WD 02/ 21595 PCT/ US01/ 26949 | NTEGRATED CORE M CRCELECTRONI C PACKAGE
BACKGROUND OF THE I NVENTION Field of the Invention: The present invention
rel at es twoOapp#pat us and processes for packagi ng m croel PCT/USHIIM ce. | n
particular, the present invention relates to a packaging technol ogy that
encapsul ates a mcroelectronic die within a mcroelectronic package core.
State of the Art: WWIRGRAFEDICOREMECROBMECTRONIC PACKeYGEd m ni aturi zati on
of integrated circuit conponents, and greater packagi ng density of
integrated circuits are @NULGROYDE) OF GHE INVENITOM er i ndustry. As these
goal s are achieved, mcroelectronic dice becone smaller. O course, the
goal of great eFiepbufiisdinnatice NBictpresemguventsn telatds td fppara@ntand proodssasded ect r oni ¢
di e package be equal to or only slightly larger (about 10%to 30% than

t he size ofpatiaginginticroele@infcalivec Iilpatidulapthé prefane mvention agdtectornoni ¢ di e
packaging is called a "chip scale packaging"” or "CSP'. As shown in FIG

20, true CoRokapinglecBfolb@hthateadapiidatéyd hidrdéectraniedis withieChicyoe®Birétlc active
surface 204 of a mcroelectronic die 202. The build-up | ayers nmay include a
di el ectri c phersgs c#@6 di sposed on the active surface 204. Conductive traces
208 may be formed on the dielectric |ayer. 206, wherein a portion of each

conductive trag@iealdthe ASNRREDAbrnRES ot €0k ANI&EEd Ab@FafififoraCt i ve,
surface 204. External contacts, such as solder balls or conductive pins

flor _cont ach iy Bt iolithisCRRAER a&agh%aé}@waﬁn Yred BEcfi@RR Cated 1o
electrically Tontact at [east one conductrTve trace 208. FIG 20 illustrates
th t I ' . | d
R Y b A T e R e S

the sur facGQea Rl el e L E4IFLEG LA BlSiPRLLNS hliloce 204

general |y does not provide enou

entire microelectronic die package be equal to or only slightly larger (about 10% to
30%) than the size of the microelectronic die itself. Such microelectronic die packaging
is called a “chip scale packaging” or “CSP”.

As shown in FIG. 20, true CSP involves fabricating build-up layers directly on an
active surface 204 of a microelectronic die 202. The build-up layers may include a
dielectric layer 206 disposed on the active surface 204. Conductive traces 208 may be
formed on the dielectric layer 206, wherein a portion of each conductive trace 208
contacts at least one contact 212 on the active surface 204. External contacts, such as
solder balls or conductive pins for contact with an external component (not shown), may
be fabricated to electrically contact at least one conductive trace 208. FIG. 20 illustrates
the external contacts as solder balls 214 which are surrounded by a solder mask material
216 on the dielectric layer 206. However in such true CSP, the surface area provided by

the microelectronic die active surface 204 generally does not provide enough surface for



WO 02/ 21595 PCT/ US01/ 26949 all of the external contacts needed to contact
t he external conponent (not shown) for certain types of mcroel ectronic
dice (e. wootaypx). Additional surface area can be provi dedruselrep4se use of
an interposer, such as a substrate (substantially rigid material) or a

fl ex component (substantially flexible 5 material). FIG 21 illustrates a
substrat e iaHoéthgssermaboomtagiswpetgd to pntepiobs ederndsompelicat oushowm)ifathed t o and
in electrical contact with a first surface 226 of the substrate interposer
222 t hr ouglertaimiyipesof nigroelsetkdng: didGe.gTheigmal | sol der balls 228 extend

bet ween contacts 232 on the mcroelectronic die 224 and conductive traces
234 on the subitditom] surfage mosem befpravided swithftheese 226 inBhwsapndietd ve traces
234 are in discrete electrical contact with bond 10 pads 236 on a second
surface 238ulsstratelfibstainélly aigel maréreal)po adiex 2aRpdnentasudtantiadly fl24iBlet hat  ext end

t hrough the substrate interposer 222. External contacts 244 are formed on
the bond paasiad3FIGsamstas §elbdedte hadrpsir 222haviax b aiidciadletont dt224244 are
utilized to achieve electrical comunication between the m croel ectronic
di e 224 andtahe€td Rdatle@ties tort@alvith § Yisdt S0 026 siBVubstraldinttii@sdtse of the
substrate interposer 222 requires nunber of processing steps, which

i ncreases bheupQsh siiall kHi8eibRBKABE ThésHl iokaballk 228 BRertbRtdench@adtsral |

sol der balls 228 ~ presents crowdi ng problens which can result in shorting

bet veen thess aﬁltﬂe lﬁeﬂo@@&u&a@d di$224%48 cBREcGRNRELBABh til subdtfatd] it @Bsdr N
inserting underfill material between the mcroelectronic die 224 and the

substrate g §ﬁ1@%§ 9!26 2P éoﬂd@h?é’t?&%s SN2 d’é&?ét@éle&"t%l Lo PwhiNGdfas e

nechanlcal reI| iITty. Furthernore, necessity of having two sets of sol der

bal | S1 ds ﬁg%lnla Epdng%ﬁrfé%@b%Ssoi%g@s@Bgaéﬁeﬁ 3&'22%%@:%% s%ﬂ'ﬁ}lﬂ af © achi eve

connec |on etme croelectronic ern el ectrica

system dec re}ed:a rslc? ﬁlroug% tl(ljevs% s"%rale 1nt@1%0£e? hop %&erﬁgl c%ﬁgctﬁfﬁraqg %o%%&{ 8{1&18 die

package.

bond pads 236 (shown as solder balls). The external contacts 244 are utilized to achieve
.electrical communication between the microelectronic die 224 and an external electrical
system (not shown).

15 The use of the substrate interposer 222 requires number of processing steps, which
increases the cost of the package. Additionally, the use of the small solder balls 228
presents crowding problems which can result in shorting between the small solder balls
228 and can present difficulties in inserting underfill material between the
microelectronic die 224 and the substrate interposer 222 to prevent contamination and to

20 increase mechanical reliability. Furthermore, necessity of having two sets of solder balls
(i.e., small solder balls 228 and external contacts 244) to achieve connection between the
microelectronic die 224 and the external electrical system decreases the overall

performance of the microelectronic die package.



