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PACKAG NG PIN JI G FI XTURE FI ELD OF THE | NVENTI ON PCTI | L99/00633 This
invention relates to el ectronic packagi ng and assenbly devices, including
inter alia®O WA grid array packaging (B&), chip sizel scaPETARMMEINg
(CSP) and mufti-chip-nodul e/ packaging (MCP/ MCM, passive s electrica

devi ces, and a process of manufacturing therefor. In addition, the

i nvention rel at i re for maski BACKGROUND OF THE

| NVENTI ON NlcrﬁgmwwﬂMﬁMMMMMEvices are tyumwmmnmmnmﬂmnactured froma brittle
sem conduct or requires protectigpn,fromnoisture and
mechani cal damage a&P%vi ded for by an el ectroni c package which al so
contains electrically conductive traces to connect between a sem conduct or

devi ce and external ci rBPti € : FOR IR OTRONIOPA Okeegfcconpl exi ty of an

el ectroni c package, a nu er i nterconnect structure can be interposed
bet ween one or nore integrated ci PENIJIGCRIXSFURKCs) and a substrate (PCB ).
4ne such mufti-layer interconnection structure is illustrated and descri bed
in US 5,661,34] to Neftin and includes alum num | ayers, each |ayer
typically having a thickness of several mcroneters and being deposited on
a previously prepared topside of an underlying | ayer. 25 JULY 2002 WO

001 31797 PCTI1L99/ 00633 .2_Anot her package design which mnimzes space
requi renents and provides a high density of interconnections between
circuit chips and external circuitry is a Ball Gid Array (B&G) package,

D fferent types of BGA packages have been described in that art and include
a nmetal based BGA package as illustrated and described in WO 94/22168 to

Mahul i kar q&EEEBQQQQT?@ﬁtpaCkage as illustrated and described in
US 5, 355, 2 ﬁ?%)ggﬁs .C. et al.” US Patent 5,04S,921 to Lin P Tet al. In
the fornmer type; A I bt AL egl ki cal
conductive vias T\?/gsl gﬁ%gig%d g?lg%ﬁq?g yn:&ggﬁgat g4 5 lf’%‘?r]%f%m@gs(g%%\%é opposite
ends respedidlvdihy @l@ctdliaCdally ghido aapnpsatiegingd BGAY,n2hifidifdédaley and an

integrated circuit device. The process for nmanufacturing such a BGA package
i ncl udes dpatkaging KESBY and miwdtichipainoduledpackagid zZ(MEPYMEMDt phssiase and

ook ase Ra el B R R En R of B S i o
materi al | "fﬁﬁgnh&g‘fe‘?mﬁi&ﬁirg?ﬁgfrfgﬁsl{ig@@g?ﬁa mul ti-layered substrate

havi ng vi a orne y nechani ca ling and into which are
inserted electrically conductive material. This BGA type package has | ow

t hermal perfQ ] tively high interconnection
density cabﬁ%‘?ﬁ%{r@&@ égﬁwmi@aabeen devel oped with inproved heat
di ssipation fir t he heat producing dies, Partigcular.ipplenentations are
T ustrated andNHESETRegORs APERes 41 Whiaky papanfeaited sfbs & Bl on,

5, 767- 575 aaflicdRdfabe thaRelff “whith (CHEYEN! drBRRlig® HOrR I ikl el ective
anodi zation purposes is a relatively conplicated and expensive process
includi fip ifeehaiipAli éahh&) ad PovidBa Sfar iyt aﬁ%]&itﬁini@f/ga@laa d\efHichasdo ng | ayer
usi ng photolithography and deposition techni ques. maski ng | ayer can be in
t he for m o€orghims mlectrisallyredreductive teacde e €oondad ehebapen a semiznndiaion et al

thin film ,and the Like, In US 5, 661.341, there is described the use of a
photoresiSQCW%%RQdFﬁwV%ﬂQEWDBB41, there is described the use a dense oxide

P L Hle A A Wil 170 0
descr . bed ii@iffer dntefedifiedl stlitlire tih 48 é%rﬁ?%eggggtwégng@ Jgpeacr! bed the

use of a photorésist ma I'n an anodi zation THE

| NVENTI (N intégrardairclngips({IOCs ahd ss4utdeaeqPCH). t Oae Bueh endlti-layent i on,
there is provided a device conprising a discrete solid body having a pair
of opposi nitefenanctliby giarcalreeis msoateduariddescribedi th dd8i 566bd¢l havi ng a
body portipon_of a, porous valve netal oxide based naterial with a pair of

exterior shEftiraad melydes aluminpum: lyers, €aeh lyepsmcahchaying s MGREST surf aces

and ext end) g JoaR e A o00 SaE dIBbHed Sl | BRRIDRI e bE e 521

of an underlying layer.




portion having one or nore electrically insulated valve metal cor@uédiliYyg002
traces of fromabout 10 umto about 400 umthickness in a direction from
one said major surface to the other nmjor surface enbedded therein, one or
nore of sawbewmews having a trace portion divergingly extengtctrgopovesd
froman exterior surface constituting-a-portion of one of said ngjor
surfaces. Porous anodi zation penetrates an original valve netal blank at a
slightly higher rate in the direction of a voltage difference across its
opposi ng maj or surfaces than in a transverse direction -thereto such that a
circul ar maski ngAsdthe® paclzeodesign whichl wenimized sphodkrequit@herts satd aces
effectively protects an inwardly directed diverging cone shaped val ve netal
vi a duri ng progides ahighidenséy sifdei¢reamnoctionmlertveen icoguib ichipseanidl extémal n a

bl ank S o/ G e aﬂﬁfﬁégﬁg@;é@%i BokKieSan SR YRes PG Ao ?: )
Gur' ng s Rq A gooEn B At B aft AR SRR SR < v

anodi zat isorhaeRAed 49 iilhdtared Bedl i deScribedainy AVTEOAM22068Ne Mul@liEX hA@R POr ous
oxi de thickness of about Z0O ~mrelative to one of its opposing major

sur f aces wiplagtic based B@Adpaukage as alustrated iand deaeribgic &S §,336483z0 a val ve
metal blank to a maxi mum porous_oxide_ thickness 25 JULY 2002 WO 00l 31797

PCT/ 1L99100¥938s RC. eloal. HisdatenfobOfr.021 feddBy heatiaki dnibe formariyRdafess of an
anout 400 iRl biceat G Fudlint O eRL RohiRoRm MO Blffte” U7 0
o K ot . i

antal am i g SR R Bkl GRARIE crty 1A el LOHIY 1 5055,

Ai 5083,10Alconfi8fied M edtbfial ctuitdAdnd amdntepeated kircuif ddeidec eTiof pideesspr esent
i nvention can be readily manufactured to custoner requirenents in terns of

a desired fpomanufachuing sucht 2 HGArpadage dnelndes deilling bolss tiniteaimataloper t i es;
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Covent i on HOLECCCHEY it ARG BR patRAEORS: plod BRI BribifaleCiRT

density caphdilhidrytypad af atgheicnnatrattisneddby forovdielestric Myepy of a
environnental friendly process. Each device can be considered as being
const i t usednuli-layered substratohaving viasrformed byonechanieal or Jases dallingzandc

bui | di bl.ock t end,i, bet devi ge' i [ . Th

bui | di ng biBiO el Ak dnSarted qlegriegih Aondurdue maatariab i 11 ROM BIE a ful |

porous oxi decRidd §aliol) Ykima. FATBARANEP AE| FaciRALELS a0 RBIVElY NV 2! Ve
I'ng ock, v al us

nmet al bui l a conposite original valve ne on por oxi de

bui I di ng bliﬂ@kc@ﬂgctﬁxmg%ggpmﬁgys 20 oxi de on original valve netal on
por ous oxide building block. A w de range of devices of the present

i nvention are eB@GAagadkiges| havergnowt beem| devedomal | withi dnpravad hewA)
support strycture, a Multi-Chip Nodule ( supqort, structure, a Chip
Scal e Pa8k&sisipatiop) framp ey healt praduging s, c Sariulan dmplergniatians ¥€ devi ces

"t or conneNURE @ ofRHBEA critc ol U o Rlbat “ESEETVEL OI it
transfor mers peR5YLAld 08Pt $,659)895

Conventional masking for area selective anodization purposes is a

relatively complicated and expensive process including the application and
25 subsequent removal of an inert masking layer using photolithography and
deposition techniques. A masking layér can be in the form of photoresist
material, a dense oxide layer, a tantalum metal thin film, and the like. In US
5,661,341, there is described the use of a photoresist mask. In WO 95/08841,

there is described the use a dense oxide mask. In JP 1,180,998, there is



'n accordance with a second aspect of the present invention, t hed J'LY 2002
provi ded a process for manufacturing a device having a desired product
specification, the process conprising the steps of 25 J~JLY 2002 WO

