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DENSI TY | NTERCONNECT LAYER 1. Technical Field The present invention
relates, inzgeneral, to an electronic package for interconnecting a
sem conduct@r chip to a printed circuit board, and in particular, to an
organic nmulti-layered interconnect structure that includes a high density

i nt er connect L€ a - l.at Art
Organi c subst$@§@Rmﬁ§%¢% lvﬁ':\&[ ﬁ?ﬁﬁ%@‘@ﬁ'ﬁéﬁﬁg bﬁ%&?r‘%@ be
devel oped for many applications. Organic substrates are expected to

di spl ace ceram c substrates in many chip carrier applications because of
reduced cost and enhanced el ectrical perfornmance-. An organic substrate
such as an organic chip carrier for interconnecting a sem cmmm“mwmmg) to
a printed circuit board in an el ectronic package, may have &

redistribution layer for redistributing electrical signals fromtdmee chip

into a larger area so that the chip can properly interface with the punted
circuit board AS sem conductor chip niput/output (I/0) counts increase
beyond the capability of 0 8 J UL 2002 -2peripheral Ieaﬂ%ﬂﬂM“MMﬂmeF as
the need for both sem conductor chip and printed circuit bo

mniaturization increases, area array interconnects will be thespneferred
met hod for naking | arge nunbers of connections between a sem conductor chip
and an organic chip carrier, and between the organic chip carrier and a
printed cifrguit .b q;q If the coefficient of thermal expansion (CTE) of the
seniconduékggggﬁﬁgriiﬂe organic chip carrier, and the printed circuit board
are substantially different fromone another, industry standard )

seni conduct or ciiepraertdpventeniclainnia EEreE <0 e elegronisRygknige frHntprcernesting a may
be subject to high stress during thermal cycling operation. Simlarly, the
i ndustry steawedadektdraihip tgrai mingedcirgui( BEA) andin @eition are tt dnomganfemwedayerdie
organic chip carrier and printed circuit board nay al so be subject to high
stress durinrgonapet struoture tHat goiutiescattigh deabityahietcotinectdayee euchsis mayllflited suréaco e
mani fest by failure of the connections or even failure of the integrity of
the sem caoggiict or chip (chip cracking). These reliability concerns
significantly inhibit design flexibility. For exanple, sem conductor chip
sizes may be limted or interconnect sizes, shapes and spacing may have to
be custom zed beyond industry standards to reduce these stresses. These
limtationsg telATkt the electrical performance advantages of the organic
electroniC‘&ggiagE—or add significant cost to the el ectronic package.
Typical ly, a semiconductor chi,p has a CTE of.2-3 parts r..mllion ber
degree Cel si us (?}pgﬁﬂlfé)l S\Aﬂ%lgef’esugp?tcglr?ofaa?r %STSE‘#%VHP &a e %Ih“inf’g)goo%f’r VHRR{Oh ¢ h
greater CTE of 17-20 ppmd C.. A particular r Iigbilitg concern is that the
surface rel2RY#R iitfo&g. Eé%;a&c)su iab}s Flﬁteél?efﬁg R 1splace c€ramic substrates in many chip

carrier applications because of reduced cost and enhanced electrical performance.. An organic

substrate, such as an organic chip carrier for interconnecting a semiconductor chip-to a printed
circuit board in an electronic package, may have a surface redistribution layer for redistributing
electrical signals from the chip into a larger area so that the chip can properly inte1face with the
printed circuit board

As semiconductor chip input/output (I/O) counts increase beyond the capability of



y between the organic substrate and the sem conductor chip, may
susceptible to stresses resulting fromthermal cycling of the g?gahuéL-ZUUZ
substrate together with a chip sol derably coupled with the organic
substrate Such stresses result froma CTE differential between the surface
redistribution layer and the renmai nder, of the organic substrate. The
ability of the sin face 0~ ~ UL 2802 -3redistribution layer to
wi t hst and peripheral laad deviseschag enthe neefl fopboth aeraigendpeterivip andopristedidirevitbodrdce
redistribution layer. If the redistribution |ayer cannot accommobdate the
t her mal stmipisteizatidnliecredses, asa mfray mteremhinedts with Heitienprefayred miethod s eegliinigdhge t o
deterioration, such as cracking, which can cause failure of
i Nt er conn@ginbexd of b&ine&hs bBrved gaomicondtictdr chdyy dndeh offabic SRIP cafive Wl BEtwebh P,
as well as between the organic chip carrier and printed circuit board.

Thus, T it dH98lié b artief arafioridiil et bR e Rbiieiond A MREmAR b Ao 4 TR)

mat eri al having thermal and chani cal properties that enab

redi stribuygi ' etal N I I: ' ri.

ther el oyt s, W hphal Sl At Sl edphis el DGR e Kl
present inventiqgn provides a lti-layered interconnect, structure,

Rompri si ndiireieRtehang ROl dre Y wap TGN AP AAL (e RITEsSioBH @ the
opposi ng surfaces; a first and a second dielectric IaYer posi tioned on the
first and ¥EReic@iReprierIpyshertybiscirte highstress duringctherinal gycling operasioph Simarlyy
conductive layer; first and second pluralities of electrically conductive
menber s pdh¢ indusigcstandarddiat] gfid pgay G Sieemannagiiens detweer the myganis chip carrier and
respectively; a first electrically conductive |ayer within said first

di el ect ri grinssdetircuia bsard arag asb &e buhijemtd higlcareduditring epdratjorr SWrificant ieHatlifyi r St
dielectric layer and positioned between said first electrically conductive

|l ayer and aéding May (Bh bicorNaislestts thiRYEsHHO@heicRoshrdvaLeand ctlirGhepse! | Y
conductive |layer conprises a first plurality of shielded signal conducfors;

a plated thr ‘hal .t t s i .
eIectricaf?;&%%%HQgFgabﬁgﬂggﬂﬁgggi %eTﬁéﬁ%E?ﬁgyb@%?ﬁﬁ?%?§§5gﬁﬁﬁﬁﬁﬁﬁ§§g}
electricaljy. d Lyve iy s . i LI ral ity of
chi ol ded_ SiSRAE SEh AR TRRSrqeb s ip LB hay M Tollca Bl B e kgl ¥, §
L 2002 -4second.plurality of electrjcally conductive nenbers; and a third
di o oot 1 coragiRn e biisiadt sl G (IbdinGREPHEAE FEIEF Bis BB £ ons
of said first plurality of electrically conductive nmepbers, said third
i et et ¢t Binaonsdttind g bR ety Syttt of W SRR Bnd
wherein said third dielectric layer includes a first high density
i nt er conneRackpgsyadg significanticast iyths sleeiranis package. purieallyy pipmcandpeer @irbasoni ¢
device to the first plurality of shielded signal conductors.

CTE of 2-3 parts per million per degree Celsius (ppm/°C) while a standard printed circuit board

has a much greater CTE of 17-20 ppm/°C. -

A particular reliability concern is that the surface redistribution layer, which interfaces
between the organic substrate and the semiconductor chip, may be susceptible to stresses
tesulting {from thermal cycling of the organic substrate together with a chip solderably coupled
with the organic substrate Such stresses result from a CTE differential between the suiface

redistribution layer and the remainder of the organic substrate. The ability of the suiface



Anot her aspect of the present invention provides a nethod of naking a

mul ti-layered interconnect structure, conprising the steps of:Uq%qyggggga?
thermal |y conductive |ayer including first and second opposi ng sur .
formng first and second dielectric |ayers on said first and second .
opposi ng surfaces, respectively, of gaid thermally conductive |ayer;

f or mi ng rédistibutithdapee €@ RethRhnd sakh btvdSes AbpeRlPait hechahibal pespReties bf e sigsdeer s on
said first and second dielectric |ayers, respectively; formng a first

el ectri : i WL D i i I i ; mng a
second g é%‘??‘?‘%q%&cgﬁ%%%g%g@’ea‘ﬁ’ cﬁa}t"ﬁ)it fﬁécgg)lgn(?q t‘lelrttg'ft B%{Ih{(;af éetc rﬁlg'cth%rg{pgr and
positioned between said first el.ectri.cally.conduct ] .l ayer ,and said

Pher o 9 trSERyEch iyt SirrBRd bePiiBolE & S o R0aaRE v

| ayer conprises a first plurali of shielded signal conductors; formng a
Dl At ed TATE Gh PRI FHOS SRR G I Hp GRS ST BRSO CLy Bvel &
electrically connected to at |east one nmenber of said first plurality of

el ect ri dwiweendonengeanic vhipreemiseansd pringedapircpipbeprd. obfwisdf isgigsieable forthe porfiacal i ty of
shi el ded signal conductors, and to at |east one nenber of said second

pl ur al i trgdistibeti@clayeraalitcjude anaaterial Wevimpthizarab andanethanifal @rapertiek thaO&idble
-5formng a third dielectric layer on said first dielectric |layer and on
por t i onshofeds@ishtionNSfer B dfialy feyai@its She@kdl iepityd PR dhtehb Mg R BRFfbngai d
third dielectric |ayer substantially overlying said plated through hole)
and wherein said third dielectric |ayer includes first high density

i nterconnect |ayer for providing an electrical path froma first electronic

device to the first p!uraIity_g%naggslq%gﬂ?ggn%h conductors. Another aspect
of the present invention provi < i nt erconnect structure,
conprising: a substrate that inc|ludes, an organic dielectri terial. first
and second el Aaesiestal the neesaplENYPE PRRYIIBR? g]};ﬂ-ﬁlaé@ﬁg&tqrgpéwp@ct 6@%@?2@1@@%% a

first and second surface of the substrate; a plated through hole through
the multi-I ay%?héﬁn?lh'tCé%“é‘éfﬁ‘t’{%é"tye%‘f’?lﬂé‘f‘&%&f"E‘H‘nga tiiO%CPSy‘char}‘g%éd to the first
and second el ectrically conductive nmenbers; a first dielectric |ayer

posi ti oned ona fieand p secosdifiplgeisic ddyet proitiongssarythe Brshng thhseaopberrcding of t he
first electrically conductive nenber, wherein the first dielectric |ayer
subst ant swfdcys, osspedtively, bhige pleat 8l dohdwtighlayesl e, and wherein the first
dielectric layer includes a first high density interconnect |ayer for

provi di ng an étseeid sezahd plataitiéy chaetichllsdon@lotied members gediiardion sadffirstabhd
plurality of shielded signal conductors |ocated within the substrate; and a
second ds@b8E tldldetiAMPdrs R&phdiivened on the second surface of the substrate
and on a portion of the second electrically conductive nmenber, wherein the

second di el echrg ekegwau?e&fdh@tmewekmm%gahiﬁe@dm@m@h%ﬁd through hole, and
wherein the second dielectric layer includes a second "high density

el et roni o dev et s Rall IR lEl SRApSEThePEock AP RGR0r s

ocated Wb Lhe, substrahe. Bl ENLS 9 dRaRY S360LL DYENLLEN have the
advant age ‘of "usfng a eri I'n"the
second electrically conductive layer comprises a first plurality of shielded signal conductors;
a plated through hole through the multi-layered interconnect structure electrically

connected to at least one member of said {irst plurality of electrically conductive members, to at

least one of said first plurality of shielded signal conductors, and to at least one member of said



i [}
surface redistribution |ayer that reliably retains its struct ur%lv i n’JLQZUBZ
during thermal cycling operations and, in particular, satisfies the
stringent standards of Thernal Acceptance Testing (TAT), to be described
infra. Enbodi ments of the present invention have the advantage of having a
high density interconnect layer for providing a direct electrical path from

t~hg ELH%%‘@Y&&‘EQ‘WE%%%% Sdﬁ#tf\i&?ﬁe&ﬁb%rsgﬂldan external el ectronic device.

of the present invention have the advantage

of using a materi,al .in.the surface hi sity. iint erconnect | ayer,  that
Goes not | noi LAt Sialiehis s BORliadon se 0 Bilebtion e b e Fians R PR ng,
wherein such vaporization woul d cause shrinkage of the redistributjon

| ayer. ERBGHDRplestigally pendypiavednembers, 3¢ i df‘fg"’x?glctlﬁ@r sepsteRtidlyeovstlyisgovi di ng
a high density interconnect |ayer having an exposed surface that is

i nt ri nsisaid plpted drgigh 18Hlecad wheregusaldabied gi@hgriﬂ tayer ineludesiatfirstdughsdensisquent
deposition of conductive netal on the surface, additional process steps to
pur posefintdrgonaeadiyer forptadding avgbngss path dromedirstetkctronio d8vide 1 the 2302 - 6Br i ef
Description of the Drawings FIG 1 is a front sectional view of an

el ect r onpigrapigcpheiddadigianédndéi@ssa sem conductor chip assenbled to a
mufti-layered interconnect structure, and the nufti-Ilayered interconnect

structure AssgdrRsnd: 6f%ef8pr@éﬁhﬁwehﬂioa%vﬁe@§h@ﬁb@bf ri&alfkgﬁ%gﬂ{l@@%@d iWchBnnefcﬁ ow

preferred enbodi nents of the present 1nvention. S a process

di agram 1.ng. a et hod for nmeking the electronic package of FIG |, in
accordan%g%mur%ﬁcoa}pgﬁ@lg?g%ﬁ%’ggi ments of the present invention. FIG 3

depicts a front cyoss-sectjonal view of resin coated netal conprising a
i ol ectric roBRHARAA RGOl i SR neyT e SeoRe PORoABBEY T Boa. ot al
foil, in accordance with preferred enbodi nents of the present invention.
FIG 4 depict foraing @st ahdGeemnd Airdertis BYsvPoRidLIrhnd pecppf PPROSING Sedacehat
interfaces the APPE. FIG 5 depicts a front cross-sectional view of a resin
coat ed negsatctivelypef sidipemnaly sbwirciivedayesssi n havi ng an APPS on a netal foil.
FIG 6 depicts an electronic configuration including: the resin coated
metal of FI G f@mitihfrst and second pluralities of electrically conductive members on said first and
second dielectric layers, respectively;
forming a first electrically conductive layer within said first dielectric layer;
forming a second electrically conductive layer within said first dielectric layer and
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;
forming a plated through hole through the mulu-layered interconnect structure electrically
connected to at least one member of said first plurality of electrically conductive members, to at

least one of said f{irst plurality of shielded signal conductors, and to at least one member of said

second plurality of electiically conductive membets; and



resin coated nmetal of FIG 5) and a portion of the rrufti-layereg8 JUL 2002

i nterconnect structure of FIG 1. FIG 7 depicts FIG 6 after the

el ectronic configuration has been pressurized and after the nmetal foils of

the resin coated netals have renoved. Detailed Description of the Invention

The present invention provides an el ectros-c package which includes a

nuf ti -1 ayer edornflh€h fRATEETectBE Ia‘i@xtdhrﬁid(tﬁ‘stﬂielec&ic?h#éﬁﬁr{cﬂir&)&@dﬁé‘ of ﬁidﬂﬁrs?r ganic
er

dielectiric matertal such as an organic 0 8 JUL 200Z chip carri and a

sem con I Pokei i (o i
ol it 1 e e of Bl ichile e RUBRA ol EA BRRARE ISt AMRhS B he oy o
about 1 t 1 ! ich wW,ll. t. cause failur . I nterconnections
ot ween P RSN odeh 1RRE b AR abfe b o s uhioel BuaPhieh BerRit on ¢ he
package .can be assenpl ed. K The fti-]ayered interconnect structure may be
conpri séﬂteﬁﬁ"“ﬁe"éfaﬂﬁ‘l for pryidingan elgetr e f figt clepteonisy deyicstto thadigsit i on.
Failure of an interconnection, such as a solder interconnection, is defined
as an i ridwehyef shiclded sigaalicondnstashm i n el ectrical resistance of the

i nt erconnection as a consequence of being subjected to each test (i.e.,

test cat egor yhnatier Boggctaf thépregit inversiol esvidea (MUATYYeredhistebmethstructure,
interconnection is actually tested under each TAT test or is alternatively
subj ect BI"A®"engi neering cal cul ati on or conputer sinulations which

det er m ne, acggﬁlﬁirélgtHaPinélGd‘é@h%f!;gﬁ%@giieI@@tﬁdﬂné‘tGria%t andards and net hodol ogy,

whet her the interconnection wou experience said increase of at |east one

ohm in el ect rfirstagndrsgsonst elertrisallyf coaductivel mgmbsihjrespedively positipped anT fitstgfd The

el ectri g&loncf .a&%&%%uﬁgtraiehe i nterconnection prior to TAT is used as a
referencé value Tor calculating said increase in electrical resistance

fol | owi ng anya Tpidfed ¢woughPads itmgugbf thamilihlagered imercaninest stractdeef conddctiagly not
failing. Thermal .Acceptance Testing . ncludes the follow ng four test
cat egor F%@Pﬁécﬂiﬁgfnr}gf@rﬁ_sg?qnﬁte@gtflggllécqcxl}.ggch%@?rﬂéqrs,s hock test, a thermal cycle
test, and a poyst drietrie Idyeshositiditd i the fird-stscetop&e dubstialteand @t pdrloacs r on
Devi ce Eng}_l neering Counci test nmethod A104-A, condition C%mv\,hl ch

i air at

| (JEDEC _ / ]
i ncl ude®eitighetesti y@ﬂﬂ@ﬁ@%@&@ﬁ%@@iﬂéﬁ@ Histediglpatng layer suRsiankaly oxeiligs
- 40C untyl t W r : t ; i 40C
¢ hr ougnaaied a1, SHelgfkrcin SHedey LRleey e | WidBt bIER BN BBhdly Bdecihea S0k o
air at [BP& f@ pmyidihg botekectiba pathgfzomi e fisstillettranicedesinel ta hdirshtptusatityead sbleldgd ar e at

1 25C thyaughaheds YRR Wit 13 siBhibosy for 1000 cycles.

a second dielectric layer positioned on the second surface of the substrate and on a
portion of the second electrically conductive member, wherein the second dielectric layer
substantially overlies the plated through hole, and wherein the second dielectric layer includes a
second high density interconnect layer for providing an electrical path from a second electronic
device to a second plurality of shielded signal conductors located within the substrate.

