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WO 2004/ 049424 PCT/1L2003/ 001007 -1 M CRCELECTRONI C
PACKAG NG AND COVPONENTS Field of the Invention The

WO nyafiddon rel ates to m croel ectroni ¢ packagi nBCENGR003/001007
conmponents. Background of the Invention 5 Interposers
including inter alia pin gciqd arrays (PGAs), ball grid
arrays (BGAs), and chip-scal e packages (CSPs) are
enpl oyed for ¢ ling one or nore chips to a rinted
i 1 curMIGBOELBC T RONUS PAGHAGINGANBICOSROBENES
interposers are required to electrically,
nmechanically, and thermally coupl e between two

Fléﬂh?‘tﬁ@tlh%ﬁé{ gifferent nedia which typically have

rent mec anlcal and thermal behavior and also 10

d|f t | tches.
A

PCTIIL98/00230 publ i shed wunder W98/53499 entitled
Bﬁtﬁghﬁhﬂhbétﬁﬁﬁnﬁﬁmﬁﬁnwanic Packaging, Pin Jig

Fixture",, the entire contents of which are

i ncatpposdrethcheligl mrdp\ulualie ?ﬂa Gfayd (PETA)] 15all gridisdd3(BAAs),

nd. described a substrate for_ electronic packagi ng,

ancgﬁhipasc pienPgckages; (LSlisk ateopmplarert 401t CAUPHES 15 ENBOTETHEPS 1o a

R T s S A—
elebimicyllyi mbchanﬁzahv, analk ﬁieﬂpai@e dogabetvagengiwiabubsainiiglly different
melf DY SRCAY, B FOGHIH) BBV AHoMERrguNghevon and also

difftPRtt by liReBloRRtdRR &tciRP! i cation No.
iR AUl R Dl e WO00/ 31707

ent It IA@@hC@é'mH‘E floterngtiewa rApplicattarc RNag | REL/T8I0028¢) published

' y he. i t ent f i.ch, — "
under ORGSR b TRl PeviErd Pin gy te
entﬂ’e onRasCof WRIdh Arél @bERAe] heleBLC Y adtefenbd QK&GHQ AusBBLa and

injig fixture for manufacturing sanme. A device

de&‘ﬁa ed aeefdate,fos slosiranicaackaging, 684 ai pin Agplixtorenfor snanufacturing

sl 1 anrRR GBS £ getie ARl BheBeccid il Mlcany

cordinsiivd e matdl isolidpedy dékionedr neurd spdcedtap@fiogiginal valve metal
ackagi ng |n%lud|ng BGA interposers. Summary. of the
viap &ASht Ingividually electrically insulated by a porous oxidized body portion
therearound.
In Applicant's PCT International Application No. PCT/IL99/00633 published

under WOO00/31797 entitled "Device for Electronic Packaging, Pin Jig Fixture”, the

entire contents of which are incorporated herein by reference, there is illustrated and
described a device for electronic packaging, and a pin jig fixture for manufacturing
same. A device may include vias similar to those in Applicant's aforementioned
WO98/53499 and/or other trace designs. Applicant's WQ00/31797 also illustrates and

describes multi-layer devices, and electronic packaging including BGA interposers.

Summary of the Invention

The first aspect of the present invention is directed toward a substrate for use in
a Spring Connector Matrix (SCM) interposer suitable for electrical packaging purposes.

The SCM interposer includes an array of electrically insulated spring connectors each
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The first aspect of the present invention is directed

toward a substrate for use in a Spring Connector
wOokMri0x94¢6SCM) | nt er poser suitable for el ectri ceET/IL2003/001007

packagi ng purposes. The SCM i nterposer includes an

array of electrically insulated spring connectors each

WO 2004/ 049424 PCT/1L2003/ 001007 -2- having a fixed

havaa BEF& bﬂd‘ Qﬁqug%nﬁla%d'tﬂg ggg ?oﬁﬁfn ﬂeﬁtgﬁg%gﬁgtéoﬁ?led 1o its

T Iexi toits I ate I xe
assemaied ﬁmadb bmd pértibn iang) capabk:pﬁﬂﬂmgtlhg}epan@ﬁlgah@ﬂﬂoeablm ima plane

| an subst anti al | ndi cul ar ta
subRgRily. sepeadiipblo b BGRE ettt e Thefaed end
porﬁ&ﬁ’s he thkofbitie %ﬂd’ PRAidisOBsh BRN pRRIREOWIRCHidR types of
ferent types of 5 electrically conductlve el ement's
ele¢tﬁea11m mgducﬁv@relanexas uaclmémgbms alignplishdumipke and the like,

depPiRER Shas Mer B8 shiNicRHRE By ARPM FfboPlr uBagiMfoplisagions of a

SCMnekdtpeset Richidedhicd B adlltr R ond tatisdassdal eibe card) add ehe like.
card, and the like. Various active and/ or passi ve

