ne3estFn6TDr : ~ 'a. 12DEC2002 ELECTRONI C PACKAGE FOR ELECTROEH& C%P ENTS
AND METHOD OF MAKI NG SAME TECHNI CAL FI ELD  The present i n IE

in general, to an electronic package for nmounting of integrated ci rcwts
and in particular, to an organic nmufti-|layered interconnect str

use in such a package BACKGROUND OF THE | NVENTI ON Organi ¢ subs mmm Iml ”III
exanpl e printed circuit boards and chil carriers have been and con

to be devel oped for many ELLE@TWICQ*P?CKKGEF@R&EDEC&WCed to di spl ac'ée'ss
ceram c substrates, in particular in many chip carrier Ilcatlo
because of reduced costC@MEO @Wﬁe‘gﬂDéﬁ%ﬁi IM'ﬁEWQIS e. The ummwmnmﬂmﬂ‘m’

nmufti-layered interconnect structure such as an organic chip carri SOL
i nterconnecting a sem conductor chip to a printed circuit board in an
el ectroni c package introduces manylBREGENICAAJEELD one of which is the
reltability of the connection joints between the sem conductor chip and the
organic chip carrier and another of which is the reliability of the
connecti on j oi rithe pkxeemaemnuidnerekaregamigmefzhitcparceaﬂfcrrbxan pakdget thempuritinged circuit
board. As sen conduct or dch lng\gt/out II/'(P%?'C unts increase heyond the
capabi | i t yPEEFETEHEr Hl9 R YR HEOEY BEERE' é‘&&‘c‘?%‘f‘“ﬁﬂ?ﬂ“le orusein
sem conducdueli a phdkagaand printed circuit board m ni aturization increases,

area array interconnects are the preferred nethod for making |arge nunber s
of connections between a sem conductor chip and an organic chip carrier and
et ween the organi c chip carghekcriefng pFiedvdENgont board. |f the
coefficient of thermal expansion (CTE) of the sem conductor chip, the
organic chip carrier, and the printed circuit board are substantl ally
different from @th%m@@ sHfes fo‘r@%‘@ %mﬁédac’l‘éﬁ[ %a?d@%&ﬁﬂg IR @Y

i nt erconnecti ons e organic chip carrier can ex stress during
oper ati on ¢ertiaperts bedi}lz‘ttlpwg)for rginyiapplrdagonst lhbesg ﬂrdamepﬁydgftdimgpdelbmld grid

B 1
2 DE C 2008 BHE i PREH R B ER G AR RERD el L B BB Cungndeh
operation. eEctgmalfperfaManceelTkab:sé oﬁmmoda;eredmtﬂa;nnedn etmctm&sm:b asramorgasd chiyy

failure of the gconnecti even ure aof. r|t f the

Son conducEBReLT PEE R De AcumkorucR HE 6 adrinled Bt SR i fp flcrtol?

si gni fi cantphgkapaihtbiicesidanyihafidngyd, bid dftwhichfothe etiabiplyef teesmonisijoinar chi p
sizes ma e limted or [nterconnect sizes, shapes.an i may have to
e Cust oni e s amRILT §os PGS PRAE e S RSt DLy HETETR Thase
lim tati ongeli@ility bfthé cdrnecth §siht badeerH@E bigitiPeGEcanib and dg @finted citdig besrgani ¢
el ectroni c package or add significant cost to the electronic package.
Typically a sem conductor chip has a CTE of 2-3 parts per mllion per

degree Celsius (A@Qeilr&)onmwr@m?uﬁﬁaaﬂaftféuwdonﬁ@mc@we%ydndb&wagablﬂay:ofa much

gr}eater CTE of 17 B@dg herefore desirable to rel]abl ¥

i ht er connedterighadipadsisviges and ax e peaddorbabh sepmicoaductar ehjp endpripded ciicait bpardyoar d
in a fashi Orﬂmﬁamzaﬁbmbrfeas%@rarewnhmfe%ﬁaecﬁlaﬁe%glsre@hecpaethsu FRAaRing 139%&

el ectroni c package that 1 ncludes 'a nulti-layered interconnect str ure, an
or gani ¢ chimumiwrsdfepniebtians betweesl asemiesinguctes epipiaahin Qigaticehéecapyer sed ketwéeng t he
material s f_the [ 0

ont y about Too I ESAPRE L IR fraled A E BBl dclnefihecthy

i nt er connecdfitberenbieindeac dht;etm@rganm mdlpcctimnr, et the pmﬂlect disuio bopadhare sithsiaptially

carrier and n the or i rne inted circuit board.
Furt hor mor HFiERCGom gRE oLy R Broliiat e Blalifioatitt b &
si gni ficant bﬁgalhﬂbﬂixp‘éﬁneﬂ &f takmaain g &kds© BUFmMA @Peratldn (thernkx byctivg)d Sivhidtlystieh a

structure and nethod for making sanme would constitute a S|%n|f|cant rt
advancement industry standard ball grld array (BGA) interconnections between the organic chip carrier an




OBJEEGTS AND SUMVARY OF THE | NVENTI ON Accordingly) it is an &bt}eé gé éhl S
invenfion to enhance the art of el ectronic packagi ng by pr G 0

el ectroni c package with significantly inproved el ectrical perfornmance.

Anot her object of this invention is to provide a nmufti-layered interconnect
structure for use in an electronic package, the mufti-layered interconnect
structure including a thermally conduciive | ayer conprised of a materi al

having a t ffl t. .of th an antially
pr event fgp'%“%é(g?%ﬁ gﬁ%cfg? ﬁ%bd@P%%greﬁefﬁg% e%l %n’?@%‘ﬁﬁﬂ@fe lragﬁ‘?' ip and a
12DE Ccé}{l@ﬂls-nﬁy@}helh(bbld:dmalﬁﬁiuﬁtﬂb?tfﬁlaﬁr@oftlﬁ&:bn@ﬁﬁkﬁri@@f eehjffiltire Offthd Mkegrity

i nvention ng rovide an el ectronic packlgaag)ﬁ havi ng a sem conductor chip

with a pl GF BeiseRcgrducion ehip Chiprrking). c Biesdeifithrney iy pnificante ittt desien o

mul ti-| aY?l'é?i@ﬂitﬁtl@fr%ﬁ?ﬁﬁﬁ@tseﬁ}c@h’&ké& Bhip §&ésInkayxeﬁma@@&m{erc@m%@&zéafshta]!;es
invention is to provi de a net mak |ng Such an el ectronic pac age

having a mod spacingyeayddvd tﬁtbepe%me@dbey@nm@mtnestmﬁmds fosreduse ghese glegses.onpl i ant
and | ncl uges.AufilioROmaPibR (AR Jfty ol B of SHith rginﬁé eI BQLSARS
connecti ons between the sem con uct r and the mu ayered

i nt er connegetkage pusidisignificAmabbtar th@b]eeMnlq [Bckﬂ@fi pTxWiaﬂ)ea s&nmhoreiuqctert ¢iharad
structure t e oth a uctd.on us _assur wer
costs. ACC(](J;)%I’]%I fnisg r?é mglsxoeg%r gre% ﬁelsms n tl@)g\Iy]l% tdndarﬂ é)rmf?l § cr.r(antg%ardo

muf ti - | ay dfaed nuch greaeN@EE bf $1-20pgmif@ adapted for el ect ri cal |y
interconnecting a sem conductor chip and a circuitized substrate using

sol der connections, said interconnect structure conprising: a thermally

conductive | aygt 1sltﬁb@éfU1@|dQQrafz>lcrt§¥eh§t519| irt@ERAC ©RPOSINBELIGWhIpA6 @ $rinteli tiéui@nd
second dielectric |ayers positioned on said first and second oppasi ng.

surfaces, RSP baidyin afashiopghat epmificantly mmnrgres elagied PRréormaRrsr Al ¢legtionisai d

first diel HlekigdeGhdt @¥Rides @mﬁﬁﬁﬁ?@ed‘%h%&%ﬁﬂe@@%&u&%%'%%HCV&;Jcﬁ}/r?e'%tHM fshin said
first dielectric layer positioned between said first electrically

conduct i verefasiyely complianapnd madsiinatlegying dieanptarialy énd dirkpesiakihe matesials i wieldand

el ectri cal dust o &S LbstatbialR) ptEhi dadfulbr @bi el ded

si gnal con%:lﬁ{u '(te%[r:]s a}%gﬁ?rﬁlrst lzlEagd(:j)f‘j}s)@condCéﬂSurzE*t |lt Fyeﬁs1l of elltlactrl cally
conduct i vemmm&mp@lsqtme@nwseumogém@rfChlp gnd thedreswe onipl catied and betivgen thger s,
respectlvel i I e

electrical P a%xggglg | Slg%r?gh rm?ed %ng §(§&? ﬁa#%’% M:A (aa}%go ngocftﬂlmons

t hereon, f e]rectbz&udmckd@m $i gmﬁbdn}ﬁy mnmdiadmhl@edom@mec dnd belicoed hhtispcland a

circuitized substr 1ivel id thernall onductive | ayer being
conpri sed Btfucé“rﬁﬁ‘f thf’é ﬁ’églaﬁ’é‘g éar%‘%v%@?%‘ﬁmﬂ%e RigRdEa é 'ﬁ ‘88???68} ent of
thermal expansion to substantially prevent fallure of said sol der
connections between said first plur f onductive nenbers
and sai d seni conduct or cKESEGAAAN v Fat ity of

el ectrically conductive nenbers and sai d C|rCU|t|zed substrate. 12 DE C
2002

Accordingly, it is an object of this invention to enhance the art of electronic packaging by

providing an electronic package with significantly improved electrical performance.

Another object of this invention is to provide a multi-layered interconnect structure for
use in an electronic package, the multi-layered interconnect structure including a thermally
conductive layer comprised of a material having a thickness and coefficient of thermal expansion

to substantially prevent failure of solder connections between a semiconductor chip and a



-4 According to another aspect of the invention there is pr 0\r| Qe@)@c 2002
multi-layered i nterconnect structure adapted for electrically

i nterconnecting a sem conductor chip and a circuitized subst rate usi ng
sol der connections, said interconnect structure conprising: a thermally
conductive layer including first and sgcond opposing surfaces; first and
second dielectric Iayers positioned on'said first and second opposing
surfaces, respectively; a first electrically conductive layer within said
second di %‘F%‘It? SSUPSALT - a second el ectrical |y conductive |ayer within said
second di el ect ‘Y'e?arlo@%?ro bRREbE hANadeRRLWE & pRei a‘h'erlé*cttroﬁlce&atckég‘eaﬂdﬁh
conductive |layer and said thermally conducglve | ayer wherein said second
el ectri cafdnyicomhdiort chig I\Aaghera cpdlrrplntlyseé eonftact smepibarsalconyectdd dhyi eblded

si gnal conductors; and I uralities of electrically

conduct i vEOTHEREUELO 68%‘1‘1{ 1?%‘? %‘FBEFr%Oé]In %tPr and second diel ectric |ayers,

respectively, 6afRePinciRdrdbidct 8t ttﬁmwgﬁmma t9|p%\§41é5'n?e‘ih&f ofSRkking such
el ectrically conductive nenbers adapted for having sol der connecglons

t her eon, fwelaspng eickeger havalg ¢ woltiderdred lmtercamse@msmmdmﬂnt ichilgivei a