Embodiments of the present invention have the advantage of using a material in the
surface redistribution layer that reliably retains its structural integrity during thermal cycling
operations and, in particular, satisfies the stringent standards of Thermal Acceptance Testing
(TAT), to be described infra.

Embodiments of the present invention have the advantage of having a high density
interconnect layer for providing a direct electrical path from the multi-layered interconnect structure
to an external electronic device.



0 8 J UL 2002 8 The wet thermal shock test is the JEDEC test nenggd

A106- A) which includes imersion of the organic substrate with an th{ecﬂUUZ
chipinaliquid bath at -40C until both the organic substrate and the
attached chip are at -40C throughout (typically 10 m nutes)) foll owed by

i mersion in another liquid bath at 125€%ntil both the organic substrate
arid the attached chip are at 125C t hroughout (typically 10 m nutes)) for

100 cycles. The thermal cycle test cycles the whol e assenbly (organic
substrate wi th atErmdaentshéfdhepesert traeftied have thei ddvardags) ofiusing acmatebarin dfe ai r

t hat les_the air f Ct 0C 360Q .cyc| in th tr
Chanbor t enivEAc TWLAens bianteet B tatods oot SRk o bSaN e apee B RHGD:
assembly r e@fﬁgfmemauévcﬁr@,rm&éiﬁmvgﬁoﬂmoﬁ KOS E b E1Rinkafa@f e RfistrbYEdnSaykest

cycles the whole assenblé (organic substrate with attached chip and "
attached circuit Behodimenisorhtiesiesant iventiombavsrihe pdisriage sppiowding @)highodensityc,

for 3600 cy; .09 eatd , el pi r u

serves as Hﬁ%ﬁﬁgg%PE%ﬁr%%mgor ?ﬁgggkgﬁgégégﬁh “@mh$ﬁ@sﬁﬁ@ﬁ?fﬁﬂﬁe@gﬁﬂﬁ%mend
of a cycl e roughness fadilidates Subsenben demoskion df2Bnddctvietrieta oo dhessdacen edditeng @raaessr e
di stributio a&ross tpﬁ enHire asseqﬁl¥ that.ii intended to realistically
sinmul ate teﬂ%’é QPYPEeY ysqrgquﬂgfia%enrguq 55%?1\10516 ccur during actual field
operation. Referring to FIG |, a partial sectional view, in elevation, of
one enbodi nent of the el ectronic package 10 of the invention is shown. The
el ectroni ¢ package 10 includes an el ectronic device, such as a

sem conductor chip 12 having a first surface 14, the fiat surface including
a plurality of contact nenbers 16, thereon. The plurality of contact
menbers 16 are preferably Controlled Coll apse Chip Connection (C4) sol der
ball s, each coupled to a respective contact (not shown) on the chip's first
surface 14 Ot her contact nenber shapes that Call be used in this invention
arc colums and cylinders C4 solder bars ale conprised of solder naterial

0 8 J UL 2002 -9preferably having a conposition of about 97% | ead and about
3%tin wth a nmelting point of about 310 C. The el ectroni c package includes
a nulti-layered interconnect structure 18) preferably an organic chip
carrier, adapted for electrically interconnecting the sem conductor chip 12
to an electronic device such as a circuitized substrate 100 (e.g.) a
printed circuit board) by nmeans of a first plurality of sol der connections,
preferably solder balls such as ball grid array (BGA) solder balls. The

mul ti-layered interconnect structure 18 (which will be described infra in



v detail) includes a thermally conductive |ayer 22 having first and second
opposi ng surfaces 24 and 26, respectively, Afirst dielectric I@ﬂg‘Jgﬁ_ZUOZ
whi ch may include sublayers 29, 39, 30, 31 and 32, is positioned on the
first opposing surface 24. A second dielectric Iayer 34, which may include
subl ayers 35, 41, 36, 37 and 38, is positi#ned on the second opposing

surface 26. Layers 29, 30 and Biief Pesdriptivh of tieiawingg | ayer 28, and | ayers
35) 36 and 38 of second dielectric layer 34 are conposed of an organic
pol ymeri c mat em@! 3 sk Rl s@bal biek &qn\eaet:c?ox@c ekdgh eal ﬁk@lde@& fbli@hdudbe

dielectric constant of these dielectric layers is preferably fromabout 1.5
t o about f.er ab { T, ness of
the f111 et asFaRRF s B0 Bt kiR r e ol pdeced Bl a7
performance characteristics of the nuftl-l red L terc nect struct e 18)
Bnd sai d CHPCRIFISSRSIFAY Aarcaise BRIt 1ogenis BAPEAELy LSt nts of &
performance requirements. Preferably, the thickness of each of the

di el ect ri dresglidp¥entignand 34 is from about 00l inches (1 mil) to about 9
mls. Significantly, the dielectric material of the dietectric |ayers 28
and 34 does notFIGoRisa procasmflewdiagreai shawirgra méthel fgh melsng Seckcabrse pakagd of
woven fiberglass enabl es through holes to be closely spaced I ndeed, spacing
bet ween t IFIGU@/inhod@dare Wethpratrrddembotiingnts bDthe prdsant ippesticr abl y | ess than 50
mls but nore preferably about 25 mls and nost preferably | ess than 10

mls, is achievabl g whitRAutonPlB&ldebiichbl BEPbL 4 RN BkMBAGaABhPESRE a didlectrid] U
L 2002 -i o conductive through holes. Preferably, the partlculate filler has

a di anmet er, eLlﬁ%Ev&gaaaﬂmua pA9 e FRA ecRs SAEFRN Y AMIPROM b @ AUt Bum

Preferably,. artic I's presént froma out 0 to about 70
percent by erab fro about 40 to about 60 percent by
wei ght of Qr‘é‘ﬁer@n%temp Imen Iﬁg’ PADF “mfeﬂgg partl cuI ate filler is silica.

Sui t abl e naterl for. th | ectric anpl e, anat e
ester and pol yt fdlealawg'%lﬁ*y?@w it o] ARG P st T aces

pol ytetrafl uoroethylene is available as HT 2800 from Rogers Corporation
(Rogers, Cﬁﬁﬁ@cticut). First dielectric layer 28 can also include first
conductive layer 31, between the dielectric layers 30 and 32 for serving as
power and/ or grBUng dspiskeciron nwss-Sedonativigy of eesiniceattdyperel Gmpraimgal delectric
include third conductive | ayer 37) between the dielectric |ayers 36 and 38
for servi ngsashapongen ARE ar a giealfod. connections. The first dielectric |ayer
28 and the second dielectric |ayer 34 can further include second and fourth
el ectrically coRMM@depitd By@éctomio canfibudlion nelRipimgt thy 2kivi.coltk @ fietal 6BFIGY 3, the
conductive layers 39 and 41 are preferably signal carrying conductors. The

second el egdsid gatddymGANA TG 3/ and aY&ttioBst thémP@shjer@aneecbicsegciufofAIGST.
el ectrically conductive

FIG. 7 depicts FIG. 6 after the electronic configuration has been pressurized and after the

metal foils of the resin coated metals have removed. -

Detailed Description of the Invention

The present invention provides an electronic package which includes a multi-layered

interconnect structure (e.g.. a substiate comprising organic dielectitc matetial, such as an organic



, layer 31 and the thermally conductive |ayer 22. The fourth eI{}ﬂrLﬁj%LZQQ
conductive layer 41 is positioned between the third electrically con AZe

| ayer 37 and the thermally conductive |ayer 22. Electrically conductive
| ayers 31, 37, 39, and 41 can be conprised of a suitable metal such as
copper or alum num (preferably copper)7-and can have a thickness of from

about Q2Qhfpasi?yindla @niiddnauctdHchips hdMulti-BREed intbr@fAndt kt?uctu‘f@bélﬁ%%iv@l}lt he

i
current invention is that each ogﬁthe signhal carrying |ayers 39 and is

urrent invention i's e si gna | .
R e e R R A S
| ectrical,l. dyct | : S, 31 22, Whi i.gnaj Y I 41

Chi ol dea Wy AT Eh g BN e on i o Brul el o s S0PRG4 w1

first pluraljty of electrically conductive nbers 40 |s positioned on the
first di SigBltpPpadiyhichshe pirkpes cachaniiempledr Eﬁ? W{‘B‘@Y"é?%@fﬁ“‘ro@a?qt ytructure
conductive, nenbers 42 is positioned on the second dielectric |ayer 34.
These el oty beeanmpyisebalrigingle aysraape pbefdimen gf the pegpent pyvedtiong Fpijure 6fpy i sed of
a netal) the preferred netal being copper. The first and second pluralities
of el ect rincadonyeationguch hs/esodenibntersongbctiands ddinedias aaodredsavbatti¢nsokrehsein
ranging fromabout 0.25 to about 1.5 mls. Afirst plurality of sol der
connect i aféctrical PRRtdntOOREle Merénhedtivh apa einddquénce of bt CubiecRE éaciafed: (i 8.,

el ectrical contact with the first plurality of electrically conductive

menber s %st%a%%@ﬂly?sf Therahl XecERRNE LA PATE SRESH NEinRRGAnRiok neacﬁm? ality
of contact nenbers 16 on the sem conductor chip 12. The first plurality of
m crovi as [ r.al,l : ' L r med
et by v Qe R Bt of Bl iy ARl el B 0on Wbl 1oy
plturality.of.electrically conduct.ive ne rs .40.. Each of the first

D1t ai | ¢ yoiBp iR hisE Brietn R ACHE by PR R B ARy M aht eI R er f 2
45, prefergbkéjgopper, positi oned on the,interna wal | s of the first

pl ur al i t yWBFhEHEAIMYEOnIREHBT P PPERIECHTAGIBFTERE QA dFASSONSORIHE ClsPHFEl i ty of
first electrically conductive nenbers 40. The first plurality of sol der
connect i offsisEpcyif actaiipiubiseigd & cagh LA topb| Theglnchispl resigince phthe axprepREai@
bel ow about 230 C) , preferably eutectic solder, conprised of a

conposi t i prorgh TAbIstusE&B d refecknamehledfoutal @ ing sand iNheaseheelaetlita) rasodoct | ve

| ayer 22 is conprised of a material having a selected thickness and

coef fi ci efdllosfing er TwT 18X PRIShOST ahdntsigbsieeaivhiiaddfiiedasmoe flilirfgaiTherheal of t he
first plurality of solder connections 47 between the first plurality of

el ect ri calaleyeptaite UettinggndTBde &leFoddviaf thus R caefHeCarirabiaR tdsd, a MR EHERhhlY
conductive nmenber (or layer) 22 can be a suitable netal conprised of

Pickel) C ORRRd st DhYRCHe B (e QT ankifaQRwe¥ &kRN@Pl y the thermal |y conductive

ayer

’ The air-to-air test is the Joint Electron Device Engineering Council (JEDEC) test method
A104-A, condition G, which includes immersion of the organic substrate with an attached chip in
air at -40°C until both the organic substrate and the attached chip are at -40°C throughout
(typically 10 minutes), followed by immersion in another bath of air at 125°C until both the

organic substrate and the attached clup are at {25°C throughout (typically 10 minutes), for 1000

cycles.



v 22 also functions as a ground plane The preferred thermally co BC\JQIE
| ayer 2'? (which has a 0 8J UL 2002 -12CTE of close to zero, rZ"ﬂQZ/
bet ween about 4 ppnml C and about 8 ppmiC) is a three |ayered structure
conprised of a first |ayer of copper, a second |ayer of an alloy of about
34% to about 38% ni ckel (preferably about836% nickel) and about 62%to

about 66% r%_?]g(e%&ftﬁerrﬁm &ﬁoapfaf{tls ﬁ@?EbEéEQstcxP%Wd mé(ﬂw Qhﬂc Yiudel ifhAPRR:

The overal | , spatrally average er mal y conductive

| ayer 22 | fromabot 4 t o about n C. fer 2% t 0. about
8% of -t he PogEaurts i BR it P mobi Rl ke B bn fig ke

ni ckel -iron all oy, and about 20 %to_about 28% of the thickness of the

t her mal | ySUOsiRiatd the aﬁ%&b‘é‘i‘ chig a@ébﬂ@rgtﬁoﬁp’t‘%ﬁmﬁﬂg’%f}a mnERes) ?‘égt%eflrbé!n al | oy
is available from Texas Instrunments |Incorporated (Attleboro,
Massachusimmerpion A aenthradiquid|bath at K25 Chantirboth heoegraicsubsimatel ang &he atachedrehige
formed solely of a single netal alloy such as a about 36% ni ckel - about 63
% iron al hreyt 1787€ thivughme $typiodliyt Ioaninbes)fok 1§0 gyolesluct i ve | ayer 22 is
preferably fromonly about 1 nil to about 3 mils. The thickness and choice

of material forhdhemideyd@iekcyclendisaihbléassemPB (orgZnivkilstrale kehiiiti@reliichip t he
CTE of the thermally conductive |ayer 22 and, significantly, can be used to

control t kg Meha dmﬂ%ar@? mtmamuértdf alr BULERMs LRLATRAPDRC o HOPEThE@LE When
used in conmbination with the other el enent’s defined herein. When the CTE is

about 10 b d n
control o e tielinephdne @af% G SO AR o S B AT,
package 1 isl?real i Z d an zed ions of high strain are-avoi ded
during opé&fal Unassemply deas %Scat‘f ﬁf’EStﬁ%@kg T8t Wifen assenbled to a
circuitized substrate and in field operation), The overall strain betwee

t he seni conduct B PRHEIFYES teshpycks glecw*rgleo%sseé%u@rgzms Sb@ﬁé@@ltl’aﬁﬁcﬁqﬁ‘é ip and |
circuitized substrate 100) with a CTE of about 17-20 ppmiC, is thus

si gni f i cantidoped eiderteaird)rirammghiQ Gideambicpresre pmppBidte 195G, FRIGOEGAYRRSE i on
wi thin the nold-1ayered interconnect structure 18, between oe nmulti-|ayered
i nt er connéutingtthaletating pife. ancchifhis pswricd op ehdcenes whhphebPsouagedobidt whete t he
0 8J UL 2402 -13.. circuitized substrate 100 and the multi-Iayered

i nt er connegdenthly. UTheIhighkEmpdritere@hd bea epaches weanhd &igp avwenad IC witlcaof t he
mul ti-layered interconnect structure 18 and the CTE of the sem conduct or

chip 12 shoidedudif iBiNRER d@hditiod Ao ANkt dbRUWkseABY) thius mwnaé&roaf@ménbﬁtyween
about 40% and about 60% of the difference between the CTE of th

circuiti Z%ﬂnﬁ‘a‘&%rﬁ%&%n?@cﬁstﬁﬂﬁ o%?%agﬁn@focchh&rﬁﬁ%tﬁﬁ%&@é&?a%ﬂ' P 12 For

controlling the CT e mitti-] ayered interconnect structure 18 to
prevent failur e &f X i J hat
the overall CT eq%m%l o ﬁlfdfl %%%%?%?%%?%rc%%ggédsggﬁng lﬁbgh%&géggnnds on
bot h the C'[E and t

tronic pac age '18 ?the 1nvent10n is shown. The electronic package 10 includes an

electronic device, such as a semiconductor chipl2 having a first surface 14, the first surface
including a plurality of contact members 16, thereon. The plurality of contact members 16 are
pieferably Contiolled Collapse Chip Connection (C4) solder balls, each coupled to a respective
contact (not shown) on the chip’s {irst surface 14 Other contact member shapes that can be used

in this invention aic columns and cylinders, C4 solder balis aie comprised of solder material



r thermal | y conductive layer 22. It is accordingly preferred that ﬁl—% J[H[@UZ
the thermally conductive | ayer 22 be between about one third and ut

thirds (depending on the thickness of the thermally conductive |ayer 22) of
‘the overall CTE of the nufti-layered interconnect structure 18. Layers 29,
30, 32 of first dielectric layer 28 and |gyers 35, 36 and 38 of second

dielectric 34 are prefe filled or anlc ynmeric
mat eri al ﬂﬁ%fj\‘?faﬁgf tb?ﬁméfaf‘@ Pﬁ}%‘”h%b(ﬂwwgﬁ%ﬁﬂsaé‘gggqm 8‘7 n {ng@ogmg k/l I'lion
pounds per square inch (Mosi and er ab| ,effective nodyulus is from
about 0. CBOR3 1956w The elp f%%vackﬁﬂﬁéﬂﬁwgﬁé&“}‘i %‘Y%f iofqreqnneqt sfrugre 48,09 - 30,