2 WD 02/ 21595 PCT/ US01/ 26949 Therefore, it woul d be advantageous to

devel op, new apparatus and techni ques to provide additional surface area to
formtraocegot/orsouuse in CSP applications and elimnate theCheEsesxspidy of the
substrate interposer. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS Wil e t he
specification concludes wth clains particularly pointing out and

di stinctly cl athirefgre Farouldbestdvintageeusde devaloasiewhppaatesandttechnigessttd on, t he
advantages of this invention can be nore readily ascertained fromthe

fol | owi ng dewvidd gdtitionalsirfadeareaitmioamttiaces fovse i €@3Rjariptications amdetimamaten t h t he
acconpanying drawings in which: 10 FIG 1 is an oblique view of a

m cr oel ect rimmecessity kfitye substras inkarpaserdi ng to the present invention; FIG 2
is atop plan via of a mcroel ectroni c package core having exanpl es of
alternate m croel ectroni c package core openings, according to the present
invention; FIG 3 is a side cross-sectional view of a mcroelectronic
packagé core abutted to BRIEY IpESGRIPTIONOFITHA DRAMINGNG to the present
invention; FIG 4 is a side cross-sectional view of mcroelectronic dice

di sposed wi t hi While B Hpb@catibn tdiRludesowiged] gk hamiceladaskaaR wmps, Which al so
abut the protective film according to the present invention; FIG 5 1is a

si de cr oss-dxgiaéthyad@ining @y vifict ib Ro@fs@athy/ predenfintntién, ahd ffvaRieabswlsat i on,
20 according to the present invention; FIG 6 is a side cross-sectional

vi ew of t hgnRag&dhbe R RAJIY £ELRIGE FHARMC bR R dWRiFibnadrenet hi cker than
the m croel ectroni c package core after encapsul ation, according to the

present i N@RIi@ When read in conjunction with the accompanying drawings in which:

10 FIG. 1 is an oblique view of a microelectronic package core, according to the
present invention;

FIG. 2 is a top plan via of a microelectronic package core having examples of
alternate microelectronic package core openings, according to the present invention;

FIG. 3 is a side cross-sectional view of a microelectronic package core abutted to a

15 protective film, according to the present invention;

FIG. 4 is a side cross-sectional view of microelectronic dice disposed within
openings of the microelectronic package core, which also abut the protective film,
according to the present invention;

FIG. 5 is a side cross-sectional view of the assembly of FIG. 4 after encapsulation,

20 according to the present invention;

FIG. 6 is a side cross-sectional view of the assembly having microelectronic dice

which are thicker than the microelectronic package core after encapsulation, according

to the present invention;



3 WO 02/ 21595 PCT/ USO1/26949 FIG 7 is a side cross-sectional view of the
assenbly of FIG 5 after the protective filmhas been renoved, according to
t he presavoomention; FIG 8 is a side cross-sectional vPEWUSH/ZmMI
alternate m croel ectronic package core wthin a mcroel ectronic assenbly,
according to the present invention; 5 FIGs. 9-17 are side cross-sectional
views of a proFKsd ipp sideeivshegctinnel view pf tha pesemblyof FEG. fiafientk ewtectvd ¢ di e,
encapsul ation nmaterial, and a m croel ectroni c package core, according to

t he presentfilindgeheangemovedGccarging ¢o the piegnt byvognsect i onal vi ew of the
assenbly of FIG 7 having build-up |ayers and solder balls positioned

t her eon, accor BIGd@ it e sidheropr-sestiami] view ehan aternakOnibtoelectidhid mackags icoe
cross-sectional view of a singul ated device, according to the present

i nvent i on; vAth@ a Rlcrodedrooicassmblycidcandalg to thewraéntanvientite; CSP of a

m croel ectronic device, as known in the art; and FIG 21 is a

Cross- §ect i onaFIGs. 87 afe sideCEids-edctianaiiviews ef & plocesn bEfottemp ORildiip layatng a 15
substrate interposer, as known in the art. DETAI LED DESCRI PTI ON OF THE

| LLUSTRATEldn RvsckeMERhic dibldhodpgilationGrateril, b9d b ittsdEdioic packagdiord,i ews of the
present invention, these figures are not neant to portray mcroel ectronic

assenbl i es acsbr@nLed the ptdndinventi3at her, these 20 figures illustrate
m croel ectronic assengl ies in a manner to nore clearly convey the concepts

of the presentfpjqvgn 4 Qhe crOtbdtiopRakidwof 16 %ﬁ%l?ofﬂ@ﬁﬂa@ﬁé%ﬁmpt he figures
retain the same nuneric designation. The present iInvention iIncludes a

packagi ng tl@ﬁ:ﬂ;rhﬂh QEMer tadt p&kt%ﬁ&ﬁtl’l%oﬂ, %@c%}diﬁ)é‘ﬁ the present invention;
10 FIG. 19 is a side cross-sectional view of a singulated device, according to the
present invention;
FIG. 20 is a cross-sectional view of a true CSP of a microelectronic “device, as
known in the art; and
FIG. 21 is a cross-sectional view of a CSP of a microelectronic device utilizing a

15 substrate interposer, as known in the art.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
Although FIGs. 1-19 illustrate various views of the present invention, these figures
are not meant to portray microelectronic assemblies in precise detail. Rather, these
20 figures illustrate microelectronic assemblies in a manner to more clearly convey the
concepts of the present invention. Additionally, elements common between the figures
retain the same numeric designation.
The present invention includes a packaging technology that places at least one

microelectronic dice within at least one opening in a microelectronic package core and



m croel ectronic dice within at | east one opening in a mcroelectronic
package core and 4 WO 02/21595 PCT/ US01/ 26949 secures the mcroelectronic
di e/ di ce wdDh21593 he openi ng(s) with an encapsul ati on nat ePCEUSO1RSP49d- up

| ayers of dielectric materials and conductive traces are then fabricated
on the mcroelectronic die, the encapsulant material, and the

m cr oel ect rseeires thpymickeripstrewe dietdicefvgihin te apaningés) adthraomiaappdatioage. 5 The
techni cal advantage of this invention is that the present invention enabl es
t he mi cr oehaterial.oRuidd-wakkesef digedic aietials axdaonductinetravesaredienct r oni ¢ di e.
This provides sufficient surface area to position external contacts, while
el i m nat i ndaliriveted ee thefroicroalectsunlixsdic, dlteeencaptselnosaerial, asd the sdusslecdroakove. The
elimnation of the substrate interposer increases the performnce of the