Vargqus catkve ke passivgy ciseiit flegieptr maydbe rinepraoratol info a SCM

B BORBEe AL SR IR o 0P

pr eﬁmmeaumdeanpemof shed ipreserdtemvetivar o élreaﬂétsttdmztrd a substrate

| d | | L.
capghlg a0k Br e ntRdedoplgm Helefit, Gitn DisdEBMIng nH ilBRaintq gpfhree
dnﬂeﬁ§18ﬁﬂ‘{§§5 uﬁ%o@ér%xt él@&f&u@?&k%@ BuipBERO IR sulfifite includes

substrate’ i nclfudes at lea
at least ene aninwotngct gépion imtmied dor theanouitmg-ofoonst cmgomf mmgmted
chifl (FRL BrebpotiR 5 p st En Rt s ma e defiy ng gon-
intdréSrREGORBRA! orf QO¢EAMRd Aing QmCﬁil&ﬁg Wbrld0a pRIdefethnedTold line to
along a predetermned fold lineto Trender angul ar
rendgrsiswlag disposed find andcwwaenchoen-imereprneah Egion égﬂ’@ﬁs A non-
mte?&{n‘h'e&%gwﬁr&&%e e'nﬁ%] %g@éﬂ%&?@eﬁhﬁﬂcﬁ#& 1??6{ Eﬁ%el¥ c%éable

of béihg Jolded dgde aiCeenr meieen Aleimativél ! & rrmtmwﬁiomnec% region may
non-i nterconnect region may _include one or

inclyde cone ©F) MPTG pierigaly  Bwated: elgngated cvakia metal, fages whose

lon B ary AP R R R I6 A TGPALE, ol RN Gty

insulated bgtvelie byetﬂami@ which lis orclaelybritie mmteiat eilchﬂiieteédny: which

may gtk 5 BRI RGN T ROt B enged REoRTAo f Pided 3D

m’té?{vos'ei SinbEHIRNKISRbagld vdlﬂ:t RERP ’ﬁﬁéessxbﬂlcs%ﬂlt Readl Hﬁ‘aﬁ,@t @4\ intended
val ve netal traces will still remain intact.

3Djintegpagenican have a relatwely SImple structure, say, a single non-mterconnect

region to be folded with respect to a single interconnect region or a complicated multi-
storey structure for considerably reducing the footprint of a relatively large substrate.
3D interposers not only afford smaller footprints but they also facilitate improved heat
sink design, and EMI shielding. The 3D interposer also facilitates an efficient process
for manufacturing electronic packages, the process including either one side or two
sided lapping of ICs to a uniform height depending on whether the ICs are single or

double sided mounted on a 3D interposer.
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3D interposer can have a relatively sinple structure,

say, a single non-interconnect 25 region to be fol ded
wowaoh/osmepect to a single interconnect regi on PCT/H.2003/001007

conplicated nulti- storey structure for considerably

reduci ng the footprint of ajrelatively |arge

substrate. 3D interposers not only afford snaller

yg;tﬁ,,p HdBY facilitate inproved heat
Béﬂ;&ge I gn Hg%dé%\/il‘ﬂg el ding. The 3D interposer also

ack] bidt 95 uAlerSiahd WL HoRIRCERE 10 {Q AP RHIAG A daBkd out in
el ectronic pa ages, e process I nclud ng éft one
presiice pefarmed S@bedidedts! aflpi moyv dfe Geribed,abyinivdyo o non-limiting

exalER G BB TRBIsCE O Ohe ACComTARY SFaes in Which similar parts are
hk&QﬁéﬁﬁﬁQ&g& BT WQP3/ 001007 -3- Brief Description of

the Drawi ngs In order to understand the invention and
t o Eige Ihiswa itep vigw o€ acHirst |peefemd embodlmm tof @eSpring Connector

SRS R0 . A A bt

pad&gconpany drawi ngs in which simlar parts are 5

1 kew se nunbered, and in which: Fig. 1 is a top view

of HifF 2rise cHRssmestaagvieweshadeM isterposspef Figueoh nhmg dine A-A

(M. interposer prior to solder masking an

aﬂ%w&@ag trical on conductive pads; Fig. 2 is a

cr oBgssaAtiloillustrew fie procesEAM inninafeaal Ok SCHUIRerboser of

along line A -A 10 after solder masking; Figs. 3A-3L
Figurq Estrate the process for manufacturing the SCM

t
s oc IR ATEE 18 viel| i Bednd frbfirref ool P of b NP aufipgser also
primﬁoooldbbmsskldgr masKki ng, 15 Fig. 5is a crossI sect |Con
t he SCMlnter ure n ne C-
or ¢ He”S dF Bero sttt o e itdmeses of Biafreh Alppg e C-C
aﬁ@fsoﬁﬁrﬂagmggound transducer i ncl udi ng the SCM

i nt er poser of Fi gure 1;
Fig. 6 is a cross section view of an ultrasound transducer including the SCM

interposer of Figure 1;

Fig. 7 is a cross section view of a probe card including the SCM interposer of
Figure 1;

Fig. 8 is a side view of a BGA electronic package;

Fig. 9 is a top view of a substrate for folding into the BGA electronic package of
Figure §;

Fig. 10 is a cross section view of the substrate of Figure 9 along line D-D;

Figs. 11A-11E illustrate the process for manufacturing the electronic package of
Figure 8;

Fig. 12 is a perspective view of a two-storey 3D interposer;

Fig. 13 is a top view of an L-shaped substrate for folding along three
predetermined fold lines into the 3D interposer of Figure 12;

Fig. 14 is a cross section view of a bus of the substrate of Figure 13 along line E-
E; and
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Fig. 7 is a cross section view of a probe card
i ncluding the SCMinterposer of 20 Figure 1; Fig. 8

w0 200808942k vi ew of a BOA el ectroni c package; FQI/II2003001007
a top view of a substrate for folding into the BOA
el ectroni c package of Figuge 8, Fig. 10 is a cross
section view of the substrate of Figure 9 along line D

