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WD 2004/ 049424 PCT/ | L2003/ 001007 -1 M CRCELECTRONI C
PACKAG NG AND COVPONENTS Field of the Invention The
invention relates to m croel ectroni c packagi ng and
conmponents. Background of the Invention 5 |nterposers
[ Lng inter alia pin grid arrays (PGAs ball qgrid

1wo§@$@¥%5€BGAS), and chi p-scal e packages’ ( mgygﬂmw
enpl oyed for coupling one or nore chips to a printed
circuit board or a pomer“hﬁd/or vol t age source. Such
interposers are required to electrically,

mec haiCROEY ECTRONITP AEKIAGIOG AND COMFGNE
substantially different nedia which typi caﬁr)g/ have

di fferent nechanical and thermal behavior and also 10
- different input/output (1/0) interconnection pitches.
Ihdaﬁﬁlgﬁﬁpﬁﬁﬁpgs PCT International Application No.
P IL98/DO%§O&EBbLiSQed under WD98/53499 entitled
" SUBSTEYHHRT fstesHp Buerpeprtonisferkamnend SOMPINEHS.Fi xt ure |

the entire contents of which are incorporated herein

Backyron@iGUTehe Pavenfohe s illustrated and described a
substrate for electronic packaging, and a pin jig

f i pteidbcRe R g %‘%%@G a
di scret e%%%neraf’%%%#@%‘tam g m%blgqaﬁ%ﬁé%fé%{si?@a ’y
and eliprgends pockages| (CSPsetre lemplsiyedi fduodlgupﬁilg bna)memr?re dipeto a
- r rigin vgl ve netal, vias eac .
printBE G B = bt Dor Vil et g oo i o
electioallgtj mechanivellly, ot themally etWtn o ARG TR
I nternational Application . PCT/1199/00633 published

media GwiieR dypicgdyohaye 74 erer merhagicaband dhermel behaviar rasdi also
differeaGl Oﬁﬂmﬂl@)liﬂt&c@n&gﬁﬁgﬁch&.he entire contents of

whi ch aré incorporate rein by reference, there is

i T Anphisand's) P&Td Intetuational bippligatitey Noe PCEHHLIS/GIRE0 gublished

o BEAR f  Aod ShE HA8 pe

entire qmtentoott whick k! ietRpirated BeteinBORFR 0 IhaR dé Alus@itifhind
s., Applicant's W00/ 31797 also illustrates

descriyyy & Subatector Hedhmis Repkaginge pndie win g fixtaredfos mewutaesming
same.P AR 0kbGrtd Clad O NiiscRYE) bdHefilf OpAdsatoid, initially electrically
conductive valve metal solid body with one or more spaced apart original vaive metal
vias each individually electrically insulated by a porous oxidized body portion
therearound. : :

In Applicant's PCT International Application No. PCT/IL99/00633 pﬁblished
under WQ00/31797 entitled "Device Jor 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 W000/31797 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 |
l‘ - Spring: Connector Matrix (SCM) interposer suitable for electrical packaging purposes.
' The substrate includes a discrete, generally prismatoid, initially entirely valve metal non-

| i
 layered solid body having a pair of opposing generally parallel major surfacesandan




Sunmary of the Invention The first aspect of the
present invention is directed toward a substrate for
use in a Spring Connector Matrix (SCM i nterposer
suitable for electrical packagi ng purposes The
substrate includes a discre{e, general ly prismatoid,
initially entirely valve net@l non- |ayered solid body

havi ng a pai r of opp05|ng general ly parallel mjor

sur fae el ¥plye syptal |0§1deaﬁulﬂayn®f e%le\ﬁ neg #enearii aerpendlcularly
bei$iEh QB GR6AGRE8! SRR 'SR I
inifigdyubeing agontiguoho nodive df \salldwhdéxodjf prins @r the ainndliizzittmlnl of said

solfF 08 %o 50 s AT Lf aoRLsi ol bl o Formiday apieayCM

int@poge inpligley ﬂievmbﬁﬁtaﬂeﬂhéld Qﬁoﬁdlﬁlﬁ@lufégssana_\hﬁhéﬂbétween a pair of
i.nt er poser udes, t he substrate defi ned above

solfgr m @}dy Ao GRS RS ch RE 9F angyey yurigees, awl ak ArTAR Ok Spring

corfRttofy QBR forkRY $oth ij‘é’lbﬁ%teﬂ PN m% LPbe %Hir gtﬁygt?z%e 's 4l of
an array of spring connhectors eac ormed from a

cloagaterhapled methlvissersst by oneigermorsf thsmghgtsu@sawm%pg‘pardl‘a#arly

e at e retal inser
oxtBhain hATAR B Y iFaBBIR! mlalShlffoes) o Syt i tor having a
fixerb b portibh eighGMeoreed 0 @k 'dsfiiay GurrGindf ades{lo/mghend portion

nector having a fixed end portion rigid
feSﬁlgﬂ%g??@g Y oupled ti8f profigted fpred shd paﬂ@navhqrwtthﬁ dlo %&g end
porBiBh t i Offispth@abik | @Mkiky ! Mgl Bkya Ry pﬂo@ﬁ’oﬁ Qn 'at %Iane substantlally
associ ated fixed end portion whereby the f ting