007 31797 P¥P0BYY700633 -5- (a) pr OViaéﬁ ng a di screte val ve REYRPYM6EhK
having a pair of opposing generally patallel mjor surfaces; (b)

sel ectively masking at | east one of the major surfaces of the blank in
accordance with the desired product specification; and 5 (c) porously .
anodi zing the sel ectively nmasked bl ank for converting a portion

| . body
thereof i ntdsSgBredutbhievse v mpben mash.in ARPHAIA G/ % tpaver isgleseriast ther
oxt endi ng. (PRaHch FREHT SRk Br s d R o by AerCtiBoPetr Bt he
body porti i : ically insul ated val ve netal
conduct i Vecﬂﬁpgggég%%g%naﬁﬁ?a%@ngr%%sg about 400 um thickness in a
direction fromone major surface to the other major surface enbedded
therein, o I ing a trace portion divergingly
ext endi ng mﬁgrﬁgﬁﬁimm&ace constituting a portion of one of
the major surfages. 1 . _The pracess of t resent .inventigp can
manuf actdre a d Qi@goﬁfapﬁcé‘”ﬁélaa?‘irﬁewegﬁ Hgﬁbgp% tINYFRAILGT, itg%ﬁeilﬁn with a
si ngl e por X} j Wﬁ% i £ t .wﬁ'xjig g bl ank' s
opposi ng ng?l é‘{lﬁé%rqfa aegteEg rom a %g%%éntgﬁg’ﬁabqéggkﬁby 55‘% Elig?fegpc?tr?gﬁ gi ded
por ous anodienédall9 pagdlldd hdjop burtfisespbd lsolid didgshavingra) kudyspuriies ®f aby a

si ngl e dual -si ded porous anodization. In 20 addition, the process of the
present i n\poneysoMalyanmetahudxide hasedh miateriake with 8 pair edfaexigdby suxfagssi cat ed

oD s e o g P R S B A AL
e, SRR ) RIS Y B S Dy e

al t ernati velortioPha®ing Bé CorPRI0RE clédifealAtihailatet t ValvB Sty @AMhdtR@ t 0 the
bl ank' s opposi ng maj or surfaces for protecting different areas thereof

agai nst portrasss ahfidizaticunri 0fyon tol abdwir4t punethgrkineswin 4 directidd frémranet ti ne
del ay protectjon, can be achieved by dense oxide cﬁgsk' ng.el enent s
( her ei naf t A4 BRI SEHace to theppthesimagnr iriace campeddsd theredm ope oramorg_j) v 2002

WO 00131 797 199/ f1 OG33 ich gre e ver r.Qus oxi de
during por ootfs:sgé;{nk)r&? a{“f‘gﬂg %QI.BP&IO&OQ{}%?@?%& %&%@w@é@%@%@@gﬁ rs at a
far slowsr dyadrfortsiafcd E&sﬁﬁﬁﬁ%&%&@ioﬁfoﬂfde@ﬁmid ajordubRicad. material such
that, for exanple, a 0.1 pxn tthick DOM protects underlying original valve
metal material fRoroebanbdizadomoperetrdtesi ay oviginkl tvalve onetakibthait pomous
anodi zation _can normally convert original valve netal material to porous

oxi de to t rilightlebighsr rafg in thmdirqgetionpiz velfags diffssennecacsass SRRAINGN can

| | i t k incl udi t i st | ati vel
ol 50 ST o o ABARLL 6PT ol DELAGLDD B HERIGL RSP LEhR VoY
anodi zat Or}nﬁ’éckét%bmlt oYlaé)ﬁ’eeoPEt@allvérﬁ{tﬁélf[ lﬁhnk'ﬁ'%ﬁgﬁ% RerBEN cfflisiveryocess of

manuf act uri ng I'ces 1n accordance wtl e present invention is”suitable
for largp gremcRamtinwikdiyuditdct diwetgih®icode shaped wlvé Yn€thl via during a

so-called one-sided porous anodization of the blank. In a similar manner, a

pair of circular masking elements applied to both of a blank’s major surfaces
in registration to one another such that their centers are concentric effectively
protect a barrel shaped valve metal via during a so-called two-sided porous
25 anodization. One-sided porous anodization can typically anodize a valve
metal blank to a maximum porous oxide thickness of about 200 pm relative to
one of its opposing major surfaces whilst two-sided porous anodization can

typically anodize a valve metal blank to a maximum porous oxide thickness



devi ces. During or post porous anodi zation, suitable substances can JeYt2002
i npregnated into a blank's porous oxide portions in order to seal its
pores, for exar‘rPI e, as described in US Patent 3,622,473 to Toshiyuki et.

al . In add¥Pi%3!793 bl ank typically thigckens during porous aR6d/1E3¥9063 such
that it requires planarization to a deSired degree of planarity and to —
arrive at a desired thickness for the BGA, MCM CSP support structures, and
the like. ?0 In accordance with a third aspect of the present invention,
there is provided a pi ig fixture for use with an electrical power source

pin j ur € S ! :
for por ous CArebaul 409 cpdnd{ﬁerabwdbhl@lm Hie thickarshal amglegtriaallysipsulatede pin jig
fixture co i sing,a bed of pins eac ing a lead end, surface for
intimte j gg‘i‘é?p%@&il F%S%g'pﬁgpe §€‘?‘R%e”"%otp WQERM@—‘%‘ 'gﬁ’i\?’sgspondi ng area
t hereof, ?; one pr [ el j sféfj : i i %
connected to theggfﬁfﬁ@gﬁﬁgg%rlﬁgﬁ&%eﬁﬂé e é‘g%rglagg) g‘gi(t:%ﬂrlléngg an t he
el ectrical npetakblas®YrSRaluthiitifl, Stii@6E taitalufd,| ARl Othep VaRROBIAIOnd
thereagainst. A pin jig fixture in accordance with the present invention
enabl es $ h@referalily amclude inrers klim Ala§053n Alo¥083p (AL H086,sAbll 100,54l 1 % of a
val ve net al éﬁ% ,}J{—JLY 2002 - WO 00/ 3] 797 _PCTI Ik99100633 .7_ _ blank by its
mechani cal 2Bddhelike Andedegef thepressat nventipean be sgaddy manufaciRreddoan

el ectrical power source for .parous a@anodi zation t he bl ank. Th the pin
S et vt S e Eomefs iR IhaHS of ArisfiBl RPapt pRBekaflE tn B annt ©
ortion of ; . . i } i At sed for
(F:)anlecti on"t%gy?rl{%:ﬁl%lre:‘ﬂ |5%l§‘\%,e%§§ﬂ?§% ang%\%lhpgﬂﬁﬂexség%}sledaﬁggﬁé; renoved.
BRI EF DESCRbEffididht OF eig&mm ECENGHUNg rmodelns | lastivityy Sicamdl dpﬂmpehmse ntion

and to see how it nmay be carried out in practice, preferred enbodi nents
wi |1 nowe bsuele a8 thessrsl appduetivieyt copsficient:i andnethex fagtoras Avdeyicevafither ef er ence

to the acconpanying drawi ngs, in ich simlar. parts ape.Likew se nunbered
and i1 whi PR Yg. enton, Bag: Sf’?‘%n el o P TOIRANSE, | FACHERISS cER wi th a
first enbogl : : fRventd on: ki i o, ecthonal view
of the dev?%%gét&é@e?&yg%abw%eﬁ% g\{ﬁll I’tl’ e#?xax&ﬁ%x'cﬁl;r @q:%’ . Ezo‘i%s&%lt’pi ctorial
vi ew show Biinples eivdtshrfd@abfritadlynsioeess. anodi zati on process for the

manuf acture of the device of Figure 1; Figs. 4-6 correspond to Figures 1-3
for a device inEacbodduiceecan bh eonsidesed! asnbetigmsanstivited hby pdidieent

i nvention manyf.actured_during a single dual -side orous .,anodi zati on
process:!5 ?Goﬂqﬁ‘%@uoﬁ’%ogdﬁ"eé’ Jaare Rfisgﬂrzl%asic- g’“glgﬂ’ga%g%y?cﬁxqsﬁ 1R&cor dance
with a thi odi ' t i Nty Lhg a
single one-lbgltvge gé‘rgg{l}’ts?sa#&(??@‘é%gﬁ’?gﬁ%%%f; W&ﬁ%@kﬁﬂe‘%‘%hdgt o]

Figures 1- Jull Qfigindl ¥l Fcemieth] daAAMEHBI66K, M filll Porodd dxidesstinihgBickOh t he
present invention manufactured during a single dual-sided porous
anodi zat i ocopiwsis pprous oxide on original valve metal building block, a composite
original valve metal on porous oxide building block and a sandwich porous
20 oxide on original valve metal on porous oxide building block. A wide range
of devices of the present invention are envisaged including inter alia a Ball
Grid Array (BGA) support structure, a Multi-Chip Module (MCM) support
structure, a Chip Scale Package (CSP) support structure for connecting IC
devices or devices and electronic boards typically printed circuit boards
25 (PCBs), an interconnect device for interconnection purposes, a coil for coil
and transformer applications, and others.
In accordance with a second aspect of the present invention, there is

provided a process for manufacturing a device having a desired product

specification, the process comprising the steps of:



Fig. 13 is a pictorial view of a device in accordance with a fift4p JULY 2002
enbodi nent of the present invention; 25 J~1LY 2002 WO 00l 31797

