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M CROELECTRONI C PACKAGE BACKGROUND OF THE | NVENTI ON Field of the Invention:
The presandopmsonti on rel ates to apparatus and processes from/ysaekags ng

m croel ectronic dice. In particular, the present invention relates to a

" packagi ng technol ogy that encapsulates a mcroelectronic die within a

m croel ectroni c pallkXBEHEGRATED CORE MIGRORIFCTRONH. PIKAGHES or mance, | ower

" cost, increased mniaturization of integrated circuit conponents, and

greater packagi ng density BACKGREOQUNID &F THE NVENTHON ongoi ng goal s of the
conputer industry. As these goals are achieved, mcroelectronic dice becone

smal ler. O cogieiPof thdRivEfdh: The gresat ﬂ{rexﬁi@ﬁlﬂﬂﬁbm apgingtid ahdipRstedseefor t hat the
.entire mcroelectronic di e package be equal to or only slightly |arger

(about 10%gaekagfh §mlt~.mlacﬁcm cﬁbeZEIn@ErtlEl!ﬂ@r mecpﬁ&@fh%reﬁm Blafts @ d U'sel f. Such
m croel ectroni c die packaging is called chip scale packagl ng" or "CSP".

* As shown i nyafyt EohnblobPth 4 M%yﬁﬁaééélédn%ﬂf‘c'dibgwﬁﬁﬁh i4BelbbRfcs directly
on an acti g sau%rfgﬁcenz gﬁ %ﬁgwr?l@croe eétrronl c die gh % gcup | ayers
may i ncl udep @k%le% ctric layer 206 di sposed on the actlve surface 204.

Conductive ‘tra 08 may be formed on the dielectric |ayer 206, wherein a

f . 21 2

A N
duct i . t act th Xt t t. sh b

Fobri cat oq e REROhelh, bt Fa ﬂagla&ngod%@%ﬁ itkerd GEF 1&0%3%@ )zos"a?jzl &

20 illustrates, the exé rnal con%ﬁcts ‘%i sol d bal | 514 Wn? G

surr ounded 048 &831¢ ek theEppuiet industny tgesgrgo? afe&FIBFE t PIEOS %‘?ICZOG

However in such true he su rea rovi ded by the.m I ectronic
di e active Hefrhegeme ?Eg? geﬁé?%rw 6 Fatff) lfaélé‘gé'ﬁﬁ%@ﬁe%‘ﬂﬂe? Eté for WO
02/ 21595 PCT/ USQOL/ 26949 all of the external cont acts needed to contact the
ext er nal compEBistoclesenic g RAckagehe qauplia Phorly 3igsthy fargsr abaw 1928 Poni ¢ di ce

(e.g., logic}. Additional surface area can be provided with the use of an
i nt er poser ,3080dhandle sizasefifbe misreslecteiie digriselal Suph migpelechigniedieparkaging | ex
conponent (substantl ally flexible 5 materl al). FIG 21 illustrates a

substrat e iintdledasehip 3cule paskaging” ar 1EH oel ectroni ¢ die 224 attached to and
in electrical contact with a first surface 226 of the substrate interposer
222 through snéisishewt BdilGb, trye 3B invplves Eabritdting buiittkwp loydrs dirzfdgorgnend

bet ween contacts 232 on the microel ectronic die 224 and conductive traces
234 on t he stibssurfate204nifemposelectfanicstie 208 fEheduRd6p laytre mapidbeieiave traces
234 are in discrete electrical contact with bond 10 pads 236 on a second
surface 238&8ligdécttibayaposidispbsed b therapimeiurf2é:2 0t h Condylotive tee 2B dydie ext end

t hrough the substrate interposer 222. External contacts 244 are formed on
t he bond pafdanéh ths bielwsiriasaysoldewhdrainlapprtiohloé ek tconduativectence 228 s 244 are
utilized to achieve electrical commnication between the mcroel ectronic
di e 224 ancoafcxt Bhdd3he @Ineet 112walthsactlesurfaoo204s Bxwnjal cdffaciauchae of t he
substrate interposer 222 requires nunber of processing steps, which