m cr oel ect rpackage pare kafpem byniabelostvaicipagkageie set of 10 sol der connecti ons.
Furthernore, the elimnation of the substrate interposer increases power
del i vesy per f oThaselthiday advahtagy Tahit iR eionGaihbiitie Wedeli iivdnkien Biable@@leect r oni c
die closer to power delivery conponents (such as decoupling capacitors and
the |ike) ahictdaRctr@nd Sickade t€bEBiE hioahd HY Fli@BRIERMBIdE Thiveréigdsoel ect roni ¢
package is attached. FIG 1 illustrates a mcroel ectronic package core 102

used to fahuifeahesdiaddard ©HaliGLi@m CoRAiK 3Ufe clFhBatilgthORlcg¢drz0ni ¢ package
core 102 preferably conprises a substantially planar material. The

materi al usgektbR hebd ak QistidSed ool etRelim@ation m%warat&m{e?poéw may
include, but is not limted to, a Bisnmaleimde Triazine ("BT") resin based

material, ap.ER4 tH?[;&fdrﬁhnc@%ffh'e%l@roél@ft%gi a%agée @fgﬁgﬂag% gﬁ{@tse%' al), various

polyim de nateria ceram c material, nmetallic
e g OISR B AR S AR R Ao
surface 10%0%fer cﬁerlli%err}];i p(e\’rl’fgr%laggetgy%?f-n(g:ing ?l?ekc%%telitr? %it%in]tgtez m‘ic?oe?e%tronic die
closer to power delivery components (such as decoupling capacitors and the like) of the
external electrical system to which the microelectronic package is attached.
FIG. 1 illustrates a microelectronic package core 102 used to fabricate a
15 microelectronic package. The microelectronic package core 102 preferably comprises a
subétantially planar material. The material used to fabricate the microelectronic package
core 102 may include, but is not limited to, a Bismaleimide Triazine (“BT”) resin based
material, an FR4 material (a flame retarding glass/epoxy material), various polyimide
materials, ceramic material, and the like, and metallic materials (such as copper) and the
20 like. The microelectronic package core 102 has at least one opening 104 extending
therethrough from a first surface 106 of the microelectronic package core 102 to an
opposing second surface 108 of the microelectronic package core 102. As shown in

FIG. 2, the opening(s) 104 may be of any shape and size including, but not limited to,

rectangular/square 104a, rectangular/square with rounded corners 104b, and circular



opposi ng second surface 108 of the mcroel ectronic package core 102. As
showmn in FIG 2, the opening(s) 104 nay be of any shape and size

i ncl udi ngyobae1sedt limted to, rectangul ar/square 104a, peTwasigsber / square
wi th rounded corners 104b, and circular 5 WD 02/21595 PCT/ USO01/ 26949
104c. The only limtation on the size and shape of the opening(s) 104 is

t hat they r?de. Bee enhplimisatioatonlthe sideaad shane okthepredingts) hostis ¢hai thep musts pondi ng
m croel ectronic die therein, as will be discussed below. FIG 3

i || ustr at esetahpropiiatelp eizedandohied palkagecomsmnfling sticreeledtmoie didBeminut ti ng a
5 protective film 112. The protective film112 is preferably a

subst ant i aldsyill beslisbiseed belatver i al , such as Kapton(r) polyinmde film(E |
du Pont de Nernours and Conpany, W] m ngton, Del aware), but may be nade of
any appropri at EFlGratitustates themeibroeliectepnicpatiadgt care firdt sl facE1 @5 abdittinglaust r at es

m croel ectronic dice 114, each having an active surface 116 and a back

surfacé 11&rotpétive &dlinilm2.COd @Rspavdifihg 10D BpirdTe1ablY Q4utsktantidl®y fl&ivi cr oel ectroni ¢
package core 102. In a preferred enbodinment (illustrated), the thickness

117 of the HieHNLEFiIPRCPBLKAEE HER e 1R AN Ndfotk ik ant 15 of the
m croel ectronic dice 114 aré substantially equal. The m croel ectronic dice

114 are ea%ilpﬁr}]lgﬁgﬁe@ﬁ%%“091315@{%%5016{%?%‘ﬁ%’%{%ﬂﬁéﬁﬁﬁ&r%ﬁ“% t he

protective fi e protective ave an adlftesi ve, such as

silicone, \éméat%lgc ph}ésa‘r:nﬁé&f gtgﬁ;es% & mc%ega%lr&ﬁé {1&?95& %&ﬁ@%@%g&%fsfi rst

surface 10 ronic die active surface
oSt vl 8RR 6 PG R BRI iR oot ontc oo
oAU PTG, 3Rkl RRSBRDN P B R B8 Wik 112 oy
tetrafluorogh iyl ene)  Sherbaie parkazs e 11 hratnd Bicksd Hofdle
microelectronic dice 114 are substantially equal. The microelectronic dice 114 are each
placed such that their active surfaces 116 abut the protective film 112. The protective
film 112 may have an adhesive, such as silicone, which attaches to the microelectronic
15 package core first surface 106 and the microelectronic die active surface 116. This
adhesive-type film may be applied prior to placing the microelectronic die 114 and
microelectronic package core 102 in a mold or other piece of equipment used for the
encapsulation process. The protective film 112 may also be a non-adhesive film, such as
a ETFE (ethylene - tetrafluoroethylene) or Teflon® film, which is held on the
20 microelectronic die active surface 116 and the microelectronic package core first surface
106 by an inner surface of the mold or other piece of equipment during the encapsulation
process.