PCT/ 1L99/ 00633 Fi%. 14 is a cross sectional view of the device of Figure 13
al ong |ine YOPOBKOE gure 13; Figs. 1 SA and 1 SB are top vi eRETHLIYNE33msks -
for the manufacture of the device of Fiure 13 during a consecutive two

st age dual -si ded porous s anodi zation process: Figs. 16A-16F are cross
sectional views of a portion of an alumnumillustrating the process for
manuf acturing the devigce of Figure 13; Figs., 17A-17C are top view of three
Tasks for the miAMPEMAGRG Jofiseiis YRR el %ﬁ@wmg AR 8] SPRANNE ( age
dual - si ded porous anodi gati o rQces Mth del ayed nmasks; Figs. 18A-18J
are cross secti onalP Ptk p8'faﬁﬁpgl&ﬂri5§ﬁéa§?¥’man al um num bl ank illustrating
the process for Wé& nBSkifk of [¥ast e Grane ndotilitactSof fcHtanid ty and 20
correspond to FI( ures %}%ngﬁﬁéfaor a device inJacccgrgange witﬁl a sixth
enbodi ment of the peesidaicd witethe dusired podindd spd@fication] afda pictorial view
of a nodification of the device of Figure 19A; Figs. 21 and 22 correspond
to Figures 13 ake perobsly anodening éhé selactivelyanaskedi blank forvenvértiagbadi ment

of the present invention; Fig. 23 1S a cross sectional ,yiewQf a
mul ti-layer device Pﬁﬁlml%%ﬁe?%!@r%ﬁ?‘ﬁé{ GHESI, OXf éPG,ﬁ"Z‘S“Fg 8§ 24 is

a cross sectional yiew pf ul t y ' ' di . ri |y
conductive sol der ééﬁl %f;) ei‘—%ﬂ&f&%@é&agﬁsp g@?eggp‘%oﬁgtj}l@%g?%%@% g package
In a cavity up, W h@aj@PMe@%@ eQténdingOmiward frdin oA ma;]oﬁsﬂféb%eto‘lﬂecross
sectional view of thé BGA interposer ?$% structure of the BGA package of

Fig. 25; Fig. 27 istlercmogjor secfacgnahe vbedy oportioRGhapmgk age iorcimamieng a

flip chip die wth an electrically jnoperative central tion of hunps,
and a peid pheral péch%‘iﬁ?'df'“ﬁ @glyﬁ{)@;metaggo ygyegr@ggsgfoé-oma ot 16

pm to about 400 pum thickness in a direction from one major surface

to the other major surface embedded therein, one or more of the
traces having a trace portion divergingly extending inward from an

exterior surface constituting a portion of one of the major surfaces.
15 _ The process of the present invention can manufacture a device with a
relatively simple product specification with a single porous oxide thicknesses
with respect to either one of the blank's opposing major surfaces from a valve
metal blank by a single one-sided porous anodization or both of the blank's
opposing major surfaces by a single dual-sided porous anodization. In
20 addition, the process of the present invention can manufacture a device with a
relatively complicated product specification with two or more different
porous oxide thicknesses in respect of one or both of the blank's opposing
major surfaces. Such different porous oxide thicknesses can be achieved

either by two or more consecutive porous anodizations each with different

o
W

masking or, alternatively, by a single porous anodization with masking
applied to the blank's opposing major surfaces for protecting different areas
thereof against porous anodization for different lengths of time.

Different time delay protection can be achieved by dense oxide

masking elements (hereinafter referred to as DOMESs) of different thicknesses



WO 00/ 31797 .g_ PCT/1L99/00633 Fig. 28 is a cross sectional vi ewz%er%Y 2

package with a full array 1/0 flip chip die; Fig. 29 is a perspective view
of a fi rst@n@?}di ment of a pin jig fixture in accordance of the present

i nventi on; 479730 is a cross secti op view of the pin jig PETAAPQ0GE
Figure 31 along line I-1 in Figure 29;"Fig. 31 is a side view showi ng the
mechani cal clanping of a valve netal blank by two pin jig fixtures of
Figure 29; and Figs. 32-34 correspond to Figures 29-31 in accordance with a

econd enbodjnent of a pin jig fixture of th esent invention. ' DETAILED
SECOR 1 QMR e sl i b2 S Bt Ricnr . | he
rocess of cturing: \V7 .1 h sent 4 |0 r in
gi fferent slﬁgﬂlg{r’lé} Ct'6 hj‘e/&gfoﬁ f gféfﬁﬁgengﬁﬂe&rei gféurlgnagl %ﬂé%ﬁnﬁ%ﬁr{ﬁ?@t , porous

al umi num t sonY¥fsitth of 8R maalvmenﬁe@apiﬁa@a%alasn@hamﬂw& extdin dhtd.Pi‘%n porous

anodi zation is illustrafed by arrows with curly tails whilst den

anodi zat i orthick DOMSs pratects! undeelyingweriginiah vaiveingétal naiterdal For abdie 3ake of
clarity, the thicknesses of DOVES which are typically in the range of about
0.1-0.5 umhguss during vehigh tignes eng-sided paroueanedization oan normpllyeRNVert ch has

an approximate 200 .um thickness.. 20 Wth reference now t igures, 1-3, a
device 1 fo‘?“glgé valve @?S"ﬂﬁltmsﬁqrﬂﬂﬁﬁ’ e ?Mﬁ?ﬁp‘bﬁﬂgdﬁ?uc e, a CSP
support str |0 i ol Y, i osi ng
general ly dgrs g‘%ﬁ gﬁﬁﬂrrgp I(‘)érgegtulﬁg%ﬁe}gls %ﬁaﬂéé %ﬁﬁ*ﬁ%%s%qn%g%ﬁg%%@ﬁgg eal ed or
unseal ed pof phGtoRIsISTIALIN dikd E€lalivéle thiRkIIDOM SfoM éxanibl1820.5 jgh, Sxhskd OF
surfaces 7 and 8 constituting portions of the major 'surfaces 3 and 4,

r espect i velsgffectinelyboldgk parsusoanddinationaof ariginal ofalomenatal nateriatlweder i cal |y

i nsul at ed itBVﬁ(ged frusto-conical alum numvias 9 enbedded therein. Each
al uni nunovitBeOMenstitutes an el ectrical | y insul ated original valve netal

conductive trac n as terigr. .25 JULY 20 'O 00 97

PCT/ | L99/ 00633 ug¥°§8%ss§€i’§‘%§ﬁgac%§"‘é)‘%e]s‘%{|k?su§? %C%S?fﬁeowitﬁéﬁc PREeRbj or
surfaces 3 ja0éhttbn KkSERE6M mg@a dudtior Bt iQTHAN

al um num bllank 14 lwith a&f%lﬁ:[%%gsk 1 ap%lﬁi)ed toits l%gx}éjo?%lﬂl ce?S and an
array 17 ofdewigesul ar nmaski ng el ements 18 corresponding to the array of

alumnumvias 9 applied s to its major_surface 4 prior. to its undergoing
one stage one- sildNg oPh ROShrRRICHSt ardizatiany pseisable csabstancen agan nee f ol | ow

ification: 1= = 0. h = = .E. ~ =
Spect | Ribred el S Tongih P Bk ol Mo T 80R a6 s o 27
to the devi 18fas debitited in0¢ Phteht 816201 rﬁﬁg@m@d%ﬁa&x. h aliditioh cker -

and has an array of one ofr ~ o nore barreél sha um num vi as nanel y,

each al um rublankatypscallyi thickeny dliritgy gesodnshddiestbai kach ahatv itr @qairts om an
exterior surface 24 constituting a portion of the major surface 3 to an
ext eri or smlmwé@agandongtdesutdr&gsequtpl@namy @nd tenpoive @t fadesited The

device 21 i.s. manufactur f um num bl ank 27 w.th.two identical
arrays 17 &ﬁﬁgﬁ%ﬁ fgﬁ qg&ﬁaﬁm&@ﬁ‘é@%’%{ﬁ'&&ﬂrﬁr f’“&#\nﬂlcgdfets under goi ng one
poci 1t on: - inos8YfalE Y B IR atbect I PNEATinvbglias, bR p | o1 19
prn, and dzravided Rpin jTg_'Lﬁﬂhﬁ‘S fBPusd Withi &1 ERStrica) powed@oue@ f? porod Ml ar to
the device 1 of Figuré and differs therefromin that it manufactured from
an al unmi nurandizhtiomkof28 Vedveé mmetah blankahavihgt hi surfagi dhe Hh, jigdittutehi n

regi on 32 being, atop a frusto-conjcal shaped recess 33, The al ym num bl ank
29 under go€9MURSING agbed of pinsicach haying anlsading ead surfagesioriindmatéashi on to