perpendiquém 19 shed$ G| intcenmbirs mzeb:aaurfaeest and the ﬁ‘xueek eud gmﬂlon and the
ﬂo@%l%lt éng eFthélaeaEil %n‘?lng gn:ljsésec Xndgg I‘ep Iha d(%ncc))l'ialé%gléet g}lrl’aces of
the pSEMi mtbrmkér'i hajor f ducfadds Ngr Q:[H&trﬁﬂi thifRcteaC thefeb¥tivitgn afla their
el.ectricall conductlve pad on opposite surfaces of
ASSPHUCEHNINE FOBISWEer' s maj or surfaces for el ectrical
- connection therebetween via their associated spring
connector. -2- The fixed end portions and the floating
end portions can be provided with different types of
el ectrically conductive elenents including inter alia
ball's, bunps, and the like, depending on the intended
application of a SCM i nterposer. |ntended
applications of a SCM i nterposer include |nter alia an
ul trasound transducer, a probe card,




and the like. Various active and/or passive circuit
el ements may be incorporated into a SCMinterposer as
illustrated and described in Applicant's
af orenenti oned WO00/ 31797. The second aspect of the
present invention is directed toward a substrate
capabl e of being fol ded alvhy at |east one
predeterm ned fold line into a three di mensional (3D)
~interposer for electronic packaging purposes. The
subsh¢ atxed idaa! pBShsBafl A AbRingIBRNE Hdttods cBE 'b_%(';ﬁ%@i!d@d with -
_initially entirely valve netal nonlayered solid body
differpait titien g alepsicallyofondugpvesilementreimeluding yintpnalid babls, brugusr and
S a i nch udi an int.erconnect i.on._havi
thel # T EERARA0 BEChY S fSaB] PRGHRRTOp S SR PR (jsncs
applicetiomsfof @ SEM fntdrpesesinbRide aiter Aia majubtfasoBiditfadeRSer, & pbe card,
an%ﬂ}tegéc%g pﬁ%%fr%fggelé ggq{graéég?igfﬁ grrgllgy élglzz;\lgr}x%pq?zfy Q/cailnggxpcrlrr%%eglinto a
SCREMBEHSILLAY i BhdtitcRAhIVEER rib O LiIn Y flicartd b fRGRSBA WO00/31797.
electrically insulating valve netal regions initially
bei Ree ssond gpeciof por preemns inyentidyels diskiter] toovdyd ppibstratecgpable
[ i h i .0 formtthe.. .
of b1f BIRR A%k 818! o3l 2R e LR nsional 0Dy
mtapeseefiy eldoroiniopeckaging @aiposeg iThe sutstraa paddldes afdidorens, Renerally
.one qr .nore integrated chips, (1Cs) single or double .
prisnieid, il De BRRGy B I%Ftagr_ YEFfh Wi@_ ?%Wdlqcluﬁglgo? pair of
Opﬂoﬁﬁlglaﬁfene BAiraRd SngbelgtRedhefchu@ing dnl iﬁﬁrééﬁilxé&g re(fion having
e

parallel to a side of the perineter and displace '
an ppRginery gepcEatly rertansilag pettimeianin adop aisvefame of thestbsttatyisanajor

' . . . I eqg] ol
O, W e LRGP RFH 1 P08 oG B 3ok g o
ext@oligy gevabNe papdindiculadyd esween othad majoansirbeengmei thettically
o5 5 YL B Sl R P B o A 7oK body pri
to Perpedigition! Aty sBIRt BEBNto! fRemEE Pluralfyof 36R%s 3F]e metal oxide
electrically insulating an el ongated valve netal trace

surgoppds Wherghy {hedbisrronnest regign is qanedble af bt prcer Moty Biperated

_ . i : o .
G ACHRR0 7 OO 8 h-SEDSE Al S PR Bl e
least 9ne ppalblesningd fdd tige boinggdralebtuga sifie of fhe gdsmeteniand displaced
fold line t.o form,a 3D . pterposer.. The 3D interposer
thergfig 3iglpsibi IR0 SERPISSOBTCt S sQnigapns to the icrcomnec
regidRPHoncd thd ADIRLEET 6P tHeCsofid HodY €6 forith e HIMERSSof porous valve
dincluding either one _side or two sided | apping of ICs

metahoxide, praypds, gad feing gk rdisplid vHvametahar having atdeashene valve

L

surfaces and electrically insulating an elongated valve metal trace electrically connected
with the interconnect region and having a longitudinal axis generally perpendicular to the
predetermined fold line whereby the substrate is capable of being folded along the
predetermined fold line to form a 3D interposer. 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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-3- Brief Description of the Drawings In order -to
understand the invention and to see howit may be
carried out in practice, preferred enbodi nents wl |
now be described, by -way of non limting exanples
only, with reference to the acconpany draw ngs in
wowdiodmi m |l ar parts are 5 |ikew se nunbepesir.a6hoiod7
which: Fig. 1 is atop viewof a first preferred
enbodi ment of a Spring Cgwector Mtrix (SCM
I nterposer prior to solder masking and w t hout
: ] Qﬁ% e pads; Fig. 2 is a cross
Brl?ﬁ?%hﬁ%ggvmcﬁmt e g%M i nt erposer of Figure 1 along
li ~ : king: Figs. .3A-31 .
i | Pﬁ%’té?ra‘téeunt g&%ér g%e@?nﬁ% aﬁr?;ﬁ)u‘*feg g%oﬂ'r ¥ gnﬁyt%e% out m