The microelectronic die 114 is then encapsulated with an encapsulation material

122, such as plastics, resins, epoxies, and the like. As shown in FIG. 5, the



20 mcroelectronic die active surface 116 and the m croel ectroni c package
core first surface 106 by an inner surface of the nold or other piece of
equi pnrentwaoz/21sgs t he encapsul ati on process. The m croel eBCT/ORIIR260H%e 114 s
then encapsul ated with an encapsul ation material 122, such as plastics,
resins, epoxies, and the like. As showmn in FIG 5, the 6 WO 02/ 21595

PCT/ US01/ 269aapsulatinnapaieriad is disposrstie poraibns of thei appuingls) 104 nobedcipiedsbothe t he

openi ng(s) 104 not occupied by the mcroelectronic die 114. In FIG 6, an
al t er nat e enisudlenteantic dis 15h dwk1Gihe re hiterpdieembridona issbowowheretitee t hi ckness
115 is greater than the m croel ectroni c package core thickness 117. Thus,

t he encapsuhiataelrironid die ilddknes\éd & drénter thaatimahienkleominic pakigrgerecore 5 second
surface 108 and portions of the opening(s) 104 not occupied by the

m croel ect ribickieesd] . Thds, tiesensdpouiation mdiiGal cévers themensdgeguhiapadkigeadord he

m croel ectronic die 114 may be achi eved by any known process, including

but nots |i nsetaad siuGack 116 afdegoritond of HERpESR(HNOMBIdeapieddydhgli spensi ng.  The
encapsul ation material 122 secures the mcroelectronic die 114 within the

10 m croel afilcfRRtEoNEK ADE a€ SHoSnRRI@®I provi des mechanical rigidity for
the resulting structure and provides surface area for the subsequent

bui | d-up of trag€edcaylation bf themiROIRREME lei 199 maly BE afi QBB b¥yBkdolhm 112 i's
renoved, as shown in FIG 7, to "expose the microelectronic ‘die active

surface 116,48, ﬁllcﬁlgin% havibt 'llfhlltai % trafisfef 448 coﬁ?&?s@ﬁﬂh@imn%ﬁng%gsgéﬂsﬁ}g. 122 is

preferably nolded to be a filler for the space between

ri cr oel ect ARl G RARKAAS AR 1 L8l SHE FRGSILABNRRR (105 Mgl ect roni c die

is results in at [east one surface 124 that is
fnu? f E)Zl:@;izflrr{é%{ogiegtgo?{i(c a%agkz%gg r%gfemog é?férﬁﬁ?%s?@écﬁan%a? rigﬁ%tgl ¥t t eurrezgu?t?n% 116 and the
structure and provides surface area for the subsequent build-up of trace layers.
After encapsulation, the protective film 112 is removed, as shown in FIG. 7, to
expose the microelectronic die active surface 116. As also shown in FIG. 7, the
encapsulation material 122 is preferably molded to be a filler for the space between the
15 microelectronic package core first surface 106 and the microelectronic die active surface
116. This results in at least one surface 124 that is substantially planar to the
microelectronic die active surface 116 and the microelectronic package core first surface
106. The encapsulation material surface 124 may be utilized in further fabrication steps,
along with the microelectronic package core first surface 106, as additional surface area
20 for the formation of build-up layers, such as dielectric material layers and conductive
traces.
As shown in FIG. 8, the microelectronic package core 102 may include a plurality

of vias 126 extending therethrough and/or a plurality of undercuts or channels 128 in

microelectronic package core first surface 106. The embodiment shown in FIG. 8 shows



106. The encapsul ation material surface 124 may be utilized in further
fabrication steps, along with the m croel ectronic package core first
surface M@ p2/2a590ddi ti onal surface area 20 for the fornatPoWUsi/Iseddl d- up

| ayers, such as dielectric material |ayers and conductive traces. As shown
in FIG 8, the mcroel ectronic package core 102 may include a plurality of
vias 126 exhemgironrdectrhie dietthioknghs Biddtaster ghap thernaicioelectodnivpatkagegors or channel s
128 in mcroel ectroni c package core first surface 106. The enbodi nent
shown i n FltEcki@ss hidwsich Zs sOwadn FIG F5brGTiotSoimRED 4ch stneturesanayeieect r oni ¢

di e thickness 115 greater than the m croel ectroni c package core thickness
117, such asedtalinwithe dabgpsulBtiorbmatetial 18Dto fhoov theneint etlich Stlt kesslt muaharees may be
used to allow the encapsul ation material 122 to flow therein, which wll
result in aeome adheaciisfehachiceyselaten mbtetidld 22 tcApmidradiécndniophskbgedord 22 t o t he
m croel ectroni c package core 5 102. In reference to FIGs. 7 and 8, it is
not ed tshat tohe encapsul ation material 122 does not cover the

m croel ectroni c die back surface 118. The uncovered m croel ectroni c back

surface 118 al pwerdnee tAFIGE AL afdli gk if wotddandiieantdpbulatidraahiechi ieagto af ter
each mcroelectronic die 114 has been singulated, as will be di scussed

bel ow. 10 Aok e i od18dtioaid diObdR SitacP1 1 90 Mhe @hédveRdnfcrBelbdiRlc®ask
built-up |ayer technique for the formation of build-up |ayers, the method

of fabricatd,@fcel 198R3RwsOr h hédt b8l o T BrecBUitathicdPhdr@Y Shs @Y be fabricated by
a variety of techniques known in the art. FIG 9 illustrates a view of a

singl e i croelRebtan fie di ndarinanul Aes veigbuansagaul ation materi al

122 within t m croel ectroni ¢ package core 102. The 15 microel ectronic die

114, gy courseyjhfgh e 18wk WERliblich 1S lhistal, iRl dfifighPcat ed

for the formation of build-up layers, the method of fabrication is not so limited. The
build-up layers may be fabricated by a variety of techniques known in the art.
FIG. 9 illustrates a view of a single microelectronic die 114 encapsulated with
encapsulation material 122 within the microelectronic package core 102. The
15 microelectronic die 114, of course, includes a plurality of electrical contacts 132 located
on the microelectronic die active surface 116. The electrical contacts 132 are electrically
connected to circuitry (not shown) within the microelectroﬁic die 114. Only four
electrical contacts 132 are shown for sake of simplicity and clarity.
As shown in FIG. 10, a first dielectric layer 136, such as epoxy resin, polyimide,
20 bisbenzocyclobutene, and the like, is disposed over the microelectronic die active
surface 116 (including the electrical contacts 132), the microelectronic package core first
surface 106, and the encapsulant material surface 124. The dielectric layers of the
present invention are preferably filled epoxy resins available from Ibiden U.S.A. Corp.,