A LN L A R T
0.6 cm Tie Be e TR (oL JERGIRE et aithygS ol HRRTLARERI HET T 1
d2 =150 I, w@hectrical power source for electrically connecting the electrical power source
to the surface on intimate juxtaposition thereagainst.
A pin jig fixture in accordance with the present invention enables the

simultaneous masking of one or more arcas of a surface of a valve metal



Turning now to Figures 10-12, a device 36 is sinilar to the devi & 2§¥%f002
Figure 7 and differs therefromin that it has thicker thin portions 32

t hereby requiri ng one stage dual -sided porous anodi zation in a simlar

f ashi on to%Yq’tg"/-" ¥5 JULY 2002 WO 001 31797 PCT/1L99/ 00633 _11PCT/IA94M3327 of
Figure 6 which leads to an array of bafr el -shaped al um numvias 22. A

typi cal device 36 has the follow ng specification: 1 = 0.4 cm w=0.4cm
h~ = 500 um h~ = 200 dun, b = 1000 pm dlI =150 Vin, and d~ = 200 um Tur ni ng

now to Figures, 13 and 14, .a device 37 is simlar to the device 21 of Figure
4 in that i lainhiw&ﬁe@e%lwnaﬁaﬂ slanaﬂln&éherr%aga@hsaaéa the ﬁkﬁcmﬁ%? GPBRECHON 19\ d

i LLeé2n%{‘?%rEHe%ﬁ‘w‘gﬂpé%‘%fétfrs%?cﬁr&n*h‘?hg%%‘ric'edégﬁiwaﬁf i BiBge, S %‘eﬁhgﬁcf’?ve
T i i
trace es_ﬁgggét%’%e %%ag%geguﬁ rfedaes B2 ﬁ@gﬁl Abr T &P Rﬁﬁ&@@é wem@% g to

t he maj or es 3 an an-array o um num oxiI I ns

general |y tpdrtiodr ofpar valo@snéidl biakh whidhliercopeettionnll3 initlhprgded foxt endi ng
to the major ' surfaces 3 and 4 and having an_al um numvia 23 transversing
t her et hr cugeOnIEGHOR kadn glgciricabpowenspupse archwhialr is subsequehtly oemeved. on

alum numvia 44. A typical device 37 has the follow ng specification: | =
0.5cm w=0.4cm hl 200 1l.ixn, h2 = h4=90 pm h3 =20 |.un, b =1 nrn,
d~ =150 | . UBRIEF BESCRIPTIONBOF THE DRAWINGSIevi ce 37 can be

manuf actured tom an al um num bl ank 46 with opposi ng major surfaces 47 and
48 by either a chnsgletité vedérs@ndithe énvdntibnsinded seerliuw itumagibeaddraed pr ocess
descri bed hereinbel ow n-ith reference to Figures 16A-16F using nmasks
descri bed hewteim peictive,vpreferrest embodinends ngﬂ new bsAdesarbad;Bbyrway of

alternativel a .qQne stage dual -sided. porous _anodi zati on process described
her e nbel ovPSi-HiEE crunBles eall v wdeieaee (o fic SRR Y SravERgS iy

her ei nbe| 0 ; : t J: ii[ﬁﬁl yie ing no- to Figures 15A
and 15B, I%Y\%Vm%@i@?{é%%sc 81%9&& o%rzé\gﬁé@?‘;\?gﬁg maski ng each of the

al um num bl ank’ sFig| Pfis Upicteasl ¢ievest 2 dedlce i i fdopddrice switHua! firgi ded
porous anodi zation step to arrive at an internediate product ~ 1 (see

Fi gur e 16C)cwmhodimenkpfjthegreésepBinveationa nask 52 for sel ectively mashing each
of the internedigte product's mgjor surfaces 53.and_.54 durjng a second
dual - si ded por ou lgaﬁo@iazsmswgtfé}s‘iW&W@gﬁﬁpa@wq A6 Fieweek alowg: fings ( sec
Fi gure 16F) QA%S?%&gglce 37. The mask 49 includes an 25 J~JLY 2002 WO
00/ 31797 PC‘%/ 'L 3 array of circular masking el ements 57 whilst the
mask 5? jsncl udesFgn @rfsay QicteAal ! \déwaRRoWESa ~Singlthrigasiled Ppdréugm Ssi ng
an annul ar aperture in the bottom|eft hand corner for the form ng of the
al um num vi anotizatibnegrdéese fish tha snanufadtererafske dgviek efdigared and t he

apertures 58 are_as fallows: d~ =_d~ =30Q ?in, d;. =.600 |, un, aqg b =1000
Eun. Turni ng now s Ebgenresspeshia Ergures b=l forg dgvisg dn Agcerdaneg Wit to t he
al um num bl ) | Of surf s 47 an N regi ko & npot her
such t hat nge%gﬁ serﬁm()%grﬁﬁﬁts PEEWE??F%Qﬂg’%g%Ht@@%@&% o(ﬂ&?gtflgﬁlg ee

Fi gure 16A) dqual. e’d?ﬁif D486 . 46 undergoes a short first

dual - si ded Iuaol}g%r uss‘gsn%ié%dzatlgl {)gég ‘ormthe internediate product 5 i (see
Figure 1fB). ' TRigsniSksorddpand té Pimiesl 143 fon 4 Hevicetigrareodidahee withduct 51
wher eupon its major surfaces 53 anal 54 each have a pattern of al um num
exterior suthirdcembedinend &l theo presepo iavengiono manufagigtedn gudng e Single7 (see

Figure 16C), Aiga(iir of masg;% 52 are applied to the internediate product's
maj or sur f a¥¥sSIE_A POLOUY JROXZANGN PROGESH r ation to the pattern of al umi num

teri f aceg; 59 . Lo o
55 col nci dos. w eI RaspAPSE R entcR S Flacic REDRAMIEEMRRTE | Cee
Fi gure 16D)a fJiitth Eﬂib@ﬂﬁ&haéiethegsr}eaeﬁt iVerifloHCHAAAR cPured itheCh Blrptd 0

porous anodi zation to formthe ecursor 56 (see Figure i which is

fi ni shedsbyduaspdedporoul aridiztiongprésss; zo Figure 16F). Turning now to
Figures 17A to 17C, Figure 17A shows a mask 62 for selectively nmasking the
al uni num bl ank' sFigaj1dr issarpigiesiel atevinef asdeiies ig accosdancs| withea didise

anodi zati on sf)e to agri ve at a first intermediate product 63 (see figure
18C) whi | st®B 3‘@?@“39 theIRent WeBROR, £ or sel ecti vel y masking 2s the first
internedi ate product's major surfaces 66 and 67 during a high voltage dense
anodi zation step to arrive at a second internedi ate product 68 (see Figure
18F) whilst Figure 17C shows a mask 69 for sel.ectively masking the second
internedi ate product's major surfaces 71 and 72 during a porous anodi zation
step to arrive at a precursor 73 {see Figure 18J) of the device 37. 25
JULY 2002 WO 001 31797 PCT/1L99/00633 -13- The mask 62 includes an array of
circul ar masking elenents 74, the mask 64 includes an array of circular
apertures 76 and the mask 69 includes an array of circular masking el enents

. oa



apertures 76 are as follows: dl = 600 pln, d2 = d3 = d~ = 300 I,ﬁ%JéJﬁH 2[9()%:
b, = b3 =1000 p.In. Turning nowto Figures 18A to IBJ, a pair of masks 62
are applied to the alum num bl ank's najor surfaces 47 and 48 in

regi strati¥® ¥F18e another to such that centers of opposi t PGRAIRIMY33

el ements 67 are concentric (see Figuré®  18A). The masked al um num bl ank 46
undergoes a | ow vol tage dual -si ded dense anodi zation to formthe

i nternedi ate product 63 with thin DOVEs 78 (see Figure 18B). The masks 62
are renoved from.the internedi ate prqduct_ 63 whereupon its_mmjor surfaces
66 and 67 each hBige 14 ipararasssestional e the dewigedt ligueq 13 alosg ling and 81
correspondiﬁ%dlt the pasking elements 74 (see Figure 18C). A pair of nasks
64 are appli B8P Tnt er nedi at e product's major surfaces 66 and 67 in
registration to ppe pRLRAN SHAR tbgaae\bbﬁfs@@hﬂskgffm%@}nﬁg_gﬁ&u{fofm
coincides with t center of an alum num exterior surface and 81 (see

Fi gur e 18D)the Tdwi¢cendEf Riglieal  duriagdus icofiSecutive tgoestage kivghsided \porduoge

dual - si ded dense anodi zation to formthe internediate product 68 with thick
DOVEs 82 5( anediagiongro@ss. The masks 64 are renoved fromthe internediate

roduct 68 wher on,jits jor, surfaces /71 and .72 each have attern of

gl umi num ext eri ﬁ#l%éu]ré‘éb@?a%g AAF @&ﬁeg%"‘ﬁ}”@lﬂfea paftion 9?%? URasks 69
are applie i j ' S J1R [ nd 72 in 2;

regi sf?ati g%&ﬁ@%ﬁ%@%ﬁé&@%fﬁgﬁtﬁédg{é‘n gr??%ﬁtl%é maski ng el enents
77 coincide w t hFighe] TRNTEY fre@bp Vittvd &f thkediabksSfdr txemahiifidfuge d8Re The

i nternedi ate product 68 undergoes dual - si ded porous anodi zation to formthe
precursor 7Eviceef Figyme &3 U8ting ) aue sthge dudlisidadhporoby ahadigation prodessol | shi ng
to renove the thjck 82 (see Figure 13J). 25 J~1LY 2002 WO 00/ 31 797