- D, Figb 1508 sidd L?ev& %Ea HA A Slet@bific PhSkRE ?ﬁ&%lﬁg% He 3D interposer

manufacturing the el ectroni c package o
of Figyre 122long lnepddisightEt i ve view of a two-storey 3D
interposer; Fig. 13 is a top view of an L-shaped

det d fold
D‘*ﬁj‘?"?sf’?%‘ﬁél’ﬁ o gtefihofl BpO tenesty o ize”snonﬁ. g 14
S R 8 Bl VRS SLO B
for %Ekég@ @305 0P %Iectrﬂm%' dbvick® lilcﬁu ey uh &N s ®ehr (see
i o

el ectroni ¢ package incl uding i nt er poser
Figpreghk @ nrebe|cerdy(see Meguse 73 fgidt oth-,,r Sesticeis| e"ﬂnelﬁ@M int¢rposer 100

il A LR WAL A b SR 0P

sanfaidhad ibepvednrsoRBE nkk eh® ﬁgﬁ:ﬂﬂhﬁerﬁ €01 8RB wsﬂﬁéﬁﬁg PjoRBurfaces
und transducer (see Figure 6), probe card

ul t
104 i 736 5 e Shbstaggngd b ingiades et gek of FashcacRhapnd avpoetsr walls

070 B 300 S BSTF e BEABIBAS) v v

10& ditevthicheebs lo€ thegeninsetdroed] 1073k ohmtdesst §0 alicloay®irthe plade of the
andg% h8 inég jor surfaces 104 and 106. The

Majon SWH3css & 3{671 f‘ﬁl udes an array of keyhol e shaped
per TRetsrnWalitPod? 1Y n{&&lﬂ:§t A WD Y06 Qé}%gﬁrg €&Gfes 109

electrically insulating an el ongated va
perpq:rg]@qqiaﬂy:[@aendﬁ!gbttmecik ﬂEs:anof surfeecp @04 ami £06. Whhe thi@ighgoing

f t
caviiesiigedire Fhhne sk foreinieBRAIR R B w0 & HEpLGELion of
each NpeRikcidt ﬁﬁll“@?oﬁﬁ Q:@ﬁiféifﬁn§ kit 868 5 spring connectors 111 each

having a fixed end portion 112 rigidly connected to its defining perimeter wall 107 and

a cantilever floating end portion 113 inherently resiliently flexibly coupled to its
associated fixed end portion 112. Thus, a SCM interposer's floating end portions 113
are independently displaceable with respect to its fixed end portions 112 in a plane
substantially perpendicular to its major plane as shown by arrows B. Each fixed end
portion 112 is provided with an electrically conductive pad 114 and each floating end
portion 113 is provided with an electrically conductive pad 116 for electrical connection
of a SCM interposer 100 with external electronic components and devices. The SCM
interposer 100 may be provided with various active and/or passive circuit elements as
illustrated and described in Applicant's aforementioned WO00/31797.

The process for the manufacture of a SCM interposer 100 is now described with
reference to Figures 3A-3L starting from a discrete, generally prismatoid, non-layered
valve metal blank 117 with opposing generally parallel major surfaces 118 and 119: A
first pair of mirror photoresist masks 121 are applied in registration to the valve metal
blank's major surfaces 118 and 119 (see Figure 3A). The masked valve metal blank 117
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per pendi cul arly extendi ng between the major surfaces
104 and 106. The throughgoing 15 cavities 109 are
weominigned so as to be internally co-extensi VECTAI20032001007
maj or portion of each perineter wall 107 for
converting inserts 108 intosspring connectors 111 each
having a fixed end portion 112 rigidly connected to
undefrgoed &f o 'ﬂﬂtag@ HidTRIRE Pb%ds ala@&xz&% toafoﬁﬁ Hhd 1a?g@§ valve metal
floating ortion 1 I nherently resilientl
subpiraigi b 3/ ‘@@m [:iﬁ% dkeybole t shaped wunmt@d whllx ekD7e nxitepd,mg i gemerally

perdbic 5,02 R AERE S5ty 118300 38 BB B0 Sppeses

valivé mew)iﬁﬂzr@ N@g st Figns 382 The pholdradif m&sﬁbfit Batd Rhloved (see
per end| cular to its major plane as shown by arrows B.

Figpeee 3C} pad theclamzelyp splve mytial 1substrage JPbundergoss ¢appeamdeposition to

co 5 TE eGP ACHLE G 1 ARAERFL A2 o

surﬁanasj 123 aneé lfaaolseklfﬁglire 39| e phir Ctﬂldlﬁ”mﬂlelﬁﬁdtﬁremstaﬁaﬁs S(ZMand
nt er pos 00.wth external electronic conponents a
127385, GRe0 1 St e Biogas Mg SHTRPE A2 R0 1 g dece Figure

3E)Nhﬁch AR AdrinGiafhHlo ﬁctpﬁﬁzsh dfer e§ %bﬁereét@iﬁﬁgtté f&tn-an
escri in l;(

[ustrated and
mtfamdm rmo@médl%@@%k%@@t sifrﬁze:eprtﬁ%aadf b¥l téspectively having

et EHs" PPt s oSy ol e 176 s oo 3.