practiee; qrefomet embodifients reifll nowite. fd@dcﬁb@l, thypwiy &F mfmlﬁalﬁting
. 0 pr-ef err ed odi ment of, a .SCM i nterposer al so
exani iRy, Bl i, R g orem avings, o il Sgaios et s
TikewiseenuniterddnandSehicht er poser of Figure 4 along line CGC
after sol der maskin [ 6 is a cross section view

i r 9, Fig. )
of Figin! J% 88 vigme of agk@cmfwed srebediteny oftee SgiNg Connector

s USPSED LA i Bk e PR BSH R

padsFigure 1; Fig. 8 is a side view of a BGA el ectronic

p e Flg. 9 is.at iLew of a substrate for

P oREEG e sion ek e S nmoReriolfisott | Song e
afterfsblger n&3king; @ cross section view of the substrate of

Figure 9 along line DDD; 25 Figs. IIA-11E illustrate

t Péeds dlustate o progess Jpr aynuiheurng ther SMcinpapisemef
Figufl; Figure 8 :
. Fig. 4 is a top view of a second preferred embodiment of a SCM inferposer also
prior to solder masking;
F ig. 5 Is a cross section view of the SCM interposer of Figure 4 along line C-C
after solder masking;
Fig. 6 is a cross section view of an ultrasound transducer including the SCM
mterposer of Figure 1;
Fig. 7 is a cross section view of a probe card including the SCM interposer of
Figure {;
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 péckage of
Figure 8;
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 intexposer of Figure 12;
Fig. 14 is a cross section view of a b;is of the substrate of Figure 13 along line E-.
E; and
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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 predeterm ned fold
lines into the 3D interposer of Figure 12 30 Fig. 14
IS a cross section view of a bus of the substrate of
wEoged2d3 al ong line E E and WO 2004/ 0498&%11.2003/001007
PCTI 1 L2003/ 001007 -4 Fig. 15 is a side view of a BGA
el ectroni ¢ package includgng the 3D interposer of
Figure 12 along line of sight F. Detailed Description
of Fi a6 4 ede FRASH ABOA 1kt : infRbd
OOrFrE}gect or Matrix (SCM A?%ﬁ%%?@‘%%ﬁagﬁf@a }@(?’1 %r&g
of Figpe Hoplong liperofisight Fof el ectroni ¢ devi ces including an
ul trasound transducer (see Figure 6), a probe card

De{fggsljigaqlgﬁo,]m RhShbiRkSes: The SCMinter poser

includes a discrete, generally prisnatoid,
[ I 10,4, nt.i mat el )
D et 8 BB SRR L BN Pt SN feeSrog svgte
for packagios ahamﬁ)erg ctajtmgicsdﬂvim@ as:ludi;@?anaﬁw(l tr'éﬁﬁuger (see
- trat i ncl.udes, an array. of keyhol e shape
rin B B b ) e b o0
inclades @ isoron, gbheta'llﬁr pigthit6Rl, AimSdI9 DIK Rl ShYiEad R ﬁlmi%t?ly

insert 10 The t hi ckness of " the perineter wa

sangvached bgtween seldersupskiand sigral layersni®2 phd 03 virgheajormjrhces
fipce i nt.erposer 100 incl ud
Lo o oaia AR Bt o] QoRUBEE Ssorc b iy
107 @mmwunem@i)gaach Wﬁgﬁ@iﬁg@@&oﬂ@&mgbe%l @ﬁ
thr o Qi n .cavitie e positioned so as to
108, The RS Pty fndedironntt B i phahloset A pisromin fegmpngt the
maj&aatfagee 104midgqoewal | 107 for converting inserts 108
into spring connectors 111 each having a fixed end

por B¢ 1pterpogar 18P dnstudes tandamay pf $hroughipeing (pavities 109

D e Ga 1 o it MY RS R st o
f

cavitigssl 09 aes pesitinedtisd asaodbedntirmplly to-efterkid. withhal faajor pofeivh o

el SRS Py ool Lo e ¥

havienal fipal éndQRftioh 122 kiBidly In&Red 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 ﬂoaﬁng end
portion 113 is provided with an electrically conductive pad 116 for electrical connection
of a SCM interposer 100 with external electronic components aﬁd devices. The SCM
inferposer 100 may be provided with various active and/or passive circuit clements as
illustrated and deseribed in Applicant's aforementioned W000/31797.