i ncreases tdaglet Bals P toddigivepilsagonACdlit] andakdmal céigone@en@ishdvn, magpl |
sol der balls 228 presents crowdi ng probl ems which can result in shorting

bet ween t heyeshRlidared e ngétrlg’cﬁ‘l:y cOntdct 8t BN oRACONRISE frhcediOBf FIBIRDIBKtrht8s
inserting underfill material between the mcroelectronic die 224 and the

substrate 'ﬂﬂé gﬁablﬁ ontaéé §§?)l [ EMRMY 4 GARh M gﬁ%hmdepgs&neer?}&sknﬁte@ﬁﬁe

mechani cal urt ernore, necessity of having two sets of sol der

ball's (i.e. msofmhé dlgﬁ&ﬂsﬁ Bl oaRva il RELSE B3b, FOUNALL e fidliabpachi eve

connection roeI ectroni c e external el'ectrical

system decrtﬁéﬁﬁémél& RS Slctiv@ a0 T Fery 1€ nlFERE GhgH NN EceHof

. package.
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WO 02/ 21595 PCT/ USOL/ 26949 Therefore, it woul d be advantageous to devel op,
new apparatus and techniques to provide additional surface area to form
traces fowoure1$9s CSP applications and elim nate the necespet/ys@feddve
substrate interposer. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS Wil e t he
specification concludes with clains particularly pointing out and

di stinctly allcfithd exgerndl zontadts ndedédsto cenfaat theckxtesnal bempmemstgnét showdrfor on, t he
advant ages of this invention can be nore readily ascertained fromthe

fol | ow ng destemitpies @fimidro¢lévdronindienié.@nlogken read in conjunction with the
acconpanying drawings in which: 10 FIG 1 is an oblique view of a

m croel ectr oni Additinhalgarfacratea cans boprdvided with tHeaispomdterpossrssithade FIG 2 is
a top plan via of a mcroel ectroni c package core having exanpl es of

al ternat e nsubsteaes @abstmfiblly e raealy of SAONRRPdGEnt (ABSMtRIPHekiBlet he present
invention;, FIG 3 is a side cross-sectional view of a mcroel ectronic

package cormatatialy. tEG. L ilRustkiest sabsGte iM@rpbidr 722 ﬁﬁﬁu@%@h!&oél&tr%ﬁl@ drregent
invention;, FIG 4 is a side cross-sectional view of mcroelectronic dice

di sposed Wi dratied a8 Mdfechical dARtaBIvAICLASCUHA D 6RAMEAIG AR ifrerpdft Ch_al so
abut the protective film according to the present invention; FIG 5 is a

si de cross-$aGhbRaMmM SMePhalls a%.af&%l%gﬁ?rgﬁhl@Zﬁeﬁéntd%ren&@ﬁ afpahation, 20

according to the present 1 nvention; a side cross-sectional view

of the assejly tQ@%L&&lmrSﬁiQQJegaa aﬁwéo%dﬁi&&ggpgygg%%&e%@&sﬁgt%;hgé L he

m croel ectronic package core after encapsu accor di € present
i w of t ndgcullibe 2 rneoddbcltve Rl S8 ey e st B THERRY Crovea.
aco0r AN, Rk B B Cachly LENENEA SR b G Bt Py 08 EE ponal VT
S ac A RTINSO
Cor o, accor P Geig 6 EIomnGs Ber AR orm comins 14 e Grised iioBisva oct | onal
view of t h‘eeleact:%risc(a?lln}:jol1r)1/m1(1)11cicaliilorclaL betv7veehnat\t{<ie g?crgelfei:cltrgr-lilé Fc)iie 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.



| ayers and sol der balls positioned thereon, according to the present

invention; 10 FIG 19 is a side cross-sectional view of a singulated

devi ce, apo@pdis9g to the present invention; FIG 20 is a qq3gs0326dsbonal

view of a true CSP of a mcroelectronic device, as known in the art; and

"FIG 21 is a cross-sectional view of a CSP of a mcroel ectronic device

utilizing a 15Thedefire,adt woildbesdvamageoustd devedopmavnagphtud biid teBimlget oD