32, 35, 36, and 38 includes material which can deformin an elastic manner
under st risefgrablynan grganic@ljipeardel, adaptedforctacuisellidnicronnecting We serpigpnductos chip

el astic-plastic manner. The effective nodulus is defined as a secant

nmodul us w# tohnietectromio devdcaderth aealciasitied sibsttato0de.gt, Aeritted sir¢uit tobrdy by t o
total strain of an elastic-plastic stress-strain material test stress

response @edng®f b Fief plurality 6Kk Eonnbetichs bedt@ably Fl@s balivduckShd B8iSzridngdaysi S i n
Engi neering Design") Marcel Dekker 270 thlson Ave , New 1'otk, NY 1001G

| 987 ) It 0
tenS| | e sgcéa'?])'tjs% 1% g&lf&%m \}’W aﬁfﬁh'?d r%grg&{nb& SM&“@&mmm@e&g&%&ﬁ@%lﬁr ed

gm e of G ﬁgﬁﬁﬁaﬁw Ay sepfetes 220 ﬁ;%%%dd:?;ee?*dﬁg?%ga%uﬁf&%eﬁ%ﬁ?aa?et e
1 3 34,
Cespocti el PR Do i L g egA: YRR T PRI DT A, B he

mul ti-layered interconnect structure is relatively npllant and warpage
'duri ng opBPs#iansd opthefifat eppeting wuiage Hhcksgend @els%%lkaw Hewhichmay TREEAini que
conbi nation of the reduced CTE thermally conductive |ayer and the conpli ant
(during op®layeiscif) 44i36l Etand 3B, iaysitpnekyuhesscontcopppavgariaon2ofLayais|2Qr &0 of
the first plurality of solder connections 47 between the sem conductor chip
12 and nubiid 32 efyfersedelecttie tayard8eaid layaruts, 66 end1®, of acmbnd diclverinc 1syter B brar e
mufti-layered interconnect 18 and the circuitized substrate 100. As a

result, sesmpeseddehObrgfit Polidend hhteBXIPEEfeRBREIIRY Olith| .88 8icwREageidl haRe woul d
occur with |am nates rade o typical organic materials. Mifti-Ilayered

i nt er conn@gdectid dnbihicrr bist Siccapia Pdyersd prafeseryBiontatRulP e esiboa M hd Hhore
internal shear strain under the die. If an encapsulant is applled bet ween

the sem c ?)Flaqlélﬁlglg ffro%E!ibQ)uiLg tfddud eﬂf@’lﬂﬁ:kneksaéf ®feSiflieh @Ee%c&%@fe‘fg calﬁ ture 18,

t he COFTp| rancy e structure w resul In Si gnlfl can stress
W thin t h%ccorrlg”l E 8 ! hé es'lreygiemgn performance characteristics of the multi-layered interconnect

structure 18, and said thicknesses may be about equal if so dictated by design performance
requirements. Preferably, the thickness of each of the dielectric layers 28 and 34 is from about
.001 inches (1 mil) to about 9 mils. Significantly, the dielectric material of the dietectric layers
28 and 34 does not contain conventional woven fiberglass. Such absence of woven fiberglass
enables through holes to be closely spaced Indeed, spacing between through hole centers of less
than 100 mils, preferably less than 50 mils but more preferably about 25 mils and most

pteferably less than 10 mils, 1s achievable without electiical shorting between adjacent



conbi nation of the strain control on the first plurality of son@rJLJL 2002
connections 47 and the reduced tendency for the el ectronic package 10

warp both contribute to preventing failure of the first plurality of solder
connections 47 between the first plurality of electrical conductive nenbers
40 and sem conductor chip 12. A first pIand.through hole 50 (i.e., a first

thr ough hes),aumﬁtgpofgﬁ gglgél ) PRl IR RDhi AIRPRRIDhidredl 968 LB O

sem conductor ¢ conn east

el ectricall f.electric

conduct e TR BERTAGHERAPY e 3 F%L&? rfkgflsraﬁlgﬁh%aﬁ%ﬂ%%ﬁﬁtfaf Pt iler of

t he second urallty of eIectrlcaII conductive nenbers 42. Al though not
expl i ci t | $O Rt ahgyt YU pescant by wgight, l‘%otre HF%E"‘EEY fromm btt?g‘h“wi?l aogPOjnercgilsly o g
J UL 2002 -15el ectrically connected to at |east one of the first plurality
of shi el dewight ghde muhcﬁmfesawmiﬂwrpambm filer ssiigacByitable rgtenial3for tha second
pl ated through hole 52 (i.e.) a second through hole plated with a netal)

pr ef er abl dietspivelayeriisclqdes fdriepangsle, wnstate esemuciqobitattafinoroéthyleds? Andtabk silicao

el ectrically connected to at | east one electrically conductive nmenber of

the first fmkealFallytetméﬂ@&o@thﬂeﬁerﬂs addilalle @ AGLRDO ﬁ&n@@’@@@rﬁ?atﬁ‘)ﬂ‘@é%&f@t | east
one el.ectrica Iy conductive nenber of the second plurality of e ectrlcally

conduct i vVeJig 'e S%t dl‘féslégﬁ? 30erAQlea £ XN 1|'nfl'u84 Hrs SRR db@laﬁér‘%l Letw&&etms,eco“d

pl ated throug electrically connected to at” east one of
th it f i d d. ct whi ch

conc v e IO Y ar%u%;ffgﬁne'ﬁ@?ngc%E&efngﬁbew
and can b x?éaﬁ%‘fé‘%peﬂ%“we@ﬁaﬂﬁipr‘?@nﬂ?%@%v%,r e e QR BB gt G

drilling with a conmercial YAG or exciner |aser. The plated t'hrough hol es
SO and 52 SeE#e asromighanddon gigund cepneghionst The fisst éldedaow6r128onﬁ1tme§e@fnda
suitable plated netal, preferably copper on internal walls of the through
hol es 50 aheledc layer 34scaprf@1ﬁl@rf Higlide s¢rand ardhurdoriectridally Fenglucifvetlipers 39 and 41,
sem conductor chip be electrically connected to no nore than one plated

t hr ough hokgpeaivelheElnufitallyl yércade laptre BE aninvdcte mtietabiysighallGuryibigeohdhictas.
dielectric layer 46 of the nufti-layered interconnect structure 18 is

posi ti onedlienetdir! didctisdallgiceddretivel 18yer 3y BlpodBoma Beiredihe lfigASlec@icfIBr donaict ik
sel ected ones of the first plurality of electrically conductive nenbers 40.

The third dieheeha! 'ttié thé’r}?%[l y 46 BB eI RS DANTHAbINh QYR I borfiuctive@el) 41 e
first and second pl ated through hol es 50 and 52, respectively. The fourth

di el ectri de /% ?Ed 6@[\»){3& lﬁ’l?%llu{ eg&?rgcaﬁgo xﬂl@ﬁﬁ/@? @nﬂltﬁectk llkrg%?drur:l"r}’vdé l?{bcal 'y

at least a portion o ones plura ect
conductive C a of

nter connec?‘aé‘b‘?‘%%‘fl Con{%c%égﬁayefs s e R arFs! c%ibg p s oFf g Rm @R Pl
and second hrou and 5

respect i veT%PPerTCHea ‘Erﬂ’i“}”d‘ g‘?ﬁﬁfe‘fa%]ﬁff’ﬁped aé’fiécr{l? 7ge ﬂﬁ?kélf“isaﬂ? frﬁﬁ’dabf’B'zﬂ'%%to about
dielectric gaterlal y substantjally fill_ the plated through holes 50 and
52, respect1 isy)neéegabéﬁawt 080 tdfsn Ar§ eIyt ‘P%%‘”ﬁl“df‘éﬁ‘d‘“%rsdb Kedhdr dae sep

52 may be filled with a material other than the third and fourth dielectric
mat eri al pfiroHng lypod? endhl kghiclded phpithyr tilebeutaldcyidalyemddgingreyet wdichour t h
dielectric layer 48 on the first dielectric |ayer 28 and the second

di el ect ri csigayesntBdrduces pigctlinget ySighilehiedty iy ARtsehickled bf ctehwicslhi qodducting
dielectric layer 46 ("third dielectric material”) and of the fourth

di el ectri cldyagen #4820, %oy &ifnatlitelyetinyec 4 mtskieidad by eleancabe canddiiglal@s 37
organic polyneric material. A preferred third and fourth dielectric
material igpy@2resin conprising an allyl ated pol yphenyl ene ether (APPS). The
APPS material may be utilized in the formof the APPE resin coated onto a
metal foil, such as a copper foil. A commercially available APPE that is
suitable for the present invention is manufactured by the Asahi Chem cal
Conmpany of Japan and is identified as Asahi product nunmber PC5103, “which
conprises the resin coated onto a copper foil. The APPS material is
particularly suitable for the third and fourth dielectric material of the
present invention, because the APPE material retains its structural
integrity, and does not crack,



» when subjected to Thermal Acceptance Testing, described supra. S&/BrdIUL ZUUZ
factors help explain why the APPS material holds up well during Thernal
Acceptance Testing. A firstfactor is that the allyl group of the APPE can
formcross links and thus add hardness and stiffness to the pol yphenyl ene
et her polyner. A second factor is that thQ Asahi material includes a filler

of about 40% SAh} taﬁ%% ?ﬁﬂ%ﬁg ch é?ﬁbef'sh@ séﬁt? ﬁwﬁ@% &1 thdkird: QiefROY 40

ppm C) which ~s a % ow t he t her organic

Phe Apps hikf2p Ry Q%%fobﬂéfugeﬁ‘?x %*he‘?%cﬁ%crakié d%ﬁ@ riffelsd ﬁﬁsatzosg%fl&{v dfschm” o

8 J UL 2002 - ayer .46 and,the fourth | a t he r.emai ni ng
mufti-| ay‘g? ggjrie FﬁYE’ig‘{)r{ﬂ@éﬁt elegtyi FGP@%Y%W%P ‘@ra&ﬁﬁ? AFLC ’a@?‘EOB‘PH%FS&Et 10
to about 12 ppm C. A m smatch between the CTE of the third and fourth

di el ectri ﬁ:mﬁﬁféhﬂi preferradh thetah beingopppercihe first aadyspondipluralitis of cle@rigpliient s of
the el ectronic package 10 is considered to be a significant factor in

det er m ni copdudipe mesmtebsd(t dnidrdd cam elachduavd thickinessee cinging froat aboued.35 miabbutriet ai n
its structural integrity and resist cracking. Another beneficial

charact ermgt.i A faft fieliHRPolaBcehteationsst7pBsiAkRe B @ figdt pluedliag bf Ricfvia Sotad
capabl e of vaporizing while being lamnated (e.g., by vacuum | am nation) to

the first;,diQheGH Edftack a/ytﬁ rthezt%stodlurrah@/ o%@xe&n@hug Ic&ld%eﬁJeI Rerhi®Y €40 a?félelewﬂ@eng :
such vapori zation woul d cause shrinkage of e redistribution |ayer hi rd

diel ectri gonlfn@cytgc[ to%gsﬂe&?%gﬁgg%itpg {)lu 2[11%; onl)MﬁcqlrﬂefTPé e21165h P s\éh@c%ng&tor-gggf first

plurality of mcrovias first plurality of openings i ned

by intern n.third diel rlclaer 46 i.d openi

oXposi ng. o 1176 s Gfirig abRispies e FRtoEyd! B P e e et
conductive nemhers 40. Each of the first pluralit peni ngs inc¢ludes a
| ayer of B ®®iididicleqtie @Wdl@d]ﬁqt\?@%?@ﬁshwowsﬁB%‘F%‘F%HB‘HﬂI’(SYIOftsgﬁ-S“i%{lér nal
wal | s of the first openings and, preferably, also on the exposed portions
of the firenduplivaabmbys 6f. Brabof thecfastlp}ureléhdi@pnmés inelndasrdaypoof cdatieelly | y) a
m crovia that includes a |layer of electrically conductive materi al

posi t i onedomiuctitesmatatidrddaprefwadblscapperd psitpnat @dhasteand] plabt ethbfitshplusaligy. of

Sel ected ones of the first plurality of mcrovias 55 (or plated blind vias
55) are ebpafifigseabloy pbitiofs of @@ ohese| 39 plonliglogdrs elecieispiabhdetiones of the
first plurality of solder connections 47, and thus electrically coupled to

tile firstndphderadd. tDheGlrsig)iSetityiof ikt csoReusS i Y e BBDIONES oftD1NRelPhAtad blind
via, in addition to the first pl urallty of mcrovias 55, is wt:m the

Ui a (such e L B S P B SR R e V8 St et 1o
one of composition of about 63% lead and about 37% tin
The thermally conductive layer 22 1s comprised of a material having a selected thickness
and coefficient of thermal expansion to substantially prevent failure of the first plusality of solder
connections 47 between the first plurality of electrically conductive members 40 and
semiconductor chip 12 Thermally conductive member (or layer) 22 can be a suitable metal

comprised of nickel, copper, molybdenum. or iron Preferably, the thermally conductive layet

22 also functions as a ground plane The preferted thermally conductive layer 22 (which has a



0 8J UL 2002 -18the first plurality of electrically conductﬂ}@ quthggz
40. The first plurality of solder connections 47 are designed to
efficiently match the pattern of contact nenbers 16 on sem conductor chip
12. Preferably, there is a match of no nore than one contact nenber 16 with
one of the plated through holes 50 or 52 under the sem conductor chip
providing a direct electrical path fronrBach of the contact members 16 to
ei t her t RFEsifghak tczers,\preferablg betwieritmot 4 pmalC ecidbautt§ ppe/t@)yies thd& leyehedough
one of the solder connections 47) one of the first electrically conductive

menbers 4@uct@d doRbAtedd s lgbr 6-JoPped Q) settind 4¥et dT@n SilgNGHlabe@Bryd BAbbAUr t h
electrically conductive |layer 41 (through one of the sol der connections 47,

anot her Bggstici@l ﬁﬁ&f@éaﬁ@l dbbutCRIOMElkd R ABHPE1% 4Dabodi 6% 60 tpeTerbdlagsh:t hr ough
hol e 52). Thus the third dielectric |layer 46 conprises a high déensity

i ntercon t. | ayer f Vied] i C§Eﬁ rd £ cont act
menber 1@gﬁg“gﬁgﬁﬁéﬁﬁéﬁB@?ﬁﬁghﬁggﬁggéﬁgﬁg |g%”%%%wpggéggd§gﬁgﬁfvely short
and efficient electrjcal h for sigpals tqg be ifteqd fr th

e cond MTBRLE AUy ey IIED ot it ey Y F-o0a) Simin T L ER e hbaou i Dt 18,
Simlarly, the fourth dielectric |ayer 48 conprises a high density

i nt er cons8& ofithg tickness of thsvhamally eondngtive layer 22ds the aigkeldepnipllpy end abpat 20 %
mul ti-layered interconnect structure 18 to the circuitized substrate 100

t hr ough thebaedvdf thethikigsy ofthe gwoiaally comhwnéstlaygnis cppper. Theuitable 3G%
dielectric layer 48 includes a second plurality of mcrovias 54. The second
pl ur al i t yickel-63 % rieviatsy Bhvaitableafrae Forud Iptrunalts nyorpbraep énttiaiggowi t h i nt er nal
walls forted in the fourth dielectric |layer that expose portions of

el ect ri calfhybachaRdidst ANGnABRBEMS tibemaliRehdweiivd lagr 3B eaKE fBhtdabielyyoffsingle
openings 54 includes a |ayer of electrically conductive material positioned

on the i %&51%%@@%% %ol ¥ 7PRERI NG5SR0 iRR angg BEROSRH PR thd &a&%\ﬁfng the

second pluralit el ectrically conductive nenbers 42 to forma plaialtty
of conduct ; ' . . e t er] n .t.he internal
wal | s of Ciohé&ﬁgggg}e%ndl ng%%r%@y Br;gﬁla?nﬁfggh@f lhl\c{)|¢€’l)oe2¥1ﬁ:3%\tgjsllngéridf')hoer%l;“tc %éess 3[61 8 J UL
Z002 -19exppse ortions of the first. and ca |uralitjes of
Sl oot 11 cdrPE bR OE Nedhsianly sasesay® Rer R g PPt ot Eros e ermally
dielectric |l ayers is%?referably pl at ed cogfer. Aﬁ shown_in FIG 1, the
seni condUPBrCtivAilgyer 3 and, ékswéﬁwliyv@rlf@ce%b wareighe peerali ¢ 5F opihgmaltity of
mcrovias 55 by the plurality of contact nmenbers 16 (e.g.é C4 sol der
bal | s). dayrsehintarconapsi sepeiaierl§nivhen yeadiie eonghdnagion wih sherfithes plgmeno delétidp such
as the sem conductor chip 12) may be conductively coupled to a

herein. When the CTE is about 10 to about 12 ppm/°C, a significant advantage is achieved.