Thél pReHRERt nBSRETR 4nd D7 H88EAb%hd (@é@ﬁigabees@)ﬂand/@ k&@nd pair of
metal blank 117 with opposing generally parallel major

mirefr phpterssist Ragksdl 3214e appBel i regtstq@am tcothqﬂntqrmedlate product's

o RS55, , FF 5, 1 155, 0 iyt 125
undes@es Bhignihem3A¢hing heformske ﬁu&@éhgamg&iaaineb leg lﬂeﬂ-ﬂlﬁg We spring

2004/ 049424 PCT/ 112003/ Q01007 -5- undergoes a
conpsetoEgl 1dseq Figngaed). p&%ﬂ@mﬂ%ﬁu%ﬁkﬁ &322 fP@ﬂWd ﬁée Figure 3J)

and ﬁg%eg éﬂas‘!@llg? 2B ﬁesalf}%gé}rﬁ 2&)}( eég nﬁ@&&tﬁéﬂ?@t{ﬁ?y Hl% of surfaces

perinmeter wa endi ng gen
129 e &3l tee fbrar the cS(IMemeqmmsam)kles ik and signhblagsars 108 and 103

R K T At U W gt
eleél{'@al[}ﬁ&ﬁfﬁgt&esﬁﬁSQIE 'aﬁH re?ecﬁgaﬂ i afleg%g@h% Uﬁ%ﬁ&natwely,

net al” substrate 101 under goes opper tion
ballsol#ércantle repjaced by lighicebumps B hdgmeeding onftbe mtatded apphcatlon

nedi at e with major surfaces 123 and
Ofalgéﬁ{gl p‘f—siebb@e sgeDflgur& ir of different photoresist
MasKigudes 6 A5 SHRY aBpRing Yneélot Matﬁbegsmqs itBidostr 840 similar

roduct's major surfaces 123 and 124 (see Figure
to the SCM interposer 100 insofar as it also includes an array of spring connectors 141

each having a fixed end portion 142 and a floating end portion 143. The difference
between the SCM interposer 140 and the SCM interposer 100 is that the former's
floating end portions 143 are floatingly supported by an inner circle 144 of three
resiliently flexible equidistanced tethers 146 which are in turn floating supported by an
outer circle 147 of three resiliently flexible equidistanced tethers 148 connecting the
imner circle 144 to the remainder of the spring commector 141. This tethering
arrangement better contains lateral movement of the floating end portions 143 in the

plane of SCM interposer 140 than the cantilevering arrangement but allows less
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3E) and the masked internedi ate product 122 under goes
copper etching to forman 10 internedi ate product 128
wowdoh/osrpor surfaces 129 and 131 respectivel y p@winego3/001007
el ectrically conductive pads 114 and electrically
conductive pads 116 (see Figure 3F). The photoresi st
masks 126 and 127 are renoved (see Figure 3G and a
mo$eReMbITR flofting el bb@iond 193 B 88 bhie PBHEIdidddr MERto. The SCM
. applied in registration to the internedi ate product’s
IntGFRPSE 1¢{r s apampiachared nyin3 the( sasee Pragasseas3tie. STNE interphst 100

j di Het . 15 _under.goe um num_et chi
oxcefl R iR, reBink S SRR e e Plob g o ot cifferent
phcprebisgmag@ioe edndéringl the flcaeiag Bh@ pbRioad 143 Fker than the cantilever
masks 132 are renoved (see Figure 3J) and

hot or esi st
ﬂ"g‘&ﬂg&éﬁmli%S and 134 are applied to the

i nt j y ' ]
¢ or FiERES SheP sl difdsotnd Beflaubet { A ffudie®s 30l bitdrgofer 100
inchelyer sn 462y afibhalk03! ditsebed-togits eleGigallyTbendoCiWe pads 114 and an
100 .can be provide ith ballhl%_attached

i~ ] !
arrgy o ksl 52jalaghed da i loeaicalit senuciiveends 116 aigid conirol board

i ' i
U b e RIS GO AR b e o

indgipgndantish gperativeh ecdustie bty Hianstituiiog elastronicS@vhponents) 157.

TSR B 200 ob SR8 Ay iy b, (LR e sedustic

eleinent 187 iSEMiliatALRRIREed R bisp %ﬁt’lheaazrgﬁf fof Birx]ﬁas I S WHERByY each

an_array of sgr[ ng connect ors eéach having a )
acoustice celementp ddY i dn capablanel andensadentgmsabenienl t vibratam3 motion

pecgeificitr ) BRCRRERITE SCAR kbbb TOPSE gl RNfs ificuan
clegtacslistnsildtdd. are fl oatingly supported by an inner

circle 144 of three resiliently flexible ) )
cqu i ASRBE § BiORe<a 3D {BIRdin® SOM Tigmesar 198 inlyding an

arr?)limﬂs%l%aé{bd 18 Lﬂseegec?feu%@gfcsoﬁ?icé&% nB£ 1 LiRP %;#] é&%wbans

exl bl e equi di stance necti ng
162 aftanhed ito dts eeletrically dohduativegiadsi@i6,04 rishiecaprol bgard 163, and a

profig 155 164 ikt Mot ROEAET| GRS P (eprsiating
eledifohid Bothpéhenkh 38 The SEMrdINBREP PEESS s%‘f&réd“&v%ottﬂ?array of balls

cantil evering arrangenent but allows |ess

161wbistragh 2est pai 164 Bondividumtly Bolderedniovachionp ob thet dreay of bumps
' Lons. 1 in.the a er pendi cul ar.
162 B Caciieo Bal 66 cabitls o e R EnlRGBRAY ntiPeilinger v
the e pfte: SCMAdBRFHOS e SCM i nt er poser 100
Figures 8-10 show a BGA electronic package 170 including a 3D BGA
interposer 171 folded from a substrate 172 having a pair of opposing generally parallel

major surfaces 173 and 174 along a pair of predetermined fold lines 176 and 177. The
substrate 172 includes a discrete, generally prismatoid, initially entirely valve metal non-
layered solid body 178 formed into an interconnect region 179 having an imaginary
generally rectangular perimeter 181 in a top view of the substrate's major surfaces 173
and 174. The fold lines 176 and 177 are parallel to opposite sides of the perimeter 181
and displaced therefrom by a relatively short distance of a few millimeters. The

interconnect region 179 includes electrically insulated valve metal traces constituting
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except in this case the al um num etching step of