Santa Clara, California, U.S.A. and from Ajinomoto U.S.A., Inc., Paramus, New Jersey,



on the mcroelectronic die active surface 116. The el ectrical contacts 132
are electrically connected to circuitry (not shown) within the

m cr oel eovo on2x59%li e 114. Only four electrical contacts 1BeT/@s@/®kywn for
sake of sinplicity and clarity. As shown in FIG 10, a first dielectric

| ayer 136, such as epoxy resin, polyimde, 20 bisbenzocyclobutene, and the
like, is dilpdseckhedomratiohef i firsvdielsctric tayprcl 3@ineayahetachieved by aynkeowni 6
(including the electrical contacts 132), the m croel ectroni c package core
first surfragessl06ludingdut e lievitedpdahmationystieciating,goll featieg, bad sprajhen
dielectric layers of the present invention are preferably filled epoxy
resi ns avaidepdsiteonf rom | bi den U.S. A. Corp., Santa Clara, California, U S A
and fromAjinonoto U S. A, Inc., Paranus, New Jersey, 8 WD 02/21595

PCT/ US01/ 26949 As khdwrAin FTG €1 If o phmdlityost vids 18R erefthangbrntidehreagh thefilseyer 136 may
be achi eved by any known process, including but not limted to | am nation,
spi n caat i nikledtrdd lay¢tdd6. Mhk pléatity D vRY 1 ¥ maydiRpfoshdd Wiy Afipdoewi m FI G 11,
a plurality of vias 138 are then forned through the first 5 dielectric

| ayer 136. i, Moilidid BuY n&flin¥teaSo 38 dfRMe hololiEBApRY 1RDYF tiefifod known in
the art, including but not limted to |laser drilling, photolithography,

and, if thediidid layddi18b @PnblosctlveYBmitSthe pRurAPPbOAES 1386n the %R Afndehe
plurality of vias 138 in the sane manner that a photoresist mask is nade

in a phot O'tfxét*ag&%t%fé@iisﬁm&fk?&ﬁ%ée Jn%%h&@ﬂt%grﬁﬁhié DBk las It iRl Al Y OF

conductive traces 142 1s forne the first dieléctric |layer 136, as 10

h in FIG - i J fq & 1 ducti
races 142 extomis F Lo RELN ATAEl AR g AR ARSI 38 (ee
FI G t i,cal ] t ] I it
of coruct MEP PUSGETh i Rl » ARGttt Rl W B Be B e IR Ve
meterial, o egdsai%toca? RR& one "3% said pqllfrrﬂity%?giasa i3l80(¥ese PtIE%eE 6% iake electrical

contact with the contacts 108. The plurality of conductive traces 142 may be made of
any applicable conductive material, such as copper, aluminum, and alloys thereof.
The plurality of conductive traces 142 may be formed by any known technique,

15 including but not limited to semi-additive plating and photolithographic techniques. An
exemplary semi-additive plating technique can involve depositing a seed layer, such as a
sputter-deposited or electroless-deposited metal on the first dielectric layer 136. A resist
layer is then patterned on the seed layer, such as a titanium/copper alloy, followed by
electrolytic plating of a layer of metal, such a copper, on the seed layer exposed by open

20 areas in the patterned resist layer. The patterned resist layer is stripped and portions of
the seed layer not having the layer of metal plated thereon is etched away. Other
methods of forming the plurality of conductive traces 142 will be apparent to those

skilled in the art.



The plurality of conductive traces 142 may be fornmed by any known

techni que, 15 including but not limted to sem -additive plating and

phot ol i t vo@oapts¥T t echni ques. An exenpl ary sem -addi ti veP@l/aséwago49echni que
can involve depositing a seed | ayer, such as a sputter-deposited or

el ectrol ess-deposited netal on the first dielectric |ayer 136. A resist

| ayer is then pasheymiadIGnl3t heccombdelresielayersiddlis disposedtaveiathe plmabipder al | oy,
followed by electrolytic plating of a |ayer of netal, such a copper, on
the seed | @peductxpoaes 14)and terfirgQlidectrivdayen 13h eThpdotnatine df thesdcsnd | ayer. The
patterned resist layer is stripped and portions of the seed |ayer not

havi ng t he didgotric layerrtd4 alay pt adhieded byearnydmows petcedagidcladimy but@otignitedret hods of
forming the plurality of conductive traces 142 will be apparent to those
skil'l ed i n filiadaminbtiord sp¥DcEiZihG 151D&0atthd /ahiBEbkay260dPosien. shown in FIG 13, a
second dielectric layer 144 is disposed over the plurality of conductive

traces5142 andAs Bgowd ihFIGideh pltalityCoflsadrad vikd 646 akb eheh BiriBd tHPGughthet he second
dielectric layer 144 may be achi eved by any known process, including but

not |imtededddd dfeldctid 18y M. i THR phipAith of£RBSHdGas 146 kilay 60 BrinB@anydhéh&Pr ay - on
deposition. 5 As showmn in FIG 14, a plurality of second vias 146 are then

formed thr qugwn e a8 86QRAnEhR n6QIited tb RY& driliftd and, HEOLd4bRI dibi¥ctoé second
vias 146 may be fornmed any nmethod known in the art, including but not

linted tohasely gﬁh&béaag%?&%i?g the blﬂ?ali%ﬁcﬁgﬁcg)ng@vﬁtg ¢44 Hitfe sah@¥Bhnet44 1S

phot oactive,” formng the urality of seco vias 146 1 n the sanme manner

that a ph ' j i : AR s .
{hat._a pnoer sshalBsld S, T 0y Qo RIRKOI! A0 SR GBRGRSR, 20 known 1
Dy ectng e il bllors BRGNS 185845, Dl SEREORLhRLRRRPLL O 1o

second vi assec]bﬁg v%rs]qélé) 1@1 e}ng%pr%gr%%en }(ojosg{o(ral,l tggl’;[ ortilé:r plo%%gg ofjtlé}él ¢onductive traces

are formed in the plurality 6f second vias 146 and on the second dielectric layer 144,
another dielectric layer formed thereon, and another plurality of vias is formed in the
dielectric layer, such as described in FIGs. 12—-14. The layering of dielectric layers and
15 the formation of conductive traces can be repeated until the vias are in an appropriate
position. Thus, portions of a single conductive trace be formed from multiple portions
thereof and can reside on different dielectric layers.
A second plurality of conductive traces 148 may be formed, wherein a portion of
each of the second plurality of conductive traces 148 extends into at least one of said
20 plurality of second vias 146. The second plurality of conductive traces 148 each include
a landing pad 150 (an enlarged area on the traces demarcated by a dashed line 152), as
shown in FIG. 15.
Once the second plurality of conductive traces 148 and landing pads 150 are

formed, they can be used in the formation of conductive interconnects, such as solder