Strain control on the first plurality of solder connections 47 of the elecl[ronic package 10 is
realized and localized regions of high strain are avoided during operation of the electronic
package 10 (when assembled to a circuitized substrate and in {ield operation). The ;;/erall strain
between the semiconductor chip 12, with a CTE of about 2-3 ppm/°C, and the circuitized
substrate 100, with a CTE of about 17-20 ppm/°C, 1s thus significantly reduced 1in magnitude To

prevent faillure of interconnections within the multi-layeted interconnect stiuctuie 18, between

the multi-layered inlerconnect structure 18 and the semiconductor chup 12, and between the



mcrovia of the first plurality of mcrovias 55. Further, one ngi_ﬁﬂuz
plated blind via), in addition to the first plurality of nlcrOV|as

the third dielectric nmaterial 46 is within the scope of the present

i nvention The el ectronic package can further include a circuitized
substrate 100 having a plurality of contagg. pads 103 on a first surface

| 04, which pads. are el trlcaII onnected to respec~iVv of . second

ol ur al | £ YGHNEE ottt Fifutod st RyededgniSreqmpegiairotitie 18) g difermet boiget e

i nterconnect structure 18. Typically, the second plurality of sol der
connect | dhesovemalbEEE aF themadirlayer f‘é‘é‘l“ﬂ@?“qﬁ‘éﬁl sfryctyrg 18 aﬁfb#hle CJE o therseaycopdmagr
arrangenent to efficiently allow electrical signal transm ssion and power
di st ri butchigl Zshpuldfbednetiveen tioout H8%eind abaud % (I pictegably HatecaisboridOf andal ity
of sol der connections 20 can al so be conprised of columms or other shapes
t o provi d@ottGHET IR fferefceetnedn @il CEIIOF thigircnpizeddudstedte F00nnd el €TE bet ween
mufti-layered i nterconnect structure 18 and circuitized substrate 1U0.

Typi cal | ¥nd BgnisQlddelor 8ab 18, ?&&oﬁ@@lﬁﬁ% éxe@mfof@helMxnrafe;ed%q&é&{m&%a&thw gy,
preferably a eutectic solder nmateri As shov~n in'FIG 1, the circuitlz~I

Substrate t vi as
34 by 1 o SEesArCRRRR e O B ch NS P Bo ihe to GRS
bal | s) Gb era el ectronic d d substrate such as
t he circ gﬂﬁgﬁﬁgﬁﬁgfgnfﬁﬁwmﬁﬂ q@éﬁa%ﬁaﬂ%@%£ﬁ§%§§ﬁ§ﬁz ekngss AR of ¢ he
second plul allty of solder _connectigons 20 on_one of the conductlve bondi ng
pads 56, thermglly condyctivejaper2godt is agsaidenedyprafered Méheg‘égﬁathsﬂmﬁl Pty of
nucrovias 54. Further) one mcrovia (or plated blind via)) in addition to

t he seconebnghetivailayey2dbe bitweamabaut ®4)h1fdrﬁﬂ€1 pleout by thiiddidepeading ioe thedbickness 48
s wthin the scope of the present invention. The nufti-I|ayered

i nt er conneftthe germadtymoadddivh teyecdd?) of éae alvdral CTEE bhéit npttelsagart$infteacdnuee of . t he
first solder connections 47) the second sol der connections 20, and

i nt er conngaicteesswi thin the nmufti-layered interconnect structure 18. The

di fference between the overall CTE of the multi |ayered interconnect

structure 18 apghetdm® &d B0 kiR AMNEUCIANayehi B, 12 ahS3Pbetamablideddgd ween
about 40% and about 60% of the di fference betvween the CTE of the

ci rcui ti zgdeSypst Pﬁ:tfé?iﬂ;lg o/ B8 STE Gbartd IR ORI AinShifrediRe The

thermal |y as a thickness and CTE to prevent ailure

O o o el SR B OP R e 15, SOl NP R AR A pretipgbly, |

i nt er conn€Ct 1 ons W a ere I 'nt'er connec
particul ar

t her con uct é%ﬁa E that ?
Bbout - one HePgiaTae S ToT P M’?O&?&?Réa PR SR Pl of B 2,
mufti-layered interconnect structure 18.
30, 32, 35, 36, and 38 includes material which can deform in an elastic manner under stress, and
if subjected to sufficient stress can deform in an elastic-plastic manner. The effective modulus is
defined as a secant modulus which in turn is defined as a relation of the tensile streZs to total
strain of an elastic-plastic stress-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 matenial having a measuied

tensile secant modulus within the 1ange of 0.01 to 0 5 Mpsi, measuted al room temperature, with



, Al though not shown in FIG 1) a stiffener ring for nechanically thQjU{;Qﬂgz
the multi | ayered interconnect structure 18 nay be adhesively bonded to an
outer portion of a top surface 44 of the nufti-layered interconnect
structure 18, such as to an outer perineter portion. An organic chip
carrier, such as the nufti-layered integgonnect structure 18, that is made

of such c TRt 2T 4 dul us of
ese t hant 300t BREbeEFAE RS Eoébézfgél e%é-ﬁféwx”%‘*&fh%&%??ﬁ%%s%t FERUF T ch

is vgid) enhances t t ract t|c f he carrier (i.e.,
the mufti29tWHRY ﬁ)oa“idgﬁe& é’ﬁ?‘?éé‘ﬂe tSEﬁDE f" i2 ‘Eﬁjé] %ﬁ?%‘vﬁlﬁrﬂfﬁr nor e
mechani cal |y stabl e and thus easi er to handl e. Referrl ng to FIG 2, a

met hod 60°sRPrisak Phymateeahwitiothispfleeting magulis bnmatic] ayared jglefronesstgipture iy 8 J U
L 2002 -21FIG 1 is shown. The resulting mufti-layered interconnect

st r uct ur erelBivelysompiiameahdivearpign Juiing epdeporef thoeleattopistpackage Isygreatly reduced.

i nterconnecting the sem conductor chip 12 and the circuitized substrate 100
usi ng sol This vaiyneecmbinmdon offfie: kducsd CIEeerfmly conddutise kpériaad thesompliatitdi Ng a
thermal 'y conductive layer 22 having first and second opposing surfaces 24

and 26. T fopératidy Qeld '&ficq hFePROGES 1B PreGdntibe of BSure e B YiuBlRY ¥f sold
descri bedh?lﬂlgrggbl nlﬁgtzﬁ ‘ i ncl udses g thermg yu COﬂdEICtI ég lZ}g/erso =

mat eri al b&sg{j@&ngﬁgk%ﬁﬂm sahf‘cmﬁfé@x emg grgiﬁlmau%&eg% e;caﬁ PR ERRARST ON.

Next, step udes positroning firs seco I'c layers’'28
and 34 on t rst and second opposin es.24. .an pectively,
of the ¢ nEMMBMEmARES PO Piyer e onseCh o5 TR G RO s DA g
copper clad, silica filled PTFE | ag/ers in | ami nat i ngwpress at % pressure
of about IB8Y EBuCRE o0 B r&é?"@ PS8 WapRage (hag woyld.oqepr yithy

t énperature of about 600 to about 750 degrees Fahrenheit ( F) to the first
and seconéRpBpesNade efiiypisd osgapic ntwﬁ@aIShé\fI ulqygred dreraeanee sty 8 issiappble 6
includes formng the plurality of through holes 50 and 52 in the

muf ti - | ayef etkortnnga oodest emowtt pfimtanmas stie@r 4ympin mdentheldie] Ifian gneapsuhana is\ihgliest
excinmer laser. Qher suitable neans of drilling are possible, such as
mechani calbeddeh khiedgmicBaudidirchipgi? daakieamdt-laedd bterttamsadiracterefigam about 0.5
to about 2.0 mls in dianmeter. The holes 50 and 52, and the internal walls

of the holempRA@d 1REtuahR Wil @ekuk iapetcanily mmagsabmmhf&hcatpma@dqfhél on of
a conductive Iayer The copper cladding on the first and second dielectric

| ayers 28 c%%lr?aﬂoﬁﬁﬂthk REaih @Brﬁfoﬁ‘éﬂl th‘é@i’rit%lu?a‘[ Jﬁ moHEWOﬂhé&Mns‘)fﬁ dAkRUER Q! es

50 and 52 are then electrolessly seeded pl ated w sh a continuous | ayer

of 2 et alic, e, Y@g'lesel& LPhahaek 1 bl L 6 8% BbTBkAl AT AROHE O 1

to about 1 |ta S are copper a
bei ng t he I:HuraT

1ty lggr conhectlons 47 between the first plurality of electrical conductive members 40
and semiconductor chip 12. -

A first plated through hole 50 (1.e., a first through hole plated with a metal;preferably
copper) is positioned under semiconductor chip 12 and is electrically connected to at least one
electrically conductive member of the first plurality of electrically conductive members 40 and to
at least one elecuically conductive member of the second plurality of electrically conductive

members 42. Although not explicitly shown 1n FIG 1, the first plated thiough hole 50 is also



]

Step 68 illustrates posit~onii~g Cirst and second pluralities
el ectrically conductwe 0 8 JUL 2002 ~-22nenbers 40 and 42 opcﬂ h‘éu‘!'r ,2&02

~and second dielectric |layers 28 and 34, respectively) by any nmethod known

to one of ordinary skill in the art. For exanple, a photoresist my be
applied on the surfaces of the plated cgpper clad dielectric |ayers. The
photoresist tents the plurality of plaﬂ d through holes 50 and 52 to

prot ect tehstrinaly é‘ép"ieﬁﬁ&or'?éﬂea%nf" of the firgt plumlityt %fdg’FWF@) sighal gerdustossvhigly 52
from subsequent etching steps. The photoresist is then exposed and

devel opedomaripacondnctiveflayer 3%t A aengnd plated thrpighrhalei i (s, dfecenddbronglohole y
conductive nenbers 40 and 42 is then forned by etching the exposed portions
of the plmitedwitataahetanpteferedlycoppe) is@ositictied gnden sérieorsinctbacdp o2 attdrieakor st and
second dielectric layers 28 and 34, respectively, with a cupric etch. The

phot or esi &éctﬂicﬁlll? lREkhesiet tPRGshstbrielR]1eBtrRAUSIOhuCEE BRABET of BéGistapluaREi dfm
hydr oxi de, resulting in first and second pluralities of electrically

conduct i veqen{e%ag&scagcgﬂegg‘%@@béw@o thid 1812t fe%o&”&ﬁéc?&%ﬁy aindwﬁ«e}‘,ﬁénﬁkr gﬂﬂe second

d:electrif:I : respective fThe rirst pl ura |tybo .
. . 10, ‘ . .
dog. bone. ErisEA LG e R e e RS A RRhoeh RRCEPI AR SRR Bk, ¥

one end of the substantially dog on? Shﬂﬁ?d se%Hen%) the first netal pad,
bei ng confié&ssend phtadirongl hale ot RialseslesHict e orrrel Aart 16ast pre thesaengds ¢ he
plurality of plated through holes 50 or 52 at the surface of the first

di el ect ri pluradiyeef shlded ignRlecondustars whigh egmprise cenduefivadeiieat . yFigb aisiseonshaped
segnent being a second netal pad adapted for having a sol der connection

t her eon apldtel¢hnogglehdest 50 adlSRyrespentivetyt, baveteo unpiged dininctonfiorotabout ¢ itp about. The
first and second netal pads of each substantially dogbone shaped segnent
are pref epabhik wdrcafbe t@thedyy mestiabietlamldsed drijlingt prafecpbly dadudiilting s@gment .

The second plurality of electrically conductive nenbers 42 are al so forned
of subst aphaklcyal 40ab 0PE ERANAE:. SERPRMIShrofSCHbIGSORBAL2 tA6lindhded 1afer beast
two netal pads; one end of the substantially dogbone shaped segnent) the
third net , 1 nect ed.: I L I ne
of the pl oralrts Br o Ata  hr aure Pl Rg T o3 eoyahcl Ierthishs 8Ly
the surfa e Se i.el i C, r - ‘he
substantigﬁ?§£ﬂ%g%5%5&§%gpgdggggkgk?ht%%%gogégggg?ﬁﬂﬁgﬁgpﬁgggggﬁgi?éd for
havi ng a spl der..connection thereon for, copnectin circuitized substrate
100, The EBFGRESTREGE ocsie fun s ERraERRRD RO o Rdb i B PO RR g
Third and fourth netal pads of the substantially dogbone shaped segnents
are al so CBAHEEt!Ed by a substantially straight conductor segment. Even

t hough substantially dogbone shaped segnents may be as described herein,
many ot her pad Traekdigleetripiyes 49 of thegpaf-laygred ifraenasctsausteiedSitnepsttinged hi r d
dielectric layer 46 on the sublayer 32 of the first dielectric |ayer 28 and
on the fi roatthgpfitst dielecyicdiyee P®artdrdnou ldagt acemidancafiselecterborise pEtha Girst ahehlithef
fourth dielectric |layer 48 on the sublayer 38 of the second dielectric

| ayer 34 aigirimallyhendedandepbats 40.i The thifd diklectic lagaldbyac avdustdyeoneitber s 42.
FIGS. 3 - 5 illustrate the dielectric material of the third and fourth

di el ectri ceh@yRrfEsihd3ednd §latgiespegt holalsy ane s, tespich@gt Thefol®h @leiealnc layer
including the preferred dielectric resin having an allyl ated pol yphenyl ene

ether (APPR)is pBliGonedl dol chisdcb@t @8iedrif (190134 GROSS 1 IQETd R@bn M seMeed ofes o8 Shd
coat ed net al §o conprising a dielectric resin 82 having an allyl ated

]Pg: y pggn(y{es%ggnae@nﬁﬁit;&%ﬁ%hm&&%a&% hefte@4hesivBhyn GolPL 84 kLRt al

multi-layered interconnect structure 18 can substantially cover (i.e., tent) the first and second



copper foil). As an exanple of the resin coated netal theOﬁ ‘BQE@H}S
mat eri al nentioned supra conprises the APPS resin coat ed on a cop

| nasnmuch as the uncuredresin 82 has mechani cal properties that nake it
difficult to handle, the nechanical structure of~e netal foil 83
conpensates for the difficult-to- handl mechani cal structure of the resin