The process for the mapufacture 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 11 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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 majop meeﬂ%anmseazfgwat{) 1Pré ﬁﬁsﬁe@hﬁéﬂn&ﬁtat@[irbﬁlﬁt 128

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

el ectrically conductive pad 116 for electrical
wocaenaneatd on  of a SCMinterposer 100 Wi th exéRIR@s001007

el ectroni ¢ conmponents and devi ces. The SCM 25

‘interposer 100 may be progi.ded with various active
and/ or passive circuit elements as illustrated and

gt 3ol R SOtk REEBA Y TR ) SRR e
stgls 181 volh @es besbolsdswiped: perimtier ovtle 105 Exigufing gl
[l t
vemﬁ%@gét&ytg o8¢ Bl G SRR Sl Bt SR ongta
valvg et dbskrys pOB @bt Eigmmamr Tho phetoRSist ks N1 drbSemdved Qsee
Fi éé@eﬂﬁir of m?&or otoreS|st masks 121 are appll ed
£y eI Y latndersp%ﬁmopserrmp@smon to
al
Coe s I P ﬁ%mfgt%tﬁ%@%@t!f%@m%& £°
surfageiy biSgnds1 24 (swlmt%e Adipadt o&diﬁ’adnmmmmsmmmmﬁiaaa
net al

127 @ soffich i o Wbt ool Ly sprbiod b Lt ok o i
3E) gnhﬁueahﬁs}ced peerpeditecproauct 122 Rgersied Thpd tchiﬁ%%m-an
surfaces ,118 d.119 for defi ni ng the el ongated valve

" tﬂr‘i‘?ﬁ‘g‘%‘r" Pradugt ‘}‘( maorpuglases 59 aﬂdrtilélpf?@wﬂw deving
elect Ol cohdibtié BadsCR 484 clesERally &J ABsde] < 3F).

|.argel.y val ve netal substrate 1 ergoes cop

The phojpresidtineasks 126 andyia are @mmg:cb(seﬁﬁgﬁmdéﬁ andtah:emﬂ par of 0

i 0ol BBl R0 Sl i eidhon'l e e ragid ot

|ntermad| ate .products maj or surfaces 123 and see
underg, 5%? oriams thedbgughipio e Jé)%k‘émgtheﬁglzng

connébﬁﬁ@ 1 mq@ée FiSRPSY). athe photrebior LM B hrd P%A% (ST Rk ST

roduct 128 with major surfaces 129 an

P
and spiderymatks 133 gndy 134 s1g applicd de iednitmedintmpodudty enajpa e fabds!
I i&al 116.(s Fi e .
125 @ i 02 o seOel LTS, Pabat il 5000
(see Riglg@ 8E). 3lhe WM imterpeseo heD @aibe pﬁfwdeﬁhﬁﬁt%ﬂ@mga@&@féd wlits
are .a ation to the
ctecuEAM SotiEragf B i oot poadibpucags ibor prmsiely
alls tmmﬁamptecea%) tighteh Suips Ke7dep SRl B20ie iifee Ahifitcatind
of a SCM interposer 100 (see Figure 3L).
Figures 4 and 5 show a Spring Connector Matrix (SCM) interposer 140 similar
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
inner 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 interpbser 140 th_an the cantilevering arrangement but allows less
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15 undergoes al um num etching to formthe throughgoi ng
cavities 109 defining the spring connectors 111 (see
Figure 31). The photoresist nmasks 132 are renoved (see
Figure 3J) and solder masks 133 and 134 are applied
to the internmedi ate produces maj or surfaces 129 and

- WOIRM/2 orm t he SCM i nt er poser' s sol der nmagkTAIRd03/001007

signal layers 102 and 103 (see Figure 3K). The SCM
i nterposer 100 can be previ-ded with balls 136 attached
toits 20 electrically conductive pads 114 and

- moeihent oﬁmaﬂmgewpmmazm atthe plbfic férperdliculk fhdfdio! Sie.SCM

bal | s. 136 can_b aced by |ghter bunps 137
nterRose 0t ’Bﬁﬂ‘lf‘?‘r‘g‘“?qewga%é‘& S5 Piosess W the)SCM Setmposer 100

cxce%wgpggﬁrwﬁwﬁtnx (%fm%d;erpo Ié&iggﬂg ﬁ'ﬁ%&%

2 O%%tsh aageNpr rendaring by la0iog iend pértionsalbi3i athed than the chatilesr
ﬂoa‘. J% ring connectors 141 25 each having a
‘ 1 por |on 142 and a floating end portion 143.

Th é?lgmf fahemcan bistswmad taheluGNIS) Thaidiag 8 'SCM Gutapeset 160

inclED% b Ak Ao 4 PR U el condiyp n&%ﬁ%&h@?a&”?u
arrag of BirBps1i44 aBfchbdoas elercﬁﬁ:hilj &ﬂi{%éﬁvrsé 5351966 rigid pontro] board

equi di stanced tethers 14 I'n tur

153@5@@@*@%% 1§ﬁtm§ﬂu<hﬂlg 8 [polvintV sulfstrater 56 wids ik aemt by

: t 8 connect i the 3
indepytk) SpéE e e B “FindePL (o udind ASHRER osRhogenis) 137,
The Gmntldcbaard 183 is Sdidesed entbethé faga);] of Pfﬂ!@ eI Ghild? a%hé]i? heoustic

a t of the floating end portions
ele“ﬁ? giﬁ "“t"ﬁ’; ﬁ‘@g‘%?‘f ‘8(9%?'%“%& Arthparey of bomph EY? wheeeby each
acoRAat dlbBMRr 15T i@r &9@”@“