AR R R R g A T

thermal exfaRsiaR bewedhsthantdmicbyduetRVelip had | e emafti-Bbrds altéd@bnnect
connections between said first plurality of electrically conductive nenbers

and sai d 8&ityénductor chip and between said second plurality of

el ectrical l'y condyel t)?{jg?tr]???ﬁ{o%d%% cﬁg'ng:tllflddré}lld' & th?%‘ "R dﬁ?a%‘?é di ng
to yet anot her aspect "0 e“invention ere provi an el et oni ¢
package comadsprodictian,skud aomdniclooter cditp having a f| rst surface said first
surface including a plurality of Eont act menber and a nmulti-| ayer ed

i nt er connect stA‘P&folﬁﬁgetoaﬁ%"pta&fcf Of tht arvenfieny) q?'frel it BiovHleAet tHHE-lavered

sem condughkOroGREPsthRufe 9&1;{ ?«ﬁf fok %Fegtrﬁ 15 E@nneégﬁﬁ a Whichnd@y&r c‘flii}) and
i nterconnect structure In Ing a therm ycon ttive layer ng first
and secondcoppbsidegbsttat aoeg solﬂerrcsmnca:mdnsealdndtechoahenstru@uﬂewpmpslsmgs| tioned

on said first and second 0sj ng .sur S ive first and

second plurali flﬁg:gmgﬁy gqrglgglgyeclgyr&yn{jg% g‘?‘ft\?ggﬁ%?ﬂérogp f‘}r &8 on said
first and secopgtdhglse€dndi eledtyielgyers 9&9@&@%&1 Yaid SIﬁfhtdarfd' §kbn®bppiidd y of
electrically conductive menmbers having a plurality of solder connections

el ect ri caburjacepmespecteli;her et o, respective ones of said sol der connections

being 12 D E, & 2002, 5 6Lect Lligal Ly SoNMSatet {Beiaapegiive ones of said

plurality of contac Said sem con Ip, did thermal |y

conductive | ayekedoad Ricaany cothctie Biysmkhinahidninei digleatrizdhpe tpasitibiédL kness
and coeffjcient of thermal expansion to substantially prevent failure of
sai d sol destweehsaid: ﬁ@h@ea@t%ér?ogéMWﬁlﬁxqr #dy paid j thermsdly esendpeti vealaygr

conduct i Vﬁ'hg.i\%ﬂp&r‘é <@g %ﬁlce n?g%é;gﬁggﬁ P‘QF’C@E‘}?%“@BL‘ Eefrs (A }P af ﬁ(ﬂ\k THE

DRAW NGS HI IS a nmuc I onal view, I on,
the el ectsigmla;opdm:kmg,eamif the present inventi on illustrati ng a

sem conductor ¢hip sse to a | ti er i nterconnect structure and
the mufti-I ayef N H@l&ht@ﬁ cetliﬁtrécai%/ Pl e Bembers, RRRtHqed on

substrat egai@nlst and second dielectric layers, respectively, each of said first and second
pluralities of said electrically conductive members adapted for having solder
connections thereon, for being electrically connected to a semiconductor chip and a
circuitized substrate, respectively, said thermally conductive layer being comprised of a
material having a selected thickness and coefficient of thermal expansion to
substantially prevent failure of said solder connections between said first plurality of
electrically conductive members and said semiconductor chip and between said second

plurality of electrically conductive members and said circuitized substrate.



FIG 2 is a process flow diagram show ng the nmethod for maki ng}tf@&g%
I

el ectroni c package according to the present invention. DETAIL

OF THE | NVENTI ON The present invention provides an el ectroni ¢ package which
includes a nmulti |ayered 12DEC2002 -6 interconnect structure (an organic
chip carrier) and a sem conductor chi p_,4_the mul til ayered interconnect
structure being relatively conpliant and having a CTE of about 10 to about
12 ppm C which can substantially prevent failure of interconnections

bet ween the serieiliRE iofAhirRshsd o4 thy inyertipre iheriistpravided atmuliihiayered he
package c : i : I nartial ' Lew, in
el evati on?ﬂ(%?g%lr?%ﬁtﬁg i r%gﬁt%(g?&teﬁ%t% ggtn?(e)rnci%x&n%gg ggsg%ﬁf)%gﬁ Et’%) ﬁgﬁb ﬁié{ianti on
i s shown. aTihreutizetsutatrate upiaglsalger ddhnetdnsdesl atsemnearstuciues cahprsidg havi ng
a first surface é4, Ehe first surface including a plurality of contact
menbers 16, t h@rfBgmallyengicivafayeynghidmgirscand e appasies syddssabl y
Controll ed Coll I i e Al o]
respective contanttnor uhaRNSRs APnE PRHISALRN o i1 pATSRYRA RpRnE

cont act nentiaresghgpesvdliyat can be used in this invention are colums and

cylinders. C4 sqglder balls ar onprised. of solder naterjal preferably
having a conpoé‘ﬁjrﬁoﬁk@“%&ﬁ?‘%ﬁ”ﬁ?&é’ﬁﬂ‘”&h@ Sé‘lfg 0%‘13/61”‘?{ ﬁtr\ﬁﬁf‘ﬁa mel ting
poi nt of about 33{Q6nd The:tBEAR! O EHPACKAGE wile] WERS seeomMf tietdcayen Sl

interconnect structure 18, preferably an organic chip carrier, adapted for
el ect ri calppsitipprdebetwegnesatd hrgt elaelrisaly cmddaetedayeslang said thaymallyicondiictive ed

substrate ., 100 (e.g., printe ircuit boar means .of a plurali. f

so der “cotgbetgrdn s PhRC ekiLY caBficfks Mo FRB PR £ el Bt of

i nt er conngkieldel sigahldondddofsimdach will be described in detail bel ow
includes a thermally conductive |layer 22 having first and second opposing
surfaces 24 andirteand gesped pilwalities of eleetzicallli epnsietive meayhers pesitiopddcpn nay

i ncl ude sybl.a 9 ; ) i i t.00 hecfirst 0si ng
surface ZEBgngggs&gécsoeﬁer ddidgﬁ}%cglgl(?ilé%rﬁy%?&giyélkhf%% ?rgfgﬁlang% zldsg‘%ﬁlé@ers
35, 36, 3plaalitic38of i saiphoslettrionisd @ndudives evomitbroppiapiedg fouurfaatgy 26ldekayer s
29, 30 and 32 qf f}lrst dielectric layer 28 and |l ayers 35, 36 and 38 of
second di SPRRECHPRS ERPAR: 34 are conposed of an organic pol yneric material,
preferably fillggdpintNeiactRadily sohkd Bt & defliconliibiof!| G Ght! £ GRpsLant of
these dielectric lay res Isp e?erabﬁy from algount 1.05 tcf%l%lou% cgrfagjﬁltz?rpﬁre

pr ef er abl yubistrate, adspe¢tively, caiditbermably chndudthiediym dweing cdrhprided| dfed noitezlabct ri ¢

| ayers can var ccor di. to the sired design performanpce characteristics
of st r uct DrEn § sABFEH Bhichess id Koeftiient Ro LERBH BabRrior o HES AR BUTAE | ayer s
28 and 34 fiifuré 6PEAIAROMEr cQMbctidie MRBvdenLalll finst pRrARPYE eRciichBy CaRRMtiveS pm
to about 228 pm. Significantly, the dielectric material does not contain

convent i omembgss/ae faidegmgreniictos ¢hiy andhehweenchidpmsoerd plupdity baskscieisally | ng

t hrough h . I L1\ - spacing less than 100 mls
(about 2. ggﬁ%l?e %%g@g%}%ﬁ%aﬁﬁgggﬁﬁﬁ%%g&%e] s (about 1.3 mMm), nore
preferably 25 micksrd{raboutet Bndifermagpect of {2 ibvdntion Zei2 is provivat arpéledtedmad! y

|l ess than 1Q mils (ahout 250 pm) between centers, is achievabl e without

el ect ri caP2&REF FOHBIHBEween adj acent conductive through hol es. The
coefficient of jt : ' f, gagh e gdiekect i . 28 and 34
is preferably r%ﬁlg@ggﬁ%gadthzé g%%@lg g ppn?%fégébrsgfdpbgsge%ug%%q%@{éﬁﬁn bout 2
t o about Phpality Gf chlitedtenantbeys; ahthe particulate filler has a dianmeter |ess

t han about |0, um {m{ge [gr eferably from abo%{ 5 to %bou,t 8,um Preferably,
the particul at & FPjirgye d IpeEroBRCt ryRE adaPtesh farge aUBER Y7 i gerrshingy

wei ght, e RIBEGIHRBLY dhiP abittuififed QuRRAt BRI RANGENerdd ifBicOtecP! the
material. Preferably, the particulate filler is silica. "Suitable nmaterials
for the disehauterincludingen themballyecorfductiex dayet davingafist endssteeondiogposing

pol ytetraf | uor oet hyl ene. ujtable silica filled.palytetrafl yoroethyl ene
s vai | aBvneS v i eondfiles 56 pps Ratsian b i o5 eiond PPty
First di ek@gidel Crdsp¥@iveRS AR rsqcand sdbdide phirhiftidsa¥Lreldri&dy BbRichife! ude
first and third el ectrically conductive layers 31 and 37, reéspectively,

wi t hi n t henetiterseposifienedayesad fiost e sacond delqpowetayarsdiapedivelyndaid first
connections. The first dielectric |ayer 28 and the secaond.dielectric |ayer
34 can fquLﬁ%l}tyiq{cql?fz%cailé(c“cﬂ?_ udhg ’flﬁ%g?rﬁ%@_V@@tar PE‘:E?IW osr?!ffj?étcio%ecl“a%r s 39
and 41, rerpRehily eohnedib® CthédefA! te¥p&fRE Usitek VEr 1saMes1d8? RRAHehibn@leing
preferably signal carrying conductors. The second electrically conductive

| ayer 39 is positioned between the first electrically conductive |ayer 31
and the thermally conductive | ayer 22. The fourth electrically conductive

| ayer 41 is positioned between the third electrically conductive |ayer 37
and the thermally conductive layer 22. Electrically conductive layers 31,

PoNr— ”~ N o - N .



connections 47 positioned on a plurality of mcrovias 55 and iﬂézigggg?gﬂz
contact with the first plurality of electrically conductive ne

el ectrically connected to respective ones of the plurality of contact
menbers 16 on the sem conductor chip 12. The microvias 55 are a first
plurality of openings with internal walf{s formed in a third dielectric
| ayer 46 that expose at |east portions of the first plurality of

electricall conducti v nmbers .40. Each of the.first plurality of openings

Cnel udes. ey o Eed T ERpRYVE SREL AL P4 Pltflisy; & Contet petels, B 5880 pper

posi ti onedeicdnBetbNtBpNAhidVakIgal BT cétt@cfivd ﬁtye?!b%!fn%' édniprded OBXERI MgSriANd on
(0]

portions of selected ones of the pluralit irst electrically conductive
menber s 4Mhavifige sslegtedlthickness asdrepsticientnidberinahexpansian o swhspmiigbyipsierd | ow

melt solder. (nmelti. nmper at ur e bel ow about 230 ferably eytectic

ol der . caMbITE SEa B ol RE Brpeh R bret Bt s s Py e B e S e e
ther mal |y (£ QRsk+s b/ @uid St8icordctor cRRPr i sed of a material having a selected
t hi ckness and coefficient of thermal expansion to substantially prevent

failure of the sol der connections 47 between the first plurality of

el ectrically conductive %J%ebfs IPaI'TSNSS -T%BMWEN gi p 12. Thermally
conductive nenber 22 ca%ﬁgé—aﬁméﬁ&ﬁﬁ1?1n§2ﬂ—1xmm¢rse§—of ni ckel , copper,
nol ybdenum or iron. Preferably, the thermally conductive |ayer also

functions as a ground plane. The preferred thermally conductive_ |ayer
(whi ch has a Gofl 18 jaguichy enlargedpartial sactippal ey apesia@tion ofcihe clecionsr i sed

of a first r ; A %.1 0
about seocRir g s BPRRE i AUGEFRANBAen oo LK Rl 8 660,
iron (prefleyeadl intabauiectdticiuroand thamauld-lhyurédinkayameof stawtpe assefibtedager al |
CTE of thermally gonductive | ayer 22 is fromabout 4 to about 8 ppm C

Pr ef er abl 2 cligHHized sulirets: abut  80% of the thickness of the thermally
conductive |ay i § : i 0 g I : 0 %9.0f the
Pl ckness of & a0t fdt ey Aok A faT Vi Alvfids SPHA ARG Hloctdlh,

ni ckel - 63%ackage aatdrdingits thevaedeabingertiomm Texas | nstrunents | ncor porat ed
(Attl eboro, Massachusetts). Alternatively, the thermally conductive |ayer
can be forned solely of a single netal alloy such as about 36% ni ckel - about
63% iron alloy. The tIHDERAESED OESCRIPTIONGH THECONARITION | ayer is
preferably fromonly about 1 ml to about 3 mls (about 25 pmto about 76
pm . The thickness and choice of material for the thermally conductive