82. As an_ex n coate PC5103 terial
rent + onec EFf FRaatchiohis D08 Shdes &efe i bR ag parep e e,
resin 82 has a thickness preferabl ween EﬁOUt 30 njcrons and about 70
mi crons. SRHECtHBmpterRbmRY sxévsap%alhfﬂlgtbp plated ghrauahiholer Al and 3% respedtizelieasapout 9
m crons 0 8J UL 2002 -24The netal foil 83 is rough irk the sense of
havi ng pesikwnardtevmtivelysthe platetl ¢hreughfheles 58 4andb$2 migebenfdtediwithod hatgdal other than
surface 84 nmechanically interfacing with the resin 82. FIG 4 includes the
surface 8the ddrdeanddonreitldielect®ic matdrialypriar o) positiening thetthied dialeétaic tay8dodndithés. 3

showi ng the peaks and valleys. Noting that the netal foil 83 will be l|ater
renmoved, fuah daSechic 18y thd M6t diQbgidRSS 20tind the seedhd disRctBd 14yer 3485) of the
nmet al f0|I 83 will leave a surface inpression on the resin 82 after the

metal foi }es{;b%tyélf subsequently renoved. Said surface inpression is
"conpl enentar o the netal roughness structure of the surface 84 (or,85);

i.e., the resukt val | eys k surf ,, ..t he
metal foil 83”#;‘?‘% b PR b D A LR e D g B b b
respectiv of the metal roughness structure 84 (or 85) that exi sted

whi | e the?webzslpel%m lagey %sfromwmeamawﬁ%anfbaeéwte\}v}wg%%wggw 82. The
resin coated netal 80 will subsequently be transfornmed into the third

di el ect ri BafesigerA pefefedrhind and fopptigdieBetrip matsriplds agesia comprising poalllaedt i onal
viiew of a resin coated netal 90 conprising a dielectric resin 92 having an
al | yl at edpplyphyephieny bbee(APERr TiicARPH) masaildnayés vhligd imthedeinved the ABBRIesth t 0 a
metal foil 93. The resin coated netal 90 has all of the characteristics
that was dosalsased nsifsil,fsach dsheopes foil. oadnaderaellpdvaBiblOAPPE GGt is3uaitde 4,
including a surface 94 of the netal foil 93 that is rough in the sane
manner t hadr thd1reSdak e tidiis Aandfh@uidB bathe faQki (BBmicsl CHkiRY off NPad @81 18 coat ed
nmetal 90 of FIG 5 will subsequently be transfornmed into the fourth

di el ectri gychaned af"ﬁsam Iéx%hg’:t nmb&ReiCH103, '@&gucthQ:oEL?x%es fhe fEAPASEY WY @ég‘ﬁ@r @ft. the

first plurality of trically conductive 171elllbel’ S 40, secon

plurality faAt%%%Eéeﬁﬁ dL g?[% % Chlté(beie ‘?:&?dsa%ﬁ ’foJrJRemJl dud %1? ALGE gfnr ough

hol e 50, an he secon rou oIe ale era oxt d~zed. The
gr;gtgz gté_: |03 slg% é\(/)ev 1?){1/ ;b%ﬁ%u%gg'\; l%’go ! zﬁt h]agfe%auil]s 1?5 s?ructural mp:grlt% gnsdtdogsl Hcgt%lra{c}(y of
when subjected to Thermal Acceptance Testing, described supra. Several factors help explain
why the APPE material holds up well during Thermal Acceptance Testing. A firstfactor is that
the allyl group of the APPE can form cross links and thus add hardness and stiffness to the
polyphenylene ether polymer. A second factor is that the Asahi material includes a filler of about
40% silica, which lowers the CTE of the APPE material to about 40 ppm/°C, which 1s about 20%

to about 30% below the CTE of other organic polymers that do not include the silica filler The

lowening of the CTE of the APPE material by the silica improves thermal compatibility of the



the diel et

0 8 J UL 2002 ~ -25 second plurality of electrically conductﬂ}@ qﬂjpgzgggz
to subsequently bond with the resin 82 of FIG 3 and the resin 92 o

5, respectively. -For exanple, if the exposed surfaces include copper) then
t he oxidation may be accomplished by chloriting; i.e.) by applying a
sol ution of sodi um hypochloride to sai.gmexposed surfaces. After oxidizing

(or oht orirk e ad dna'fe B BHEA 4t KRSUHMAAS UMb cheoh AP LAl

i nt er connec ructure a tenperature pre et ween Ut 100C

and about_ 130 C.fqr. ti of .at as ut inutes. .to repo noj sture
Fr om t e VoI pesfesbly s 4 G B it | ER ShedREBbmiC RuBithiRuped bt iR e eh

i ncl udes gafter t he af orenmenti oned oxidation): placing the resin coated

met al 80 tBathirdend foyrthdisleciric pateripls apd the Jower ETECf piher trgtaral spmpangnts of thee
first plurality of conductive nmenbers 40 with the netal foil 83 exposed,
and pl acieiestiohis packsige 16 isatopesidered to begsignificantdactertin dgtermigia g whethheths éhimhahd
dielectric layer 34 and on the second plurality of electrically conductive
menber s 4fduith tildctie mmémdls Wil letaBBitestpomadlinegaityhd vesist radiify. Anotidie

el ectronic configuration 8 of FIG 6 includes the resin coated netal 80 of

FIG 3, theefi@fl dRafabRlifft dTehed PI¥) ndlerikilitan dbserdO6f WIRAE §dlRAtsapdieor
mul ti-layered interconnect structure 10 of FIG 1. Next, the electronic

configurag, . : i i j d i..to
cbout 2000 a7 g Ak biing BrifyBY €545 Gl e AQS 8 oMt BB er 151
Cfor a tjne of at.least ahout 90 m nutes. The ssurization.and el evated
Cenper at (PEsehd SRR aR st N e e BT AR 3 B becone
cured. The Br ssurization and el evated tenperature adl aesively | am nates:
fIEOUHRR3YCI82 of the resin coated metal 80 to the sublayer 32 of
the first dielectric layer 28 and to the first PIuraLit of electrically
conduct i ve menbaFddigloytrighayer Heingivaesdbe fistp!prality AT micrejfias Fe TheBrshrlursditseef
nmetal 90 to the sublayer 38 of the second d~electr~c |ayer 34 and to the
second pl wrcibyiaySofonelitatsG Gl plyrakiyred aptinge defint by inteqpal watlslf@Ondin thirdt he 0
0 J UL 2002 -26pressurization and el evated tenperature causes the
di el ectri dieteegicla@2 46ndidt dpenidpedx@osing porti@s iohse®2tet @nssudfsthafitst aluratity of |
(i.e., conpletely fill aside fromair pockets and/or air bubbles) the first

pl ated t herugbaliodoadiva MEniRe 48 FaadoMhatiehliti 4gbpdMze ik R)eAS1agét@N i n
FIG 7. After the pressurization) the netal foil 83 and the nmetal toil 93

are removedcirRal®y BARGTve AN §PpQANtoned oPthelinfdaY waltd bf thé Arst Bfenfgh angUch as
by etching. FIG™ 7 depicts FIG % after the electronic

preferably, also on the exposed portions of the first plurality of electrically conductive members

40. Generally, a microvia that includes a layer of electrically conductive material positioned on
its internal walls is designated as a “plated blind via.” Selected ones of the first pldrality of
microvias 55 (or plated blind vias 55) are electrically (i.e., conductively) coupled tGrespective
ones of the first plurality of solder connections 47, and thus electrically coupled to the first
plurality of electrically conductive members 40 One plated blind via, in addition to the first
plurality of microvias 55, 1s withun the scope of the present invention and, accordingly, at least

one plated blind via (such as one of plated bhind vias 55) may be conductively coupled to one of



configuration 8 has been pressurized, and after the netal
have been renoved. Follow ng the pressurization and renoval ﬂgt@wﬁf
foils 83 and 93, the remaining dielectric resin 8 in FIG 7 is the third

"dielectric layer 46-in FIG |) and the remaining dielectric resin 92 of
FIG 7 is the fourth dielectric |ayer 4 in FIG 1. The surface 87 of the

di el ectr n 84 of
the mot akheff‘rg Pl ordiepfieay %ﬁ%@%@@%@é ol S B ilact donice

rough, a Ierrent to th ough surface 94 of the netal foil 93 of

F ey et oo Hidienanaldh e B uvolsorion awaptersd o senicauiustas ship 12
facilitates good adheS| on of subsequent copper plating on the dielectric
resin 92 Preferablyshareded magehrod np mogkiipuensicopact ienibes teyitlyone of thesplaged7 2)
denoted in FIG 2 in relationto FIG |, includes formng first pluralities
of mi cr ovhrasglbholes5Q dres2tuniderdhalicalicmtindtar chipypeoviditg a dinatt dlectdedd path firoal édches  of
mcrovias 54 in the fourth dielectric |l ayer 48, by a process of renoving
porti ons odthetdoatactvnédbets €6 acdithéraht sigei cakfyirgseednt elet@ivlicbndliciVelayerizo | ayer
48 to formfirst and second pluralities of openings and expca~i nhg at | east

porti ons (@kow@ldae bethe ABRS: &Bnéchsnsf47r §Ae cﬁrmt f&ﬁ(‘e&edxcmwoﬂaww@ fhe@bers 40,
el ectrically conductive nenbers 40 and respectively. The opem ngs form

UG f‘ﬁ@kla%ed%{oﬁ]gﬁpfﬁgflkﬁ POME e stégﬁlz;tan'gxﬂgfoélﬁ gfaéﬁr\,égc@wchséla crovi as

55 and 5 espec frrst s 55 and 54

can be f b roc mech in ferably
| aser ablc%g?? %ﬁé’fﬁleéogiseﬁc%n?fuﬁ%ﬁ?‘f‘?}hef ?E?t ﬁc({irl‘?"gﬁ 8?‘%]%‘3??‘%6‘8 ers 46
and 48, respectlv the first and second plur I|t|es of, m.crovias 55
and 54 arBeRGH Pslr PRI SB1 JroE CHREICHE e 6 CopRReet bRt SpIstY al | ¢ i o5
of mcrovias mcrovias 55 and 54 are preferably cleaned to renove

parti cul dpérapanece faygrefior pravisingsydirepieeldctiival pabirom p Agtack msmbyi Hgoarnpielded

hol e-cl eani ng process that is known to one of ordinary skill in the art)
such as bygnabhppidpctg wahichweblidesq ralgavely shortead effigientieldetraalgmttafos sigmals to be

per manganate oxidi zing material, and using an acid rinse to conplete the
cl eani ng. trabmittedt fegon e sambdogduafor thig 10 krsdghamdnslad pyeekdphteicahricti ®micate 18.

m crovias 55 and 54 are then plated with a suitable nmetal, preferably

copper, tSinfiRF) GO RAWGLdMEctli AMRS 38 @BmSrdesla m@Eﬂén@QﬁnntJr&anédﬂgiy@II BEpoald ¥
conducti ve connections fromthe internal walls of the third dielectric

| ayer 46 @Hﬁecft QHEME!aICBaﬁl £&h rtHeQndléM?Jere&%mt&@oxﬁ@ét@&&c‘ﬁﬂe B ESnOEirdfeegX POSEd

first pluralities of 'electrically conductive nenbers 40 and the exposed

second pl (@l L6340 aﬁ%'teg LRl GRnUNEt s RAbAr s 42, respectively. The

plating o accorrp any nethod known to

one pf ordi nar ﬁ)e }((ol bdleletcgrhcelayer 58 mVY der:]s PR lupalf’%)t' (I)fnrg.lcrcjvgjars SEX‘%Hpsecbnéi

seedi ng materi

plurality of microvias 54 are a second plurality of openings with internal walls formed in the
fourth dielectric layer that expose portions of electrically conductive members 42. €ach of the
second plurality of openings 54 includes a layer of electrically conductive material positioned on
the internal walls of the openings and on the exposed portions of the second plurality of
electrically conductive membets 42 to form a plutality of conductive bonding pads 56. The

conductive matetial on the inteinal walls of the first and second pluralities of openings and on the



, palladiun) may be applied to the surface 97 of the dielectric réLBnQHZngUOZ
serve as a catalyst for electrolessly plating a thin |layer (e.g., 1 to 3.
m crons) of copper on the surface 97, foll owed el ectroplating a thicker
| ayer (e.g., 1 ml) of copper. The roughness of the surface 97 of the
dielectric resin 92 facilitates good agfesi on the copper plating on the

di el ect 'l &ph&ifartis OF&QF@ ahﬁs&&%ﬁglﬁﬁh@égfo& YBkidicall§ EBYREtiveHE RS 4PHha 42
t he sur

etching, froth™a portion o ace 97, laving the renmal ni ng copper

pl ati ng o o | | I f | pper
pads sur rlgtﬁfﬁ%@hrlg g%“g%ogﬁclt:l cg\r{ﬁ‘ﬂc(t:r g l\(?}{\é}ﬁ({jSyﬁ’1 g«:&%ﬂ%ﬂ?@ 9‘?4?8&%%%‘?’93 i;{(fggt%gn t he
internal wal.ls .of the st and _second plutal.ittes of crovi 55 and 54. A
sol der pa¥PHcqndugtay I%Lglsi‘@ WBV@%&W@P@% e fif gl[urag%ot!sn@%%v Sgﬁ%&y M ties of
mctovias ~5 0 ~ UUL 200Z _2g_ and 54) respectively) the preferred sol der
past e bei Pigrality efigoptartmerabege}6 (st solfiehballs). Heaeralln any:clagsronicrdepias feeg., An
exanpl es of suitable eutectic solder paste that can be used is Al pha 3060
from Al phsemiteraustof dep swh a€ilteysemModductor dip 1 2) maydbeicasdustyely cappledeo awi t h t he
suitable nmetal plating on the internal walls of the mcrovias 55, may be
denot ed amidoyihaf @@ fipdtiphdlality of nSeroviaass. Furthdreomdintieioviadcr fidted blfrgetidiein Wi t h
the suitable nmetal plating on the internal wall of the mcrovias 54, may

al so be dennt@frodse frsPpiafaBe) dintiBdvias 85, iRAE Bfivdi diGectr Bl 44 is Witgn 8R! der
paste can then be reflowed to formpart of the first and second pluralities

of sol der [ 20 on the first and second pluralities of
eIectricaf%@Qggﬁl&@#?ﬁgxﬁga ers 40 and 42, respectively. Next, the

i duct i 2 1 duct pvel v l ed .t.o .t fi l. 1 ty. of
e conductor St Bed e eI ) MR R S B
el 5)) e, Sk L2t SR S R0 el vl coipl g Lo the

connections 20 (e.qg., BGA solder balls). As stated supra, any electronic -
devi ce (eoaes ofée%@%péwﬁdmef wides penapctipas 26 go sAderdrllvenynydlayeed t o- a
mcrovia of the first plurality of mcrovias SS) and any el ectroni c device
(e.g., a d¢iterconnecyssuicawhid. rEypecpliynle sseond plwpaligyioftsoldar eanpeativnss2(bfre pinangsécond
plurality of mcrovias S4. Also as stated supra, one mcrovia (or plated
bl i nd vi aks solderddils in Otvallt grididney {BGA) arpAnpanadnt toyeffofendy allow elastri&@)signal t he
third dielectric material f t 46 is wthin the scope of the present

i nvent i on,traaftelisOBR afld Fdv¢ dastriRfioPbattof endihiofkkdi@ronit Backdgl. tTHRReddAd phgalggcond
pldrality of mcrovias S4, mthe fourth dielectric naterial 48 is within

the scope @b RREHBA 20 DK HE BoReERE b PR olthG shipes b FRLRGEOf Maki ng
the el ectronic package 10 CO 11lpr1SeS t he
appropriate stand off and appropriate strain relief between multi-layered interconnect structure 18
and circuitized substrate 100. Typically the solder balls aie comprised of a low melt solder
metallurgy, preferably a eutectic solder material. As shown in FIG. 1, the circuilized substrate
100 is conductively coupled to the second plurality of microvias 54 by the second plurality of
solder connections 20 (e.g , BGA solder balls) Generally, any electionic device (e g., a

circuitized substrate such as the circuitized substrate 100) may be conductively coupled. by one

of the second pluiahty of solder connections 20 on one of the conductive bonding pads 56, to a



» folbow ng steps. Firs: a seiruconductor chip 12 rs provided havﬂrﬁ deng@Uz
surface which includes 0 SJ UL 2002 -29a plurality of contact nenbers
16. The plurality of contact nenbers 16 can be pads, columms) or balls
(i.e., spheres) of high nelt solder. High nelt solder is defined as a
sol der having a nelting point above abo0-230 C Preferably, the plurality
of cont aghicheNIDEf the dos@pIBFaAIGAST BRk¢IG4s S22 Fhifher, o inicrévilWriplatddBlinE &%h), in

i nterconnect structure 18) as described above) is provided. The

muf ti - | aygafthn! ) e cQHAGRiral Bflﬁﬁdﬂéﬁ?s_lﬁ, infid feg@Sdigle£thit Sratcpfal s iinﬁﬁirthe

sol der connections 47, rirst plurality of plated mcrovias 55 including a

first lay, l der paste thereon. The first |ayer of refl owed
sol der pa%@%giﬁgbg%lleegﬁglﬁégmgly applying the first solder paste to the

plurality of ated . crovi as 55 foll owed by refl ow the first. sol der
paste. A secoﬁh‘q ‘&g‘é‘galfﬁ“’ds}mﬁ&'&mﬁ?é%tf“é “f%ggv‘ra%a“ PW?‘V@J@ thapprgyents failyrg of
(preferably eutectic solder paste), can be applied to the plurality of
first soldefirgsalderceonaensionsdTa the seeomd soldercorrisatians 80.adinteraennestinns ghithin e
contact nenbers 16 are each brought in contact with respective ones of the
first plumalti-layered is@taerctconcreetlBofbe diffefepcefotietn teioverall €9jkeaftthemubbines of
the contact nenbers 16 of the sem conductor chip 12 agai nst respective ones
of the filagérepintéradrrdeyt soriictar 18ehd ¢RITER b1 the@micdndublur shipd 2doprefebably o
positioning and - aligning the sem conductor chip contact nenbers 16 onto

the refl oygeesPARE 40B2h& aboliP60% of Ihe\Wetkréned BhekecR AT €TIBYh eir&idRe dulirate
contoured so as to acconmopdate the geonetrical shape of contact nenbers 16.