PCT/ | L99P00%H delayed masks; ng now to Figures 19 and 20, a device 86 for use

as an interconnegtio ity for _co i different electronc .el ements

i ncl udes a di scregd ijﬁéﬁffﬁwﬁﬁnﬁgﬁ%% r?S agﬁé]%‘rogl? a’bﬁ#’-‘g}‘f“éﬁ“ maj or -
surf aces 88| aiRRuafh (ROboleRTBY nfhhubRburty S BPRYCARIQT ndTaaum oxi de
body portion 911witFﬁll agpai Oo? exteri gr surfg;ces 92e ar?d Qég'%:onsfituti ng a
portion of the riiger 19uardda@0scdifespond 88, FigasgsetBiaml 14 fdrea hledicepmr ti on 91
has an electrically insul ated U-shaped al um numtrace 94 enbedded. t herein.
The trace G¥cprdangeadthaa piatloembedimenafithe present inyentien, andddg k9hise portion
96 and two mi.nor.vertical trace portions, 97 and..98 w.ih exterior surfaces
99 and fél,aﬁ’lﬁf)qréa\s(b'é%’(f’ggm‘ﬁ@dﬂg% ?tﬁeﬁﬁvgeﬁgﬁ:ﬁ%ﬁ\,ﬁ&t he maj or surface
88. A typical devieerBb st hgrdsBbh@Wong; chgi 19N forls Rvied) ip= 3 cm
ht = 50 pm hz Splﬁg %iﬂs um. 4&&1‘45@ +‘?un,gi§ = 20§n§n§féﬁ f;or%aS‘ p?(ln, z = 40
lun, s = 2Gicodrdmice Mithed seiehitednbodintend of toepr8Sent amvdntion; a trace 102 with
oppositely directed m nor vertical trace Eorti ons (see Figure 19B). Turning
now to Fi gures HigaRd iga crassissatioaallvew of ausultialayar device fiagludig|anand

t ransf or ner, %I i.catians. has a discrete solid body 104 with opposing
general |y pargmediatsadhgsinglayelees 106 and 107. The solid body 104 has a
seal ed rous alem oxi body: i I -0 L{i-Qf ; al
surface 8109 andﬁg‘ ?%n}cso%s‘?lg Su?%ﬁlgﬂgl(r)ﬁé%gnolfogfxﬁ?%elag%ﬁp?rd’ggrl g@eig{ 06 and
107, ?0 resgesticyi®y YondueaveesMePBalld;on 108 has an el ectrically insul ated
alum numtrace 117 enbedded therein. The trace 112 includes a ngjor

hori zontal coi | -Eigap®ds 4 cruse seaionabviet 6f a BGA packagean a/eavityarp, wireace
portions 114 and 116 with exterior surfaces 117 and 118, respectively,
constituti r@rwsdtqoaﬁgu@noahe maj or surfaces 109 and 111, respectively. A

typi cal device 103 s.the foll owm ng specification. 1= G w=0.5cm
hl =150 ~, m h%lp 12 E"g is gacloseyp p‘irf?,gs égg“l% YFW ?fr,tﬁe: @9%‘ bﬁeFﬂ?F?ﬁ ng now
to Figur I e i : i.ncludes a pair of vertically

stacked 3 e\Z/il%’élgs g%i&%n%éy&é?&gdggﬁﬁgﬁe%?cjé 86A and 86B having maj or surfaces

88 and 89, a tragig, 203s aan@sy Sédtichal viewat PBCA aekade athudie a flipd JULY
2002 WO 00/31797 _ 1r~ _ PCT/1L99/ 0033

chip die with an electrically inoperative central portion of bumps, and a

peripheral portion of I/O bumps;



An intermediate |ayer constituted by a z-axis anisotropic adhesive Pdyer002
122, for exanple, commercially available fromLoctite Corp. or Shel dhal,

USA. is interdi sposed between the opposite surfaces 89A and 88B of the two
devi ces 86Avana3l®@8B for both nechanically bonding the two depcrasssmosssal So -
for s providing electrical connection {$tween the opposite vertical trace
portions 98A and 97B, thereby enabling a through connection between the
vertical trace portion 97A and the vertical trace portion 988. The
nmufti-layer device 121 further includes top and bottom sol der mask | ayets
123 and 124 wi t hFapeé® isreesrds? Gectivrmblviewy ofet BIGA qackages with7a fulhamayed to
the vertical trace to_ portions 97A and 98B. Figure 24 shows a nufti-|ayer
devi ce 128 #Qhlimehipdigshe nufti- 1 ayer device 121 except that electrically
conducting sol det..balls 129 are enpl oyed Lnstead ,of the.z-axils_.ani sotropic
adhesi ve |ayer | Big: 2918 adiprsecliyp iy A &1 SEbRdinent G A pigis fiXeee 121

and 128 canilpgﬁcg?@%%ﬂ%%éﬁp&%gﬁrange of the aforedescribed devices,

and in particu > for enabling a wide variety of

di fferentsint er cPi80tis artroarRetion i of lthe pidjig iﬂﬁtﬁlre&)ﬂ'ﬂi%l_ﬁﬂe'j laédﬁﬁ%dev ice
can include a vertical stack of two or nore devices depending on the

desi red conmpneliltiy Fignwe 89ng now to Figures 25 and 26, a BGA package 131

i ncl udes a BGA interposer structure |32 constifuted by a_.device 37, an
upper pad and 20%53- als 8 Vl%ﬁhﬁwﬂkﬂ/\/&l’e H!f&h?@(jgvceégﬂ’,m&ﬁﬁ a¥p¥¢ and

cignal 1 ay ol P HlarCHPil B BEGS ERRRZO AT, L6 o 18 gbrd, 4E, -m

ni ckel and | 5pm F%PSQ-S'4adfcﬁfc%go§ﬂ’|t@?‘"ﬁﬁ@§ ol3y &1 acdotfiakl®VRitR SEbAd M
t hi ckness of SO-n.” The BGA patkage | i ncludes one or nore dies 138 {only

one of whé cbmbsdishamoY awin i fixguredifehe pedsgntimvehtion.on an al um num sl ug 139
integrally foanmed in the BGA interposer structure 132. The al um num sl ug
139 is throughgoing and has the sanme footprint as the die 13 8. The die's

1 JO pads 14HETRKIEENBEKRIPTION OIPTHRPRAWENGS3 by wire bonds 142
whi |l st SnlPb sol der balls 143 are connected between the bottom pad | ager

1_.="."., arld ajP-ie deiwidsh,Y difRrentO Adediticd7diiGlg 10O/ PRScdss - 4f- board
(not shown). Additional Sn/PB solder balls 144 are connected to the

under si de omanufacfiring audewkegof 8 fpoesentanvaitii pae i shownr gan differedi e 138. A
met al cover | 46 covers_ the BGA | nt ermgé tructure 132 and its,one or nore

dies 13 8. ¥rdingthe difkrent materialing s FOFRYSHSRINER | ons 147

s for being |uxt ed agai nst. t he faces;: t e Oof re. dies 138
For °furt hor o) ARRSERwERRalBhideotnd BRAI | RERBHFom PRl oy,
conduction ilﬁ;s&ﬁte\ﬁ% &rows Wﬂﬁcdrl}ﬁfal”@wlﬁ!léﬁﬁﬁsé aysdizdtich isliNBsteA¥Eby 146 can
be made from copper,” alum num and the |Iike. The approxi mate di nensi ons h,,
., h6 ar eamewf obitlpvtsaight filg. Fomthersaléenofivlatify, the @ipkmesséx3efliDOMES 0.5 mm

h4 = 0.5t o mm hs = 0.5 to 0.6 nm. h6 = 0.6 nm and the adhesive | ayer
bet ween t heVdieh agnypically 9n dhe rangsecofialoutahdd.5 o nre met dsawn 1@ seae mm

(e BoA packaird st bk waith1pE ittty 0 amiiiGed
20 With reference now to Figures 1-3, a device 1 for use as a BGA
support structure, a MCM support structure, a CSP support structure and the
like has a discrete solid body 2 with opposing generally parallel major
surfaces 3 and 4. The solid body 2 has a sealed or unsealed porous aluminum
oxide body portion 6 with a pair of exterior surfaces 7 and 8 constituting
25 portions of the major surfaces 3 and 4, -respectively. The body portion 6 has
an array of onme or more electrically insulated inverted frusto-conical
aluminum vias 9 embedded therein. Each aluminum via 11 constitutes an

electrically insulated original valve metal conductive trace and has exterior



types of flip chip dies; nanely, a flip chip die 153 having an aglsa{;mgfzooz
bunps is with an electrically inoperative central portion of bunps 153A and
a peripheral portion of 1/0O bunps 153B, and a flip chip die 154 with a full
array of UMWPWMREI7respectively. In the forner case, the BGAPLRUKEO63B51
includes a BGA interposes structure 15d0with a slug 157 with a throughgoi ng
central portion 157A having the sane footprint as the die's central portion
of 20 bunps 153A, and an internediate surrounding skirt 157B underlying an
el ectrically non-conducting portion 158, thereby being in indirect thernal
contact wit lsutfaeesdil 2' anddi3i pbmstititing portamsodf th rhgjopsutfHees 3l andhg | atter
case, the BGA structure 152 i ncl udes {an i&ﬁ r poses structg e 159 with a
slug 161 whitg$pectvelyt iherdevics, bismagylagHs AR AYHLONGH E@Mﬂcwtﬁg

her el contabt! eeh T4 ebEPed Mt mathn o BE8EB)3 Bng o ATV E7 ¥ Bl | G
146 i | | : | di
For di ssi pat e Hoaeri ey TP ofPSidiing [ e l)Pof ARURHIALRR Pppifed 13,

the BGA packedesmbdr suficel4Jprior2) s W defoshg DhePstagd o8 sidaBpotols _ and
152 are as follows: hi= 2.1 nm maxi num h~ = 200pzn, h;=0.2S to 0.~ mm h~
= 140A 5 Eamnodizgtien.0 Aotypicad deviem 1 h& the odowrspeeifigation: 18003 e@nw Fur ni ng

to Fi 29: 31 in jig fixt 21 f i th lectrical
pover sour o1 8 120 o it ofld ot W o84 A=V W ot al bl ank 223
wth a surface 2 fé%ﬁb%%o?i?@r@s e Cafﬁ@viﬁ@%@‘%g sﬁgﬂ?rol%tzﬁxg dRePeGe0f pins

