

controlldd. HBAEEIMH LRI BEHAANSEed MEFeiPr fnibe diRHECRAERSRFIRIYAtHBMS daspedo
addressing thgfPmainarisadvanaaehalisgsnionatdpethess fanmakingidalsy- gRNpRELOrS.

Summary In accordance with a first aspect of the invention, there is disclosed an inter-connector 25

formation mé&tFs8 4 fSriRIRYG ek B S TriRRARSSHTOUP OIS AN 2585 eRachDlTHivhahibal

inter-.connec}.@?h@@m%rr@%m f@fﬁ@ﬁiﬂ@r%@ﬁh@@t@@&&ﬁriﬁmtwﬂléﬁ@éb%ﬁ i_cf&lr'ﬂé\mﬁ@cﬁ* St passage
in a first sacrificial layer of a first sacrificial material, the first sacrificial layer being formed over a

portion of a $UHEHSHCOMMEFIRSIPAIaHHRY 30 extending from a signal terminal to an opening in the first
sacrificjgl layer, and the signal terminal being formed on the substrate; 3 forming a protrusion over

the opening in the first sacrificial layer, the . .
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;



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 remove the protrusion and
to expose a structure channel extending from the sig%a_l terminal to the opening in the 10 second
sacrificial layer, andQHBIRg L tOFEIE¥PM D \REfiHIRg RN EKA IR dRel dirflesarsiisRlHaypkert®dnnector;

and depositigehi aisICER NEF 8Bk R FRERINALINE 8RERE saeiiiciakiayeil angihareby filling

the structure channel therewith, the structure material taking the shape and dimension of the structure
channel to fdbfheleeiieadtshiiaBt dheREtEMRY tostheotoaab BIgHARKerminal to the opening in the second

sacrificial layer. In 3gRAfAGRCSVIHY PSR3GBTIRARRELAT bR IMHERtRDIEr oS Aisciareriainter-

connector formation system for forming an inter-connector for use as an electro- mechanical

connectdr, theafREELJHASeCBH RATHESGHN BySIdRicafopmsthgveirRRAINs R s Aigpactifigidhssage in a

first sacrificiq&)l,@y_q;ngf @]éirﬁﬁ&ﬁﬁiiﬂﬁjaﬂhénget@diﬁj, Hagasgk]r,gt @ﬁ_@ﬂgmgl frar tlﬁ@_i@gd@ﬂg;g,q gy%a_po_rtion of
a substrate, the first passage extending from a signal terminal to an opening in the first sacrificial
layer, and t@IHRENEIAIRCIHERE THF8bIR the substrate; means for forming a protrusion over the

opening in th? first F@ﬁ@)ﬁﬁié‘tl@’%@ﬁé Eﬁéﬁfgﬁﬂﬁi&@r%if&tﬁé@lﬁ?@ﬁg\é%@'fb?@rﬁﬁﬂiﬁ%band the
second sacrificial material further extending from the protrusion to the signal terminal; means for

forming a setloRPPRHGHIE Shaprel sxianring g tes aignatderaupriQdna2reniag iRdhécond

sacrificigl laygeseingdarmianigys anaariofrotife Brahrraedfipitdayesaid Hhe BIRkHsigMothe second
passage extending from the protrusion 30 to an opening in the second sacrificial layer; means for

removing thé"§dBEHFeBReRiErPRfAterial to thereby remove the protrusion and to expose a structure
channel extending ffgibsifiaBRdEaireirRtEAaNtto 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



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 channel to form the inter connector extending from the signal
terminal to the opening in the second sacrificial layer. In accordance with a third aspect of the

invention, there is disclosed an inter- 10 connector fdtmation method for forming an inter-connector for
use as an eleBAHNenECHENFeaPRS PRt alHaYRierh Hite b tureneirnneh et BuNSothH §BARS the steps

of: forming a;aHHMERsFIIPONELIThRsaerfisiadlaygy 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 sacrifefs|dperdapRp ISRy SHIUEE 8 rmAaTI B GO ht P H B 0 uthSHERe0Mhd the

structure chapgeigiiing@thamahdRf RN H liRE RRIORRLINR IRIRnRENRRGENIRNIHAC ARSI a structure