Lever 11 9o S B T s LR ERRSHECIN s 3

i nt er connagyer&d ructure when used in conbination with the other elenents
defined herein. Wien the overall CTE of the nulti-layered interconnect
structure is controlled to a value of about 10 to about 12 ppm C, a 12 D
E C 200Z _g_ significant advantage is achieved. Strain control on the

sol der connections 47 of the electronic package is realized and | ocalized
regions of high strain are avoided during operation of the package (when
assenbled to a circuitized substrate and in field operation). The overal
strain between the sem conductor chip 12, with a CTE of about 2-3 ppm C,
and the circuitized substrate, with a CTE of about 17-20 ppm C, and the
circuitized substrate, with a CTE of about 17-20 ppmiC, is thus
significantly reduced in nagnitude. Layers 29, 30, 32 of first dielectric
| ayer 28 and | ayers 35, 36, and 38 of second dielectric |layer 34 are
preferably conprised of a filled organic polyneric material having an
effective nodul us fromabout 0.01 to about 0.50 MIIlion pounds per square
inch (Mpsi) (about 69 MPa to about 3400 MPa), preferably, the effective
nodulus is fromabout 0.03 to about 0.10 Mosi (about 210 MPa to about 690
MPa). The dielectric material is material which can deformin an elastic
manner under stress, and with sufficient stress can deformin an

el astic-plastic manner. The effective nodulus is defined as a secant
nmodul us which in turn is defined as a relation of the tensile stress to
total strain of an elastic-plastic stress-strain material test stress
response curve (see, for exanple, A Blake, "Practical Stress Analysis in
Engi neeri ng Design", Marcel Dekker: 270 Madi son Ave., New York, NY 10016,
1982). It is useful to enploy a dielectric material having a neasured
tensile secant nodulus within the range of 0.01 to 0.5 Msi (about 69 MPa
to about 3400 MPa), neasured at roomtenperature, with a strain rate

bet ween the values of 0.01/mn and 0.6l mn, with the text conducted at a
tenperature between 10 and 30C. When the first and second dielectric |ayers
are conprised of a material with this effective nodulus, the multi-I|ayered

. T o, I T I L —— - N o o




Third dielectric |ayer 46 includes the aforenentioned pluralitya0
m crovias 55. The first plurality of mcrovias 55 are a first %Qubzﬁ(:tzogz
openi ngs defined by internal walls forned in third dielectric |ayer 46 that
expose portions of selected ones of the first plurality of electrically
conductive nenbers 40. Each of the firsg _plurality of openings includes a

| ayer of electrically conductive naterial 45 positioned on the internal
wal I s of the first eni ngs_and, . pr.ef er abl | so_on the exposed portions
of the firBlermare stesti W@ Surpicaip pltsmlind ragriangurier 5P & By (.
, ones of [hhged idigtoiedl shictute BEinBIrEIRGVIIASomBlial 28l @ik CEE¢hbbald ¥
couple to respective ones of solder connections 47. Each of the sol der

connect i orie abgutaieprieSCorich can wbsiagiiadht prgvenataire pbintricomentions ketreanct
nmenbers 16,0n sen.conduct or chi 12. Pr.eferably,. there j;s a tch of, no
ToreCt har b RS ReSRRSHShET S0P phfiea HENC B o) RLCH 1R, BuREe dpRlbels o,

52 under tfieersiged conductor chip providing a direct electrical path from
each of the contact nenmbers 16 to either the signal carrying second

el ectrical conddeleiring difer 1 3optiprsseiienabiievoin elgeatis abpneenbedimienhns! 47,
one of the,fi i I | |.at t. h hol e
R e R e L S
(through onh&ngitodduetos @hiper2 havinga Brdt s f2Q02, 1t fgnanetick andudidg aghahhisr

first electrically conductive nenber 40 and thr oug{; pl ated thr ou%h hol e
52). The dffreutacs|mempsre a0, gherroR-r okhcaP iR &L GeBHSEMenabary age PFiterablyd
signal co i Vi€ I (yAv= hQy; etidici L pat h
for si gnarg&tﬁooq{?ggg(?ad smi;tk?%fd fr?ﬁ o%oﬁhgcégem@:%mg’t ogr‘dhch‘ﬁ%tl%@tfﬁ%%hgﬂjet he

mul ti - | ayeroathet (ot rshownkeat tlst chiptsuiret smfict ¢4t Hetheutmitabe neembar chagastthathr ough

sol der conneqgtions.20. The fourth dielectric |ayer, 48 includes a second

o1 ur ol i ¢y O RO s SR RS GO ob i PO S P B S8 ond

plurality &fsoRReM G Wbl il a WhdRitfeardRdohid b eati ot tBo gl L &t i C

| ayer that expose portions of electrically conductive nenbers 42 that each
may al so bwith@metbgdoind od abay 3d6tC.v & hpledactrdnicipaokage ihodes Enuilti-tfyetdde

second pluralit f openings_includes a |ayer .of electrical onductive
el pRERABREESREPR Y AtFHD T PrealrinR eofisl it SR
exposed pohtdrehte@ingt the se@eRRdudblEtap 100 of ciedu@tdetli stBittdte CONGsIE! ipviatedenber s
42 to forma plurality of bonding pads S6. The conductive material on the

i nternal vidrouy boprd) ey meanstof griduabboefcsolien canectiens 4}, pogferabhgsoldmdabm t he

9 . _ : ) . o
conaucti vorie Bt BeteidnlcdBhea WS GRODE (PhRN A BERehinfd BELERARE D | ¢
pr ef er abl yinpludesed tleappiky conduetied agtr 2hhavipadkagad catonkwppbeing isnfheed @4a

Cur face 1009 Hnehead: o SRR PS Shidnte e Opsat P ok SNl of
sol der bal g 20 jORodfiddeld-drdtne st cipFSBﬁﬁg QEPRBL2454ddUE bdboRd HRlecliDILRE By, the

sol der balls are arranged in a ball grfd array (BGA) arrangenent "to
ef fi ci ent | yhighlnoay wichide siielayers i3gnab, 37 amishi, 9s ipositiamad grother sedorst oprwainigon out

of and into the, el ectronjc,pac € T ol der ball s .can be i sed
of ool unmeEog e ke Aecs PHR PG il FieBot Tre o abd 1SRenef crany o
appropri at@csid dielectr®) 1a9kr B be&IMpBikd iof laa)REAEC holyRiesieNfeHalS bidfshbiye 18
and circuitized substrate 100. Typically the solder balls are conprised of
a | ow el tfikesl with svpatticlategpatepelef Ehtaﬂieiecal%mr@tam of $hsisel diclenitie ddygts is
Referring to.Fl 2 0 Ki n ftd -l [ i nt onhect
structure ‘?rgfe%bo ﬁ.o)mrﬁbeor‘rl?teﬂsgtjg’t%r?ﬁ%f 1Y ryeg?r%r%yiﬁrﬂnér%bég%ﬁg}:ot %soﬁébﬁglree, as
defined hethikfessi 6f agklagiled diolectriclladed® EanCva0accotding!tocthei gl design

i nterconnecting a sem conductor chip and a circuitized substrate using

sol der corpfeformancs chapcteristiss of spetere 18 Preferabby s thieknspoof apahgofathe

thermal |y &%%%tlh%e?s he%GiA 303V &3 § oh%t.qboﬁ"lﬂcfeﬁg?%ﬂmp%gﬁ{@nﬁtér(%é‘&% The
mufti-layer Irnterconneéct structure nas been previously described in detail
above and jmckadpsun 2Benmpl | Sigaacaitlyl he | divlectricahridral dRyi Ag aomehect ed
t hi ckness and coefficient_ of thermal expansion. Next, step 64, includes

posi t i oni nePIVERtANah epver dihieaglasse sBelt absenradreoven fibeglapy shabling deeushd
opposi ng s o) mat | Q i I A ! f or med
by | am nat Wé@gﬁggeélo%ﬁgf?ﬁgﬁ.l iicngg?#l%ﬂg(gﬁéﬂ%ﬁ ':h%:lrog llIlrl;li% Z(aﬁéllﬁnpzrig%ilﬁlg&pr ess
at a presspretrafly &30 tian1300&ilE GababolLB n2A§) Gngre picfsrapBr 2 Sapila #houn 0164 (rusi),)
(about 6.89 MPa to about 13.8 MPa) and at a tenperature of about 600 to
about 750 degrees Fahrenheit (F) (about 316C to about 399C) to the first
and second opposing surfaces of the thermally conductive |ayer. Step 66
includes formng a plurality of through holes in the nufti-I|ayered

i nterconnect structure by laser drilling with a YAG or exciner |aser. O her

a1 o o o



~ 2 DEC200 2 14 electrically conductive nenbers are preferably med as
substantially dog bone shaped segnents. Each segnent incIudesIaZ DkﬁétZG@@)
net al pads; one end of the substantially dog bone shaped segnent, the first
netal pad, being connected to the netal plating on the internal walls of
one of the plurality of plated through-holes at the surface of the first
dielectric layer and the other end of the substantially dogbone shaped

t bei d netal d ad d f havi I ecti
Cher con aftosberciaah de e HIE GRABEAE et afRisfrndc paie RN T st
and second et a| sHé‘n@i%%Otﬁet@@&II adf4B&H Abhtiddidvé GeaRANRoeNAPELL TSRt

preferably connected by a substantially straight” conductor segnent. The
second pl uirainiat yxpehsieh @€ eadhcal] thy dosdevthie tayers 28eamid Xdsis grefembyoirbmrabedt Df

bstanti al | b haped h i nc),udi t ~ | east
two et al bt BRERES TR PR AR PRy FEREE e R a e SR e ¢ he
third nmet ghrtRathte RREMEhsGONBREIR st ah B olie1m Rhatel frefeibly REmMBHE 596 one

of the plurality of plated through holes at the surface of the second
di el ect ri @bpaly8ymanBbref¢rably: Her patidulate filkr suprsseantfican lapowodddnabsottaped

segnent bein four g net al _pad, adapt ed f havi a_sol.der. connection
thereon T dFreatmeatisng ot s BaPLTERR ShncH wr@ohol PR 5 wERR SRt on
can be a sedeledl. PaéferabsolicieparaOlIneFillels AlidanShitably mekedld fhothketdicls®Eial pads
of the substantially dogbone shaped segnents are al so connected b

: { y. a
subst ant i dvey inaluds ditexemntiu cyBratsesitrend pobteraillurmedtylensh A sHitatde sijicdogbone
shaped se t L - e r i Step 70
i ncl udes g%@?t ﬁ% Ieﬁraﬂﬁﬁrfégg?geﬂa I‘Igg%tlﬁggi é Qgﬁr?wgiog?sﬁ%&%ﬁ% ?Iaggﬁ and
second di gRegdrs,i Colndytidus). aliest dielédnge fayes28 andlseend ditiquiriv Blyeit B4 8ardfilso
el ectrically conductive rrenbe%ai usi ng conventional _coati ngapr ocessing. The
1

di el ect r i dn¢tBd%eRrshAn¢ drrdpdleciyieallyrconAlctyreR Ty et apbPyrRsPRec T ld WHRI RS ¢ he
pol yi m de dicdifie 1SRN or SBRAEE a0 PoRerC ARARY erbBid corflebti SRS CTAD itk ARAYGric The
dielectric materid can al so Be appl 1 ed b%r a process such as lamnating or
sprayi ng admercznafd oke isetondt dieleptriar lalért §4 ehn pughedinchae ciegbnd ahé sfotush
partially fill the holes and tent the openin t he hol e t the syrfaces
b he 11 ety Seadisivafiraciing lapsbet e Pronrubipaduta ien i i re
and seconGn@l4ir atigréRmbBf sifhAr@uiyig dondhétsrst NTKAsRBAd ERUfAIIicBhARtKEC

| ayers by a process of renoving portions of the third and fourth dielectric
| ayers to léysrmd¥ iis posisinded debyrgnpthgr fist telectricsily oprmdueidies daydr s¥dpesd rihe at

I j f I d f i [S ~ .and d
ot oral 11 ARG eaBFFEL FGPEE AR 0 disliny ondieuEioERy S ARstiiar ovi as

can be fomeBekdathathMdel@uicallly coRdlRan: Rakr 3T add the ermbithediglicve Ry&fxr abl y

| aser ablating the third and fourth dielectric |layers. The resulti n?

openi ngs dnectiipAdly ganduetivedlpysss 1313 ped frbcan be spepEpubhrl 2 sfbls mefabr ni ng
el ectrical &G f [ I [electric
| ayers to SgglI)ect @hkgﬁé&%@%gﬁ g%g%)gggﬁ’%iegsap I‘gﬁbhgécag‘ﬁgﬂgfsfﬁ?’gfﬁ%ﬁ %IISO%ISf

el ect ri cald.30 woutduc il iOveilséatioat §.1Ir gageabowel yum} wmefeckbly plamitt .56 milk€h3

applied to the pl.ated first and second.pluralities o j crovias, the

oot er r ed 140 AR BRHENHSPG O (AT dhEBaRiS HELEEh T OF GBI UG ect i
sol der paghers A0 R HTPls&hicddedSo Eﬁl@r%i&uﬁﬁﬁﬁ'e%c&f@aﬁﬁlrcoﬁé’tﬁtiﬁgtlgﬁér_meh be
used is Al pha 3060 from Al pha Metals (Jersey Cty, N.J.). Referring to step
74) the soighificapdytredusas sighadmdise. r Sifghdwed ying fapem3d$wr shigdded b clecirsallyand
second pluralities of | der,.connections on the fjrst _a copd. .