Figure 3H enploys a pair of different photoresist
wore®ke4d44¢ rendering the floating end porti onsPAEB.2003/001007

rather than the cantilever 5 floating end portions

113. Figure 6 shows an ultrasound transducer 150

including a SCMinterposer 100 including an array of
actiR) bRJP Padive AL dbbibe b SR dncf BUBLR R Affifbants

array o att Its

afo@m@uwncéww%ﬁﬁeﬁ end has :ppzis ofll(3,182 mmgtadl sireghé¢ sidéd thereon.

Bg?@ﬁ% Fglggsénlrdlgtaigda Qust %q%anal N S)f(ﬁd%lgé} Ingl%%nugrlcm%wct region 183
adjhEHe RE AR NldY oL BRY Abdr¥éhrRECHS diC 1R ‘iﬂ@ "ét wholly valve meta1 non-
(constltutln%éelectronlc conponent s) e cont

intgyeemngctIsgiond @dj@@fmé@p ﬂrmappom eadnﬁﬂleontemn@t tégion 179. The

' 157.is indi ual |
notfcrEhuaf e ety 15 s R begredly BobBEasive el gace 186
haeBg . loagioutitd] Caxed @8R Rubskintially sorpiaical® ol the emp #881t176 and

mechani cal vibratory notion h%ofr pendi cul ar to the

designgfdo 69“&%%‘115@1\??#0%@% Bragn K1500; sy wp%'ﬂrs@um 1885 The valve

et 0, A T W g 6
oxideovalldi 18§ generatly a@%@ﬂwﬁbﬂy&ﬁuﬁl gﬁgzﬁﬁg ;tﬁegniajoofif sggfﬁeg 173
and 5w R el pride mais 15 o clerabpiaemed by 4l sided porous
ano%iahgh Qteg Qﬁﬁdlﬁhecﬂ@ﬁﬁ?ﬁ ﬁ’% Tofthi g%f fl’%ﬁﬂ@ﬁ:{)ﬁﬁéﬁ eé‘g? S 179.

i ncl an array ependént ['y operati v
pa d'§hf( proaessifoiuthe mpnaticaire oﬁtlmmlemmwmnbagesmﬂhﬁ ﬁcw'mambed

witi Qe B iglren 1A it Bomethe Suerin 2P 5 C B4 2F diiferent

heiblets HDUAP HY whbe BIFAY o nlieiR onl 6% WRSESGRYCCRSN BT (see
pad 166 i s capabl e of i ndqgendent di spl acenent

Flgp@r pdhdi The Hps 182 archengsided lapped e aSOiformtheighs 38 (see Figure

15, 0Pyt 8 AoBEE 19 SRS RF KGR B e 1)

Ths uﬁisstra’&t €721 i2fdMdedi dlgng thafdld Afne® PO Sind gl TFeRefcR the 3D BGA
mgj or surfaces 173 and 174 along a pair of

mt‘%?@&éi@@??@&”ﬁo]l 1§)1ines 176 and 177. The substrate
1725 Fli@el% Shotll S HEA %1ecﬂg{x‘i ﬁkﬂ(%’gep{d()siﬁahﬂ goa[ twp %tgae)y 3D

|n|t y entirely valve ne _
BGA?ﬁteﬁ‘pnsaeﬂOl ﬁﬂdechﬁomrﬁzebshapmdcmbﬁmye B@E Mﬁngl a\paitgofaipposing

e ReAel it suidoasé oD ud 0 afkne Biseitalocines 96 g 208

Theliﬂ:strﬁg o0b i’ticﬂ.ldeb B%?scx%?@ g@ﬂ&aﬂiﬂnﬁﬁﬁmﬁafnﬁﬁlﬁl entiftly valve metal

opposi te sides of PET I net
non-layered solid body 209 fonned mto three mterconnect regions 211, 212 and 213, a

wholly valve metal non-interconnect region 214, and a pair of primarily valve metal
non-interconnect regions 216 and 217. The interconnect region 211 is provided with
ICs 218 on the substrate's upper surface 203, and balls 219 on the substrate's lower
surface 204. The interconnect region 212 is provided with ICs 221 mounted on the
substrate's upper surface 203, and ICs 222 mounted on the substrate's lower surface 204.
The interconnect region 213 is provided with ICs 223 mounted on the substrate's upper
surface 203, and ICs 224 mounted on the substrate's lower surface 204. The non-

interconnect regions 216 and 217 are similar to the non-interconnect region 183 but



and di splaced therefromby a relatively short distance
of a fewmllineters. The interconnect region 179
WO paiioeaes el ectrically insulated val ve netal tPEER003/001007
constituting WO 2004/ 049424 PCT/1L2003/001007 -7
active and/ or passive el ectigani ¢ devices as
illustrated and described in Applicant's
diffdr GhEBR O RRsTEr WHRY AP Tnchlid 8% 8t éle&Hcélgﬁ iéé@i%ted valve
mount ed single sided thereon. The substrate I7
meta dragere? 7aafher than eisingleavakes metahiraceon- i nt er connect
regi on 183 adjacent to one end of the interconnect
region 179 and a wholly valve nmetal non 5
| nt Vit tRCinvERPinOias 1Ttnadtsa@iat with tHRcORPY JirkitedeRtinber of
nﬁy the interconnect region 179. The _non-interconnect
empgdimsats; 48 wilh he rpsecaFcd thatt mpma vegations.u medditationsy end other

oo R Ry O DB s s

designed to connect the interconnect region 179 to,
say, a power source 188. The valve netal trace 186 is
preferably electrically insulated by a pair of

el ongated val ve netal 10 oxide walls 189 generally

per pendi cul arly extendi ng between the major surfaces
173 and 174. The valve netal oxide walls 189 are
preferably formed by a dual sided porous anodization
step simultaneously with the formng of the