20041 049424 PCTI 12200370000 7&1}1!6%%3%&%%;%%&':0% pootion
PEIpERBGian g 1B plgne rafi the SCMi dnterposen d 09 | immesppse (te ritdi individual -
elecﬁi&ﬁrsﬁhﬁlaugﬂe SCM interposer 140 is manufactured using

the sane process as the SCM i nterposer 100 except in

t hFigureskshowh @ mohendand tﬁmmh&mg assum iftbrpbieg WO@ indtdding an -
si st masks for

amay’ %&2‘?‘ iﬁ?aﬁ?@“* YOL‘E'?";I%? ?ﬂsﬁh Ot ady I gy ameray pipall

2 ey ) el Gt
probg ﬁf“\'gf b% : uﬂ’%gsagl 5y o ipdependenthy aperasive et |P33315@113t1mun°
eleciﬁﬁﬁ@é‘di‘ﬁiﬁm&ﬁs)' 168. Gh€ Chifthof BbdrY 169 PGl RAHS allr%jf' of Bifhs
161 whllst each test pad 166 is individually soldered to a bump of the array of bumps
162 whereby each test pad 166 is capable of independent dlsplacement perpendicular to
the plane of the SCM interposer 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 generatly paralle}
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 vélvc metal traces constituting
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array of bunps 152 attached to its electrically
conductive pads 116, a ri gid contr ol board 153 and
an acoustic matrix 154 including a polynmer substrate
156 with an array of 10 independently operative
acoustic elenents (constituting el ectronic conponents)

wobbod/moqoiie control board 153 is sol dered ontpbrpﬁgqogmlam

of balls 151 whilst each acoustic elenment 157 is
i ndividually soldered to_g _bunp of the array of bunps
152 whereby each acoustic elenent 157 is capable of

bSR3t R el N 1B o B B

aforementioned WOS0BN 7971:mddbes pait 6£ICs $82 mvhméd siisle FddWhiceoh.

T nalR aftelE %> s §prmati ol ot ogeuererngenasgion 15

adjaBér® @b 'dnk alnh Yof 4R sterbbtReiPREdn 1 S
J'162 at tna_ched toits el ectrlg%glﬁé %g%dﬁg?ﬁg% S?MT%%%]

'intefﬁowﬂgt rgeien k4 wiacers 40 the ppposite auil of theintsimennest waiv6479. The

s ' K [ a t. erative st
nonifiEebiicBrefiBn A5 Hoies CURGRAND Bl AV et 5o 1186
havipg at loogituginat dxis 637 issbsaitidy perpend: _’méz_trh_edthé :fiﬁﬂ mfel g;@ andta

i s individua sol dere

desigrd 198 Waﬁ@%@ﬁfﬁﬁ%ﬁgg RS9, 2EOWGHEHISS Y 8% aEhe vabist
metf) ated G866 EsspreRRBlY fﬂeoﬁﬁ:a'll? SRERBAH} 2 A Bf A6 valve B_;L%?}

_perpendicular_ to the ane of t'he SCM I nter poser
oxide;wlls 89 spenqmallypsrpendivulary cstending betwoer: the guajor7Girfaces 173
| C Il ' | ded, L.r a
and 17CEilivale o ol 180U B%?&%f%%oﬁ%gygaé% sifled porous

substrate 1/2 having a palr
anodization step simptigneousiyuwittaibe fornfisy afnkt kEdkomi@n@gionp®.r of
predet erm ped fold.ljnes é? and. 177 The  substrate
A BB oy s or e lerinic pegies Ak g descrbed
withirefbiened toyFigndsi 11 AL IE skt ok Ble sib¥iate 19 S 180 839 bifrcRREY
'gﬁ7 for i,nto_an interconnect region 1/9 having an
bei i wereHArHS, arecmpunies pa thepwtarcppnest regin 179 Gee
FigafcORBY] eMeqls 102 antinld ' L Qr 3Q. and
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Figures 12-15 show a BGA elecironic package 200 including a two storey 3D
BGA interposer 201 folded from an I-shaped substrate 202 having a pair of opposing
generally paraliel major surfaces 203 and 204 along three fold lines 206, 207 and 208.
The substrate 202 includes a discrete, generally prismatoid, initially entirely valve metal
non-layered solid body 209 formed into three interconnect 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 intercomnect 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 substraic's upper
sutface 203, and ICs 224 mounted on the substrate’s lower surface 204. The non-
mterconnect regions 216 and 217 are similar to the non-interconnect region 183 but




WD 2004/ 049424 PCTIt L2003/ 001007 -7 active and/or
passi ve el ectronic devices as illustrated and
described in Applicants aforenenti oned W00/ 31797 and
has a pair of ICs 182 nounted single sided thereon.
The substrate 172 includes a primarily valve netal