i urali L1 dendictgdees abehd 22one sieod g 5wt Lieiated RESbEvionly .
net hod of RildHagdMye®] BCAIdOM. ¢ package conprises the follow ng steps. First

a sem conductor chi'p is provided having a first surface which incudes a
plurality of cohtfiagtplyrehtyerfslectinallylcandudtivy meimbesndGist pasiitened on dlanfitsé pads,

colums, oy ,bal.ls of tyagh,melt sol der,. Hi el older is defined.as a
sol der ha\fII?IScaI C?I@Xetri#gg?)%ianﬁec %@\Pgur%l%u%tgggﬁmaéy %I%dﬁg \éebfrif,m eFFegglIfjr ality
of cont actposkished 6n HRNBEIrEIREIEris MydeB4. bThésS clddaidally domailctive dytdefithre

i nterconnect structure, as described above, is provided. The multi-Iayered

i nt er connaveferbhueanprised o€ p et the praferred mpfalipeing egprsf. The Gest aedsasend | ons,

a plurality of..pl . Gr.ovias .includin | ayer .of, refl.owed ' sol.der
paste ¢ herrtAing L eeahi iR ulithEy 4 B4 oo ebf AR aiBE s ot ger
paste, is fraxabaii.23@ deut N nils @bowley @l thabeiit 3ohERT AGIIARS! dfadEdeand t he
sem conductor chip's contact menbers are each bought 1 n contact with
respective ones of the first plurality of sol der connections by positioning
respective ones of the contact nenbers of the sem conductor chip against
respective ones of the first plurality of solder connections. This is done
by positioning and aligning the sem conductor chip contact nmenbers onto the

. —— o . o 1 o I D™ T 1 S o



16 solder solidifies and fornms an el ectrical connection bet wee
sem conductor chip and the nufti-layered interconnect stri cture @rEeGnZQUZ
to FIG |, this electrical connection is illustrated by nunmeral 47. The
fact that the sem conductor contact nenbers 16) have a higher nelting point
than the solder paste results in a solder standoff as well as an electrical
connection between the sem conductor chip and the nufti-|ayered

i nt t st T d d 1 f . the st
bot ween R SPECRH RGBT D AR R 6T R ol B A P i uboab ARBEE. SR uct ur o

during opekatiiepl@hlifyer faakads: cdﬂa@ctﬁieeﬁ%l@@ﬂs%do%kﬁgﬁrl@zﬂ 8‘ bshrRERE et
i nvention can be assénbled to a circuitized substrate 100 having a
pl ural i ty respecforet s oéamephuméltmf@neta@fmembers Ubfacthe, sepscatduetor blig, 12 hese

| h |
metal ang DRATRE S et e BOUGEBP Gherdlasuh ISR Al Remef 2 hiE ©
second pl dddttiy 153fer846l gaf eszg@s@e tllemspo@ﬁortsh@f fRef fitst Iwaligdof RiRirkampect

structure, previously descri as solder balls or colums 20, are placed
in cont actonduckive eershsirsl&P. pﬁmheomwtfﬁrét plwaldy tof pgsings indledasi & dayer iofed

substrate. ol de aste an econ lurality of sql der connectians are
ot onad SIE0EaNF SRS bRt SRRl oo e iRRRRS Wk

nuf ti -1 ayerett fist Gueoitnetspeingdahdbe pafithnt RE selbdtedibhidszFdhsplRgdlitpbefirsThe
sequence of assenbly of the sem conductor chip to the nufti-| ayered

i nter connéb@@trsoelrlmqmﬁiectlweomemhée B9 a%lenﬂipsﬁih&r of heolggsf eqmea%xsedﬁ are
'“tefconn%‘aﬁxﬁggé&{if%@wt elf 8546/ gﬁ&ihﬁ% TS HRS BB ab Seﬁzgﬁe . refigayipdi 11 ed

so that th £1-13yered | nterconnect structure W thout m conduct or
chip can leeteatscsm‘rdbéreobmmlstebef aicompoditiaeof ahobstIsieadfanllabostd By tiassenbl y of
the sem conductor chip,.to the nufti- I%éjlyered I,nt er connect

struct ure-ci r cUilfi EW@MWQW%@%@?& I1§/C°Wegloé&méﬁflél bayinggsclagisdr i bed
herein pr ‘?Mbﬂ?e%s %h@%@!efﬁ%%t B?‘{‘ﬁ‘eranI ShfanBBh 19 uﬁﬂ?ﬂtgﬁ?l}rﬁhbv%h GHipe dffhhe

conpl ement hi gh performance electric eman s re sem conduct or

chi ps and so@enpmﬂm%ramwyomcmetde ffiost plmléuymfrcmu'aqaﬁg chhgyletive Grqnapreesad@r  t han
400 1/ O sem conduct ors. % H %rgagfianc ower d |but| on |s Chl eved

usi ng t he and seryicoBINRIoT (hiRd \éﬁ SRR P4 IR h rﬂ‘é‘H ‘?rt %8 Sy %ﬁ’ﬁt ol es

under thec@ﬁm@&ndﬂcmkelcmd@ﬁeml f101yddbih, Mak tirph.e \Peéftetaegl pRWeermaR¢s to
the sem conductor chip. Further electrical performance benefits and

pr eser vat icondustive ﬂ%}ﬁéﬂlsp dencgions 9s ¢ gepsind plangal Therrsplaryad itammallp wordugtisie
t . t
Capec { anes W ERNR 61 BRI o GOE RSO, R T

constant Bifer oBédpesla sé&fndqa)'&)‘bf thelle) @rdbut3% Yo ftghut 387Ul $prb%l‘dbgy
arranged |nternaII in a shielded arrangenent, and a direct short path

|l ength forR @lﬁé%@ﬁi%@lha%@*aﬂut R0 abptAo iranbreterably phrut S3gmipn)e 4kt §i ng
conduct or ent
consiuder e (we}&%)lreoef}cg gerdhgl%%g%% rn;tnitsﬁsjEH(;\{?]i gﬁ@%ﬂg@%@?rﬂg 22 1?&?1'1133%;09{ \s/| ous
to those $dx|abbmd8|pprm/h@ aPtefetrblbaly, ubxrutow dbaabges 8a%dofmhh fthlclatess)rmﬁ tban be
made t herein thou epartin rom SCO f th pnventio fined
by the. ap isTeraly SpusEvE Byeh Bs atrkeLan sNem fhoul 20% thitont Paderdhe

I nt er connegbkifdsé Hﬁiﬂértﬁerﬂﬁﬂptcﬁﬂdﬁc@ﬁ/e %{ﬁﬂsrdo‘ﬁﬁéﬂ YA 's{httﬁﬂ@ 9ENEitIkdI B3P iron

sem conductor chip and a circuitized substrate using sol der connecti ons,
sai d i nt eratoyirie;avadable dram eTemanﬂmtmmﬂgﬁs dncorgaratedl | (Atddody cMagsachuesptis).

i ncluding fjrst. and second S aces: first. a ond dielectric
| ayers podt iAo RS TREn s AP BERURRS BreR & pp dumfey Ty WA gl Sefff
alloy such as about 36% nickel-about 63% iron alloy. The thickness of the thermally
conductive layer is preferably from only about 1 mil to about 3 mils (about 25 pum to
about 76 um). The thickness and choice of material for the thermally conductive layer
will determine the CTE of the thermally conductive layer and, significantly, can be used
to control the CTE of the multi-layered interconnect structure when used in combination
with the other elements defined herein. When the overall CTE of the multi-layered

interconnect structure is controlled to a value of about 10 to about 12 ppm/°C, a



surfaces, respectively; a first electrically conductive |ayer 'tﬁ' sai d
first dielectric |ayer; a second electrically conductive Iayeﬁ%&ﬁ E%h
first dielectric |ayer positioned between said first electrically
conductive layer and said thermally conductive | ayer wherein said second
el ectrically conductive |ayer conprlseg;a first plurality of shiel ded
signal conductors; and first and secon pIuraIities of electrically

conducti ve. nepbers iti.oned on, s t an nd di el ectrj_c ers,
Feapoct | vSIIGEE OBtk 1 PP aBRASBRE! B T doTaretEg ¢ of

el ectri Cale'léétr%f?x@%@f(égéels%ﬂ%ﬂSanaqawli%gd FQioayt mgh %%ﬁilea[reca%ﬂi%&tduﬁﬂg
thereon, for being electrically connected to a sem conductor chip and a

circuiti z@q)elsmbstqfatlﬁ packepe dwher|apsengued to kf’elclmlltl;'e%@mﬂmtq ard linykeld bei ng

Cherml  eXBaRLPBR 115 QupL T a5 FevERC A r aTa Fcu TR R aT oul

connect i ons3 bgiVeEAng Qh@c&dtﬁ@ied%hbitﬂité twitoh Caipest zIUo@ﬁ'W moq@mw}t angethgenber s
and said sem conductor chip bet ween said second pluralit

el ect ri caldirguisigerdisnbsiryte, Wﬁh’ﬁé}TSE efraboyh] 12¢ ppa(ii isthus sam@parail}eredwcedme
mufti - Iayere n{ erconnect structure of claim1l wherein said thermally
conduct i vé"18 )}39 conprises a netal layer. 3. The nufti-layered interconnect

structure of cliaiysis29Berx of 5@i ailemetrﬁllayeﬁf 23ein@qiyeds 85,36, ke 3go06gond
consi sting of nickel, copper, nolybdenum iron, and alloys thereo f. 4. The

nuf ti-| ayéirl%@cmmléyeéo}ﬂwé& pesfgrably saanmrsed | ofi anfBledraeanin podyreny raserial
conpri ses qabﬁg‘ &@%ﬂ&ﬂlu@% afBdue £ &)aﬁlg)umtS@SM illio éo ap%é%QQa?re 19 5.
ayere In I n sal

The nufti - erconnect structure of claim I'ron
conpri ses 1ﬁ¢1ﬂﬁﬂp&i})(ﬂboﬁﬁ@9 MPaboattou 2900 MBI grefetlblly, tie. effdedvemiddutdsayer ed

|nterconnect stru e id netal rlsed of
a layer of frqgn akeyt 8Ht (#126/&\%7 gn b%@ M? 3§%Pb%t16ﬁb yﬁ"})r sﬁ‘etdd‘r' E’HEs s
posi ti onedyfhene r}natznamﬁmﬂuégnl atBHRTiRh Bla§iC ARRRG! uider %fekgr &ngf wihai m 6

wherein said first thickness of said copper |ayer conprises ffom about 10%
t o about Xd4fficidnt striesk tdri dkfeessinodn shstic-plaster mahnet $he effebevaredodylus is

GRS M N R TR L B NG SR

i's from ahew! stdaif of @n 3REHE-pRskk &dsS-strain material test stress response curve (see, for
example, A. Blake, “Practical Stress Analysis in Engineering Design”, Marcel Dekker:
270 Madison Ave., New York, NY 10016, 1982). It is useful to employ a dielectric
material having a measured tensile secant modulus within the range of 0.01 to 0.5 Mpsi
(about 69 MPa to about 3400 MPa), measured at room temperature, with a strain rate
between the values of 0.01/min and 0.6/min, with the text conducted at a temperature
between 10 and 30°C. When the first and second dielectric layers are comprised of a
material with this effective modulus, the multi-layered interconnect structure is
relatively compliant and warpage during operation of the electronic package is greatly
reduced. This unique combination of the reduced CTE thermally conductive layer and
the compliant (during operation) dielectric layers assures the substantial prevention of
failure of the solder connections between the semiconductor chip and structure 18 and
between structure 18 and the circuitized substrate. As a result, semiconductor chip 12
will experience much less warpage than would occur with laminates made of typical
organic materials. Multi-layered interconnect structure 18 is capable of absorbing a
modest amount of internal shear strain under the die. If an encapsulant is applied
between the semiconductor chip 12 and the multi-layered interconnect structure 18, the

compliancy of the structure will result in significantly less stress within the encapsulant.