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

structur@ maRaialighiadngdsnisee and ditmensiom of the giiitiPetbRARMcadTBIRAdNEr-connector

_extending fr%%ﬁé@t&%ﬁ&ﬁ@h?fmiﬂ%@s‘iﬁﬁﬂ@%‘ﬁ\%irté"t_ﬁeséﬁémﬁi@h@Ws%ﬁbe!ﬁéhﬁcial_
inter-connector comprises of at least a first elongated portion and a second elongated portion, one

end of the fir'éb’é‘ongated 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 Descrgation Of The Drawings Embodiments of the invention are

described hdFeifzAEHaNRR MikrehdBITS BPeRIIBIVIIG dPYRAINGS, ithRIRidR: 369t988d1 ahe a process
flow diagramy e ioHaoaARIGE tRictABN P TENAIAGN 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 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;



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 layer formed in the step of forming a
structure channel in FIG. 3; 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 viell&f 2 stii9vaie {TRA aviph Mokl IFEEORIEREY ifeiRedtdy dhtoimiFanseti®iure channel
in FIG. 3; 15h5GatfoahAdyeoa BREid fiont 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 parkgGirgriBarignRbXSYRIR &H?ﬁﬁ@t@f‘ﬂi%ﬁ BEFORAIRRESAAR iPEBRShHR KR Siep of

forming a structure channel in FIG. 3; 25 FIG. 10 shows a partial front sectional view of a substrate
with a sfuctilFfecRamfsoflorBatiAnmedies offfdeming 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; 6 FIG. 12 shows a

partial front $a&idheiMER BerHalifier ssaiieaby et asyhHate syt adie: BGRfciBlia¥Eron the free

end thereof; fo{ped $nsihe W RdtatiMiig atstecigrandeNegha-fgbstrate 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
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;



of FIG. 10 being filled with a structure material using an ink-jet deposition apparatus; 10 FIG. 15
shows a partial front sectional view 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 interfconnector formation method of FIG. 16; 20 FIG.

18 shows a pArialdretweatiprraeliERNeBecHanatratehthse RigUeaiveeetoaidr 1 Riwith 2being filled
with a structdgg dnaieedumlFolRehayvb ey tialfiqnksectional 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 [RAESIghA/YW RIASOAVINE REBHAOVIRAIIAL ABStAE: Flien 2e SheieiR RAERARITON

sectional view of the inter-connector of FIG. 21 with a conductive bump being formed on the free-end
thereof. 57 Det&il&n HeringtiicAw dhi et Hepresmatatiahumeeb e dpgrdideidemieeioregoing

problems 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-mechdffichf SHAKS@RRTRLTERBERRRHvBahMIRRaPEBHBEHREYER TRRTEBAHER 6RaNBR ctronic

componentsgfq qumﬁé%gifﬁ%ivﬂ‘ﬂﬁ‘%ﬁi%t%vﬂﬁﬁeﬁamﬁm@@h ¢ﬁ@je@d@”ﬂ@sﬁ%ﬂ%9&rﬁt9§,mon 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

structuig changelianghre NaAnaNtRIHEQBERSHAN vIEW HeseRsiRes WitFriRRaliaR tiRe Ao is for

forming an inter-connector 60 havir]g]a configuration as shown in o
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.



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
substantiallyRftadeHdRas-T RSN mounting face 68 of the substrate 64 to form the post portion 66a,

then generaanéoR%W&Jré@em”ﬁtmﬁ%'tﬂgﬁlﬁ? SRIRSS Uy SHRSSRIG LBt IEE §sagagriBedtion 66D,

and subsequently, substantially perpendicular to the beam portion 66b to form the tip structure 66c.
The inter-coRREH8E0 iﬁééﬂ}éﬂﬁﬂ@%r&é@%éﬁ@%F@&QFT&QWQS—‘&W&%H\%‘%r”@@‘ﬁﬂéﬂf&ﬁﬁ@ﬁimg an

electrical cogpaientarlbihs SHPFHIRIGradh eEpRRaEe qiRCtital RRvRYniRafRrItae e hRtween. 8