For exanph@ afdife (8 P HteiRlcHaict AR RipE1 2T e m@nﬁmﬂgﬁﬁuh@veh@% 23pid At top

surface so as to accommodate contact nmenbers 16 having a spherical shape.

The feflo sol der te is then refl i d ten sol der vers
t he exposltla%e(q(zilre ge)saangfcﬁio pﬁ?v&Pglﬁanll%rg 0%? hen%%léxr%g?/olﬁg%hgrgagh@ggggﬁC&P%?g%mc S up
the external,walls of con ach megber' s,.16 of the sem oqguct.or chip 12.
Upon cool PRYIMIEHPnAEQns LR thepullisiaydpd inlsceonngt Srypiie én Pty e
connection 47 between the sem conductor chip 12 and the nufti-Ilayered

i nt er conn&termally erndustivedyer ThiasradckE At betweensBpnt oBH ENFdepd 2bah ek thirdefber s
16, have a higher nelting point than the ~ 8 ~~L 200Z j-30 sol der paste

resul ts i theaCEBlofleyeralt GRHGf thearnlimdygred sntefponapct struciigal8.connect i on bet ween
the sem conductor chip 16 and the mufti-layered interconnect structure 18.
Thi s ai des in rAddwoghnpotahper inil3G. bfa stiffenes tingion mbciamegly stdvélisenthe omdlirct or
chip 12 and the nufti-layered interconnect structure 18 during operation of
t he packadeyered interconnect structure 18 may be adhesively bonded to an outer portion of a top surface

44 of the multi-layered interconnect structure 18, such as to an outer perimeter portion. An

organic chip carrier, such as the multi-layered interconnect structure 18, that is made of such
compliant organic material (e.g., a material having a modulus of less than 300,000;;3_5'15 cannot be
easily handled. The stiffener ring, which is nigid, enhances the structural characteristics of the

chip carrier (1.e., the multi-layered interconnect structure 18) by making the chip carrier more

mechanically stable and thus easier to handle.

Referring to FIG. 2, a method 60 of making the mult-layeied intetconnect structuie 18 of



The el ectroni c package 10 of the present invention can be assenfqlegd
circuitized substrate 100 having a plurality of contact pads 18@ @ﬁjm?gﬂz

" its surfaces 104. As described, these contact pads 103 can be conprised of

copper or alum num or another suitable nmetal and can be coated with a | ayer
of sol der paste (not shown). The secohﬁbplurality of sol der connections 20
(e.g., soF#@rl isahdwen.The sesulling mudti-{ayersil imséredrinect strddtire (1 8,yas defiheld hering tnnect
structure 18 are placed in contact with the sol der paste on the contact

pads 103 @laptétEfof blesttitdliyaa@reamidetifigdhe sefifondbiter chi) edndRRSEiRARE SBSERAE
sol der connections 20 are refl owed and cooled form ng an el ectri cal

connect i 0'10@%§i¥1‘§§6]dérb:%riﬁ9&i5ﬁs' by &iF8 Sep BY B BR rx‘&%ﬁlis;ﬁrg?iﬁ%m%ra%e}ﬁaﬁ?d t he

circuitized subStrate 100. The sequence of assenb e sem conduct or
chip 12 t J L - f ol.].owed by
caserply S RaT 2R B mnd EbBIERDRRL it Bl s e RULHEE 7Y 2 e
substrate 100, can easil e nodified, Fqr .exanple, the nyfti-Ilayered
htor ConndiERemL R Bes e meviauTE et S6pe Mol e et UGt Pt o
100, followed by assenbly of the semi conductor chip 12 to the nufti-layered
i nt er conneepdustivlayermaatagal havieg e sadectadshicknepeaik seefigiontdd terny egpansiosi n
provi des signal and power distribution characteristics which conplenent
hi gh per f or mand&exelseptodiinadiided postwhsn pofirstf antl secend dinfectdn thyers AR andh34en thadirsts
particularly suited for interconnecting high I10 (greater than 400 I/0O
sem conducigkécondobpoNingHRENARS 08 alDYE; kesPéchit ¢ly, wif tHedReringll et eniee 1dysi 229 t he
solid copper pov~e~ planes and high density plated through hol es under the
sem conducsigys 64 RipRrivhhdabyahm@WidBddph& cid, sifeaBiled PTFE @Frers 3 Y Rbdidfidk pRRVET
feeds to the sem conductor chip.” Further electrical peéerformance benefits
and preser,yvati fnSl i i [Wolg? i i gnal
capact t anca g s asue0R) 1d BbGaeh folrifily TarTey BORRAAL Blpelaié of 012
achieved in t | ect ropj ac e b f owdielectric constant ,PTE
macer o (Bobltgto Shol 78 GeBRS AR T Bl A e R e Rt SRR a1
in a shielded a@rran enent) and a direct short path length for the
seni conduc YRR CEHY A nenber s to the signal carrying conductors. The
scope of the present invention includes the electronic package 10 of FIG 1
with renoval ofSteR fgincjudet fognisg shaplyrality 9y drough holghd) %‘@cﬁﬁﬁl“&ir@wﬂ%ﬁﬁefe@ | ayer
34, and the thermally conductive |ayer 22. VWile the el ectroni c package 10
descri bed intaretinnedt sehaidied 8y flaserdrillipaivish & MM Godr cutimer labecalrher sutabligandapeof
menbers 40, it is within the scope of the present invention for the
el ect r oni cdyiicg ageoifble ualdlel mechadbdl drilling! Tikethetugh belet SGand SRiforsted are from
el ectrically conductive nmenber 40.

about 0.5 to about 2.0 mils in diameter. The holes 50 and 52, and the internal walls of the holes

50 and 52, are then cleaned in preparation for the addition of a conductive layer. -The copper
cladding on the first and second dielectric layers 28 and 34 and the internal walls of tt;e plurality
of through holes 50 and 52 are then electrolessly seeded and plated with a continuous layer of a
metal. The walls are plated with a thickness of metal from about 0.1 to about 1.0 mils Suitable
metals are copper and aluminum, with copper being the preferied metal.

Step 68 illustrates positioning first and second pluralitics of electrically conducuive



VWhile the el ectroni c package 10 descri bed herein includes a Sﬂﬁf?ﬂ
plurality of - electrically conductive nenbers 42, it is with t ULsQﬁQQ
of the present invention for the electronic package 10 to additionally

i nclude at | east one second electrically conductive nenber 42. Wiile the

el ectronic package 10 described hereinjocludes a first plurality-of

0 e S R R ey A
S B L0k RS B SR AR SEE SAoh SRR RER o,

for the electronic package 10 to additjonally include at |east one second
mi crovi a B4 surfecegof éll)1EJI1_’1 ppes E@dalﬁ?chlctl?’yérseﬁ@% %%?W%Sté%‘k&& Blusdityfscri bed
herein' includes a first plurality of solder connections 47, it is within
t he scopeplefedithrough kadeni0 and\s8 e protect e plated ins¢raa twallp Pithe pleed dlrough hodes 50
additionally include at |east one first solder connection 47. Wile the
el ect r oni andfTiagaubqams erchibg stefive 'Thie photoretistdethernexposxdradd deveiapkd.t X paftern
sol der connections 20, it is within the scope of the present invention for

the el ect bpﬂ}sﬁgxﬂﬁéék@mqi}\%@ﬁﬁ& ofeldithitApabhdaciivihtitRrsd0 dn@aStis GBEfoFREDRE
sol der connection 20. ile the electronic package 10 descri bed herein

i ncl udes @icRinghRd é)%pﬁséafpo?t 8Ethe gﬁf@%e?al 384 the Eoppsr Mhdditebnt thes3aOPsE @ the -
present invention for the electronic package 10 to additionally include at
| east one fird B@(s:éco Hf‘gﬁlr:tlri%gayg '8|a‘r31g 5&%%%{%@&1&,8%@02} t%?l%lﬁg agf. Jr"ge &%?&Eéi&%d

herein incC uges a E)?ura cont act wthin the scope of

a1 bast e TUREACE B Usts AR Fish AnioBRCRCTORe "PALREGL IR Hest bod

herein includes a plurality of conductive bonding pads 56, it is within the
scope of tHuakies 98 plectigallyfopdistivomeiahsenbeardt g i4g op shaieygfaces of g first and
additionally include at |east one conductive bondi ng pad 56. Wile the

el ect r oni cepadikisgectdOlaphrs e rigeld, tespeastively. niedids plugalisy foféﬁqtltiqﬂlbﬁortdh@tb{s?gh
holes ~0 and 52, it is within the scope of the present invention for the

el ect r oni angelekad@art praferallgiférinet as $upstemimlly deg e bleasd segments Hiaohigderieol e 50
or 52. -" Wile there have been shown and described what are at present
consi der ednélhiéespr Bhartwe meedlpadd] srreng obthe tutisdntially @bg bar)shagedwbdnienbehaofingt ous
to those skilled in the art that various chang~_

_ metal pad, being connected to the metal plating on the internal walls of one of the plurality of
plated through holes 50 or 52 at the surface of the first dielectric layer 28 and the other end of the
substantially dogbone shaped segment being a second metal pad adapted for having a solder
connection thereon and being electrically connected to the semiconductor chip 12.. The first and
second metal pads of each substantially dogbone shaped segment are preferably cenne:cted by a
substantially straight conductor segment. The second plurality of electrically conductive
members 42 are also formed of substantially dogbone shaped segments, each segment including

at least two metal pads; one end of the substantially dogbone shaped segment, the third metal

pad, being connected to the metal plating on the walls of one of the plurality of plated through



+ and: nodi fications can be nmade theiem w thout departing fromt hg &c.de_ (200\%9
the invention as defined by the appended cl ai ns 0 B JUL 2002 -33C ai ns
claim 1. A nufti-layered interconnect structure) conprising: a thermally
conductive layer including first and second opposing surfaces; a first and
a second dielectric |ayer positionedgn the first and the second opposing

Sur 1 aCeS) g GSRRRIS YRl eubloe o the R ABleloVrE M M ink BEY enalo ! and second

pluralities of electrically conductive mnmenb positioned on said first and

second di tEi ers, respectjvely: first electrically conductive
ayer i IR doBYE Sopr SR, Ming ol il osf 8 B hetpa PR Lt ve
|l ayer within said first dielectric | aye nd paositjon bet ween said first
el ectri ca?qwe%md%?quér ?9{‘9%‘?““&%‘”?&}%&{ ng’tl’?ﬁqp]l@‘ g&ﬁﬁ‘ﬁ&"c‘icf?%“elc%‘ipe‘?a,“ Yier ei n
said - second electrically conductive |ayer conprises a first plurality of
shi el ded s9l¢pidnllsoldguelemns, or g lgpdaTaird and-fougfrmetal Rads pf theignbstaptiallindoghoneay er ed
i nterconnect structure electrically connected to at | east one nenber of

sai d fi r sshapédisegirienty aref alsrl coanacied dlylayubstantialtyt streightoontuete segmoenat Eveadboughne of
said first plurality of shielded signal conductors, and to at |east one
menber  of s@RiadtifBCEHor sHiRMistdments Bdyaetat deatiled heRit uahy ¥@enmaBRies aRNd a
third dielectric |ayer positioned on said first dielectric |ayer and on
portions P$$ﬁﬁ£d fast plurality of electrically conductive nenbers, said’ ~
third dielectric |ayer substantially overlying said plated through hol e,

and wherein s ais%g%;i%cﬁl%ggés@@&grﬁﬂgﬁth% i lielddft cll'agrgrtszhﬁﬁ?rf thi %bl@gg{& &Qﬂéﬁ}’st

i nt erconnect La ectrica rom a el ectronic

devi fi 0.0 ~L. 2007 -34 pl | i of shiel ded i I
Conduct or SieeBite g 2 4R pn e i o ity s sfich ooty e pRBbEs gt o Burn
wherein said third dielectric Ia§er inclqggs a resin conprising an .

al | yl at ed IEGpHerR e 9B tha walayer 33 offlie serand fiekegiiefager 347nd ee dhrecand PLyraly ur e

of claim1l, wherein a coefficient of thermal expansion
of electrically conductive members 42. FIGS. 3 - 5 illustrate the dielectric material of the third

and fourth dielectric layers 46 and 48, respectively, said dielectric material including the
preferred dielectric resin having an allquted polyphenylene ether (APPE). FIG. 3 illustrates a
front cross-sectional view of a resin coated metal 80 comprising a dielectric resin 82 having an
allylated polyphenylene ether (APPE), said resin 82 adhesively coupled to a metal foil 83 (e.g., a
copper foil). As an example of the resin coated metal 80, the Asahi PC5103 material mentioned
supra comprises the APPE resin coated on a copper foil. Inasmuch as the uncured.resin 82 has
mechanical properties that make it difficult to handle, the mechanical structure of-the metal foil
83 compensates for the difficult-to-handle mechanical structure of the resin 82. As an example
of the resin coated metal 80, the Asahi PC5103 material mentioned supra comprises the APPE
resin coated on a copper foil. The resin 82 has a thickness pieferably between about 30 micions

and about 70 microns. The metal foil 83 pieferably has a thickness of at least about 9 microns



. (CTE) of the thermally conductive layer is between about one tHj) §dHiH 2002
about two thirds of an overall CTE of the nufti-|layered interconnect
structure. 4. The mufti-layered interconnect structure of claim1, further
conprising a plated blind via,in the third dielectric |ayer, wherein the
plated blind via is conductively couple@4io the at |east one nenber of said
first pl ufle mewl fofl 88lierdugh bpthe yensoofthaging peaksendowillsys o thel$uefaseid4 of thapretabd
i nterconnect structure of claim4, further conprising a first electronic

devi ce cofdwa! sa@butface 8P hiRehdnRallyRitcpiacihg Witk kieRekiny 82 - FI6. 4 Tttudedtht kodfaxgsed
i nterconnect structure of claim'S, wherein the first electronic device is

et od o . .
sel ected {¢ 2 Sgisétﬂ (%.%Bgﬁﬂﬂﬁiexé&ml}?&c rfide 88 ﬁ@ﬂ?%ﬂ#e@?bgatk?% Vhlleys

circuitize rate. tir-Tayered intercon ucture’of claim
| , fmthgn.Coll]pl']l X i rd el i.cal | nductive.layer. w thin

sai d sec oﬁatl H é«?Iaée@f’ ﬂeg’l‘ ?‘%/%fw'?ﬂac l%f’)rurF ﬁ‘t”%‘r ée“%?? 3 eé'aﬁ%%ingc gﬁdﬁ hi"?/% OF QV‘er

wtthtn said second djelectt is.layer..and positjoned, ~ 8 J UL 2D02

B bet woothrieas B (rispuokiraatial ol L GHR e Rt 1 esion qa taeeein Shakerdhe y
conductive layer, wherein said fourth electrically conductive |ayer

conpr i sesmatastibfid igpubsegrently removedi Spidswrface imppssivantlisomplementary ta tiieometalh
dielectric layer positioned on said second dielectric |ayer and on portions
of said ssmghubspbktucalre bfthefsuiddce 84 (orda);liy., the nadultant valepeatdaresks is diededin@2t h

dielectric layer substantially overlying said plated through hole, wherein

sai d four tlrfde afteahé inetal £EY3 ib REAOVEESoresREOBAhd Pedks MANAIY, redpeivedBECT
| ayer for providing an electrical path froma second el ectronic device to

the seco nqle%aaﬁloh%ﬁﬁegfstﬁbéuﬁé 496 &) aAbxi GONIMERE MetaBfoil BAGyAWcbhadiygr ed
i nterconnect structure of claim?7, wherein said fourth dielectric |ayer

i ncl udes ?ntérga%!eg' Wit T 1ie§iinr39. e ?elsfn%bﬂgcfggﬁggél%\p@%ﬂ?%ﬂl téf Bgﬁgn.sfo%n.ca- ﬂﬁo the

mul ti-layered I nterconnect structure o conprising. - a
first plated hlind via i hird dielectric layer, wherein the first

pl at ed b|?%81€F%“F§%%8ﬁ%ﬂ@?5§eﬁy coupled to the at |east one menber of said
first plurality of electrically conductive nbers; and a second pl ated
blind ~~ia in tfﬁ[@-?é‘&ﬁffﬁteﬂﬁ&PM%&'S?C&Q%YWEF@?SH‘ t9aled Zestad 1 CHPRIE™E B i nd
via is conductively coupled to the at |east one nenber of said second

pl ural i t y difecatieresinioZanaring éb alideed pdynhempeesthen G PPRhsaihipsin 97 adpesizely

i nterconnect sOQUCture of clam9, fud|ld COL111)IISI11~T
coupled to a metal foil 93. The resin coated metal 90 has all of the characteristics that was

discussed supra for the resin coated metal 80 of FIGS. 3 and 4, including a surface 94 of the
metal foil 93 that is rough in the same manner that the surface 84 of the metal foil 83 is rough.
The resin coated metal 90 of FIG. 5 will subsequently be transformed into the fourth dielectric
layer 48 of FIG. 1. —
Returning to FIG. 1, exposed surfaces of the first plurality of electrically conductive
members 40, second plurality of electrically conductive members 42, the first plated through hole