(about 25 pmto about 76um). 9. The nufti-layered interconnect r r
claim1 wherein said coefficient of thermal expansion of said nﬁ?emt 2@62

said thermal |y conductive layer is fromabout 4.0 to about 8.0 ppnidegree
C. 10. The mufti-layered interconnect structure of claim1l wherein said
first and second dielectric |ayers are jgach conprised of a |ayer of
non-cloth dielectric material. 11. The nufti-layered interconnect structure
of claim wher.ei n. sai g ,non- ¢l ot ielectric material rj ses

ol vt ot r at SPGB RGHENRE RO SoMedl & Lo bt o 37 B8ygauced

nuf ti-| ayaém_nbylﬁ"&rtﬁ@@r&@%niﬁtpﬁé«l@gb' &@“@Pop BotRicBhtbuwheRévensal ifuré bethe
material is silica. 12 D E C 2002 -20 13. The nufti-layered interconnect
st ruct ur e soldeticanmactionhé? detwesadhe &fst phirdlityi ofselecinenl soodwlivdi ra¢rabers 40

| ayers | eay K| thincciwers%ti?m about 1.0 to about 9.0 mls (about 25 ~mto
about 228 %‘ N & tT-1ayered interconnect structure of claiml

wherein at | easA fRsglatd gabdgl hélst50dngossamadindees@aitsnductoryaipsii aad wdes a
| ayer having an effective nodulus to assure sufficient conpliancy of said

i nt er connedectieallyconpestatipian ipaghnae slsebipally sondnglvermember ayde dstiphiralionnect
et e ekl LSBT s ol Sl ey TR . Ll b 0L 1
i nt er connanémsérr efcthersecatd pluadlity bf wheetrédally emabiudivesaembénsrat  First plated
through hole 50 is also electrically connected to at least one of the first plurality of
shielded signal conductors which comprise conductive layer 39. A second plated
through hole 52 is positioned under semiconductor chip 12 and is also electrically
connected to at least one electrically conductive member of the first plurality of
electrically conductive members 40 and to at least one electrically conductive member
of the second plurality of electrically conductive members 42. Second plated through
hole 52 is also electrically connected to at least one of the second plurality of shielded
signal conductors which comprise conductive layer 41. First and second plated through
holes 50 and 52 respectively, have an unplated diameter from about 1.5 to about 3.0
mils (about 38 pm to about 76 pm) and can be formed by mechanical or laser drilling,
preferably by laser drilling with a commercially YAG or excimer laser. The plated
through holes include a layer of about 0.15 to about 1.0 mils (about 3.8 pum to about 25
um) of a suitable plated metal, preferably copper. It is preferable that each contact site
of the semiconductor chip be electrically connected to no more than one plated through
hole.
A third dielectric layer 46 is positioned on the first dielectric layer 28 and on at
least a portion of selected ones of the first plurality of electrically conductive members
40. The third dielectric material can substantially cover (tent) the first plated through
hole 50 and partially fill the plated through hole. A fourth dielectric layer 48 is
positioned on the second dielectric layer 34 and on at least a portion of selected ones of
the second plurality of electrically conductive members 42. The dielectric material can

be a suitable organic polymeric material. One



.and second el ectrically conductive |ayers has a thickness from about 0.20
to about 1.0 mils (about 5.1 pmto about 25 pm. 17. The rruftl‘] QaB«E@dZOUZ
i nterconnect structure of claiml wherein said first and second

el ectrically conductive |layers are conprised of a netal selected fromthe
group consisting of copper, alum num and al l oys thereof. 18. The
mufti-layered i nterconnect structure ot claim1 wherein said first and

second pl Wi@kduid BsteRll vl 85t b (c&d #s ¥ pRRRRHE hiéRal ”Wﬂ@@xéﬁnﬁ&@al AR R .Le Ok
copper. 19. The nufti-layered interconnect structure of claim1l wherein

sel ect ed crvésin gratesial epated pgto amoap@a foit. yThefpredirisd pelymati¢ diclegsrigbeingvethrmbniver s
each i ncl ggﬁéﬁbieméxg mgxﬁ %la?zrb rhg 0%189 hxcgax%\s,o&\ 15%&) 8#&0&: ag’odplb‘% té ?&%Fg(l)‘% ;_1 pm

t o about rmt|- aere |nterc nnect structure
wher ei n selpeferatly et 30k) Q;faphdncscgqaolydl xpshmwtulch tsytheofondéngmionipcalutyofconduct i ve
menbers eagh

dea hi.ckness aof fro baut a S5 mls
(about 6.4 eplcm?rgh Sapd YePheny A ;ivmq' Plglo \’fm%’goa?oco%?u%qb%tgrag?lﬁ sai d
mufti-| ayerimd)uOntramabmneo% 6 tBAUC OO eprfaﬂafabllyebom pEhstem epodidizat mplkifinedonal
t hrough hol e ad eqd for, bein osi ti oned under  sai C 7002 -21
seni conducpiephe B%E\p REY eli‘)idf’élg Ogcaff'%'él ?VHW&‘ﬂe%@F «‘é’egp%‘ﬁfgf’ioi”baahollﬁﬂ MHRect ed
to at | easkbdnen,ed0e@letdrady hdbut Q0GGabMR 7/TBMDREm 0% t@%b&xt%()%%d?ie@ér?dlyty of
electrically conductive menbers, to at |east one of said firs lurality of

shi el ded sheafSEoHdlelosenatednpreiersblybrorainated, dpalycidybeter o Qisphenebnkryéng ave
nmenber of galduRecanst khAkbidodto &Joﬁgi §docald orfRdUE tv@oliBhars. 22. The

mul ti-layered interconnect structure of claim21 further including a third
di el ect ri c (prefpeablypbsittS ppreddbyoreight ptithe tqt@trcsmv@lmﬁs’maéomay@to-an@ht@n Therti ons

of said fi r | . .i

dielectric g‘i}grc &é deb%ogﬁ “a %lg&%%/le Fef%r%béﬂs)%ﬁ) ?deng?e@g"’d oug%gﬂol e.

23. The nufkther dtcagaeraad abavit 800 hsethn swduum%lprepyiénemh:a)pmteﬂxwmep}mnn cghoithtd hi rd
dielectric,la c%)tn%r(i ses ablatable dielectric naterial .

24. The nuPEREMARLFE mefgoéﬁ#cf?fcgfdrlm?fdplélat(?f claim23 wherein said third

dielectric |ncludes an internal wall defining an opening therein, said
opening Third dielectric layer 46 includes the aforementioned plurality of microvias 55. The first
plurality of microvias 55 are a first plurality of openings defined by internal walls formed in
third dielectric layer 46 that expose portions of selected ones of the first plurality of electrically
conductive members 40. Each of the first plurality of openings includes a layer of electrically
conductive material 45 positioned on the internal walls of the first openings and, preferably, also
on the exposed portions of the first plurality of electrically conductive members 40. Selected
ones of the first plurality of microvias 55, preferably, electrically couple to respective ones of
solder connections 47. Each of the solder connections 47 are designed to efficiently match the
pattern of contact members 16 on semiconductor chip 12. Preferably, there is a match of no
more than one contact member 16 with one of the plated through holes 50 or 52 under the
semiconductor chip providing a direct electrical path from each of the contact members 16 to
either the signal carrying second electrical conductive layer 39 (through one of the solder
connections 47, one of the first electrically conductive members 40 and plated through hole 50)

or to the signal carrying fourth electrically conductive layer 41 (through one of the solder



.exposing at least a portion of at |east one of said first plurality o

el ectrical ly conductive menbers, said internal wall including a cp ﬁdDLECVEDDZ
| ayer thereon. 25. The mufti-| ayered i nterconnect structure of claim 24
wherein said conductive |ayer on said internal wall of said opening is al so
positioned on said exposed portion of said at |east one of said first
plurality of electrically conductive nmerbers. 26. The mufti-layered

i nt erconn u L. '

nter nal griechot g ifust ot Bk han, BRELALR pRakE NG HEMN AN B0y ISR O,
one of saifd)f Thesdirept qlwmhaai p’atbfroﬂlaaohtlaétcmlxﬂbyr tﬁandlsmtlkivcemgmnmﬂsctdqfrbnees a
first mcrovja. ,27. Th fti-layered i.nterconnect struc of cla m 26
wherei n se BT Ethiop 8 gleient el pith EMEDITER Consdulet et e Sppefiuior e
t hrough hodhg 12 thiough Befmilii 280~ d ikecdthect T wird Meatb tt@@u@fde@hﬁtdﬁrﬂanﬂ\(ﬁﬁf ghn
said multi-layered jnterconnect structure further includes a second pl ated
t hrough holoMeR ERIFERWDF &F- bei ng positi oned under said sem conductor chip,
said second plated through hole electrically connected to at |east one
electrically conductive nmenber of said first plurality of electrically
conduct i ve menbEredourthudigectrielger 48 aeclysies @éﬁC@PdehFrQlﬂy pf miepyiaySbhercended
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mul ti-1ay edxeucmmﬂaa'cntbaﬂ‘ﬂapmswbmous mfre@cufcalch}l @ndncA @ membednes42 thacacidinmgalso four t h

dielectric _|layer,positioned ai |electr| nd aon rtions
of said seﬁ%’ﬁ%& q@raafFSptc FrgPla eld @I{ol"grtlicﬁ? %ar% NRFSE Cogepfréw&%pe%‘ Agsqngt %IS
dielectri Cldya[y(ﬁreleﬁllmbslbed‘a)hﬂt&hk/ym@béﬁﬁllpplsmglcﬁah meSmaﬁﬂquuhatmd op&nﬁ@ughﬂ thl e.
30. The multi- ag/gr ed i nterconn ure

Pourt il oisep et paan b G Er g pluriig B R ccRatill BEmhOIChSicToBRE T ¢

mat eri al . Bluralitiner vodliing phd)s8! dle trdasBe ARG ditthdigletiabwals otfkil first3@d wher ei n
said fourth dielectric Iayer i ncl udes an internal wall deflnlng an. openi ng
therein, saFandpRHHESClORERIagS Y] aR theexRsehpqstas Pbhe Hst atd seenpdplpiies Pl sai d
second pl ureeekant:mﬁon@k%@& kBt X0 Qrmmne\fﬁrmm&m dlé@trﬂ: 1hvek S pRkeriay |
including a conductive layer thereon. 32. The nulti-l|ayered interconnect
structure @fatede@Ppar31l wherein said conductive |ayer on said internal wall
of said opening within said fourth dielectric layer is also positioned on
sai d exposed portion of said at |east one of said second plurality of

el ectrical ly cofffiacteétvmiomnizge san Brilier ifthile pofrevitized yubsiedte 106 mvognmpagelity

structure ofe gl 2l M A20808L D AL 16N bLY 4&%ﬁfcaﬁy%?%ﬁéc@ed'teg@é&%eWa"

of said opening in sal di'el’ectric layer and on sal osed
portion of w@asof sskieoadls 3D an ahultiyayefed ddterconmeat aﬂtﬂoylr@wdtwtcwse thresalgier lyilld efd nes

!a }S econd m a%agé/éd i aball grid array (BGA) arrangement to efficiently allow electrical signal

transmission and power distribution out of and into the electronic package. The solder balls can
also be comprised of columns or other shapes to provide the appropriate stand off and
appropriate strain relief between multi-layered interconnect structure 18 and circuitized substrate
100. Typically the solder balls are comprised of a low melt solder metallurgy, preferably a

eutectic solder material.