WO Pifedoiser connect region 183 adj acent to omnergndeAfordehe
i nterconnect region 179 and a wholly val ve netal non-
5 interconnect region 184gadjacent to the opposite end
of the interconnect region 179. The non interconnect

diffor QHrHbnd §RofaP 54 @ﬁ%ao‘ﬁ%&h&fﬁ 'i:w?id % él{bﬁgﬂ)%ﬁi %%gllji%h‘(zﬁlve

netal trace 186 aving a | ongl tudina
- metal trecs ZAT rathier thap & sipgkdekva ntal tracet he fol d |ine 176 and
- designed to connect the interconnect region 179 to,
say, a power source 188. The valve netal trace 186 is

pr Bhile ahé jnvejhtmntliab Akt Vescribed BB &JP&!ct zit% gai'ﬁxﬁﬂéa‘ mymber of
general |y

~ibekion e netal 10 oxi de wal

m %‘éﬁ"ﬁ@ {hat m3BY waaiops, anggfications, and othsr

applitdtons ﬁﬁ#ﬁ} L, '
pr ef erag%ﬁ;/nz’?lgioﬁelﬁgngihg& dua ggbo&g%?%ugﬁmg%g [ Z%’tl on
step simultaneously with the forn1ng of the
I nterconnect region 179. The process for the
manuf acture o the-el ectroni c package 1-70 i s now
described wth reference to Figures 1l A 11E starting
fromthe substrate 172. ICs 182of different 15
hei ghts 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 height 1-13 (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
~opposing generally parallel major surfaces 203 and
204 along three fold lines 206, 207 and 208. The
substrate 202 includes a discrete, generally
prismatoid, initially entirely valve neta
non-| ayered solid body 209 formed into three
i nterconnect regions 211, 212 and 213, a 25 wholly
val ve nmetal non-interconnect region 214, and a pair of
primarily val ve netal :
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non i nterconnect regions 216 and 217. The i nterconnect
region 211 is provided with 1Cs 218 on the
substrate's upper surface 203, and balls 219 on the
substrate's |l ower surface 204. The interconnect
region 212 is provided with ICs 221 nounted on the
woeBMsHat e' s upper surface 203, and | Cs 22Zrgrausdesohiooy
the substrate's | ower surface 204. 30 The interconnect
region 213 is provided wiph ICs 223 nounted on the
substrate's upper surface 203, and I1Cs 224 nounted on

‘Cldims: substrate's | ower surface 204. The non-

i nterconnect regions 216 and 217 are simlar to the
non-interconnect region 183 but WO 2004/049424
L. PCPH stbsteagofet %108 BprisBColirktier Mahixr(SCM) intérpssef R cksironic

hey each i pcl bus 226 of electrically insulated

packibff o, b6 sHEiEal Sirisne palische peneraPrpptomapi v tialy
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MWth respect to a limt odi ne

- g orlags agd 3 Sep%of dalve actahwie vamounds eand, extending generally
pory AL bora0R B thafc Wtaced B feBlc Y efualCon, giomenied

valve | magtatsnseniniziolyl bOnS 4 20nMiGhd porfioN 3f €04 QOHd b&y pridr 36 i
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the substrate conprising a discrete, generally
Ismatoid, initially 5 entirely valve netal non

pr | > ! .
2. | aybs StPsuEe i cHdng- Madtiny 1 avlsssin 2ofureppdds consginet by lay
relafdffyAhin ﬂ%%a@hﬂvﬁr%%{ - tal
_oxiyge ?Slrlrounds eaclt ex c%?%htgéﬁgpgﬁﬁrfﬁﬁeﬂgmdmc.
majgrsuadi cul arly bet ween said maj or surfaces and
el ectrically insulating an el ongated valve netal
insert initially being a contiguous portion of said

3. soThesubsteiye fuco@ing! te dither claOT b7 AtwteRiPhn fRE RS kfhole
body to. formsaid array of porous valve netal oxide
Shﬂpw%eam?gf.of%%wfﬁe suberei RpPEIuERescor di ng-to- claim 1

wherein a surround is constituted .by relatively thin
perimeter wall having a thickness of at [east 50
4. i 4r56M4 interpeshecqmipmising @f subdiate according to any one of claims 1 to 3

intimately sandwiched between a pair of solder mask and signal layers having a pair of
major surfaces, and an array of spring connectors each formed from an elongated valve
metal insert of said substrate's array of clongated 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 interpeser’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 conmection 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
shape in a top view of one of the substrate's major
surfaces. 4. A SCMinterposer conprising a substrate
according to any one of clainms i to 3 intimtely

WO yasieshed between a pair of sol der nmask aownoggmedoo?
| ayers having a pair of 20 mmjor surfaces, and an
array of spring connectong-each formed from an
el ongated val ve netal insert of said substrate's array