The inter-connector 60 is formed over the substrate 64 using the inter-connector formation method

300 by frst RIRITRTSENSMIfdureceRBERtRT-in a sIBB 3RleskRi@echanifel 3 CHBREY préced8flow
diagram of thestemRdkeins RiGetiorlit tRErmERRY. RofirsksanficiaklayrEdiRiiRimaediques the

substrate 64 by depositing a first sacrificial 5 material 72 over the substrate 64, as shown in FIG. 4, in
a step 330. THIMAM CEER AP GRFEETr 8 PRItISMBtR8E LG AHSHOs MR irst sacrificial layer 70 is
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 tohH'Eh&BDeHaithEh4(Sn IBY REPoHBHEST BB CIY dPERBURIEMESHRR AR 6% of FIG. 2.
In a stap 334 Gn #16 Secestprresfisiahmatarm d8ds JBimAmptesteBiorthenirseisanlifigial layer 70,

thereby filling the first passage 74 and forming a transitional layer 78 over the first sacrificial layer 70

as shown in BESIICIHI gt@ﬁr@é@’ngjgg%p%i%nger-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.



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 andthe iBis&rspRNeE T 9% iirdPeReth Rver Ahgishpisate &hysing rihigid NRataRargQilling the 25

first channelfmJtiehSaetid Saer Wﬁ?éﬁ?’@ﬁnﬂﬁd%ﬁ@%ﬂtﬂﬁgﬁ BRshABIR Q@(éi@@%ﬁ Higr1gscend

sacrificial layer 82 is removed in a Step 340 to form a second passage 86 as shown in FIG. 9. The
second pasdai§e 86MOWERR 9ESA tHvrieraibafghastem 34 shinkPss. altthriieRaEPabErahd
dimension ofshariRaPQEyeR ASGOShRBIFANSGHRISR: 89 Bhaidistisne idrbmatsrialif2 and the

second sacrificial material 80 are polymer based. Each of the T¥rst sacrificial material 72 and the

second 2acrelalitafériaygotbe b drasyPdd Mo WMApEY dilfre. 4 degitRiad0n tdipdisture is the

temperatureszabrm[aigh Iﬁ‘;ﬁ‘epoﬂﬁméﬂpﬁ%ﬁfwnﬁﬁfﬁia' H%f&@?ﬁ-_iﬁéhﬁéﬂt%&m&’i‘zﬂci derapation n_1ethod
200, the degradation temperature of the first sacrificial material 72 is higher than the degradation

temperature'8MAdR GriieRa3 AP HnfHE 8853BBEéFASI NN dTieliPadatldls fHisiResseGke of each of

the first and econchaaqrdieiahaighialse (iRl 182404 8pshall 16.resReqtielyadsatite #fap 310, the
substrate 64 is heat-treated at a temperature of generally 200 C in _a steg 342. At 200C, which is the

degradation YBRAPE ARY ABERRORRL AP HRAIfR HIe $0PRSABHATBENTHD SE bR ASABSHEA Blaterial 80

degradgs to gpipRSRiENe Stntetdresochpnel 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 structure material 92 is deposited using a suitable
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



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. %Iectroplating requires the structure material 92,

for example Piéke1de@apaliopols At FaIlabintearakalieniameeratar ks dnecteameinty tlicture
material, to Rg,ppplirchElyAnéeriasel %@Eﬂﬁ?%@d%ﬁ’eﬁv?ﬂ%&qrﬁ@%@ﬁwqarrﬁﬁ%ﬁfﬁﬁﬂﬁdhe step