Referring to FIG. 2, a method 60 of making a multi-layered interconnect structure is

shown. The resulting multi-layered interconnect structure, as defined herein, is adapted for



~2DEC2002 -23 34. A mufti-layered interconnect structure adaptefégng[:zgoz
electrically interconnecting a sem conductor chip and a circuit

substrate using sol der connections, said interconnect structure conprising:
a thermally conductive |ayer including first and second opposing surfaces;
first and second dielectric layers posijioned on said first and second
opposi ng surfaces, respectively; a flrst electrically conductlve | ayer

) S S SEARA ! Slsten PR ST ALY SRIEGE LG |

el ectri caldhief PaHEGdNLe THRYRE: b SR tﬁlstnl?&ﬁ&mslpYoﬁ@ﬂl%Lthhbx\ﬁ‘?aliya%%ﬁué’m%r ein
said second electrically conductive |ayer conprises a first plurality of

shi el ded dagmdkvingridstcandrsscomsingppbsing surdangs s dbo malil{playrea linteicesnast structure
el ectrically,conductive nensgrs OSJt oned ,an S&Id first, and seco

di el ectri é\a¥29mrevwa§1eséefq S 1 gl gbgye g ipe 95t thsppelberandgethy F“éﬁrltles

of said e'rﬁ@t&ﬁél%un)g acéé[b‘étéﬁtthﬁﬁnéﬁﬁ&%o%fﬁdéﬁto@@hé}ﬂﬁl %‘ébﬂgn SNeQ@"step 64
connections thereon, for being electrical i;e{connecte to a sem ¢onduct or

chi p and an@iud@mqsumamsﬁutssam segond é@é)@mq Erg onsfhﬁd‘lrsthmdrmbm}d erpedwgt i ve
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sol der comes;kileasillee PWEENapas th 4 lmhatmgtﬁraislaw p@ésseﬂeeﬁtabb@taﬂ doy te@pstucti ve
menbers and sai d sem conductor chip and between said second Flurallty of
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conductiv nprises a rre ayere

I nt er conneIYY° 6} foutht ﬂm and secbAd aplﬁﬁmgfmﬂecee of dhecthemitily dohdsalvediyd. from t he
group consi sting of nickel, copper, bdepnum iron, and alloys._ thereof.
37. The mufti - |S§RO8dNCHdes (BHMEELa @Et}raﬁ&yu%ﬂmu@ §PI¢-§ 35 Wﬁem@ﬁh laygtied et al
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means of drilling are possible, such as mechanical drilling. The through holes formed
are from about 0.5 to about 2.0 mils (about 13 pm to about 51 um) in diameter. The
holes and the internal walls of the holes are then cleaned in preparation for the addition
of a conductive layer. The copper cladding on the first and second dielectric layers and
the internal walls of the plurality of through holes are then electrolessly seeded and
plated with a continuous layer of a metal. The walls are plated with a thickness of metal
from bout 0.1 to about 1.0 mils (about 2.5 um to about 25 pm). Suitable metals are
copper and aluminum, with copper being the preferred metal. Step 68 illustrates
positioning first and second pluralities of electrically conductive members on the first
and second dielectric layers. To achieve this, a photoresist is applied on the surfaces of
the plated copper clad dielectric layers. The photoresist tents the plurality of plated
through holes to protect the plated internal walls of the plated through holes from
subsequent etching steps. The photoresist is then exposed and developed. A pattern of
first and second pluralities of electrically conductive members is then formed by etching
the exposed portions of the plated metal and the copper cladding on the surface of the
first and second dielectric layers with a cupric etch. The photoresist is then stripped
with a caustic stripper, such as sodium hydroxide, resulting in first and second
pluralities of electrically conductive metal members on the surfaces of the first and

second dielectric layers. The first plurality of



_posi tioned thereon. ~2DEC2002 -24 38. The multi-layered inter
‘structure of claim37 wherein said first thickness of said coppﬁ&”@g 2002

conprises from about 10%to about 14% of said thickness of said material of

said thermally conductive layer. 39. The nulti-I|ayered interconnect

structure of claim 36 wherein said nickel conprises fromabout 38%to about

44% of said netal. 40. The multi-|I ayerqg I nterconnect structure of claim 36
6

wherein said iron cﬁ%{ngri ses from about %to about 62% of said netal. 41.
The mul ti SlesijispllyFonictve BamBeE arg preffethly Lrmgd a8 sufsipntipdly\re Pesesharadd t hi ckness
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about 3.0 mls (about 25 pmto about 76 pm . The nufti-Iayered
i nt er conne&kaped seament the fist edtalippd. Baingprennedtad te ﬁie@le&ééhflﬂ&‘,@@rb? ig¢rmaltveallsaf
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ed |n eF connect struct ure
of cl f'il m 34d whte emtrstasamld' dogbsit siaped sememdeidg elmor(drmctall ray edaptairfor leaaly a

conprised 0 non-cloth dielectric
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material therein, 45. The nufti-Ilayered interconnect structure of claim 44

wher ei n st YotRptjally straighs F?%@I‘J“P‘sseg'infrltc 4he sgeond-plygaliy ghelecricolly codpgitver connect
stntcture @émbdrahidaiRg oMHeY 61 éﬂlbﬁ@fﬁﬂall)ocﬁo(%%@deqwfp'edi §etgmam@l eﬁ@r@&iﬁleﬂhﬁ‘dl&ﬁﬁg AtC
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being connected to the metal plating on the walls of one of the plurality of plated through holes
at the surface of the second dielectric layer and the other end of the substantially dogbone shaped
segment being a fourth metal pad adapted for having a solder connection thereon for connecting
to circuitized substrate 100. The solder connection can be a solder ball, solder column, or a land.
Third and fourth metal pads of the substantially dogbone shaped segments are also connected by

a substantially straight conductor segment. Even though substantially dogbone shaped segments

are described, many other pad shapes are possible.

Step 70 includes positioning third and fourth dielectric layers on the first and second
dielectric layers and on the first and second pluralities of electrically conductive members using
) conventional coating processing. The dielectric material can be either the preferred polymeric
dielectric, the polyimide or the epoxy coated on a copper foil, all described above. The dielectric
material can also be applied by a process such as laminating or spraying and can flow into the
plurality of plated thorough holes to partially fill the holes and tent the opening of the holes at the

surfaces of the first and second dielectric layers.

Step 72 includes forming first and second pluralities of microvias in the third and fourth
dielectric layers by a process of removing portions of the third and fourth dielectric layers to form

first and second pluralities of openings and exposing at least portions of selected ones of the first



47. The nufti-layered interconnect structure of claim 34 wherejn gﬂzl
one of said first and second dielectric layers includes a Iaﬂet D 'ﬁaﬂZ%
effective nodulus to assure sufficient conpliancy of said interconnect
structure during operation. 48. The nufti-layered interconnect structure of
claim47 wherein said effective nodulus is fromabout 0.01 to about 0,50
Mosi (about 69 MPa to about 3400 MPa). 49. The nufti-|layered interconnect
structure i : b i i e : Leal 'y
conduct | ve T eos ot NaB Ak i aRg bR by g A R e b SR
5.1 wn to &boet b8 pmeyss oShechifhieal mirifling - dtejrex exdréfernbly toenpdbting the tittdamg  of

claim 34 erein.said fir and.. second el ectri |l V..con tive, |l ayers are
Compr sed et deB@dtalad StnedOBRE BB 8 Bish pfiftai Y RS g aftEisly

a:c u rr: num aa%ea,l foﬂy'&gtehgurifeﬂfcomﬁauog?h&nrma; stui—f?deayilethedmﬁ rah? famlﬁn ﬂ&tretctrﬁsltllﬁyéeet ure
of claim 34 erein saj irst and secon uraljties electrically
conduct i ve EAERGIOnE: A thesrppied St ard %ﬁﬁi‘ﬂé’i“?ﬁl%’? Otj‘ﬂiFé“ % gonfugixe ggmbers

i nt er connegéspsdtivdBt W RIdRE p&iledl e doplibElothdpisied 86t Ad sQ8S pRfaisad & rhitfostas,
plurality of electrically conductive nenbers each include a thickness of

from about the psfered gpdipasie Bing a lgw mehsaldermaste, prsferably suectBgolgay nass3 AnThe
muf ti -1 ayerggmpbiat 8f LAMEEHeE EM&ctr'ﬂFﬁe @ G B BB DRI 066 o) fﬁﬁﬁﬁdﬁefs es of

said second plurality of electrically conductive nenbers each I nclude a

t hi ckness dferfaydityalldut 0.25 to about 1.5 nmils (about 6.4 wnto about 38
pm). 54. The invention of claim 34 wherein said nufti-Ilayered interconnect
structure further includes a first plated through hole adapted for being
posi ti oned underReariog ®ampddntusiidr poke qan tteabereflowed togbmat grlt dfhiseofirgtankiol e
electrically connected to.at | east one electrically conductive nenber of
Satd firet BRORHTED Sr S erreaer R BRC et e GsiekfieEher one of
said first @hdealvemenbbrsgbiand 4eksgdcgidy. conductors and to at ~ZDEC2002
-26 least one electrically conductive nenber of said second plurality of
electrically conductive nenbers. 55. The nufti-layered interconnect

structure of cl ahmeafbdfofdakiap ai £16diesic Packagd dimbHsed iRl feICdwih € stby EirstOSi t i oned
on said first dielectric |ayer and on_portions of said first plurality of
el ectri cal | SFRUERIUELPT Shép isBrAYKied having afirptsnsiase rhighdpquiss @ nluggldty okeppéachnt i al | y

members. The plurality of contact members can be pads, columns, or balls of high melt solder.
Hight melt solder is defined as a solder having a melting point above about 230 ° C. Preferably,
the plurality of contact members comprises C4 solder balls. Next, a multi-layered interconnect
structure, as described above, is provided. The multi-layered interconnect structure includes a
first plurality of solder connections, a plurality of plated microvias including a layer of reflowed
solder paste thereon. A layer of low melt solder paste, preferably eutectic solder paste, is next
applied to the first plurality of solder connections and the semiconductor chip’s contact members
are each bought in contact with respective ones of the first plurality of solder connections by
positioning respective ones of the contact members of the semiconductor chip against respective
ones of the first plurality of solder connections. This is done by positioning and aligning the
semiconductor chip contact members onto the solder paste. The solder paste is then reflowed
and molten solder covers the exposed area of the plurality of microvias and partially wicks up the

external walls of contact members 16 of the semiconductor chip. Upon cooling, the molten



gverlying said first plated through hole. 56. The nufti-|ayere EC 2002
i nterconnect structure of claimb55 wherein said third dielectric layer
conprises a |ayer of |aser ablatable dielectric material. 57. The
mufti-layered interconnect structure of claimb56 wherein said third
dielectric includes an internal wall defining an opening therein, said
openi ng exposing at |east a portion of gt |east one of said first plurality
of electri mﬁg L ook

conduct i ve&?‘gé;gcr)l e%g%fo\fﬁ%gﬁa H%? icale ‘?‘? 4 g%‘sfgeeg%ensxté@?égg%%gdgg q@?’ gﬂc ure of
cl ai m 57 wmsltelapershingtreongusgticines. | Refaringta FiGi ldthisrelegtrival conadckionfs iBasitrdted
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| ayer on said int a(rg?aflg,&wall of said opening and on said exposed portion of
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structure of claimb59 wherein said fi rst mcrovia is electrically connected

to said fi eptrajreafély pakagagh hol e. 61. The invention of claim34 wherein
said nufti-layered interconnect structure further includes a second plated
t hrough hol e adapted for bei ng positioned under said sem conductor chip,
sai d second pl aflédeletiranisghckugt ef thé preteni igwdntign @ohnestobled v atirchigiast one
electricall LY I lly
conduct | ve 03 AE opB BBURGLy o fuck 05 3h oR R shigkee® s oY s
plurality ebnattpebided bsicgnpxise«toﬂudppdror suamdmtooarmithel edwble areeal @hdainrbecal | y
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i ncl udi ng anfiautjefeddhtelcefitetd sﬁ'uét@f,ée[)repﬁﬁdlﬁ deREred Ay soiat Balls @£ ENGnsl 2, et ri c
| ayer and on portions of said second t%l urality of electrically conduct i ve

menbers, sallFef GusqrRctidh B solf ppsis/e theeansackpits ofi s clepiized 1hg 3i Thesekdshd

pl ated throygR ahe k&oncﬁauram%f i codnddtRheale tAbRECAHANGEID BriipleRc@fcac! ai m
62 wherein said fourth dielectric | ayer conprises a |ayer of |aser

abl at abl e diaapessiop between the mylti-lagzed infgeopageisiruqryry apdoie piruitized sipseate.sThauct ur e

of clai m 63, Yhalebfassdily &qyééet}u&h&lc?&tcﬁ%@o WS- e LR R ofnde: dRbGENal wal |
defining an opening therein, said openi ngs exposing at |east a portion of

at | east onkollowedby ssereldpaldhpmultidhyerad intpreetngelisirpaiet foythe circuitized substrate, can

easily be modified so that the multi-layered interconnect structure without the semiconductor
chip can be assembled to the circuitized substrate followed by assembly of the semiconductor

chip to the multi-layered interconnect structure-circuitized substrate assembly.