50, and the second plated through hole 52 aie preferably oxidized. The oxidization improves the

ability of the suifaces of the first plurality of electiically conductive members 40 and of the



. a first solder connection conductively coupled to the fast pl alae@ E]IUIRGQUUZ
Vi a; 0 8J UL 2D02 -36 a second sol der connection conductively coupl ed

to the second plated blind via; a first electronic device conductively
coupled by the first solder connection to the first plated blind via; ‘and a
second el ectroni c device conductivelegpupled by the second sol der

connect i GRcdrid PLivaliSyRR eldetrivhl Bl R dWtive thedibérs 43 lo subkquénidlytbond WitB BiRFesin 82 of

i nterconnect structure of cl'aim 10, wherein the first electronic device is

a semco [Wom ree| drel i j i 3
circuitize 'é%h%??é%@?a%gfﬁﬁ%éﬁhﬁPéﬁ?@gyggéﬁﬁ?ﬂggg@Sg é%§§%¥%ﬁ%ﬁﬁ¥%kof
claim 10,

ereingthe.mufti-lavered i.nterconnect  structure has,an aoveral
CTE that PR fist teaditbh ey B SdsproolipieS b PUPAEH B4 RN B R o ond
sol der connectjon,. and interconnection within the nufti-]ayer.ed
inter conm?gf‘m% YRechigpide to said-expagq SWF?%E&VQ?“@HW%%‘?}&%HWZ\X;“ igprefferedie of
claim 10, wherein the difference between an overall CTE of the
muf ti - | ay¥acedmibakethe sxwié-dayered infercennectstiuctared$ mat 8 tempesatyre preferahlp betweer ¢
devi ce i s between about 40% and about 60% of the difference between a CTE
of the sedmndl@l’€cindabowt 186V der atile bha 1€@ftEEbodt 60 heindtes, s regloee moBnire frd@vi ce.
~ 8 JUL 2p02 37 14. A nethod of nmaking a nufti-layered interconnect
struct ur egheGfmEiesi Ng the steps of: providing a thermally conductive | ayer
including first and second opposing surfaces; formng first and second

dielectric | ayp&ﬁhegre&ff{ee_dtehécﬁfc B4, STELRHrRR RRAIGBI(aBEY hésBRmenasRAct i vely,
of said thermally conductive layer; formng first and second pluralities of

el ectricall:¥.,coRdyct | | Jof. i 4 1 ers

osount osf eI o FRIRERE AR oS, SEGOPA, LRLEEI Ll e

first dielegtric layer; .formng a seco | ectrically condyctive |ayer

wt i - saPatie ke GpER  pTRe o Berm e BF el RSBy Baci-BRe

el ectrically conductive layer and said thernmally conductive | ayer, wherein

sai d secoFFé”’e‘loéE?@ﬂl%%{l9pyPné%‘?fd‘Gl?ﬁ’?f\?§ qf hrespeand fsrerisisdaygr $4 sngkonghqseaprd y of

shi el ded si gnal conductors;
plurality of electrically conductive members 42 with the metal foil 93 exposed, as shown in FIG.

6. The electronic configuration 8 of FIG. 6 includes the resin coated metal 80 of FIG. 3, the resin
coated metal 90 of FIG. 5, and a portion of the multi-layered interconnect structure 10 of FIG. 1.
Next, the electronic configuration 8 of FIG. 6 is pressurized in a range of about 1000 psi to about
2000 psi at an elevated temperature between about 180°C and about 210 °C for a time of at least
about 90 minutes. The pressurization and elevated temperatures causes the dielectric resins 82
and 92 to flow and become cured. The pressurization and elevated temperature adhesively
laminates: the dielectric resin 82 of the resin coated metal 80 to the sublayer 32 of the first
dielectric layer 28 and to the first plurality of electrically conductive members 40, and the
dielectiic 1esin 92 of the 1esin coated metal 90 to the sublayer 38 of the second dielectric layer 34

and to the second plurality of electrically conductive members 42. Additionally, the



formng a plated through hole through the nufti-Ilayered inter onnect
structure electrically connected to at |east one nenber of sabd t 2002

plurality of electrically conductive nenbers, to at |east one of sal d first
plurality of shielded signal conductors, and to at |east one nenber of said
second plurality of electrically conducti2é nmenbers; and forming a third

di el ect I i gredsASAtionand RieYatkd feﬁ{peﬁh@é efubdsitke dig@fic REH 82 lanmemem&m%mﬁ 94 d
first pl uraI ity of el ectrl cal 'y conductive nmenbers, said third dielectric

| ayer su \Y i I d
thir d die ec “tit%l@lalhgfﬂ(? 4m[}g°t§®£ﬂ falgrd ggﬁﬁxaﬁx{]{oﬂ%gs}r}%n?{b I{/gler Xﬁ’%ec% pllage;lder -
for -ovzd~ng.a ect |caI th fro st electr c device to tile

fi rst pl U q@;‘ogf‘%s ?1%@80%40@%&4 g nhﬁ%lf’ 3?3as showngin F?%H Alsphe 3815, The
met hod of claim 14, rein a coefficient of thernal expansi on (CTE) of the
t her mal | ypremaa@tqn«@mw@rfoﬂ 83 pudt the Bstabiod 3¢ aesfemeyRd/iy a giagnes kaewn faRnethi r ds
of an overall CTE of the nmulti layered interconnect structure. 16. The

met hod of orgingiryrskild in Ui @rtesuch ssbyeteing: Fldi bdapiaty FIG. 6 afjerthd ¢ledgties a resin
conprising an allylated pol yphenyl ene ether. 17. The nmethod of claim 16,
wher ei n t tenfiduepion Hao besngessurizad rad diteltiechethldoll o8B8e4nd ©8 tipvd tees renfved.i di ng a
sheet that includes a |ayer of the resin on a rough surface of a netal

foil; plapbi@windeheheRhrifitios dhdrefovtor tHe ettt tils 83 Ay 67, tl%?@m@iﬂ1n?@1éie3tﬂxé st
pl ural i ty of eléctrically conductive nenbers, wherein the net foil is

exposed; e @2'51'?1[# 529 WGt th?rdr&gléc'trx Q%"?ﬁ@ th FI@t £l g&) ﬂﬂ%&rﬁmﬁﬁléﬁﬁﬁe‘éfrﬁ r@%m 9 he

pressure, e evated tenperature, uration n cessary

resint 0 fG a7nls fhcqlfguﬁ}bgﬁ{e?’t 1&37% 45%19%1({" &3 I’Irl'lets rfz}%g Q??f tYl? di’é ccf’jl Iprﬁu% & 1s ! O said

ftrst dielectri'c Irst” plura

Curtace of R EIGRER T e ?%aﬁ%?éﬁm fitte? ?ﬁ@fﬁoﬁﬁﬁﬁﬁrﬂaﬂf%e of

the first netal foil. -, 18. The nethod of clam 17, wherein the netal foil
i ncl udes Obpisekiclectyc msin 96 Fygh.ond epraplgmantary (hids Ewe Raface b Atge e foil 93
i ncludes etching awa~~ the netal foil r ~ -~ ~ ~~L 2002

of FIG. 3. The roughness of the surface 97 of the dielectric resin 92 facilitates good adhesion of

subsequent copper plating on the dielectFic resin 92, as discussed infra in conjunction with step
_ 72. -

Step 72, denoted in FIG. 2 in relation to FIG. 1, includes forming first pluralities of
microvias 55 in the third dielectric layer 46, and second pluralities of microvias 54 in the fourth
dielectric layer 48, by a process of removing portions of the third dielectric layer 46 and the
fourth dielectric layer 48 to form first and second pluralities of openings and expesing at least
portions of selected ones of the first and second pluralities of electrically conductive membets
40 and 42, respectively. The openings form internal walls of the consequent first and second

pluralities of microvias 55 and 54, respectively The first and second pluialities of microvias 55

and 54 can be formed by a process of mechanical drilling, etching, or prefetably laser ablating the



, ~ _39_ 20. The method of claim17) further conprising oxidj & oJExPggRd
surfaces of the first plurality of electrically conductive nenbers, before
the step of placing the sheet. 21. The nethod of claim 17, wherein the
pressure i s between about 1000 psi and about 2000 psi) the tenperature is
between about 180C and about 210C) a@®-the time exceeds about 90 m nutes.

22. The nmtdad f@ﬁrtwhleleeﬁléﬁ yelsWolah@ U8, GoupBdtivelly NIF thefirdi 408 sécoRd plutdlitibd 6Md Vi a
in'the third diel ectrlc ayer wherein a the plated blind via is

oot ri carry BE AR o4 G by EATIE RTAsChd S %P‘f&ﬁ“*fﬁéﬂi'r' e
d el I d bl i nd
via 24, RGBT G R st R e e R EneRiaie bR iR R o e

fromthe group consisting, of a sem conductor chip and a circuitized

subst r at dhe Bser airlatingremplayingrany halerlepning Rfpesse hat if faowt wone Shedingsiskikin s t he
sem conductor ch~,.p, and wherein the step of coupling the sem conductor
chip to tth@mplsa@te@f Uyt pprdying aswellingiaent; treabips yith g patassiungs perglenghante paidizngnt o
the plated blind via; and reflowing the first solder paste to forma sol der
connect ~anatprid ppidyising aa asidcinsgitosomglete thadtaingnt o t he sol der connecUon; -
, 0 8 J UL 2002 -40positioning a contact nmenber of the sem conductor chip_
on the sol der TRNAemHh VMlls Il figt h@Vetigd phealgiecomticfirlad 85 afpss ge tien
conductivel y. coupl e the sem conductor chip to the plated blind via. 26. The

met hod of 516k @i ladhicduie LBRI, prPErRt) g, 1d t%ﬁm:&ﬂu&w%'i‘alylén‘é oﬁ'sﬁﬁ%faérﬁn"és' y

8
conductive layer wthin sal seco% @I électric layer: form ng a fourth

el ectri Caij klﬁm%%pquwta chonltdﬁé/u nect'tl&lls ?1% qhéﬁ ?r%gxg?ﬂ eclf%%ttmrg die ﬁé&c 18%946

posi ti oned rrcally condu

th | wh t

| ayer conbiEBudt gelEeis AL PaRee ST o ohi h&F’&Pé’éﬂ%sfF@‘ ilffal&?ﬁat%lﬁ%ﬁ%aﬂugnhve
formng a fourt h dielectric |ayer on said secon(g dielectric layer and on

porti ons TANABHIVG mawRksH 4Angdithn §xpYsesecope R IEE o glealgirpily copdnstivemebes sai d

fourth dielectric |layer substantially
42, respectively.  The plating of the internal walls may be accomplished by any method known

to one of ordinary skill in the art. With copper plating, for example, a seeding material (e.g., tin
palladium) may be applied to the surface 97 of the dielectric resin 92.to serve as a catalyst for
electrolessly plating a thin layer (e.g., 1 to 3 microns) of copper on the surface 97, followed
electroplating a thicker layer (e.g., 1 mil) of copper. The roughness of the surface 97 of the
dielectric resin 92 facilitates good adhesion the copper plating on the dielectric resin 92. Copper
is then selectively removed, such as by etching, from a portion of the surface 97, leaving the
remaining copper plating on the internal walls and also in the form of any desired copper pads
surrounding (and conductively coupled to) the copper plating on the internal walls of the fust and
second plutalities of microvias 55 and 54.

A solder paste 1s then applied to the plated first and second pluralities of miciovias 55



' overlying said plated through hole, wherein said fourth dielecyrfc y
i ncl udes a second high density interconnect |ayer for providi ngt&n‘-}m?’oaz

_electrical path froma second el ectronic device to the second plurality of
shi el ded signal conductors. 27. The nethod of claim 26, wherein said fourth
di el ect r| C I ayer includes a resin conpg.sing an allylated pol yphenyl ene

et her g?ﬁe@ﬂgelgft{xc ér@{eﬁ']e@ Zol?é{&@%tte @({ﬂaé,mw%e?t%%ldg Jsf@:rsm:lpz% aaeuﬁ%%h[: d

dlelectrlc Iay er conprise piovid rst

sheet that ncI des a first esm o first
05 oL ™ Bar En Brenalfof sl %ﬁeﬁ e e R R B
second | ayer of the resin gn_a rough surface of a second netal foil;

pl aci ng thiohp Metals Jreser Cisw Noby- dThe IPJ§E°VB‘F eéb-degether with thersuiiable mefakplatingrony st
plurality of electrically conductive nmenbers, wherein the first netal foil

i s exposetlie int¢raali wajlstofi thegnictvins §hanay b@rﬂcw¢dﬁ5§@¢a§¢@1mde/iaec&1ml@rl){,§seer and on
said second plurality of electrically conductive nenbers, wherein the
second memidrovigs 54, tegetepwik the spitabismetalzyilanimg bh eherintbinal \bﬂycﬂ‘rtmjnﬁclt‘dwﬁscﬂm nect
structure at a pressure, elevated tenperature) and for a tinme duration

necessarymﬁfmséB@dém(irhstacpmw@mdfvm the first layer of the resin to
adhesively lamnate to said first dielectric layer and to said first

plural ity of ehaghfe ?L: 780RENRdE packe (AR ARATE refBE [cPHorh B SAROARY hily "

the resin to a ami nat e t secon ectr ayer an

sai d secopd 1? iSJlll.rrahItlg%ll of sr%a%l cgo%tgéc't Jr)’an%%%‘d%é ﬁ’rﬁ aHE sefc% %%lurf- uestofng the

first met&l® rough sur | ayer of
resin that nentary to her surface of the first metal foil;
and rennv?lﬁﬁmf"ﬁg'rgég H&%&’Ffsf‘haf‘d‘t?é ?cﬁﬁel?in exposed rough surface of t he
second |l ayer of resin that is conplenentary to the rough surface of the
second metal f dVaxt thosempppndygtonchip Hris erlléprﬁvzla)corn}rqqqére rstrniektyeg:
oxi di zi ng exposed surfaces of the first plurality of electrically

conduct i val¢rewioess by Befnburelity hecontaspmembess Helersg Qdiselder badls), eibide ciramtdzed

oxi di zi ng exposed sui faces of the second plurality of electrically
CA | duCt | stitestrh® 12T 1ddrariG2tivelyfconpded toehesteemdalurgltaci migrdvies 54 &g dredesdndeet .

plurality of solder connections 20 (e.g., BGA solder balls). As stated supra, any electronic

- device (e.g., a semiconductor chip) may be conductively coupled to a microvia of the first
plurality of microvias 55, and any electronic device (e.g., a circuitized substrate) may be coupled
to a microvia of the second plurality of microvias 54. Also as stated supra, one microvia (or
plated blind via), in addition to the first plurality of microvias 55, in the third dielectric material
46 is within the scope of the present invention, and one microvia (or plated blind-wia), in addition
to the second plurality of microvias 54, 1n the fourth dielectric material 48 is within the scope of
the piesent invention