312, a current is applied between an anode (not shown) on the signal terminal 62, thereby creating

negative chag@ Hifidegreation eypeRisrmaidhe Sirshaedlienl aipaide’ HinIBghsciire®enetal ions
from the elegiggrigdtithSelHijRiiaree sedHeesbidne IcmutallicraiaiaAngddienprerdapppitifg the nickel

cobalt structure material onto the signal terminal 62 and filling the structure channel 90 in the process.
10 The3trubR¥EIAREE TEMPEIEHEHicrhfih ltBtclirshandseenns sAsHIHAl SRakliabs PR 162 to the
opening 88 gb%mseqégﬁ@kiq@%rial 80. In a step 314 of FIG. 1, the inter-connector 60 is freed
from the first sacrificial 5 material 72 by heat-treating the first sacrificial material 72 at a temperature of
generally 400C. At 400C, which is the degradation temperature of the first sacrificial material 72, the

first SaC”ﬁCi%%t?(éﬁ'?ﬁﬂrtﬂg%ﬁBg}t%fg’eﬁ?st%ai‘?ﬁ%ﬁté?d’%&%Hgﬁ%ﬁgf?‘%ﬁ d@n'%%l gfé%%gqﬁher in the

step 312, a bump 96 can be one of electroplated or deposited ree~en
inter-connecactt@D 34he At 9B, iwkidtischiydegradattndeMpHmiing ofitbefeactattbsactithagabump 96,

the step 314 e nter- éf nig~F A5 | E tep 3 @ jous methods
can bejl')((a)mplg%;/gl(i:%gi ?oFr épgﬁgtiﬁ%gﬁ@gt%?c&&%ﬁnﬁﬁegr)lllgi“ 9%) incl%;g{ gegtr%)c%% Sgaﬁrﬁﬁe% Bé.{@gser
processing telcamiglig),as shommimA (& 103andaharebgropiayleting tihestep@BA2 for depositing the
structure material 92, a high

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.



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 technigue uses a screen-printing apparatus 110 for
directing 25 and thereby depositing the structure mat8rial 92 into the structure channel 90 as shown in

FIG. 15. A s&88ritrushBBdTNERRbPthAepRAAEEIN, A FeeridsnAxRsiséiomalioh et dermsirhs shown in
FIG. 16, comprisaf b jeHing'ad ot iersdestaramingisnlifigisaanggctor 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 11 described in the first embodiment of the invention

with referenqg {p &l 31218 IRFQI PO HRUIRRIEIBARIRPEROMREd #InSak rARRELINFiXidN the step

360, a structure channel 120 is formed in a first sacrificial layer 122 and a 5 second sacrificial layer

124 as showRaleiiak 72 70B heptrieeatioos feqirfbish rageificis) BREEtR decohd SIEMRIRILISYEF 124 are
formed from o fiel| RGiipial malerigoes. wHithSTUaireIciianasd d 2 aends Mamgesighal terminal

128 to an opening 130, with the signal terminal 128 being formed on a substrate 132. 10 Following the
step 360, théastifitiaterapariakl7220hs fikst saer fickatudrirsiahegranes3ipiseasepthsardershown in
FIG. 18. Eachgfdhe Sieusisig, inatedab 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-capneciehRPils ek rem heding sacdidalonaeertdpiaud6AldpRaIBY iRk i ficaacrificial
layer 124 and the second sacrificial layer 126 at the degradation temperature of the first sacrificial
material 126nch@Ssipéithe 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



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 illt?er-co_nnectpr 200 is electroplated with a plating
material 1369485l 9 BedasispbRmbadiienb@fhe pveAE M andHaIreeseprada CE"@ 3038e

inter-connecier 6k s8I REHFAIY SRV ARHd B EAeEeaticeRpmunication with the signal terminal

128. 12 Further in the step 366, a bump 138 can be one of elecfroplated or deposited onto a free end
140 of the inter-connector 200. The bump 140 is electrically conductive. In the second embodiment of

the inter-coneHOL T masi oG FeRnte IR TSRRALRIC! RRD MRS RTEPatb theysiructure

material 134 and the plating material 5 136. This enables both the structure material 134 and the

plating PatefRECIIe6r e IAY et Blet AYHEidAd Grit thB bR FESheaets BB RYehidng the

stru ctgral SUpROfRRE MAseLfifRile W&Veﬁﬂ@_éﬂh@doi%%@dﬁ%ﬁ{ ial 136 RUQWIRIAD Bletrigalogonductivity.
By using the polymer-based structure material 134, the need and dependency on metals for