The electronic package described herein provides signal and power distribution
characteristics which complement high performance electrical demands of future semiconductor
chips and is particularly suited for interconnecting high I/O (greater than 400 1/O)
semiconductors. A low impedance power distribution is achieved using the solid copper power
planes and high density plated through holes under the semiconductor chip which allow multiple
vertical power feeds to the semiconductor chip. Further electrical performance benefits and

preservation of signal integrity (fast signal propagation, low signal capacitance and coupled



conductive nenbers, said internal wall including a conductive
‘thereon. 65. The nufti-layered interconnect structure of clai ‘r\q@ﬁﬁ&amuz
sai d conductive layer on said internal wall of said opening within said
fourth dielectric layer is also positioned on said exposed portion of said
at | east one of said second plurality of electrically conductive nenbers.
66. The nufti-layered interconnect strticture of claim65 wherein said
conductive |ayer, on,said internal | 1. of said.openjng within said fourth
i el oct r1 dolsByER el sharkdtls Brnelfieprt 1BR oS Bt R Bl afs o o

e: ectri callby deddeeitcdonytentPTEXRAt6ridl €fd 1BS thg si:‘gﬁﬂ@ﬁlﬁ/rilx!i@ (Ebﬁdnw:t@s b@ﬁ% arAihged f

el ectroni ¢ package conprising: a sem ¢conduyct or i aving.a first surface,
said fi rst‘m§[ﬂ"’h§ a %@W@gweﬁw ‘I‘g‘f‘@?‘ t B feaeh ordhe ErCongiiorghip

mufti -1 ayelgict HEBP&O MO BELiRhIHG)HE otait.ed for electrically _

i nterconnecting said sem conductor chip to a circuitized substrate, said
mufti-layered interconnect 1 2 DEC 2002 _2g_ structure including a
thermal 1y condughiiy feleBSE oddtShith dra'adleri B RPEOADRBRUBH AR fERSeq ! ! T St
and second dielectric layers p05|t|one§ on sal iI'rst and second opposi ng
surfaces, emispigotityed this immrdtidu, itstill &e dbwes antoselskitled inttheeat it vatiewstohhgrk | y
conductive nenbers . positione n said first .and second di.el ectrj.c | ayers,
respect i vef{i™ (gfl%?tlfopsr 158 bﬁ|”}}f§5ﬁ]e{e§}‘ ‘6’?h°é1} %e(??‘}lfl%g Ipsh o7 uoétﬁ?e\/”éveﬁg%%sr s
havi ng a pddfinall by yheabpadkdieeingonnecti ons el ectrically connected thereto,
respective ones of said solder connections being electrically connected to
Tespective ones of said plurality of contact nenbers on said sem conduct or
chip, said thermally conductive | ayer being conprised of a material having
a selected thickness and coefficient of thermal expansion to substantially
prevent failure of said solder connections between said first plurality of
el ectrically conductive nenbers and said sem conductor chip. 68. The

el ectroni c package of claim 67 wherein said contact nenbers conprise C4
connections. 69. The el ectronic package of claim®68 wherein at |east one of
said first and second dielectric layers includes a |ayer having an
effective nodulus to assure sufficient conpliancy of said multi-I|ayered

i nt erconnect structure during operation. 70. The el ectronic package of
claim 69 wherein said effective nodulus ijs fromabout 0.01 to about 0.50
Mpsi (about 69 MPa to about 3400 MPa). 71. The el ectronic package of claim
67 further including a first electrically conductive |layer within said
first dielectric layer. 72. The el ectronic package of claim 71 further

i ncluding a second electrically conductive layer within said first
dielectric layer and positioned between said first

-
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el ectrically conductive |layer and said thermally conductive |ayer. 73. The
el ectroni c package of claim 72 wherein said second el ectricall 2(@?@&2@[}2
| ayer conprises a first plurality of shielded signal conductors. 2 E
C 200 -29 74. The invention of claim 73 wherein said nulti-I|ayered

i nt erconnect structure further includQ§ a first plated through hol e adapted
for being positioned under said seniconéuctor chip, said first plated

t hrough hole electrically connected to at | east one electrically conductive
menber of sWFEMMist plurality of electrically conductive nembers, to at

| east one of said first plurality of shielded signal conductors and to at

| east one electrically conductive nenber of said second plurality of

el ectrical lly conduatliivsyershinetrenndet.strittereeddapted doni elequacdtlygeteedonataing 74

further includin third dielectric.|aye ositjoned.on said.first,
el oot 11 0% SmrOadirian 5 r indofcitsiiize SubsiPRE usingr sty cameaionsy Siidal | y

conductive igﬁ@gﬁg&t sﬁé&tq%et{]ngf;gisﬁi%l ectric layer substantially overlying

said first ated throug The el ectroni c package of claim 75

wher ei n sai d t hia thedhalyswndidivedyyer irchurding Sesé ard $eagmd opfosingserfaads at abl e
dielectric material. 77. T | ectroni c package of claim 76 erein said
Chird di el ecrrs dishind e foRREEAGR G RsERR shiaySa il ot oimaie n.

sai d openi narfagfofdspéttiatlyl east a portion of at |east one of said first
plurality of electrically conductive nenbers, said internal was including a
conducti ve | ayera filseelegiricalipgconinetive layar matile sad Eka gielestriclagemn 77 wherein

sai d conductive | ayer .0on, sai d.,i nt er,nal [l of. id. i is.also
positioned on sal &X(go%goselée nﬁ%lrWi%)ﬁld% Wg\gfagerat?v lfllzlgsstal(f(;%gsog geslﬁé(ﬁr(ﬁcf]fl¥e’srt

plurality gfosRloned ricewbdny ssidndinet elveridEnbebaductie hhe eh@cdaidnhémpaigkage of
claim 78 wherein said conductive |layer on said internal wall of said

openi ng andoBAukedaxst yosein said seeondogleadrallyagonduetite laye compsispda firfst
plurality - ! Vs Hﬁﬁ,’. . ers defines a first mcrovia. 80.
The el ectr A?@llxé%ggzdégfm@%g?m lé%%hgﬁcg})n said first mcroviais

el ectrical |l y confivecireldsdcond pludalities of efkaicelly ttndmagie hehbers pakRiddeE o 2002
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first pluralities of said electrically conductive members adapted for having solder
connections thereon, for being electrically connected to a semiconductor chip and a
circuitized substrate, respectively, said thermally conductive layer being comprised
of a material having a selected thickness and coefficient of thermal expansion to
substantially prevent failure of said solder connections between said first plurality of
electrically conductive members and said semiconductor chip and between said

second plurality of electrically conductive members and said circuitized substrate.

2. The multi-layered interconnect structure of claim 1 wherein said thermally

conductive layer comprises a metal layer.

3. The multi-layered interconnect structure of claim 2 wherein said metal is
selected from the group consisting of nickel, copper, molybdenum, iron, and alloys

thereof.

4, The multi-layered interconnect structure of claim 3 wherein said nickel

comprises from about 38% to about 44% of said metal.



m crovia. 82. The el ectronic package of claim67 further includ ag he
electrically conductive |layer within said second dielectric | a;c/iLQ, %C zqu

el ectroni c package of claim82 further including a fourth electrically
conductive layer within said second dielectric |ayer and positioned between
said third electrically conductive |aygg and said thermally conductive

| ayer. 84. The el ectronic package of claim83 wherein said fourth

el ectrically conductive |ayer conprises a second plurality of shielded
signal conductors. 85. The el ectroni c package of claim 84 wherein said

mul ti-layersed i nfier qaNRasfer&t iktetddhfect Uikhdgire | dICkigRS3 avageaNdaRl abRd.

t hrough hol e adapted for ‘being positioned under said sem conductor chip,

sai d secondopipaisesdremrabagfhd dtoteeatmub 62 iof abilynatdnnect ed to at | east one
electrically conductive nenber of said first plurality of electrically
conductive nmenbers, to at |east one of said second plurality of shielded

si gnal conduct orgheanditt Ryéred lifeRbnRRe seh@ereldfelimY2 GABRUE bdid endiRMRRy Of

said second plurality of "electrically conductive nenbers. 86. The

el ect r oni ¢ ipeekrpysedot! adpedrmf 88kelandheon haveng@ironpenlayouwith adired thickneéss | ayer
posi tioned on.said.second dielectric |ayer and on portions of said second
plurality dPsigieag e§§P|y conductive nenbers, said fourth dielectric |ayer
substantially overlying said second plated through hole. 87. The electronic
package of claim86 wherein said fourth dielectric |ayer conprises a |ayer
of |aser ablatablhe @rdtidetersd intgicepneat . stegturqred glagst goﬁh@”ﬁhék@g@fﬁf ciaim
87 wherein { ct i Ld el I I f ] LNg
W thin e diPOesf UIGHE clifor il AR ol 207 1008 16 o TR PRS00
-31 porti ahickhfcss af shidmate@ad bf suie thetmsldy chorslectvedaydrur al ity of el ectrically
conductive nenbers defines a second mcrovia. 89. The el ectronic package of
claim87 wherein said fourth dielectric |ayer includes an internal wall
defi ni ng ary openy er,6h04 +Sal hpﬂﬁ i d t tjcon of
at | east 02% ofngai ng%g% dﬂﬁﬁ?gF%?EQO eFgg?%?%2??@&8%§ﬁ52?3§28%éﬁ5ers,
sai d i nt er sald mafetial oitdaidihegmallyx omdiuct ves Ryt drom hbowdnl t@8bouTRe) miilect r oni ¢
package of ¢l ai m 89 reip_said conductive |layer on said internal wall of
sai d openiA@“ﬂf&hﬂﬁnggﬁﬁm%@@P%L dielectric layer is also positioned on said
exposed portion of said at |east one of said second plurality of

electrically conductive nmenbers. 91. The el ectroni c package of claim 67
further indl udi nEhesapli-layerediinterconnest ssuetatecol daimg! avherein spideapesligientr at e
having a fiy, f i NC j - u I J reon, said
cecond pl urregtlREfde bE St B EENL YudlnalP VBB REURGIERRE, D2,

i nt er connecibost4.0¢d abomt BrigipmddegeaCsecond plurality of sol der connections
electrically connected thereto, respective ones of said second plurality of
sai d sol der connections being electrically connected to respective ones of

said pluraljy thesﬁliuﬂi-fag'gtteﬁcitnte?@&ﬁeanstﬁl@iuge O Bt | ZrSHREL" AL and
second dielectric layers are each comprised of a layer of non-cloth dielectric

material.

11. The multi-layered interconnect structure of claim 10 wherein said non-cloth

dielectric material comprises polytetrafluoroethylene having a filler material therein.

12. The multi-layered interconnect structure of claim 11 wherein said filler

material is silica.
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17. The multi-layered interconnect structure of claim 1 wherein said first and

second electrically conductive layers are comprised of a metal selected from the

group consisting of copper, aluminum, and alloys thereof.

18.  The multi-layered interconnect structure of claim 1 wherein said first and

second pluralities of electrically conductive members are comprised of copper.

19. The multi-layered interconnect structure of claim 1 wherein selected ones of
said first plurality of electrically conductive members each include a thickness of

from about 0.25 to about 1.5 mils (about 6.4 um to about 38 um).

20.  The multi-layered interconnect structure of claim 1 wherein selected ones of
said second plurality of electrically conductive members each include a thickness of

from about 0.25 to about 1.5 mils (about 6.4 pm to about 38 um).

21.  The invention of claim 1 wherein said multi-layered interconnect structure

further includes a first plated through hole adapted for being positioned under said
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conductive members,

22.  The multi-layered interconnect structure of claim 21 further including a third
dielectric layer positioned on said first dielectric layer and on portions of said first
plurality of electrically conductive members, said third dielectric layer substantially

overlying said first plated through hole.

23. The multi-layered interconnect structure of claim 22 wherein said third

dielectric layer comprises a layer of laser ablatable dielectric material.

24. The multi-layered interconnect structure of claim 23 wherein said third
dielectric includes an internal wall defining an opening therein, said opening
exposing at least a portion of at least one of said first plurality of electrically

conductive members, said internal wall including a conductive layer thereon.

25.  The multi-layered interconnect structure of claim 24 wherein said conductive
layer on said internal wall of said opening is also positioned on said exposed portion

of said at least one of said first plurality of electrically conductive members.

26. The multi-layered interconnect structure of claim 25 wherein said conductive
layer on said internal wall of said opening and on said exposed portion of said at
least one of said first plurality of electrically conductive members defines a first

microvia.

27.  The multi-layered interconnect structure of claim 26 wherein said first

microvia is electrically connected to said first plated through hole.
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semiconductor chip, said second plated through hole electrically connected to at least
one electrically conductive member of said first plurality of electrically conductive
members, to at least one of said first plurality of shielded signal conductors and to at
least one electrically conductive member of said second plurality of electrically

conductive members.

29.  The multi-layered interconnect structure of claim 28 further including a
fourth dielectric layer positioned on said second dielectric layer and on portions of
said second plurality of electrically conductive members, said fourth dielectric layer

substantially overlying said second plated through hole.