10



anot her dielectric layer fornmed thereon, and another plurality of vias is
formed in the dielectric |ayer, such as described in FIGs. 12-14. The

| ayeri ng vod ozi2esbectric | ayers and 15 the fornmati on of conBOTAUBMEP49aces can
be repeated until the vias are in an appropriate position. Thus, portions
of a single conductive trace be formed frommnultiple portions thereof and
can resi de bympsiisbider eatls, pdisedradhe fiks, foagemmunisative vothexistnat ednifopends (nebnduct i ve
traces 148 may be forned, wherein a portion of each of the second
plurality chowon (Fuce)iamlet, n sglés nbdiBmetetielnld$ cambadigtosddevst thepeowf sai d 20
plurality of second vias 146. The second plurality of conductive traces 148
each i ncl udkelecarid layetilag aphttle dbOnd Emrabtyl cdcgeliciveeacearn 5t hel khdiagsaddemar cat ed
by a dashed line 152), as shown in FIG 15. Once the second plurality of
conduct i ve I50.aaq8urdii§ ofnids | G0risliheg fqames inlthe sdldee makloma®Mal 1566 @yexpade e used in
the formati on of conductive interconnects, such as solder 10 WO 02/21595

PCT/ USB1/ 26846a pdrtidisE eablObRY lakkBhd Sads P50)Ss stvR if RES. 116K A, plirdlity @@mmuni cat i on
wi th external conponents (not shown). For exanple, a solder nask nmaterial

156 can be @h&RasEslimsansheh £e6RBCOEHEB! QA bE fmb@Y8h akdd, @@ﬂottﬂﬁﬁteaecond

plurality of conductive traces 154 an Iandlng pads 15 A plurality of
vias 160 i s BBy %ﬁtfﬁ%@olﬁ&ﬂa&@f&@%@h H?éﬁ&wr}ﬁ&c%ﬁé &'by%ﬁ@wﬁ Plagagoose at 5
| east a portion of each the | andi ng pads 150, as"shown in FIG 16. A

pluval [ty QlehfRUENIGH ¥ RBPSrdcifbr AU RSIaRE (15 PUTRS oG PR 21 Mo,

such as by, but not , Screen printing sol der paste foll owed by a
cach of 't he. T ok -&3*%%5‘5 R e e L e S L PP TRRY
T R SR AR A SRR
' build-up layer is formed on the microelectronic dice active surfaces 116, the

microelectronic package core first surface 106, and the encapsulant material surface 124

in the manner previously discussed. The layer(s) of dielectric material and conductive

traces comprising the build-up layer is simply designated together as build-up layer 162

15 in FIG. 18. The individual microelectronic dice 114 are then singulated along lines 164
(cut) through the build-up layer 162 and the microelectronic package core 102 to form at

least one singulated microelectronic die package 166, as shown in FIG. 19.

Having thus described in detail embodiments of the present invention, it is
20 understood that the invention defined by the appended claims is not to be limited by
particular details set forth in the above description, as many apparent variations thereof

are possible without departing from the spirit or scope thereof.

11



buil d-up layer is formed on the mcroel ectronic dice active surfaces 116,
the mcroel ectronic package core first surface 106, and the encapsul ant
mat eri al veant/ases 124 in the manner previously di scussed. POvESé1zases( s) of
dielectric material and conductive traces conprising the build-up layer is
simply designated together as build-up layer 162 15 in FIG 18. The

i ndi vi dual mi cChAIMSt roni c dice 114 are then singul ated along |ines 164
(cut) through the build-up |ayer 162 and the m croelectroni c package core
102 to form at Whatssiaimerkissi ngul at ed ni croel ectroni c di e package 166, as
shown in FIG 19. Having thus described in detail enbodi ments of the
present inventilon, Atmicwedranivderclstgoadmiphisihg:t he i nvention defined by the
appended clains is not to be l[imted by particular details set forth in

t he above descuinfitroelactroni paelaye epphigng a 8t duathécnd ah bpsedE secan@ possi bl e

w t hout departing fromthe spirit or scope thereof. 11 WO 02/21595

PCT/ USG1/ 261948, sa{dhichsBlethatic pakadebreatving at [Bast neBpehingli&ilel @lidin Package,
conprising: a mcroel ectronic package core having a first surface and an
0pposi Ny $RRAMHAg rimSkikiHc@ele&Rni JabEdze 8bie Cidt Ofttke RAGINAMBEREFoRAVI NG at

| east one opening defined therein extending fromsaid mcroelectronic
package Copgkabé bt sbhd f¢@cd;0 sai d mcroelectronic package core second
surface; at |east one mcroelectronic die disposed withinh said at | east one

opening, said gfje,d &?élﬁicfb@ﬁcl%n@{ (ﬂg Hﬁg&é&@%tﬁinggﬂ ol R gx%ecg{@?ﬁ%tsjaf‘ﬁ%t surface;

and 10 an encapsul ation materia rrng said mcro ofi ¢ package core

to said afie,q §AHicRARNE Tk BELF AL R M Fvelhuftace; and

10 an encapsulation material adhering said microelectronic package core to said at

least one microelectronic die.

2. The microelectronic package of claim 1, wherein said encapsulation
material further includes at least one surface substantially planar to said microelectronic

die active surface and said microelectronic package core first surface.

15 3. The microelectronic package of claim 2, further including build-up layers
disposed on at least one of said microelectronic die active surface, said at least one

encapsulation material surface, and said microelectronic package core first surface.
4. The microelectronic package of claim 3, wherein said build-up layers

comprise at least one dielectric layer abutting at least one of said microelectronic die

20 active surface, said at least one encapsulation material surface, and said microelectronic