producing intelecMsis FE3eIake0stsanssfEmy Resigpabterignal tﬁ@f%?@ﬁ&%“iﬂgﬁﬁ@r,vﬂﬁh

inter-connecis {mptimmAatnog fem@roHRgrehiniibgrReestor 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
embodimentsolfoiigatevesiicnsds tisclpsadrdt sMdhRel appare M @ AoRskikaddiutBeratbipview of this

disclosure that numerous changes and/or modification can be made withqut departing from the scope
and spirit of 134 iRA$18B$624s 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 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.



Claims 1. 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: 5
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; forming a
protrusion over the opening in the first sacrificial Iayéan, the 10 protrusion being of a second sacrificial

material andrt#énsedbribesHen a8l mtueRal $8raserkeeisdhglrereRiEesrotrdeRasitec 8 8ignal terminal;
forming a seqaPdRAPSAYE iReaIFBRRDAMRRLIIRIB! IaYRNIRInNReLlSs SReficimeatRmiativBe gecond

sacrificial layer being formed over a portion of the first sacrificial layer and the protrusion, the second

passage extdifdFf§anRshEMeogiaenbiRlsiBh tHBrENERRE ifarBatofo e RSR BfeM&imoving the
second sacrHigigbrasteng! for el TRNeIBaY g r iR SRk AR IIeXRO 8% B RIfiEIRatEhaNNel

extending from the signal terminal to the opening in the second sacrificial layer, and the structure

channePdefihitfy tHE S 18 Dol Bits S BtiReatarRlo k3 b At tHA P b e horiRiR) 43%riRture

materia_ll intoﬂéﬁo@ﬁﬁﬂ@@@@iéﬂqlﬁﬁ;@%‘é Wﬁﬁriﬁéié‘ﬂrlﬁﬁ(@nre%gté'ﬁme@ﬂfﬂp@ﬁd’l'i’rﬁg%Hé"é%@tm”ne'
therewith, the structure material taking the shape and dimension of the structure channel to form the

inter-connectsPROFe RAM PRSP tHRSUIBNRY BRehiA 1BlaNeD BRI 18R BERAYAINSatlektikrlayer. 25 2.

The inter-copprgiietiiprmatinn MatgoghasblyHaiMmisdy rieicane pPhaEIhR 552D 1k rasgving the first
sacrificial material to expose the inter-connector. 3. The inter-connector formation method as in claim

1, the step of§BFRAIRBCH AR eiRlHENRIGEUR ROfFLESSRATRIH R BP abnsHPERY Bl &edpsedr: coating a

portiomgf a surface of the substrate with the first sacrificial

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.



material to form the first sacrificial layer; 14 patterning the first sacrificial layer to define the opening in
the first sacrificial layer; and removing a portion of the first sacrificial layer to form the first passage,
the first passage exposing a portion of the signal terminal. 5 4. The inter-connector formation method
as in claim 1, the step of forming a protrusion over the opening of the first sacrificial 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 thelSecond sacrificial material to form a transitional
layer; patterrﬂft}jrfﬁe transitional layer to define the protrusion; and removing a portion of the

transitional 1gyer to A9y ihthe SRAEMSIFR AR cPRRER A P TR AL RS iHier-28RAEAE 1By G5e ks 5. The

inter-connector formation method as in claim 1, the step of forming a second passage in a second
sacrificial layer conrisiiR§HeemeemNiRlc Mg E0obortish Htarkanaeetes the Ml dhciéi@dayer and
the protrusion withdh@ s dfigiakmaterial 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 secohd sacrificial layefaBTHIIAHES RasPRICHE 3t secafieiab [AYSF-ebrinbEibEaeHHabn method
asin c_Ia_im 1,the Sﬁ%ﬁté}fiiﬂrfﬁglﬁr@tfhraﬁfriﬂ@%?qgﬁei”b@iﬁ@sf(ﬁﬂ%giﬁlﬁ’ér'%YSdrﬂBﬁ Hrst sawsifgial material
comprising a step of: ) ) ] o )
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;
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;