Referting to FIG. 1, a method of making the electronic package 10 comprises the

following steps. First a semiconductor chip 12 1s provided having a fust surface which includes



ntrnt 08 JUL 2002 -4230. The nethod of claim 28) wherein the pressure is
bet ween about 1000 psi and about 2000 psi, the tenperature |sﬂlﬂet,j@¢;n2892ut
180 C and about 210 C, and the tine exceeds about 90 minutes. 31. The

met hod of claim26) further conprising: formng a first plated blind via in
the third dielectric layer, wherein thg first plated blind via is

conducti vel upled to t er of first rality of
Gl ectr caf PYTBr B a0t v‘én%“?fssiiﬁs ﬁfrpé“f?ﬂv o e mGphil ranteoad polbior ot -
the fourth d| electric | ayer) wherein the second. pl ated b jnd viais .
conduct i véall 'cfmﬁsh%s)@éhtghéneé&sowéaﬁlgfbﬁé“ ?PZG‘PBé‘rdegf‘e%%ﬁacFOLdé&W&‘gﬁl elRgty of
electrically conductive nenbers. 32. The nethod of claim 31, further

conpri si nppintfadens shgub2 0 1St Proferably, thecpiuralty pheontashiembery &6 gorapsispd selldero t he
first plated blind via; form ng a second sol der connection conductively
coupl ed tballsh&egg a arulti-dyated dnt&rcomecnstiractured A dascliescvibed/abooe) it progided. f Thest

el ectronic device, by the first sol der connection, to the first plated
blind vi amunmy@xemﬂm&meémraamllerig:hﬁie§sﬁ@nplutah@cdfrs@lﬂmod@ecu@@ 47by fitde

second sol der connection, to the second plated blind via. Q ~ JUL 2002 |
_~3_ . 33pldiey Wlﬂ@cgn@roﬁﬁsaﬁﬂhagdmé‘@ﬁfs@la?er%@?effo‘w"e&Eol@érgﬁhé Mateon IEHL BRI S @
sem conduct or chi'p) and wherein second el éctronic devicé Iis a circultized B

substrate ?4 [ag L %@%
"t or conniitf Gt RhRteSle Tt PR thr%?%sv%ﬁ%d“ s EE By g
first sol der connecti_on, con ? nnecti on, ﬁgl nt en onnection
wi thin thg amﬁfquvgﬁéggﬂlqwﬁéw Gifovaes e iRt Bt SeonBl fatos 0165 e m
32, wherein the difference between an overall CTE of the mufti-}ayered -
'i nt er connBetinglomimelypalderpasta (peaferably evisetiq sokdst pasted cer bhirpliedin theplnalibetfneen
about 40% and about 60% of the difference between a CTE of the second
el ect r oni &ryedldereconmtivired 7GRE reffowadeantithessemédoaductas ship’ schonfactemembe@@ & AeL
2U02
each brought in contact with respective ones of the first plurality of solder connections 47 by
positioning respective ones of the contact members 16 of the semiconductor chip 12 against
respective ones of the first plurality of solder connections 47. This is done by positioning and
- aligning the semiconductor chip contact members 16 onto the reflowed solder paste. The
reflowed solder paste may be shaped or contoured so as to accommodate the geometrical shape
of contact members 16. For example, the reflowed solder paste may be shaped to have a flat top
surface so as to accommodate contact members 16 having a spherical shape. The+eflowed solder
paste is then reflowed again and molten solder covers the exposed area of the plurality of
microvias 55 and partially wicks up the external walls of contact members 16 of the
semiconductor chip 12. Upon cooling, the molten solder solidifies and forms an electiical

connection 47 between the semiconductor chip 12 and the multi-layered mterconnect structure

18. The fact that the semiconductor contact membeis 16, have a higher meltung point than the



-44 36. A nulti-layered interconnect structure, conprising. a ﬁg&glﬂjl
that includes an organic dielectric material; first and second

conductive menbers, respectively positioned on a first and second surface
of the substrate; a plated through hole through the nmulti-I|ayered

i nt erconnect structure conductively cgy Ied to the first and second

el ectricallyy conductive nbers |l ectric |la 05|t|oned on the
first Su[s?lggrepa&ae Ig sé’h%giﬁ’eéls@“%gaso‘ﬁel@ tB 8?"“??}5}@1 Enteectrical Iy
conductive penber, wherein the first dlelectrlc | ayer substantially

over | i es SERISOpfustAEhimieangheanls-layemd injrprient SFH%‘“% 185 Thisiaides in refucingy er
includes a first high density interconnect |ayer for providing an

el ect ri caglortipmt df the ssraimebetweantthedesdcandndter cliipvi2wd the neulti-laysted pitencerriecty of
shi el ded signal conductors |ocated within the substrate; and a second

di el ect riseuttayeers mmgtopm&@h&nhaﬁmk@econd surface of the substrate and on a
portion of the second electrically conductive nenber, wherein the second

di el ectric |aygf ofdilshid gaékagé M SMEE {n{e&m Bk @neR o8I o lﬁ'@llr&mtxz%ad
wherein the second dielectric |ayer includes a second high density

| L er ConGgk, kYT Ay NP ol FLETT bERle TR BAEONICE RERRBIen,

electron|c econ con
| ocated within the ered in ercon@ect i ctureé
2

R S e 1 CaPtng?mB‘i‘S&Eé’E?‘?PP%’ o 2RI e SPPRE Ty 1 o1 g

an allyl ated pol yphenyl ene ether, and wherein the second dlelectrlc | ayer
i ncl udes qaﬁé)c,cggtpfﬁwugglaypﬁgf seldlet PasFea(F%trsgﬂ”‘Snffé? fespnkrinraligofigeldste of claim

36, wherein the substrate includes a thermally conductive | ayer- positioned
about equicaneations RY (e.g.ospldenballsior seldeygplnge® of iy mwé-layersd irjersonmkeicrugpre he
substrate. .Aa .A'F .A2. A A.AVIR. Ale.AaR A .As .A?. AAGN /A" _AA3 . A
.As. A AA 186${5y31aé\5¢in/tjontaé: willethA%older, pasis biP thABont At pdx{sYO,’i Af thcAi&cuiwzedA@strate

?. An3. AUY. A3. . A AF{. A33. A9. A3. Af 3% AHRSTWJRt CDS] ! >

~yt oj e [ Vi@a]|Ti#]sohiee pdseadndatad safi@abmrliumk clak cet]lovali aad cajladbamhgahc™al caj

cal] ca] ca] cMa] ca] c<a] cTa] ca] ca] c&aU] c&aU] ca!
electrical connection between the multi-layered interconnect structure 18 and the circuitized
substrate 100. The sequence of assembly of the semiconductor chip 12 to the multi-layered

- interconnect structure 18, followed by assembly of the multi-layered interconnect structure 18 to
the circuitized substrate 100, can easily be modified. For example, the multi-layered interconnect
structure 18 can be assembled to the circuitized substrate 100, followed by assembly of the
semiconductor chip 12 to the multi-layered interconnect structure 18. -
The electronic package 10 described herein provides signal and power distfibution

characteristics which complement high performance electrical demands of future semiconductor
chips and is particularly suited for interconnecting high /O (gieater than 400 I/O)

semiconductors. A low impedance power distribution 1s achieved using the solid coppet powel

planes and high density plated thiough holes under the semiconductor chip which allow multiple
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additionally include at least one second solder connection 20.

While the electronic package 10 described herein includes a plurality of contact members
16, it is within the scope of the present invention for the electronic package 10 to additionally
include at least one contact member 16.

While the electronic package 10 described herein includes a plurality of contact pads 103,
it is within the scope of the present invention for the electronic package 10 to additionally
include at least one contact pad 103.

While the electronic package 10 described herein includes a plurality of conductive

- bonding pads 56, it is within the scope of the present invention for the electronic package 10 to
additionally include at least one conductive bonding pad 56.

While the electronijc package 10 described herein includes a plurality of through holes 30
and 52, it is within the scope of the present invention for the electronic package 10 to
additionally include at least one through hole 50 or 52. -

While there have been shown and described what are at present considered the preferre 2
embodiments of this invention, it will be obvious to those skilled in the art that various change:
and modifications can be made therein without departing from the scope of the invention as

defined by the appended claims
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surfaces, respectively, of the thermally conductive layer;

first and second pluralities of electrically conductive members positioned on s~aid first and
second dielectric layers, respectively;

a first electrically conductive layer within said first dielectric layer;

a second electrically conductive layer within said first dielectric layer and 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;

a plated through hole through the multi-layered interconnect structure electrically
connected to at least one 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 member of said
second plurality of electrically conductive members; and -

a thiid dielectric layer positioned on said first dielectric layer and on portions of said fust
plurality of electrically conductive members, said third dielectric layer substantially overlying
said plated through hole, and wherein said third dielectric layer includes a {irst high density

interconnect layet for providing an electrical path from a fust electronic device to the first
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4. The multi-layered interconnect structure of claim 1, further comprising a plated blind via in the
third dielectric layer, wherein the plated blind via is conductively coupled to the at least one

member of said first plurality of electrically conductive members.

_ 5. The multi-layered interconnect structure of claim 4, further comprising a first electronic device

conductively coupled to the plated blind via.

6. The multi-layered interconnect structure of claim 5, wherein the first electronic device 1s

selected from the group consisting of a semiconductor chip and a circuitized substrate.

7. The multi-layered interconnect structure of claim I, further comprising:
a third elecliically conductive layer within said second dielectric layer;

a fourth electrically conductive layet within said second dielectiic layer and positioned
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second plurality of shielded signal conductors.

8. The multi-layered interconnect structure of claim 7, wherein said fourth dielectric layer

includes a resin comprising an allylated polyphenylene ether.

9. The multi-layered interconnect structure of claim 7, further comprising:

- a first plated blind via in the third dielectric layer, wherein the first plated blind via is
conductively coupled to the at least one member of said first plurality of electrically conductive
members; and

a second plated blind via in the fourth dielectric layer, wherein the second plated blind via
1s conductively coupled to the at least one member of said second plurality of electrically

conductive members.

10. The multi-layered interconnect sttucture of claim 9, further compusing:

a first solder connection conductively coupled to the furst plated bhind via;
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11. The multi-layered interconnect structure of claim 10, wherein the first electronic device is a
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semiconductor chip, and wherein second electronic device is the circuitized substrate.

12. The multi-layered interconnect structure of claim 10, wherein the multi-layered interconnect
structure has an overall CTE that will not cause failure of: the first solder connection, the second

solder connection, and interconnection within the multi-layered interconnect structure.

- 13. The multi-layered interconnect structure of claim 10, wherein the difference between an
overall CTE of the multi-layered interconnect structure and a CTE of the first electronic device is
between about 40% and about 60% of the difference between a CTE of the second electronic

device and the CTE of the first electronic device. -
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10! second dielectric layers, respectively;
forming a first electrically conductive layer within said first dielectric layer;
forming a second electrically conductive layer within said first dielectric layer and
positioned between said first electrically conductive layer and said thermally conduct{vc layer,
wherein said second electrically conductive layer comprises a first plurality of shielded signal
conductors;
forming a plated through hole through the multi-layered interconnect structure electrically
connected to at least one 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 member of said
second plurality of electrically conductive members; and
forming a third dielectric layer on said first dielectric layer and on portions of said first
plurality of electrically conductive members, said third dielectric layer substantially overlying
said plated through hole, and wherein said third dielectric layer includes a first higirdensity

interconnect layer for providing an electrical path from a first electronic device to the first

plurality of shielded signal conductors
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17. The method of claim 16, wherein the step of forming a third dielectric layer comprises:
providing a sheet that includes a layer of the resin on a rough surface of a metal foil;
placing the sheet on said first dielectric layer and on said first plurality of :electrically
conductive members, wherein the metal foil is exposed;
pressurizing the multi-layered interconnect structure at a pressure, elevated temperature,
and for a time duration necessary for the resin to cure and for the layer of the resin to adhesively
laminate to said first dielectric layer and to said first plurality of electrically conductive members;
and
removing the metal foil, leaving an exposed rough surface of the layer of resin that is

complementary to the rough surface of the first metal foil.
18. The method of claim 17, wherein the metal foil includes copper.

19 The method of claim 17, whetein the removing step includes etching away the metal foil.
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22. The method of claim 14, further comprising forming a plated blind via in the third dielectric
layer, wherein a the plated blind via is conductively coupled to the at least one member of said

first plurality of electrically conductive members.

23. The method of claim 22, further comprising conductively coupling an electronic device to the
plated blind via.
24. The method of claim 23, wherein the electronic device is selected from the group consisting
of a semiconductor chip and a circuitized substrate.
25. The method of claim 23, wherein the electronic device is the semiconductor chyp, and
wherein the step of coupling the semiconductor chip to the plated blind via includes:
applying a first solder paste onto the plated blind via; and
" reflowing the first solder paste to form a solder connection;

applying a second solder paste onlo the solder connection;
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26. The method of claim 14, further comprising:

forming a third electrically conductive layer within said second dielectric layer;

forming a fourth electrically conductive layer within said second dielectric layer and o
positioned between said third electrically conductive layer and said thermally conductive layer,
wherein said fourth electrically conductive layer comprises a second plurality of shielded signal
conductors; and

forming a fourth dielectric layer on said second dielectric layer and on portions of said
second plurality of electrically conductive members, said fourth dielectric layer substantially
overlying said plated through hole, wherein said fourth dielectric layer includes a second high
density interconnect layer for providing an electrical path from a second electronic device to the

second plurality of shielded signal conductors.

27. The method of claim 26, wherein said fourth dielectric layer includes a resin comprising an

allylated polyphenylene ether

28. The method of claim 27, wheiein the steps of forming a third dielectric layer and a tourth

dielectiic layer comprise-

providing a first sheet that includes a first layet of the 1esin on a rough surface ot a first
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conductive members, wherein the first metal foil is exposed;

placing the second sheet on said second dielectric layer and on said second plurality of

electrically conductive members, wherein the second metal foil is exposed;

pressurizing the multi-layered interconnect structure at a pressure, elevated temperature,

and for a time duration necessary for the resin to cure, for the first layer of the resin to adhesively

laminate to said first dielectric layer and to said first plurality of electrically conductive members,

and for the second layer of the resin to adhesively laminate to said second dielectric layer and to

said second plurality of electrically conductive members;

removing the first metal foil, leaving an exposed rough surface of the first layer of resin

that is complementary to the rough surface of the first metal foil; and

removing the second metal foil, leaving an exposed rough surface of the second layer of

resin that is complementary to the rough surface of the second metal foil.

29. The method of claim 28, further comprising: -

before

oxidizing exposed surfaces of the first plurality of electrically conductive membeis,
the step of placing the first sheet; and

oxidizing exposed suifaces of the second plurality of electrically conductive members.

before the step of placing the second sheet.
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1. The method of claim 26, further comprising:
forming a first plated blind via in the third dielectric layer, wherein the first plated blind
via is conductively coupled to the at least one member of said first plurality of electrically
conductive members; and
forming a second plated blind via in the fourth dielectric layer, wherein the second plated

blind via is conductively coupled to the at lIeast one member of said second plurality of

electrically conductive members.

32. The method of claim 31, further comprising:
forming a first solder connection conductively coupled to the first plated blind via;
forming a second solder connection conductively coupled to the second plated blind via;
conductively coupling a first electronic device, by the first solder connectign, to the first

plated blind via; and

=

conductively coupling a second electronic device, by the second solder connection, to the

second plated blind via.
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35. The method of claim 32, wherein the difference between an overall CTE of the multi-layered
interconnect structure and a CTE of the first electronic device is between about 40% and about
60% of the difference between a CTE of the second electronic device and the Cﬁi of the first

electronic device.
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of the first electrically conductive member, wherein the first dielectric layer substantially overlies
the plated through hole, and wherein the first dielectric layer includes a first high density
interconnect layer for providing an electrical path from a first electronic device 1o a first plurality
of shielded signal conductors located within the substrate; and
a second dielectric layer positioned on the second surface of the substrate and on a

portion of the second electrically conductive member, wherein the second dielectric layer
substantially overlies the plated through hole, and wherein the second dielectric layer includes
a second high density interconnect layer for providing an electrical path from a second
electronic device to a second plurality of shielded signal conductors located within the

substrate.

37. The multi-layered interconnect structure of claim 36, wherein the first dielectric layer
includes a resin comprising an allylated polyphenylene ether, and wherein the second dielectric
layer includes the resin.

38. The multi-layered interconnect structure of claim 36, wherein the substrate includes a
thermally conductive layer positioned about equidistantly from the first surface and the second
surface of the substrate.