12



2. The m croel ectroni c package of claim 1, wherein said encapsul ation
material further includes at |east one surface substantially planar to said
m croel esvoon2s95 di e active surface and sai d m croel ect r oPCT/UP@EICI6OPe COT e
first surface. 15 3. The mcroel ectroni c package of claim 2, further
including build-up |ayers disposed on at |east one of said mcroelectronic
di e acti veraslnge aere firss surfhcand b east anp eondaetivapiacd disfostd avesailrdt Hastone f ace, and
said mcroel ectroni c package core first surface. 4. The m croel ectronic
package ofdid¢cdiighager. wherein said build-up layers conprise at |east one
dielectric layer abutting at | east one of said mcroelectronic die 20
active surface, said at |east one encapsul ation materi al surface, and said
m croel ectronic 12 WD 02/21595 PCT/ USO01/ 26949 package core first surface
and at | east one cofkkuicroetectromc padthgpdsnin oywisadial sad atl legséneone di el ectric
| ayer. 5. The m croel ectronic package of claim4, wherein said at |east one
conduct i veohdumtiee teack exdsdstthiooghgdaidsailadstaihe HiRRStic tiyer 1dicehi@eitat lest bayer to
contact at |east one 5 electrical contact on said mcroelectronic die

act i ve ssurdle@atal @ntadivh saidakioRkREkdMdi€ agtiae kagre.0f claim 1, wherein at

t hi ckness of said mcroelectronic die is greater than a thickness of said
m cr oel ectroni c package core. 7. The mcroel ectroni c package of claim6®6,
wherein said mcroel ectronic package core includes at |east one via

extendi ng t her gt hr oughmicldleBironi® fadkhge ST8IaRE i [ voHdkdin PARKRGSs fsafal @i M 1,
wherein said mcroelectronic package core is selected fromthe group

consi sti ngnigfoeRbirdiR B B &itd: Flaf 4 tRiSkde&Sdr @aiaﬂﬁﬁgeleﬁi%fgﬁrpiaﬁ!age gfle.FR4 material,
pol yi m des, ceramcs, and netals. 9. A nmethod of fabricating a
m cr oel ectroni ¢ package, conpri sing:

7. The microelectronic package of claim 6, wherein said microelectronic

package core includes at least one via extending therethrough.

10 8. The microelectronic package of claim 1, wherein said microelectronic
package core is selected from the group consisting of bismaleimide triazine resin based

material, an FR4 material, polyimides, ceramics, and metals.

9. A method of fabricating a microelectronic package, comprising:
providing a microelectronic package core having a first surface and an opposing
15 - second surface, said microelectronic package core having at least one opening defined
therein extending from said microelectronic package core first surface to said
microelectronic package core second surface;
disposing at least one microelectronic die within said at least one opening, said at

least one microelectronic die having an active surface; and

13



provi ding a mcroel ectroni c package core having a first surface and an
opposi ng 15 second surface, said mcroel ectronic package core having at
| east onavopzmiseayy defined therein extending fromsaid m eDES@6PONI C
package core first surface to said mcroel ectronic package core second
surface; disposing at | east one mcroelectronic die within said at | east
one openi ng, sadhgring said migsoelestreninipackagd @it tooril ot Idast oframicrugleatiomedie ve
surface; and 13 WD 02/ 21595 PCT/ US01/ 26949 adhering said mcroel ectronic
package covith anenspewatan thaestl. one mi croel ectronic die wth an

encapsul ation material. 10. The nethod of claim9, wherein adhering said
m croel ectroni c package core to said at |east one mcroelectronic with
said encapsul ation material further includes 5 formng at |east one
encapsul ati on nat er Tld mahsd eftaisvhshatihiadhdriyig pdidmadrodlectidaicdatliags oel ectroni c
die active surface and said mcroel ectroni c package core first surface.
11. The mebRad sad atdbat Melicrdeléthditd witlghdhcRi@ulafiet RhidGal Firtep BBudene
dielectric material layer on at |least a portion of said mcroelectronic

di e actsi V_Q?oﬁriiﬁ% A0& st SRledcapbulht@AThatINELREANSHhidailp PlaiBit@Edi@l surface, and
10 said mcroelectroni c package core first surface; formng at |east one

via throughcRgikdrdic di€aiive SMeictbf] Sl hicfocRBkaNd lckdRY6R & sBfRese  a
portion of said mcroelectronic die active surface; and form ng at | east

one conduct.ive trace on said at |east one dielectric material |ayer which
extends into said at |east one via to electrically contact said

m cr oel ectroni (fl'di eTh etﬂ&& jaf"c‘?airﬁéigfﬁﬁﬁer ich%Jdin-E:"e met hod of claim 11, further

including formng at |east one additiona
forming at least one dielectric material layer on at least a portion of said

microelectronic die active surface, said at least one encapsulation material surface, and
10  said microelectronic package core first surface;
forming at least one via through said at least one dielectric material layer to expose
a portion of said microelectronic die active surface; and
forming at least one conductive trace on said at least one dielectric material layer
which extends into said at least one via to electrically contact said microelectronic die

15 active surface.

12.  The method of claim 11, further including forming at least one additional
dielectric material layer disposed over said at least one conductive trace and said at least

one dielectric material layer.
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dielectric material |ayer disposed over said at |east one conductive trace
and said at least one dielectric material |ayer. 14 WO 02/ 21595

PCT/ USO1M@92215913. The met hod of claim 12, further incluBCHgSéiemong at

| east one additional conductive trace to extend through and reside on said
at |least one additional dielectric material layer. 14. The nethod of claim
9, wherein sai &B-pr oltiedhethodsefi cdhinyiles foshes inciudinigdoBnipg sideagtoreadditiomipr i ses
provi ding a mcroel ectroni c package core selected fromthe group

consi st i ngowfuctivesrant & axiahd throughzind esside ©n saith atsleabt onet aeditiahgl diefectFiR4d mat eri al
pol yi m des, ceramcs, and netals. 15. A nethod of fabricating a

m cr oel ectmtameriatlapackage, conprising: providing a mcroel ectronic package
core having a first surface and an opposing 10 second surface, said

m croel ectroni c package core having at | east one opening defined therein
extending fromsaid mcroel ectroni c package core first surface to said

m croel ectroni ¢4.pacmﬁetﬁw@fo%ﬁ@ﬁdhé&bihfsﬂﬁ?tovmlmgtstaidnﬁicﬂ)erébl@ér@&ti ve film
agai nst said mcroel ectronic package core first surface, wherein said

pr ot ectsi VeadkabdRciPediSprisad Stoitlink @ RsitroBIB@roARYALIRG: cdre sélécidOBdn the3toupeast one
m croel ectronic die wthin said at | east one opening, wherein "an active

surface ofsosddifle BF GisRAALRALL BRLike ALif bARY hdteRaP K FRPMaRfiaS pbIfinidRt ecti ve
film adhering said mcroel ectronic package core to said at | east one

m cr oel ethEI‘afﬁiic% A€Mt h an encapsul ation material, wherein a portion of
sai d encapsulation material fills a portion of said opening to form at

| east one encapsul ation material surface abutting said 20 protective film
and

15. A method of fabricating a microelectronic package, comprising:
providing a microelectronic package core having a first surface and an opposing
10  second surface, said microelectronic package core having at least one opening defined
therein extending from said microelectronic package core first surface to said
microelectronic package core second surface;
abutting a protective film against said microelectronic package core first surface,
wherein said protective film spans said at least one opening;
15 disposing at least one microelectronic die within said at least one opening, wherein
an active surface of said microelectronic die abuts.a portion of said protective film;
adhering said microelectronic package core to said at least one microelectronic die
with an encapsulation material, wherein a portion of said encapsulation material fills a
portion of said opening to form at least one encapsulation material surface abutting said
20  protective film; and

removing said protective film.