providing the first sacrificial material for the first sacrificial layer, the 30 first sacrificial 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 the first sacrificial layer: providing the
second sacrificial material for forming the protrusion, the second sacrificial material being
polymer-based and having a degradation 5 temperature. 8. The inter-connector formation method as
in claim 7, the step of providing the second sacri_fi_ci_&l”fmaterial comprising a step of: providing the
second sacrificial material ARG o firstisacriliciahlpyehiordatiBeebrenpginowBrtteatirahe
degradation tempeigtyrg 9 ithg dirsingacrificial 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 f#BQ4R M BALIRIIAf 2Rt atasidl da)rdaviof tiarpetRRufisthereof. 10.

The inter-connectohiQematian MRt adsagd R isiind a & B PHReRgsAlIfs Airifucture material into the

opening of the second sacrificial comprising a step 20 of: plating the structure channel with the
structur@ material. 11. The inter-connector formation method as in claim 9, the step of forming a first

passage in gfirst SéF‘F{éﬁm?HrL@MﬁﬁwmW&?iﬁ&i@ﬁtﬁﬁtﬁﬁdzésf%%iﬁ% segfd 'ﬁ)éﬁr@’ef%ﬁﬂdrhe first
sacrificial layer and the substrate, the seed layer being conductive and formed over the signal
terminal. 12. The iRfEHEBINACRYEF tBPnPREBININREHBR HEmagHieiah [ane SIpRETIRD J4tiHigPa structure
material into the opgping of the second sacrificial comprising a step 30 of: electro-plating the structure

channel with the structure material by ] o )
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.



initiating a charge build-up on the signal terminal. 16 13. The inter-connector 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 degradstion temperature of the second sacrificial
material. 10 14. Thd tdriebAARIEEIFOFRTETEI TERibacassidt AN Sinbe@prop fsEMRthg a structure

material into the opeRipgRfReaesRRthaartieipiayss it fQrmiie 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 deposRIRYidinstiietsreonthiaciAfinitb MateoipbfahiopMine LsdyRE wHeRidal layer to

form the inter-conn@ekCOABRTIZIAL MR RICHAREN SRR UG ORI HAVIMG A EGRIHATEH

configuration, the inter- connector having a fixed end attached to the signal terminal of the substrate
20 and & free end. EBRERAWRer-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 ifclaim 1 f0RAEPRORINIdRIGAlISRPYNGH ARilNuCiEB T leeivERBbRIPYIERE®Nd of the

inter-connector. 3G d@&niRadAtRirAanaeHardarpaiing mgdhag-as in claim 17, the step of forming a

conductive stub comprising the steps 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.



17 plating a conductive material onto the free end of the inter-connector; and removing a portion of
the conductive material to form the conductive stub at the free end of the inter-connector. 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 depositiéﬁ, ink-jet deposition and screen printing. 20. The
inter-connecisr formAAdAPRSPMEERriAEMEAHD, MRiNad 3oiNddpbRign e StPURLUPERYARSHARINtO the

opening of the secgjjg; saeriicial ﬁX@?iﬁPfB@S}?E}% l?ne]hr’itﬁ%ﬁe%l?%m&iﬁ lyeplobased structure

material into the opening of the second sacriticial layer. 21. The inter-connector formation method as
in claim 2, the step of depBewiritpatinmtae fiEst PacHitiesd|natesi dhat SprARskPER9A tiBBRIataEkrificial layer

comprising a step ged8POPIITH? SRMABRISTRRIRISA hin@aRRNIABrAIdAE FREIN raegficial layer.