5. of TiRl MAahRHoYR WD rdiRE &) cléiﬁ&?ﬁﬁéfigﬁ_sgﬂgﬁ%nﬂ | r%'gncludcs a

throughgoi ng cavities  perpendi cu
cantifpweroating epd 1m0, nt er poser' s maj or surfaces, each
- spring connector having a fixed end portion rigidly
connected to its defining 25 surround and a floating
6. ernthgREMiineposs atdorlidd ty claimd 4 ivtcbeirt D4{iing dodnectb ificludes an
rtion whereby sajd floatin

associ.ated fi xed nd J 1 .
anay, fﬁ%‘}fiﬂﬁ% nﬁ?’éﬁaifgfgﬁé Hantiathy  equidistantly disposeds arpundl dmd
' 1 t:ak 4 ilcalar to the
Tloat@@ chd BEHbA 1A LENIRAY Auilkly Stplisk LSBLREREAER™. 1 end
portion and said floating end portion each having an
el ' . L. Ve Qn, . opposi te.surfaces of
7. ¢ o Sfkfiie GoBO UOMGh s ARG SRR st g o BEE B ot
claimsdntodt tiripid ¢dntrobbatdwiderad ta siill eletir@alloainddotide 5l oD gid
onnect or. g[)2004/049424 PCT/ 1L2003/ 001007 -10- 5,
fixed g DerhoRs. A Al 158 of SleBinde Y PBraRYeFissteonisjeloments atiached
msaﬁmécﬁ&anp&ﬁaa&%gmcafsﬁ&ﬁo@mg%a@ﬁ&rh er floating end

portion.” 6. The SCM i nterposéer according to claim4
wherein a spring connector includes an 5 array of

resi . f ihl e S tiall. .
8. eq%{ |§%§lr’%q y&agllé‘isl%%rs gfé(% g‘?’%ﬁt& ??éﬁ a?l gg?rfﬂﬁg g, pray  of
indegendently opdrativerebestrbnie dbinyntf arle @asdubtiyyelememd.i ng to its
fixed end portion. 7. An electronic device conprising
‘ a SCMinterposer according to any one of <clainms 1 to
9. 6.A Brobeé Bird aScOdifi@lo RAArwiRepdifl i ' lagtebé Yy
co_ngructive pads %‘fo said 10 1??%2%1%&%1 pg??ni%gn , a{ra;gwan
clectigpic glementsiaprfegdadient | y operative el ectronic el ements
attached to said electrically conductive pads of said
~ floating end portions.
10. A process for manufacturing a Spring Connector Matrix (SCM) interposer for

electronic packaging purposes, the SCM interposer having major surfaces, the process -

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;

()  applying both said major surfaces of the solid blank with photoresist masks with

at least one of said major surfaces being selectively masked;

(¢}  anodizing the masked solid blank to form an amray of valve metfal 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 bedy; and

(@  providing one or more throughgoing cavities perpendicularly extending between
the SCM interposer's major surfaces to convert each valve metél insert info 2 spriﬁg

connector having a fixed end portion rigidly connected to its defining surround and a




8. An ultrasound transducer according to claim?7
wherein said array of independently operative
electronic el enments are acoustic elenents. 15 9. A
probe card according to claim7 wherein said array of
independently operative electronic elenents are test
WO pa¢ra494210. A process for manufacturing a S@CTMR003/001007
Connector Matrix (SCM interposer for 20 electronic
packagi ng purposes, the.$CM interposer having major
surfaces, the process conprising the steps of (a)

foating canddpdrgon rekilatle tmmbgﬁsafpﬁeldl %6 ¥ aS08AOd Fixed BhY Dortion
tal pon-layered solid blank having a pair of
th:f%%b@@gfﬂ@h@%ﬁ’é’r BiTign pefisplaceablerglasive do Bieclined end pyrtion in a

, ' | - l'id blank
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maj or surfaces being selectivély masked; (c) ‘anodi zi ng

t Kk lib,d hlank to fqQrm.an array, of valve _netal
11. ogﬁl 3281% g%?r%gaﬁ@ggggccﬂm’é‘x?% (hiom &eﬁ%"r"!ﬂﬁ 3§ constituted by a
relatipely At geridiarwall 1@ingR Micknss dTlablelist S0 BRd:OHs i e HBGE SF the

.and_electrically insulating an el ongated val ve neta
majof HLREES- i nitially being a contiguous portion of the
solid body; and 30 (d) providing one or nore
t hroughgoi ng cavities perpendicul arly extending
b &hgensoress areordmig tb witkar b 101 i whereiniar me@Bhds@ keyhole
G . h_ valve tal insert.into a spring
shape c@%\é‘i{’%ﬁ%ﬁgﬁ ‘%Jéheasug?‘%?getf WA YHRYSon rigidly connect ed
to its defining surround and a WO 2004/ 049424
PgiélLZOOS/OO 007 -11- roaLing end portion )
3. e prossss drcemingto poy ens e daims dOjte 42 adewin sieetd) iricedds
the i Yl h&ﬂ%f -tion is
s%#%%lacé%g$gﬁ$@§§tiveh?%n%he P%ggsgﬁggﬁ%%tion in a
pl ane substantially perpendicular to the SCM

[ r. [Qr . surfaces. 5 . .Jh [0CESS, .

1| T HRRS ol G55 131 T B D inhcs

the stepoofshéchaien rdayoving at Ra@ivive hietal i forrR ﬁeltﬂﬁﬁ@goﬂi?bdviﬁes.
having a thickness of at least 50 microns in the plane
of the major surfaces.