I nterconnect region 179. The process for the

manuf acture of the- electronic package 174 is-

now. described wth reference to Figures 11A 11E
starting fromthe substrate 172. 1 Cs 182" of different
15 heights H and H2 where H >H2 are nounted on the

i nterconnect region 179 (see Figure 11B). The I Cs 182
are one-sided | apped to a uni form hei ght H3 (see
Figure 11C). The substrate's major surface 174 is
provided with balls 191 (see Figure 11D). The
substrate 172 is folded along the fold lines 176 and
177 to formthe 3D BGA interposer 171 (see Figure
11E). 20 Figures 12-15 show a BGA el ectroni c package
200 including a two storey 3D BGA interposer 201

fol ded froman L-shaped substrate 202 having a pair of
opposi ng generally parallel najor surfaces 203 and
204 along three fold |lines 206, 207 and 208. The
substrate 202 includes a discrete, generally
prismatoid, initially entirely valve netal non

| ayered solid body 209 fornmed into three interconnect
regions 211, 212 and 213, a
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25 whol Iy val ve netal non-interconnect region 214, and
a pair of primarily valve netal non interconnect
w0 e@iosE2£16 and 217. The interconnect regi on RAWIL2903/001007
provided with 1Cs 218 on the substrate's upper
surface 203, and balls 219_.gn the substrate's | ower
surface 204. The interconnect region 212 is provided
Cl¥ih$r | Cs 221 nounted on the substrate's upper surface
203, and 1Cs 222 nounted on the substrate's | ower
surface 204. 30 The interconnect region 213 is
1. pr o gistrate fdr us€n 2 Brin® Condtod MAtHR (SONBKHRsE fobdledtronic
urface 203, gnd | Cs 224 nmpunted. on the substrate's
Pa‘ﬁi%}élg Iigpasgs dho substrrisccongmising i diserstan Eererpldy prsigatpir initially

“ o s _ .
o8 G AE0) B d DS 50 B B
majdresuefacanandnam himay af valve ynasicdxida ehmsimda ebtls e@ading generally
el ectr.i ahL%Egnsul ted val ve ng{%k traces 227 rather
PERPRRCUlay DEVECh it MR afuriapescand olfeirisali dosufafisdanoslongated
Valg@?m ﬁ%ﬁs&?%ﬁﬁé@ﬁgem%lta InBigR& St pdrio 8&‘ 'tsﬁg:s%;ﬂrgnrﬁéﬂy%ioi’fto the

A

_enbodi nents, it w e appreci ate

anqdizatigniobpaid selptibddydatiommsaid amey off posous vapys! metal oxadssurfounds.
the invention can be made within the scope of the
appended cl ai ns. WD 2004/ 049424 PCT/ |1 L2003/ 001007 -9-

2. O aiTh® 'substrafe a08stiing! ®. tiafm US Svtichei aSBhkAthdCRNEAE R ed by a
Matrix (SCM interposer for electronic packaging
relgfijepobisperiderstith haanga thieksesssifingleastdi0saiceans in the plane of the
maEnRGiRlLy prismatoid, initially 5 entirely valve
tal non-layered solid body having a pair of opposing
generally parallel major surfaces and an array of

val tal oxide . surrounds each extending generally
3. per ﬁﬁ dRRsRlEr scpoBRg e Fithes icliima) BF 2SVireiBa8 1@srat has a keyhole

shepb &£ b EdpSALW Yor Fﬁig{)ﬁ Skt @&gﬁ&ﬁ@es val ve net al

Insert’initia elng a contrguous portion of said
solid body prior to the anodization of said solid

4 Qo s BleTasd Coiisils B syl oo dingr gy ome @ clams 110 3
intfhaA¢1PNsdndWiEHe BetRedid haiv of soldnisxsmﬁéy_'kﬁfdi sigtla® Tjay'egmavﬁlg%a pair of

relatively thin perineter wall having a thickness
majr spEaees. B6! an yranet spring kenpsictonecash fotmeed from an elongated valve

metal insert of said substrate's array of elongated valve metal inserts by one or more
throughgoing cavities perpendicularly extending between the SCM interposer's major
surfaces,

each spring connector having a fixed end portion rigidly connected to its defining
surround and a floating end portion resiliently flexibly coupled to its associated fixed
end portion whereby said floating end portion is displaceable relative to said fixed end
portion in a plane substantially perpendicular to the SCM interposer's major surfaces,
and said fixed end portion and said floating end portion each having an electrically
conductive pad on opposite surfaces of the SCM interposer's major surfaces for

electrical connection therebetween via their associated spring connector.
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maj or surfaces. 15 3. The substrate according to
either claiml1l or 2 wherein an insert has a keyhol e
WG bapeddsed a top view of one of the substrate' SPOHJIZN03/001007
surfaces. 4. A SCMinterposer conprising a substrate
according to any one of cl_a%g‘rs l1to3 intimtely
sandwi ched between a pair of solder mask and si gnal
| ay k [ {- J f :
5 art 2y SFM bieBs@akorling o£ BB Al £ifie BAfecth includes o
camllorg dbatthpaldyertiat. al | nsert of said substrate's array
of elongated valve netal inserts by one or nore
t hr oughgoi ng cavities perpendicul arly extendi ng
bet j NS R S :
O r R S R Pl R AR &S IH i A Herrid bR e G ncludes an
arrgp rierssdigntly flasbld efethers gubseBitislly rasurdistamtty dispbeedt arognd its

end rtion resilientl exi bl. oupled tq its

o BRronth fof i By BblycBlite ook i cadmotian ng
end portion is displaceable relative to said fixed end
portion in a plane substantially perpendicular to the