30.  The multi-layered interconnect structure of claim 29 wherein said fourth

dielectric layer comprises a layer of laser ablatable dielectric material.

31. The multi-layered interconnect structure of claim 30 wherein said fourth
dielectric layer includes an internal wall defining an opening therein, said openings
exposing at least a portion of at least one of said second plurality of electrically

conductive members, said internal wall including a conductive layer thereon.

32.  The multi-layered interconnect structure of claim 31 wherein said conductive
layer on said internal wall of said opening within said fourth dielectric layer is also
positioned on said exposed portion of said at least one of said second plurality of

electrically conductive members.

33.  The multi-layered interconnect structure of claim 32 wherein said conductive
layer on said internal wall of said opening within said fourth dielectric layer and on
said exposed portion of said second plurality of electrically conductive members

defines a second microvia.
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A multi-layered interconnect structure adapted for electrically interconnecting
a semiconductor chip and a circuitized substrate using solder connections, said
interconnect structure comprising:

a thermally conductive layer including first and second opposing surfaces;

first and second dielectric layers positioned on said first and second opposing
surfaces, respectively;

a first electrically conductive layer within said second dielectric layer;

a second electrically conductive layer within said second dielectric layer
positioned between said first electrically conductive layer and said thermally
conductive layer wherein said second electrically conductive layer comprises a first
plurality of shielded signal conductors; and

first and second pluralities of electrically conductive members positioned on
said first and second dielectric layers, respectively, each of said first and second
pluralities of said electrically conductive members adapted for having solder
connections thereon,

for being electrically connected to a semiconductor chip and a circuitized
substrate, respectively, said thermally conductive layer being comprised of a material
having a selected thickness and coefficient of thermal expansion to substantially
prevent failure of said solder connections between said first plurality of electrically
conductive members and said semiconductor chip and between said second plurality

of electrically conductive members and said circuitized substrate.

35.  The multi-layered interconnect structure of claim 34 wherein said thermally

conductive layer comprises a metal layer.

36.  The multi-layered interconnect structure of claim 35 wherein said metal is
selected from the group consisting of nickel, copper, molybdenum, iron, and alloys

thereof.

37.  The multi-layered interconnect structure of claim 35 wherein said metal layer
is comprised of a layer of nickel and iron having a copper layer with a first thickness

positioned thereon.

10( 10(
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38. The multi-layered interconnect structure of claim 37 wherein said first
thickness of said copper layer comprises from about 10% to about 14% of said

thickness of said material of said thermally conductive layer.

39. The multi-layered interconnect structure of claim 36 wherein said nickel

comprises from about 38% to about 44% of said metal.

40. The multi-layered interconnect structure of claim 36 wherein said iron

comprises from about 56% to about 62% of said metal.

41. The multi-layered interconnect structure of claim 34 wherein said thickness
of said material of said thermally conductive layer is from about 1.0 to about 3.0 mils

(about 25 pm to about 76 um).

42.  The multi-layered interconnect structure of claim 34 wherein said coefficient
of thermal expansion of said material of said thermally conductive layer is from

about 4.0 to about 8.0 ppm/degree C.

43. The multi-layered interconnect structure of claim 34 wherein said first and
second dielectric layers are each comprised of a layer of non-cloth dielectric

material.

44, The multi-layered interconnect structure of claim 43 wherein said non-cloth

dielectric material comprises polytetrafluoroethylene having a filler material therein.

45,  The multi-layered interconnect structure of claim 44 wherein said filler

material is silica.

46.  The multi-layered interconnect structure of claim 34 wherein each of said
first and second dielectric layers have a thickness from about 1.0 to about 9.0 mils

(about 25 um to about 228 um).
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47. The multi-layered interconnect structure of claim 34 wherein at least one of

said first and second dielectric layers includes a layer having an effective modulus to

assure sufficient compliancy of said interconnect structure during operation.

48.  The multi-layered interconnect structure of claim 47 wherein said effective

modulus is from about 0.01 to about 0.50 Mpsi (about 69 MPa to about 3400 MPa).

49. The multi-layered interconnect structure of claim 34 wherein each of said
first and second electrically conductive layers has a thickness from about 0.20 to

about 1.0 mils (about 5.1 um to about 25 pm).

50.  The multi-layered interconnect structure of claim 34 wherein said first and
second electrically conductive layers are comprised of a metal selected from the

group consisting of copper, aluminum, and alloys thereof.

51.  The multi-layered interconnect structure of claim 34 wherein said first and

second pluralities of electrically conductive members are comprised of copper.

52.  The multi-layered interconnect structure of claim 34 wherein selected ones of
said first plurality of electrically conductive members each include a thickness of

from about 0.25 to about 1.5 mils (about 6.4 um to about 38 um).

53.  The multi-layered interconnect structure of claim 34 wherein selected ones of
said second plurality of electrically conductive members each include a thickness of

from about 0.25 to about 1.5 mils (about 6.4 pm to about 38 pm).

54.  The invention of claim 34 wherein said multi-layered interconnect structure
further includes a first plated through hole adapted for being positioned under said
semiconductor chip, said first plated through hole electrically connected to at least
one electrically conductive member of said first plurality of electrically conductive

members, to at least one of said first plurality of shielded signal conductors and to at
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conductive members.

55.  The multi-layered interconnect structure of claim 54 further including a third
dielectric layer positioned on said first dielectric layer and on portions of said first
plurality of electrically conductive members, said third dielectric layer substantially

overlying said first plated through hole.

56.  The multi-layered interconnect structure of claim 55 wherein said third

dielectric layer comprises a layer of laser ablatable dielectric material.

57. The multi-layered interconnect structure of claim 56 wherein said third
dielectric includes an internal wall defining an opening therein, said opening
exposing at least a portion of at least one of said first plurality of electrically

conductive members, said internal wall including a conductive layer thereon.

58. The multi-layered interconnect structure of claim 57 wherein said conductive
layer on said internal wall of said opening is also positioned on said exposed portion

of said at least one of said first plurality of electrically conductive members.

59. The multi-layered interconnect structure of claim 58 wherein said conductive
layer on said internal wall of said opening and on said exposed portion of said at
least one of said first plurality of electrically conductive members defines a first

microvia.

60. The multi-layered interconnect structure of claim 59 wherein said first

microvia is electrically connected to said first plated through hole.

61.  The invention of claim 34 wherein said multi-layered interconnect structure
further includes a second plated through hole adapted for being positioned under said
semiconductor chip, said second plated through hole electrically connected to at least

one electrically conductive member of said first plurality of electrically conductive
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conductive members.

62.  The multi-layered interconnect structure of claim 61 further including a
fourth dielectric layer positioned on said second dielectric layer and on portions of
said second plurality of electrically conductive members, said fourth dielectric layer

substantially overlying said second plated through hole.

63.  The multi-layered interconnect structure of claim 62 wherein said fourth

dielectric layer comprises a layer of laser ablatable dielectric material.

64.  The multi-layered interconnect structure of claim 63 wherein said fourth
dielectric layer includes a n internal wall defining an opening therein, said openings
exposing at least a portion of at least one of said second plurality of electrically

conductive members, said internal wall including a conductive layer thereon.

65.  The multi-layered interconnect structure of claim 64 wherein said conductive
layer on said internal wall of said opening within said fourth dielectric layer is also
positioned on said exposed portion of said at least one of said second plurality of

electrically conductive members.

66.  The multi-layered interconnect structure of claim 65 wherein said conductive
layer on said internal wall of said opening within said fourth dielectric layer and on
said exposed portion of said second plurality of electrically conductive members

defines a second microvia.

67.  An electronic package comprising:

a semiconductor chip having a first surface, said first surface including a
plurality of contact members; and

a multi-layered interconnect structure adapted for electrically interconnecting

said semiconductor chip to a circuitized substrate, said multi-layered interconnect
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surfaces, first and second dielectric layers positioned on said first and second
opposing surfaces, respectively, and first and second pluralities of electrically
conductive members positioned on said first and second dielectric layers,
respectively, said first plurality of electrically conductive members having a plurality
of solder connections electrically connected thereto, respective ones of said solder
connections being electrically connected to respective ones of said plurality of
contact members on said semiconductor chip, said thermally conductive layer being
comprised of a material having a selected thickness and coefficient of thermal
expansion to substantially prevent failure of said solder connections between said

first plurality of electrically conductive members and said semiconductor chip.

68.  The electronic package of claim 67 wherein said contact members comprise

C4 connections.

69.  The electronic package of claim 68 wherein at least one of said first and
second dielectric layers includes a layer having an effective modulus to assure

sufficient compliancy of said multi-layered interconnect structure during operation.

70. The electronic package of claim 69 wherein said effective modulus is from

about 0.01 to about 0.50 Mpsi (about 69 MPa to about 3400 MPa).

71.  The electronic package of claim 67 further including a first electrically

conductive layer within said first dielectric layer.

72.  The electronic package of claim 71 further including a second electrically
conductive layer within said first dielectric layer and positioned between said first

electrically conductive layer and said thermally conductive layer.

73.  The electronic package of claim 72 wherein said second electrically

conductive layer comprises a first plurality of shielded signal conductors.
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10%& () -/ %ne e'lzéctrlcally conductive member of said first plurality of electrically conductive
members, to at least one of said first plurality of shielded signal conductors and to at
least one electrically conductive member of said second plurality of electrically

conductive members.

75. The electronic package of claim 74 further including a third dielectric layer
positioned on said first dielectric layer and on portions of said first plurality of
electrically conductive members, said third dielectric layer substantially overlying

said first plated through hole. |

76.  The electronic package of claim 75 wherein said third dielectric layer

comprises a layer of laser ablatable dielectric material.

77.  The electronic package of claim 76 wherein said third dielectric includes an
internal wall defining an opening therein, said opening exposing at least a portion of
at least one of said first plurality of electrically conductive members, said internal

was including a conductive layer thereon.

78. The electronic package of claim 77 wherein said conductive layer on said
internal wall of said opening is also positioned on said exposed portion of said at

least one of said first plurality of electrically conductive members.
79.  The electronic package of claim 78 wherein said conductive layer on said
internal wall of said opening and on said exposed portion of said at least one of said

first plurality of electrically conductive members defines a first microvia.

80.  The electronic package of claim 79 wherein said first microvia is electrically

connected to said first plated through hole.
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microvia.

82.  The electronic package of claim 67 further including a third electrically

conductive layer within said second dielectric layer.

83.  The electronic package of claim 82 further including a fourth electrically
conductive layer within said second dielectric layer and positioned between said third

electrically conductive layer and said thermally conductive layer.

84.  The electronic package of claim 83 wherein said fourth electrically

conductive layer comprises a second plurality of shielded signal conductors.

85. The electronic package of claim 84 wherein said multi-layered interconnect
structure further includes a second plated through hole adapted for being positioned
under said semiconductor chip, said second plated through hole electrically
connected to at least one electrically conductive member of said first plurality of
electrically conductive members, to at least one of said second plurality of shielded
signal conductors and to at least one electrically conductive member of said second

plurality of electrically conductive members.

86. The electronic package of claim 85 further including a fourth dielectric layer
positioned on said second dielectric layer and on portions of said second plurality of
electrically conductive members, said fourth dielectric layer substantially overlying

said second plated through hole.

87.  The electronic package of claim 86 wherein said fourth dielectric layer

comprises a layer of laser ablatable dielectric material.

88.  The electronic package of claim 87 wherein said conductive layer on said

internal wall of said opening within said fourth dielectric layer and on said exposed
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89.  The electronic package of claim 87 wherein said fourth dielectric layer
includes an internal wall defining an opening therein, said openings exposing at least
a portion of at least one of said second plurality of electrically conductive members,

said internal wall including a conductive layer thereon.

90. The electronic package of claim 89 wherein said conductive layer on said
internal wall of said opening within said fourth dielectric layer is also positioned on
said exposed portion of said at least one of said second plurality of electrically

conductive members.

91.  The electronic package of claim 67 further including said circuitized
substrate, said circuitized substrate having a first surface including a plurality of
contact pads thereon, said second plurality of electrically conductive members of
said multi-layered interconnect structure including a second plurality of solder
connections electrically connected thereto, respective ones of said second plurality of
said solder connections being electrically connected to respective ones of said

plurality of said contact pads on said circuitized substrate.

92. The electronic package of claim 91 wherein said second plurality of said

solder connections are solder balls and/or solder columns.

93.  The electronic package of claim 91 wherein said solder comprises eutectic

solder.