226 is made fromti um an directly connecte power source

222. Each piFig@d7 Mid diferS WkBoRh i {tds ehidR&: Ardl hishirl BBh df e ROSi ti on
agai nst the surface 224 for connection of the blank 223 to the power source

222. Dur iveg npareduasreh stoapiedatlaminuna viast22% nameky, sacteakwnifameviaf23iinitially pin jig
fixture 221 incl ud;rgdq the peripheral surfaces 229 of the pins, 227 is
converted i Mivergenand thareafiassosyergss from #n griarion surfacecid spnstifeiingiang t he

oo een: _ XSS 3 Lo P
SO v Cab1 o pprich Bt B Ao shiTaLe A o PR SERabE 3t ConSiiBhels! Shrlibl o “of
the pin iigoffitgé‘:'ﬁ ol Sdrfadd®, DAGE Qbviek 79 R3RahSfabRAE] hrg a8 M

wher eupon ~ s during porous anodi zation, the entire be ﬁg} pins 226 is
eventual |y ddanke?T exith owpddenticah larmays Uih applidd .toTits niafuy swfaces 3Farghi4 es
32-34, a pin jig fixture 232 simlar to the pin jig fixture 221 and differs
t her ef r ond i PTIORAP 1ist Undesgoing Pnenstage dupksided dorewnarpdizationet & At ance,

f | e, ' i h_pi.a 234 has | _z0 .l ead] d
sur f ace 236 ekt b 18 floviiBeapEhBamich: 135 oG5 g = Bt Gl b 280"
j uxt aposi ti agaig$ i n lbzségg:‘kﬁﬁedr% D5 ﬁ[ﬁ/al ve metal blank 223. Wiile the

i nventi on has been descti t’h respect“to a limted nunber of

enbodi ments, it WurhinpencWpRé Figieres d-9,hatevien 28 Visrsimilaowsthedeviged] fofcat i ons,
and other applications of the invention can be nade. 25 J~JLY 2002 -18
CLAI MS: igure 1 and differs therefrom in that it manufactured from an aluminum

20 blank 29 having an array of thin regions 31, each thin region 32 being atop a
frusto-conical shaped recess 33. The aluminum blank 29 undergoes one stage
one-sided porous anodization in a similar fashion to the aluminum blank 14 of
Figure 3 so as to form an array of aluminum vias 9 in the thin regions 32 and
whereby electrically insulated aluminum pockets 34 are also formed. A

25 typical device 28 has the following specification: I= 0.6 cm, w= 0.4 cm, h; =
500 pm, ha = 100 ym, b = 1000 pum, dy =100 um, and d; = 150 pm.

Turning now to Figures 10-12, a device 36 is similar to the device 28
of Figure 7 and differs therefrom in that it has thicker thin portions 32 thereby

requiring one stage dual-sided porous anodization in a similar fashion to the



1. A device conprising a discrete solid body having a pair of op&c?si]'r’{d{ 2002
generally parallel major surfaces, said solid body having a body portion of
- a porous valve netal oxide based material with a pair of exterior surfaces
respecti veWO@®MFPT t uting portions of said major surfaces anBCEMie0063g
inward firomone said major surface toMar ds the other said maj or surface,
sai d body portion having one ~or nore electrically _ insulated val ve netal
conductive traces of fromabout 10 |,un to about 400 Nxn thickness in a
direction fromone said major surface to the other said major surface ~
enbedded t helepk 27 ofigigore fovhictoleads talan amay oftaviehghapedralumimpon tviam
di vergi ngly_extendi.ng i npard from ifg exterior surf acg_consti tuting a

C

portion of &helofyPicalfevigesto hasthgdellowing spegificationa e dicy W& 0 m 1

wher ei i d tion has,first_ d. Adj Lt ith
Fespect i ve dnPer d88 i henadu et 3= B0 B85S BY BpSrhe B 5208800t er i
in adirection b?hﬁﬁgggég{) @y}qg@?§!1991nﬂmi49ra,Mé@yﬁﬁ-si&ﬂaﬁtg ¥l dei@ecor ding

to claim2 wherein s tion has first and second adj acent portions
wi t h respec2l o€ Figire dnisthasit dficlpdesaatsarvay v barrtbshaped dburhimmedviss2Y ial in a
direction between said maj or surfaces wherein said first thickness equals

t he t hi ckneanyl didfere dherefipm ipathat isfushgsonchgesnan serthed ahuriauanslab38d second
t hi ck is | id first thi i dl t endi nq f

i o oo t 4280 ronstiiengh Sty Meplaged prighiitale TeED coniuthE ol ar m 3
ohor . . . e
baseq mat er T+ S sEHY 38 B Afbfor rf BP0 a0 BRROHRALT pEWEFIEine €
L99!' 00633 -rh@jor suffbedItdhdf afidafl apfayrofflufiin®sai MAds sty @drdalym of said

t hi cknesses is less than said first thickness. 5. A device according to
cl ai m 1 mhetubilar partiorsv2, machiubalaripoctien 43 1owwardy extendingrtadhe magor *

el d oppos LS Srandhf ead daving andlteviiue oy B CrSE e Mher oi n sai d
solid body h S.d I £ j or
surface to esop ﬁ%e8?fsréglizig1§df§'gﬁ§z§ﬁfoafcz{é eré%@%g&?hﬁg%&g%@nnﬁﬁor ion atop
each recessgypRAEdeVicEB7hadtheSplldwing §pediRitionons 0eneh, Re=w4 CAI, pe- Wi th a

via. 7. A dévice according to either claim5 or 6 and wherein said one or

nmore el ect r2Q(ajuiny he erider®0i e, Hi;=a2@ gund, br < Aemi dppr i Meggmads+300vimahdamaj or 15
surfaces substantially parallel to said opposing major surfaces, said slab
havi ng olfe B0O0Gywe. porous val ve netal oxide based material tubular portions

in registration y th said.-one.or nor i ch that.a vi t hrough a
tubul ar porti on.%ﬁﬁg‘”&?eﬁ?ﬁ% l%eem_gﬁ‘é%f%\r%g ﬁfogn eﬁ“:ﬁ?“fmé'xh%gfﬁzﬁmsai d slab
I's connect %gpﬁdai@% br "Rcfaced 432hAd VAR Dy Bither 4 \CoRSeREGE" I Gtdge claim 1
wherei n sai d one or re electrically conductive traces is constituted by a
trace havi ndnad-sidgdoporgas enatizgtidroprocess déscribad diepzinbelow witH eferencer nore

m nor vertical trace portions connected to said najor horizontal trace
portion andoeHiguremapAgleh usingemasks desarihed. harginbalaye witle r it to

)
b ™ s 350k T e iy SRS NG RSy Sper ot
sai d maj or I RGEHRA froBlks' dséifled 1RP@R6Eow with reference to Figures 18A-18)
using masks described hereinbelow with reference to Figures 17A-17C.
Turning now to Figures 15A and 15B, Figure 15A shows a mask 49
for selectively masking each of the aluminum blank's major surfaces 47 and
25 48 during a first dual-sided porous anodization step to amrive at an
intermediate product 31 (see Figure 16C.) whilst Figure 15B shows a mask 52
for selectively masking each of the intermediate product's major surfaces 53
and 54 during a second dual-sided porous anodization step for manufacturing

a precursor 56 (see Figure 16F) of the device 37. The mask 49 includes an



. 512, Anufti-layer device conprising: (a) a vertical stack of tw® gFLHEPR2
devi ces according to any one of clainms 1 to 9 whereby a pair of said

devi ces have opposite surfaces each with one or nore electrical contacts;
and (b) anW%?ozﬁ?ﬁSdi ate layer is intergisposed between a pai FCHILEARI~ o
opposite surfaces for enabling electritdl connection between a pair of

el ectrical contacts on opposite sides thereof. 13. The nufti-|ayer device
according to claim12 wherein an internediate layer is a z-axis ani sotropic
adhesive. 15 14. The nufti-|layer devigce according tg claim 12 wherein an
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die havins I/0O connected to said upper pad and signal yer, and overlying

sai d sl ug adiménsiédsesimhe maskige elearentd 57 emidt the fapertfesds & areas ifoliowsat
therefromthrough said slug; and (c) a cover for covering said BGA

i nterposes ¢ FubF308.umsd; =T6R0 padapd ba¥Gpor di ng to clai m 15 wherein the
die is a wire bopd type die._ .and ..e i s .adhesivel y nmounted on said
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according to claim 15 whereéin the dieis a flip chip die having an array of
bunps with 3d6A3ntThd npoked alumimudi béank 46 amdergassna sbortwiitst didedug, and

a peripheral portion of 1/0 bunps i,n indirect thermal contact w said

sl ug vi al@nPerasstanodigation ito formtthe dnissnedrite Frodugtch intsee, ﬁkg@repvd“é@s-
structure. 19. . T BGA pack acgcordi cl al wherein the die is
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claims 18 afé ahd Gheomesponding wothermasking dléraents| 57 ¢sorLRiguat i16C)wWiAh t he
top surface of the die far dissipating heat therefromthrough said_cover.