7. sCvAnelgetpate devicaejonprisingf ad6M intempserperording doeamyl one of

[ - 54| [ rthon. h. havi.ng a .
o188, P Fallol bk SR SRS AR SRS LBAIE B o s
fixtdendSpivtiond, and as afray ofdegendetitiyagReative kleciOnitleRehdnkCattached

connection therebetween via their associated spring
to Bsheleeiely sunduee nedsabseiFang 00 PPUBIO07 - 10- 5.
The SCM i nterposer according to claim4 wherein a
spring connector includes a cantilever floating end
8. por Anomltr&ouikh etrBElident eccpoding @c obuinki Y wiereihaisad4 array  of
. V%erei@%a sgrin connector includes. a 5 array of
indepgiden iy ey Yol ORI LTINS A1 SRR Efmanys
equi distantly disposed around its floating end
portion for resiliently flexibly coupling to its fixed
9. endApwebé eard agcordingdo el);irn Grivkercip\saidaaray op iidepengleatlSapdrative
i.nt erpaser. accordi to any one of clains | to 6, a
depﬁglﬁg%gﬁPpéye%§§V%g30ldered to said electrically
conductive pads of said 10 fixed end portions, and an

array of independently operative electronic elenments
104t t Acpreaesstier spnylastusag g Spmng Cevrpginrt Maixp§Mbinterppser for

b6 A AR o Rl RO P IS e roces
comprising the steps of:

(a) providing a discrete, generally prismatoid, valve metal non-layered solid blank
having a pair of opposing generally parallel major surfaces;

(b)  applying both said major surfaces of the solid blank with photoresist masks with
at least one of said major surfaces being selectively masked;

(c¢)  anodizing the masked solid blank to form an array of valve metal oxide
surrounds each extending generally perpendicularly between the blank's major surfaces
and electrically insulating an elongated valve metal insert initially being a contiguous
portion of the solid body; and

(d)  providing one or more throughgoing cavities perpendicularly extending between
the SCM interposer's major surfaces to convert each valve metal insert into a spriﬁg

connector having a fixed end portion rigidly connected to its defining surround and a
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i ndependent|ly operative electronic elements are

acoustic elenents. 15 9. A probe card according to
web@isydd2aherei n said array of independently OPEr/HI2003801007

el ectronic el enents are test pads. 10. A process for

manuf acturing a Spring Conngctor Matrix (SCM

i nterposer for 20 electronic packagi ng purposes, the

. o . Hor o _

o e e S op g 0 BgRACHER end. porton
wherehe ithe flgatpng endepastion is/displecasbleatelativa tb dyefiretl smd poktion in a

1 ng a pakr of 1N eperal |y parall el
plaﬁéjﬁ%étagﬁ@yag%g?nd?ﬁar g&emgigtg?pﬁggrgir@@mﬁ{%ac%r f aces
of the solid blank with photoresist nasks with 25 at

| east one of said major surfaces being selectively
11 e s kR Precsys apeadizEntg elnian nifds kdgresplai stittsivad Kist ensidored by a

TN A T T A——

majolr auniices.nmaj or surfaces and electrically insulating an
el ongated valve netal insert initially being a
contiguous portion of the solid body; and 30 (d)
r : : [ : .
L BB R A e OB 18 Rl 1 i insert has a keyhote
shapeires ppsecw of omg off the sulfstrete’s majorcorfuesst each val ve
netal insert into a spring connector having a fixed
end portion rigidly connected to its defining surround
13.an K Lo Q3 12 5
en ?%o?@cg%%%?‘%ﬁ)t {n)?%nl%ex i bl {)?Q 8%> S%I 1e2 dwg[%re{rﬂt Sgég (d)fincludes
the step of etohing ot ilsastvabyeomepial toi form thettbroslghedinecdvitat i ng end
portion is displaceable relative to the fixed end
portion in a plane substantially perpendicular to the
14. SCMIhepRICER SR EorBinEBo iny e f A GRims T 01d- 12THBeBmOGSS &) includes
according to claim 10 wherein a surround is i N
the stspOf meﬁg%fuc% yeraovipg piersy valye metal tg armrtbe 8rovghigping cavities.
havi ng a thickness of at |least 50 mcrons in the plane
of the major surfaces. 12. The process according to
15.ei t Asobsttatd capdble of bdihg Ebidedalonan leass ohd gﬂ&d&eﬁniﬁ@df Rl Bine for

10 shape in a top view of one of the substrate's nmajor
usesglr g a@g@ s gl {3D) interposer for electronic packaging. purpg}ses, the

substrate comprising a discrete, generally prismatoid, initially entirely valve metal non-

dimension

layered solid body including a pair of opposing generally parallel major surfaces and
including an interconnect region having an imaginary generally rectangular perimeter in
a top view of one of the substrate's major surfaces,

said interconnect region having a plurality of valve metal oxide surrounds each
extending generally perpendicularly between said major surfaces and electrically
insulating valve metal regions initially being contiguous portions of said solid body
prior to the anodization of said solid body to form said plurality of porous valve metal
oxide surrounds whereby said interconnect region is capable of having one or more
integrated chips (ICs) single or double sided mounted thereon,

a predetermined fold line of the at least one predetermined fold line being
parallel to a side of said perimeter and displaced therefrom and passing through a non-

interconnect region contiguous to said interconnect region prior to the anodization of