15



removing said protective film 15 WO 02/21595 PCT/ USO1/ 26949 16. The

met hod of claim 15, further including: formng at |east one dielectric

mat eri al wayse1sem at | east a portion of said mcroel ectrpali/@Sdimoective
surface, said at |east one encapsulation material surface, and said

m croel ectroni ¢ package core first surface; 5 formng at |east one via

t hrough sai d at6.| eaEle methodiplsiladntl fi fgrthagincudig: | ayer to expose a portion of
said mcroelectronic die active surface; and form ng at | east one

conducti ve trafeming at fgast cae diclsalsic matesialdpydr en et leest anerdien af saldayer  whi ch
extends into said at |east one via to electrically contact said

m cr oel ectrignelecting digadtive surfage,fsaid et leash onlezencafiselatiet madrialfurticaiami 16, furt her
including formng at |east one additional dielectric material |ayer

di sposed osidmigatlectmnid palsige oore fiohslutaté;ve trace and said at | east one
dielectric material |ayer. 18. The nmethod of claim 17, further including
form ng at | eaftmonget kdstiohe eRalroughcaiduclkeast end dialeetrit maexitidagtr tdexpogh and
reside on said at |east one additional dielectric 15 material |ayer. 19.
The met hod poftioalo@ibaid Adcroaldvedoric diesdiivk forfanet sidng sai d mi croel ectronic a
package core conprises providing a mcroelectroni c package core sel ected

from the groupfor@asi SdabtRge 6dndbiitBaab& o A ot leh@Dh Gicleesic hakgisiagysiat eri al ,
an FR4 material, polyimdes, ceranmcs, and netals. 16
which extends into said at least one via to electrically contact said microelectronic die

active surface.

10 17.  The method of claim 16, further including forming at least one additional
dielectric material layer disposed over said at least on conductive trace and said at least

one dielectric material layer.

18.  The method of claim 17, further including forming at least one additional
conductive trace to extend through and reside on said at least one additional dielectric

15  material layer.

19.  The method of claim 15, wherein said providing said microelectgonic
package core comprises providing a microelectronic package core selected from the group
consisting of bismaleimide triazine resin based material, an FR4 material, polyimides,

ceramics, and metals,
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WD 02/ 21595 PCT/ US01/ 26949 20. The nethod of claim 15, wherein said
abutting said protective filmincludes abutting said protective film having
an adhesiwe oag@bhst sai d mi croel ectroni c package core fiPeT/usurfoase. 21. A
nmet hod of fabricating a mcroelectronic package, conprising: 5 providing a
m croel ectronic package core having a first surface and an opposing second
surface, said RcroéhewethoheiclyindRayerensdd hatinggaid poteatiad fitny ngiudepeni ngs
defined therein extending fromsaid mcroel ectronic package core first
surface t @buitipgsaidprotestiveciti homing ap adiksiyeagainstsagrbosrglestofiapekagaiotet i ng a
protective filmagainst said mcroel ectronic package core first surface,

10 wher ei dirggindager ot ective fil m spans said at | east one opening; disposing
a plurality of mcroelectronic dice within correspondi ng openi ngs of the

m croel ectroni c package core, wherein active surfaces of each of said

m croel ectronic dice abuts a portion of said protective film adhering

sai d m croel ec2t.oni A nualdda éabeicating tamis@eldctpdnit makkdoy, mpiisifig.oel ectroni c 15
dice with an encapsul ation naterial, wherein a portion of said

encapstl ati on privilingd mfckdelestroriic mkige@ﬂredfavﬁgla(ﬁr@mmw@@d dnopbeyitg a
plurality of encapsulation material surfaces abutting said protective

film remgydond sedce, saidakie@tledteonfd Jablaga Bete HhviBwh plutaliey FdpéhindsEeQRIdect ronic
die by cutting through said mcroelectronic 20 package core. 22. The

net hod of tigdréth BXtéddind H6rh BAA miidd6d1stdoRid packhde MR B! AHada0RGA/ US01/ 26949

microelectronic package core second surface;
abutting a protective film against said microelectronic package core first surface,
10 wherein said protective film spans said at least one opening;
disposing a plurality of microelectronic dice within corresponding openings of the
microelectronic package core, wherein active surfaces of each of said microelectronic dice
abuts a portion of said protective film;
adhering said microelectronic package core to said plurality of microelectronic
15  dice with an encapsulation material, wherein a portion of said encapsulation material fills
a portion of said openings to form a plurality of encapsulation material surfaces abutting
said protective film;
removing said protective film; and
singulating each microelectronic die by cutting through said microelectronic

20  package core.

22.  The method of claim 21, further including:
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formng build-up layers on at |least a portion of said mcroel ectronic dice
active surfaces, said plurality of encapsulation material surfaces, and
sai d m cvoebyetspdni ¢  package core first surface. 23. TheParURaidenfd cl ai m
21, wherein said providing said mcroelectronic 5 package core conprises
providing a mcroelectroni c package core selected fromthe group

consi sting of Birse bildiugdayession 2t lgast p @gition bhssitmisreleciretic digpadti®g mat eri al |
polyi m des, ceramics, and netals. 24. The nethod of claim 21, wherein
abut ti ng suiferepsait @biralineof dncapsilaiidnudesrial ataces, ayl Bl wicpebteatic ve fil m

havi ng an adhesi ve agai nst said mcroel ectronic package core 10 first
surface. D8ckage core first surface.

23.  The method of claim 21, wherein said providing said microelectronic
5 package core comprises providing a microelectronic package core selected from the group
consisting of bismaleimide triazine resin based material, an FR4 material, polyimides,

ceramics, and metals.

24.  The method of claim 21, wherein abutting said protective film includes
abutting said protective film having an adhesive against said microelectronic package core

10 first surface.
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