21. A procedairfafmasks ¥2aare appHed 1o they intermediategprodyels maiprustaces 530

ificati h . i Si h 4 f . i £l di t
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bl ank in accordance w t esire uct specification; and 3s (c)

porously anefliatimiuihextefbesirfacel 39 amd ke (séd Riguré deD)ories iritagnedistedy
portion thereof into porous valve netal oxide and having a pair of elterior
surfaces reppedict ¥l yndeogresia sedong gealsided poroushanodization to form the

precursor 56 (see Figure 16E) which is finished by lapping and polishing (see

20 Figure 16F).
Turning now to Figures 17A to 17C, Figure 17A shows a mask 62 for
selectively masking the aluminum blank's major surfaces 47 and 48 during a
low voltage dense anodization step to arrive at a first intermediate product 63
(see Figure 18C) whilst Figure 17B shows a mask 64 for selectively masking
25 the first intermediate product’s major surfaces 66 and 67 during a high
voltage dense anodization step to arrive at a second intermediate product 68
(see Figure 18F) whilst Figure 17C shows a mask 69 for selectively masking
the second intermediate product’s major surfaces 71 and 72 during a porous

anodization step to arrive at a precursor 73 (see Figure 187) of the device 37.



-maj or surfaces and extending inward from one major surface to theZ28tH&Y 2002
maj or surface, the body portion having one or nore 25 J~JLY 2002 WO

001 31797 PCT/i L99/ 00633 electrically insulated valve nmetal conductive
traces of WOMWBAWAUt 10 ~n to about 4QQ ~n thickness in a diRGEEHIHMBT om
one major surface to the other major ‘ddrf ace enbedded t her ei n, one or nore
of the traces having a trace portion divergingly extending inward s from an
exterior surface constituting a portion of one of the major surfaces. 22. A
process according to claim21 wherein step (b) includes_sel ectively nmasking
one opposi nBlmya%f 62 indlades amarray bt chawlianmaskug eleatoptndbithe gnztské%t her

anodi zat1 orDGNEFLR) SERL T TSRO O MDA 00 IRIRIGED SFOME he'

sel ecti vel yci%?%ﬁ%xaﬂ?%é’gql%ﬁ%ﬁfugc?ﬂ OThdém§ ?etgclmkﬁgsxﬂm&r ciMibAce. 23

A process acco 1 wherern step ( I ncl udes sel ectively i;

. maski ng bothaskin® LldiBerdtRin0 thes Wotdfie 16 chaildepofrer forCibed EsmAn® st fHeage
dual - si ded porous anodi zati on whereby each trace portion initially diverges

and t her safalemiraomwéa §és Theodimensions| eft thevmiaskingsidententsj B¢ andi77aaed t owar ds
the other selectively masked mgj or surfa&e. 24. A process_according to
clai m 21 whdeEIESad 6 arer gediolews, ¢h o0 pmn, atd2edsT dsme3Gfhpmorangyr f ace
with a pat tl%er_anof vg!slbsﬂmat al exterior surfaces and step (b) includes at

|

| east sel ecdllivBly Phm 4% portion of the pattern of valve netal exterior

surfaces and stegyf Iddy#ﬁg@ggﬂﬁ’ﬂ%ﬂﬂnﬁi}igﬁ&ﬁn{aﬁgﬁ 85 A€ applL D M Or

surface with a parti pattern of e net exterior surfaces.

25. A procehs ahegiaugi bignk'e nedjer strceb Wt vt 48 dnvpegistratiort ficosd apsthed
sel ectively masking at |east one opposing major surface of a blank and 25
J~1LY 2002 suchzhatgenisusofopposite 2nerking, elements §¢ tare genegsitde (seediigureask ed

' f t bt ai h tt f I t al ~teri . f
he_ i nt or meh/sk oThe sutsbed abgtinunplacB 48 BedGlfn o bl sudindtc; °
curTace of St SnGRZf BRORE MK SleriFERA Brdac B3R 1R DEIIERACT

nmasked maj QeSPiguas €SB ThE Masks 62 #atregiovedffroml the inhmakdiale plodaét surfaces
of the internediate product. 27. A process according to claim25 wherein

the step of6Jwhereupomits diagongifanesbcandab? each bavelemtteux pfslumisiinng
oo R e B0 o el LA oA ¢ Bk Bl AR ¢ ace
phor by = SRS POLENTRRY PRSI e BhRIEL IOUBaRRE AR HBRAS
. Ah E . AY. AshjoPSIEAER 6620 dASTHin fekistration to one another such that the center of
each aperture 76 coincides with the center of an aluminum exterior surface 79
and 81 (see Figure 18D). The intermediate product 63 undergoes a high
20 voltage dual-sided dense anodization to form the intermediate product 68 with
thick DOMEs 82 (see Figure 18E). The masks 64 are removed from the
intermediate product 68 whereupon its major surfaces 71 and 72 each have a
pattern of aluminum exterior surfaces 83 and 84 (see Figure 18F). A pair of
masks 69 are applied to intermediate product’s major surfaces 71 and 72 in
25 registration with one another such that the centers of the masking elements 77
coincide with the centers of the thick DOMs 82 (see Figure 18G). The
intermediate product 68 undergoes dual-sided porous anodization to form the
precursor 73 (see Figure 18H) which is finished by lapping and polishing to
remove the thick DOMs 82 (see Figure 18J).
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20 respectively. The body portion 108 has an electrically insulated aluminum
trace 112 embedded therein. The trace 112 includes a major horizontal
coil-shaped trace portion 113 and two minor vertical trace portions 114 and
116 with exterior surfaces 117 and 118, respectively, constituting portions of
the major surfaces 109 and 111, respectively. A typical device 103 has the

25 following specification: 1 = 0.5 cm, w = 0 5cm, hy =150 pm, by =h3 =hy =
50 wm, a= 100 pym, ¢ = 500 ym.

Turning now to Figure 23, a multi-layer device 121 includes a pair of
vertically stacked devices 86A and 86B, each device 86A and 86B having

major surfaces 88 and 89, a trace 102, and vertical trace portions 97 and 98.
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109 () - “fob®kartiple, 23 Ccially availateift o I EctieC 8, )or@lrﬂ:ﬂﬂfa& WUSAYis
10+*\ +e+++, @aB:;/ 10 10%&' ()- ' 10%4& ()-10%4& ()-  S10%&' (
1 910%-H8 () -tewstispogedNmgtween the ppposite sudfaess #04 pnd £8B100the twpdewces
+109 () - 8%& A—lggéé for both mechanically bonding the two devices and also for
5 providing electrical connection between the opposite vertical trace portions
98A and 97B, thereby enabling a through connection between the vertical
trace portion 97A and the vertical trace portion 98B. The multi-layer device
121 further includes top and bottom solder mask layers 123 and 124 with
apertures 126 revealing metal contacts 127 connected to the vertical trace
10 portions 97A and 98B. Figure 24 shows a multi-layer device 128 similar to
the multi-layer device 121 except that electrically conducting solder balls 129
are employed instead of the z-axis anisotropic adhesive layer 122.
It can be appreciated that multi-layer devices 121 and 128 can be
constructed from a wide range of the aforedescribed devices, and in particular
15 from devices 37, for enabling a wide variety of different interconnection
topographies. In addition, a multi-layer device can include a vertical stack of
two or more devices depending on the desired complexity.
Turning now to Figures 25 and 26, a BGA package 131 includes a
BGA interposer structure 132 constituted by a device 37, an upper pad and
20 signal layer 133, a lower pad layer 134, and upper and lower solder mask
layers 136 formed with apertures 137. Upper pad and signal layer 133, and
lower pad layer 134 each include 0.15um gold, 4pum nickel and 15pm copper
layers. Solder mask layers 136 have a maximum thickness of 50um. The
BGA package 131 includes one or more dies 138 (only one of which is
25 shown) which is adhesively mounted on an aluminum slug 139 integrally
formed in the BGA interposer structure 132. The aluminum slug 139 is
throughgoing and has the same footprint as the die 138. The die’s I/O pads
141 are connected to the upper pad layer 133 by wire bonds 142 whilst Sn/Pb

solder balls 143 are connected between the bottom pad layer 134, and & PTB
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underside of the aluminum slug 139 for heat dissipation from the die 138. A
metal cover 146 covers the BGA interposer structure 132 and its one or more
dies 138. The metal cover 146 includes downward depending projections 147

s for being juxtaposed against the top surfaces of the one or more dies 138 for
further facilitating heat dissipation therefrom. Typically, heat conduction is
by way of a thin thermal grease layer 148. The cover 146 can be made from
copper, aluminum, and the like. The approximate dimensions hy, ..., he are as
follows: hj= 2.5 mm maximum, h; = 200pm, h3=0.25 to 0.5 mm, hy = 0.5

10 mm, hs =0.5 to 0.6 mm, hs = 0.6 mm, and the adhesive layer between the die
and the slug is between about 0.03 and about 0.06 mm.