10

15

20

25

30

13. The process according to any one of clains 10 to

12 wherein step (d) includes the step of etching at
wo e@s4sd ve nmetal to formthe throughgoi ng car€CT/1I2803/001007

15 14. The process according to any one of clains 10

to 12 wherein step (d) inchndes the step of

nmechani caI rermvi ng at |east valve met al to formthe
sa:&%?;ﬁgﬁ ol d I on lh%'ﬁty oé&tw%ne pr edet g’?ﬁ?ﬁ‘ﬁg&'@gﬂ? nd being
cither nk sélod valvsemétal ar hhmeg atllemsh sno wallve .13 48)) oxidé supowet cach

extaging BTG POERVENALY GAGISD Py pirRicHoyiERaes AR tStearigally
insufdtina! £ éloﬂg'altéﬂevd% Abtal ﬁﬁce élé‘é‘tﬁf::ﬁﬂl &Q&b&e@ Qh sl ihect

a pair of 5 posi ng genera para maj or surfaces
Tegigh end haranga 1tadmu1rmsrgﬁm tperp@gdz@nlan tovtha gresatermined fold

n R SR o 2P S ko e

to fornd £BDAARARIser €gi on having a pl ur aI ity of valve netal
oxi de surrounds each 25 extending generally
perpendi cul arly between said mgjor surfaces and
16. €l r tin I LORS LALLLal [y .
be?lﬁ{ge cb:%%t&% %u g%s%ﬂcl)gttlbo%gmgfl\se“m% SO|SE[? éggii/n tg%ﬁ‘%e?& tréglon
includes @bosliof &lectrmaﬁjf insiladed elongatbdb aylveanétar tmmisdch electrically

| urali. of, porous val ve net oXi de, surrqu .
c"“&i?g‘?dg t%é TEONGHin &80T 8§ 3 Jrving éa &S!"éd q ey igsgerally
per@ﬁsxcarar%@gréda&&i&h%dqmeps (1Cs) single or double

si ded nount ed thereon predeterm ned fold |ine of
the at | east one predeterm ned fold |ine being

17. Pt FloatrlrcheRirdenly SR B R bR L AG RS valve metl
ﬁacé@&rﬁ&t@@%ir%@ﬁé1ﬁt@rc§ﬂie@tte gconnect region prior to

t he anodi zati on of WD 2004/049424 PCT/1L2003/ 001007
-12- said solid body to formsaid plurality of porous

.25 e 5o SRR 250 B ARl b

accardingeto AuTongrod okAmd 15aytignsinighoe refi-ddtbitonnect region includes a
endi cul arly between _said nmajor surfaces an
ﬁfs‘é?“é@?% $e§0nf¥ Prtiea Anga fhiﬁlﬁ?%%mtbdeﬁpﬁﬂxﬂéefﬁ@t al
trace electrically connected with said interconnect 5
region and having a | ongitudi nal axis generally
19. pe rmﬁlﬂﬁmhwrpabbageiwcwdmged) elaim N8 dviferdinl an ritereoneet hion has

t he te i.g, capabl e of being fol ded along the
ICs H}D %ﬁé‘?’ﬁ{’ &flefizﬁ“ﬁ Tne to forma 3D interposer.

20. A process for manufacturing an electronic package including a three dimensional

(3D) interposer folded from a substrate according to any one of claims 15 to 17, the
process comprising the steps of’

() providing a substrate according to any one of claims 15 to 17;

(b)  mounting at least one IC onto the substrate;

(c) lapping the at least one IC to a uniform height; and

(d)  folding the substrate to form the 3D interposer.



16. The substrate according to claim 15 wherein said

non-i nterconnect region 10 includes a bus of
we@bk@ansdseal |y i nsul at ed el ongated val ve netal PCHD2803/001007

each electrically connected with said interconnect

regi on and having a |ongitudihal axis generally

perpendi cular to the predetermned fold line. 17. The

21.SUbThe Blofesd 26€UTEind Go £10ing RAWRerddn WoE (& lintladds dsutslE sided lapping
el ongated val ve netal 15 traces connects a pair of

of I5idgublgsided mrpvatad andhe substrates. An el ectroni ¢ package
conprising a 3D interposer folded froma substrate
according to any- one- of clains 15, to IT whereby a
non-i nterconnect region includes a first portion and
a second portion angularly disposed with respect
thereto. 20 19. The el ectroni c package according to
cl ai m 18 wherein an interconnect region has |GCs
nmount ed doubl e sided thereon. 20. A process for
manuf acturing an el ectroni c package including a three
di nensional 25 (3D) interposer folded froma
substrate according to any one of clains 15 to 17, the
process conprising the steps of (a) providing a
substrate according to any one of clainms 15 to 17,
(b) nmounting at |east one IC onto the substrate; (c)
| apping the at | east one IC to a uniform height; and
30 (d) folding the substrate to formthe 3D
i nt erposer. WO 2004/ 049424 PCT/1L2003/001007 -13- 21
The process according to claim20 wherein step (c)
i ncl udes doubl e sided | apping of |ICs double sided
nount ed on the substrate.