25 22. The inter-connector formation method as in claim 2, the step of depositing a structure material

into the dpening of B BEEIRIeshanf QathagbNeo kit sscandpsast sk Jmaigr BhARd D% &erial into

the opening of the %@Q%tw_riﬁﬁiﬁbrh%_b(ﬁéﬁ- 3\@1&%i_nT|ﬂﬁ9ei@@érﬁ@ﬁmt&mﬁéﬁﬁ%”dﬂ@ﬁéoﬁ[@f in claim
20, the step of removing the first sacrificial material to expose the inter-connector comprising a step
of: sacriticial 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:



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 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 conrsisting of electroplating and electroless-plating.
26. An inter-connector forRIatiBe 3y:tedHadYsdnaRiiphATIRdRebisA o Pfohadataiscamggior;
electro-mechanical ggnnector, 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 substriB1AHEdiRPRHIULEE BrieAMtNStHEHateih AP tErMITRE teCAHUSIYRINg in 20

the first sacrificial laygs..205 theeap¥ri@rnia-bshpgdiermed on the substrate; means for forming a

protrusion over the opening in the first sacrificial layer, the protrusion being of a second sacrificial
materiaPand the second sacrificial material further extending from the protrusion to the signal

termir!al; 25 paeanstipg iﬁ{&iﬁwé@&of&rﬁéﬁéﬁgﬁem@ %CW@\_aﬁﬁPriﬁ%| &éf?bpﬂﬁb%sﬂf% gacrificial
material, the second sacrificial layer being formed over a portion of the first sacrificial layer and the

protrusion, the secSHYGIHSSEGEET M EHAIH POAN AR P JRRLSFEAND HSTHeAlH8YRr toefeEBARE sacrificial

layer; means for rejpgyiRethe & ¢onshEaRH g 'abpeterial 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 cHSPARITIBBiRINgHEWRapEEHE! dilEnd BPEREhi&-cBISnSesRtind

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:



19 means for 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 5 the second sacrificial layer. 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 ffter-connector for use as an electro-mechanical
connector, the inter-conn€BPYHen iR AiFetret fiskhpraitkHe sipsor asHingtly erddire channel
in a sacrificial layer;pf.a sgigsifigizl 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 dimensigRafihe-IsRiERnRTiAERRACERRRASHNM & RiMCHY e Malariabingriiig opening of

the sacrificial layer and thereby filling the structure channel therewith, the structure material 20 taking
the sha@e and diméfR&H: of the structure channel to form the inter- connector extending from the

sig_nal terminal to the _Ope%‘éliiﬁbtﬂﬁ ffﬁ@rrmﬁﬁhel%?wmhﬁr&iﬂdb&i%@ﬁﬁ@ﬂﬁﬁ@%&ﬂ%ﬂﬁﬁﬁ _Of at least
a first elongated portion and a second elongated portion, one end of the first elongated portion 25

being coincident witRAEHEERRINS iheleeEsAbcemAtaication Wit HrrisiaBadiisfBiBAlated 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 comprisin% 30 step of removing the

sacrificial material thMExiIaCRnGstar-EIAEIQD MetBothas e Bt th KBS iHEPa o R & nfiguration
and the gnter-connegier-beingctasiignticirsrth\andiretdieriprispiythisidpeof:

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



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 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-Ednnector, generally requires 10 a certain amount
of contact force to effect réle@ie [REIRReSEBItaRt FEULHEEMRRIEBRRANEIERoARERIBE RINEIRL. Therefore,

the shape and metalisgy %&’?ﬁdﬁﬁqré&@mﬁﬁﬁér@%?i fMPRIAR SRR Ehdeiermeiawithersifectiveness

of the inter-connector for making preSsure connection to a terminal of the electronic component.
Conventional meth&H4CHfdaRIAda daking threhaph ARSI IRR O riiSHE e pIefishiidon methods

to 15 "make” the InfgrRQABGHHES IR RiendiRts rervlise BighaI pTFRN S BleTGpRAMEG S having

joints therebetween. Metallurgically, the joint stress due to joining a pair of inter-connector segments
and stress concentfagistcandrasHiesllydbrees 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 ct’an intetectiteeeBresioe Ermatied eMelRRkRisihERIT 8 thUBILOMRIIBEUREON of the
inter-connector havingh s FHIHTRIHG YRUE REYRENSATNRHa PR BIgIFR The $ter-connector.

10 28.  Aninter-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 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.



	FILE148.PDF
	Field Of Invention  
	Background
	Summary

	Brief Description Of The Drawings
	Abstract