Turning now to Figures 27 and 28, BGA packages 151 and 152 are
similar to the BGA package 131 except that they are adapted for two different
types of flip chip dies, namely, a flip chip die 153 having an array of bumps

15 with an electrically inoperative central portion of bumps 153A and a
peripheral portion of I/O bumps 153B, and a flip chip die 154 with a full array
of I/O bumps, respectively. In the former case, the BGA package 151
includes a BGA interposer structure 156 with a slug 157 with a throughgoing
central portion 157A having the same footprint as the die’s central portion of
20 bumps 153A, and an intermediate surrounding skirt 157B underlying an
electrically non-conducting portion 158, thereby being in indirect thermal
contact with the die’s peripheral portion of I/O bumps 153B. In the latter
case, the BGA structure 152 includes an interposer structure 159 with a siug
161 which is entirely covered by an electrically non-conducting portion 162,
25 Whereby the entire full array of I/O bumps is in indirect thermal contact with
the slug 161. Both BGA packages 151 and 152 include covers 146 in direct

thermal contact with the top surfaces of the dies for dissipating heat

therefrom. The approximate dimensions hy, ..., hy of the BGA packages 151
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and 152 are as follows: hj= 2.1 mm maximum, h, = 200pum, hs=0.25 to 0.5

mm, hy = 140+15 pm, hs = 0.5 to 0.6 mm, he = 0.6 mm, and h7= 80pm-90pm.

Turning now to Figures 29-31, a pin jig fixture 221 for use with an

_electrical power source (PS) 222 for porous anodization of a valve metal

5 blank 223 with a surface 224 includes a bed of cone shaped pins 226. The

bed of pins 226 is made from titanium and is directly connected to the power

source 222. Each pin 227 has a leading end surface 228 for intimate

juxtaposition against the surface 224 for connection of the blank 223 to the

power source 222. During porous anodization, all the underside surface of

10 the pin jig fixture 221 including the peripheral surfaces 229 of the pins 227 is

converted into dense titanium oxide whilst all its interior including the cores

231 of the pins 227 remain titanium such that the pin jig fixture 221 is

suitable for multiple porous anodizations. In an alternate embodiment of the

pin jig fixture 221, the bed of pins 226 is made from aluminum whereupon

15 during porous anodization, the entire bed of pins 226 is eventually converted
to porous aluminum oxide.

Turning now to Figures 32-34, a pin jig fixture 232 similar to the pin

jig fixture 221 and differs therefrom in that its bed of pins 233 is made from a

non-metal substance, for example, ceramics whilst each pin 234 has a metal

20 leading end surface 236 connected to the power source 222 and for intimate

juxtaposition against the surface 224 of a valve metal blank 223.

While the invention has been described with respect to a limited
number of embodiments, it will be appreciated that many variations,

25 modifications, and other applications of the invention can be made.
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porous valve metal oxide based material with a pair of exterior surfaces
respectively constituting portions of said major surfaces and extending inward
from one said major surface towards the other said major surface, said body
portion having one or more electrically insulated valve metal conductive
traces of from about 10 pun to about 400 pm thickness in a direction from one *
said major surface to the other said major surface embedded therein, one or
more of said traces having a trace portion divergingly extending inward from

an exterior surface constituting a portion of one of said major surfaces.

2. A device according to claim 1 wherein said body portion has first and
second adjacent portions with respective different thicknesses of porous valve metal

oxide based material in a direction between said opposing major surfaces.

3. A device according to claim 2 wherein said body portion has first and
second adjacent portions with respective thicknesses of porous valve metal
oxide based material in a direction between said major surfaces wherein said
first thickness equals the thickness between said pair of opposing major
surfaces and said second thickness is less than said first thickness inwardly

extending from one major surface to the other major surface.

4. A device according to claim 3 wherein said second portion has

thicknesses of porous valve metal oxide based material inwardly extending
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5 insulated traces is constituted by one or more electrically insulated vias

extending between said opposing major surfaces.

6. A device according to claim 5 wherein said solid body has one or
more recesses inwardly extending from one major surface to the other major
10 surface thereby defining a thin portion atop each recess, one or more of said *

thin portions each being formed with a via.

7. A device according to either claim 5 or 6 and wherein said one or
more electrically conductive traces further comprises a slab with major
15 surfaces substantially parallel to said opposing major surfaces, said slab
having one or more porous valve metal oxide based material tubular portions
in registration with said one or more vias such that a via passes through a

tubular portion.,

20 - 8. A device according to claim 7 and wherein said slab is connected to

one or more of said vias.

9. A device according to claim 1 wherein said one or more electrically
conductive traces is constituted by a trace having a major generally horizontal
25 trace portion and two or more minor vertical trace portions connected to said

major horizontal trace portion and each having an exterior surface.

10. A device according to claim 9 wherein said major trace portion is

generally rod shaped.
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shaped.

5 12, A multi-layer device comprising:

(a) a vertical stack of two or more devices according to any one of
claims 1 to 9 whereby a pair of said devices have opposite surfaces
each with one or more electrical contacts; and

(b) an intermediate layer is interdisposed between a pair of said

10 opposite surfaces for enabling electrical connection between a pair -

of electrical contacts on opposite sides thereof.

13.  The multi-layer device according to claim 12 wherein an intermediate
layer is a z-axis anisotropic adhesive.

15
14.  The multi-layer device according to claim 12 wherein an intermediate

layer includes electrically conducting solder balls.

15. A BGA package comprising:

20 (a) a BGA interposer structure including a device according to any
one of the claims 1 to 14 with a valve metal slug, an upper pad and
signal layer, and a lower pad layer with solder balls;

(b) a die having I/O connected to said upper pad and signal layer, and
. overlying said slug and in thermal connection therewith for
25 dissipating heat therefrom through said slug; and

(¢) a cover for covering said BGA interposer structure.

16.  The BGA package according to claim 15 wherein the die is a wire

bond type die, and the die is adhesively mounted on said slug.
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surface of the die for heat dissipation therefrom through said cover.

s 18.  The BGA structure according to claim 15 wherein the die is a flip
chip die having an array of bumps with a central portion in direct thermal
contact with said slug, and a peripheral portion of I/O bumps in indirect
thermal contact with said slug via an electrically insulating portion of said
BGA interposer structure.

10
19.  The BGA package according to claim 15 wherein the die is a flip
chip die having a full array of I/O bumps in indirect thermal contact with said

slug via an electrically insulating portion of said BGA interposer structure.

15 20. The BGA package according to either one of claims 18 and 19
wherein said cover is in thermal communication with the top surface of the

die for dissipating heat therefrom through said cover.

21. A process for manufacturing a device having a desired product
20 specification, the process comprising the steps of:
(a) providing a discrete valve metal blank having a pair of opposing
generally parallel major surfaces;
(b) selectively masking at least one of the major surfaces of the blank
in accordance with the desired product specification; and
25 (c¢) porously anodizing the selectively masked blank for converting a
body portion thereof into pofous valve metal oxide and having a
pair of exterior surfaces respectively constituting portions of the
major surfaces and extending inward from one major surface to

the other major surface, the body portion having one or more



(:110% & ()- f#10% & ()-!10% & ()-Oopgro_= 25 JULY 2002
10' 0! I (109&' ()-! Y(10% ()- 940% ()- 10" 10" 10":10% & ()- 8 10% & ()-
olaB = 10" 0! I 10%& ()- 3310%& ()- y10%& ()- &L0%& ()-Z10%& ()-M F- 10%& () -
% dE_= 10" W83 (). oxL109& ()- (10Q%& ()-$109& ()- , #3100BETILI9LEE33
10% ()- >HaB = 10' 0! ! 610%& ()- ! @$I0%E ()- &3 109& ()- Y110%&' ()-
/10% ()--3 109 ()- 37bC 10' 0o!!& 10%& ()-sY" 109&' ()-0&10%&' ()-1 10 10
10F: 10% ()- y8109& ()- 7}faBbC 10'o!!f109%& ()- ! SOS& Y%0% ()- 10%&' ()-.
&YL10%&' ()- &L0%& ()- 10%& ()- DSPAEDC ,

electrically mnsulated valve metal conductive traces of from about

10 pum to about 400 pm thickness in a direction from one major

surface to the other major surface embedded therein, one or more

of the traces having a trace portion divergingly extending inward

5 from an exterior surface constituting a portion of one of the major

surfaces.

22. A process according to claim 21 wherein step (b) includes selectively

masking one opposing major surface and substantially entirely masking the
10 other opposing major surface and step (c) includes a one stage one-sided’

porous anodization whereby each trace portion continuously diverges from

the selectively masked major surface to the entirely masked major surface.

23. A process according to claim 21 wherein step (b) includes selectively
15 masking both opposing major surface and step (c) includes a one stage
dual-sided porous anodization whereby each trace portion initially diverges
and thereafter converges from one selectively masked major surface towards

the other selectively masked major surface.

20 24. A process according to claim 21 wherein an intermediate product has
at least one major surface with a pattern of valve metal exterior surfaces and
step (b) includes at least selectively masking a portion of the pattern of valve
metal exterior surfaces and step (c) includes porously anodizing the at least
one major surface with a partially masked pattern of valve metal exterior

25 surfaces.

25. A process according to claim 24 further comprising the steps of

selectively masking at least one opposing major surface of a blank and
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26. A process according to claim 24 further comprising the steps of
selectively masking at least one opposing major surface of a blank and
densely anodizing the at least one selectively masked major surface to obtain

the pattern of valve metal exterior surfaces of the intermediate product.

27. A process according to claim 25 wherein the step of densely anodizing
forms a pattern of dense oxide masking elements, each dense oxide masking
element being of a predetermined thickness in a direction from one major
surface to the other major surface whereby a dense oxide masking element

delays porous anodization as a function of its thickness.