15. A substrate capable of being folded along at least one predetermined fold line for.

use in a three dimensional (3D) inferposer for electronic. packaging. purposes, the

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

 layered solid body including a pair of opposing generally parallel major surfaces and

including an mterconnect 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 sutrounds 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 andl passing through a non-~

interconnect region contiguous to said interconnect region prior to the anodization of
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12. The process according to either claim10 or 1 i
wherein an insert has a keyhole 10 shape in a top
vi ew of one of the substrate's major surfaces. 13. The
. process according to any one of clainms 10 to 12
wherein step (d) includes the step of etching at
woO toeasmwadal ve netal to formthe throughgoi ngpcaayiddeae7
15 14. The process according to any one of clains 10
to 12 wherein step (d) iyl udes the step of
mechani cal renoving at |east valve netal to formthe
) e LD I _
s:iud 5;E,)iiekll n fgl(ﬂ(’jed al ong gt%fpgég% vﬁ%ﬁ%@%@ﬁ{lﬁ:ﬁfﬂ@% %c()il(ﬁgmg
cither| ¢frpolifl gralve metal ¢mhavinghatdeastione valve madtal. qxid) surround each

I r -el.ect ¢ oni kagi ng pur poses,, the_20
extenlify JehBRRY ostpShaiEY BoHlotn BRR. RoigE suRafeR 5 pleHEeuFa
insulating fm glchgamah‘eeh@t?l\ftﬂiw eleseically m&wé@ml | ﬁd(lil lﬁrﬂ«%rbéhn_@éizdy

._incl.udj ng.a pai.r .of opposjng generally parallel major
region ghihiaving & Jongudingl g ﬁﬁ%r@w rerrcadicelartodhe Wé@@wm\fjﬂlﬁg
i ' | Bt Yel lo¥ béi | o - 1,0p
R A S e R R el
to forpg: 30} @ipApRseR regi on having a plurality of valve netal
oxi de surrounds each 25 extending generally

per pendi cul arly between said major surfaces and
16. eTketsubsimtel yecordigutaiclaig 1alwierciesald i@dnRRSnhd rkddd Y

. ei conti guous. portions of said solid body rior to
includep 3 6’3 leaficaly wbuluss lopetted vaoe yaeia) tageneash jetpotrically
conm Rtk l¥idOfnidPUnRss @by SnABkARtng 2°th: 1§ Q:H%‘%?neraﬂ

b d |‘§ I's capable o avi rﬁ;

wher eby sai d i1 nterconnect regio
perpenshigaias to thepeedeterminegd falddinechi ps (1 Cs) single or doubl e
sided nmounted thereon, 30 a predetermned fold |ine of
the at | east one predetermned fold |ine being
17. pEhakibstrate aceordingl¢o ofim di6dwhetinnebey ofdlongicdplaieetletal
tr therefrom an- ASSi gg t hrpugh a non- interconnect
awsF%‘@ﬁe‘o“ﬁacPaﬁPi?efg'& GORECCLSg Rt er connect region prior to
t he anodi zati on of WD 2004/ 049424 PCT/11. 2003/ 001007

12 said solid body to formsaid plurality of porous
18 vAn \glectrenig| pagkagd eccomprisiagraiSD inteiposer figjdede fiotsea spbstrate

_ ' . | at. le val ve al

sccordhfl totmf it SR 110 1A Y mor Bl ot iniTEl s

first peréopanti sudropticoengwety digiosedwitltores;sot theretes and
electrically insulating an el ongated val ve net al

trace electrically connected with said interconnect
19.  The electronic package according to claim 18 wherein an interconnect region has

ICs moumted double sided thereon.

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:
(a)  providing a substrate according to any one of claims 15to 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.




5 region and having a |longitudinal axis generally
per pendi cul ar to the predeterm ned fold 1ine whereby
the substrate is capabl e of being fol ded al ong the
predetermned fold Iine to forma 3D interposer. 16.
The substrate according to claim15 wherein said

WO pavedomiser connect region 10 includes a buscefiao3eo1007
el ectrically insulated el ongated val ve netal traces
each electrically connegged with said interconnect
region and having a | ongitudinal axis generally

21 pe'Iheqmbeesacarrdin 1d ¢18inPI(PRRSIn

fICSH ra e accorg to claim gﬂgﬁ;@;‘é{}cﬂdﬁs%ﬁgi&m&?i@m&

oL LA rgiGt yubstiafe. t r aces connects a pair of
said |nterconnect regions. 18. An el ectronic package
conprising a 3D interposer folded froma substrate
according to anyone of clains 15 to It whereby, a
non-i ntercauncet |egion includes a first portion and
a second portion angul arly disposed with respect
thereto. 20 19. The el ectroni c package according to
cl ai m 18 wherein an interconnect region has |GCs
-mount ed doubl e sided thereon. 20. A process for
manuf acturing an el ectroni c package including a three
di mensi onal 25 (3D) interposer folded froma
substrate according to any one of clainms 15 to 17, the
process conprising the steps of (a) providing a
substrate according to any one of clains 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.