" DESCRI PTI ON OF THE | LLUSTRATED EMBODI MENT Al t hough FIGS. 1-19 illustrate

various Vi epsvitd addittonpl sl aréa s €6t teides fohesedn USBUpsitatdre an@tlimmant t o

portray mcroelectronic assenblies in precise detall. Rather, these 20

figures illgiehécRisty OF heQebstalitBpssepssenblies in a manner to nore clearly

. convey the concepts of the present invention. Additionally, elenments conmon

between the figures retain the same nuneric designation. The present

i nvention includes a packagi ng technol ogy that places at |east one

m croelsectroni c dice W t BrRicPHrSERPITIOROEPERIDI Wigs M croel ectronic
02721595 PCI7TUSULI/ ZG9~9 Secur e

package core and 4 WO ~9 secures the mcroel ectronic

di e/ dice withi : i ey M e L at ' Bui | d- up

| ayers of di el 2?:%‘??29%?@??{3?5?0%1& %%ﬂ%g{%l e%@yéggoggég{)ﬁ%hdfabri cated on
the m croel ronic. di I . an 1 Cr .ectronic
package cor‘g&{n(% ¥ !(:)lgr‘ilnnﬂ gf %E‘P@g@a{ég?ﬁdﬁ?gp{ggﬁ%@ ."ﬂlf té g‘gtﬁﬁfaga[%g&a%sﬂggt age of
this invention.is that the present..inwentio nabl es the m.croel ectronic
package. t o BEaT Fi Erpord iR RSR e 18 o BV St B 6 s
sufficient surface area . to positi on.e ternal contacts, while elimnating
the need fdPYSRUgypben pdm ‘iﬁ’?%‘r“b%"é‘é‘f-‘?” saGPee é%‘ﬁ%%se‘?wfﬁ “el i m nation of
the supstrate interposeyr.. increases the perfornance of the, m croel ectronic
packaglg) by el i h?éra‘t‘?ﬁﬁo ey Qe “1‘6’0518&5%‘" nﬁ?ﬂ?&f"ieo%?’r%ﬁﬁl‘? Hernore, the
elimnation of the substrate interposer increases power delivery

per f or manc @TBFHPYHEPHg the circuitry within the mcroel ectronic die closer
to power delivery conponents {such as decoupling capacitors and the |ike)
of the exter naIFIéI?éétart‘PR:%an%‘9§f%m1°’tr‘éﬂ%fp%‘ﬁp@%gf‘rﬁ%‘? ngexpmplesofhackage i s
attached. FIG 1 illustrates a mcroelectronic package core 102 used to
fabricat e altiemaigingicwelesizeniopackagsseteageningsheccaidinede thedresertiievepi@kage core
102 preferably conprises a substantially planar nmaterial. The material used
to fabricate t KM isrsulestiss-sastionabrickade micrdedapicpykagneoradbytiedte ai s not
limted to, a Bismaleimde Triazine ("BT") resin based material, an FR4

mat er i &l ( grbtective fiwt zocdiding tgthepsdsepdventimt eri al ), vari ous pol yi ni de
materials, ceramc material, and the like, and netallic materials (such as
copper) and t h&IQOt isialsizle cidsesariionad elewat micrbedegmaicaijee dispoeedivithirhas at | east
one openi ng 104 extending therethrough froma first surface 106 of the

m cr oel ect rapehingpefthamicraxddcaodio padkageatore) phizhialg abeahnprowuivedtim, 10S of the
m croel ectroni ¢ package core 102. As shown in FIG 2, the opening(s) 104
may be of afyordingpethameessntdivehtisy); udi ng, but not limted to,

rect angul ar/ square 104a, rectangul ar/square with rounded corners 104b, and
circular 5 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;



WO 02/ 21595 PCT/ USO01/ 269a9 104c. The only limtation on the size and shape
of the opening(s) 104 is that they nust be appropriately sized and shaped
t o house womentspondi ng m croel ectronic die therein, as wdt/ubardicussed

below. FIG 3 illustrates the mcroel ectronic package core first surface
106 abutting a 5 protective film112. The protective film 112 is preferably
a substanti al | Y1 Bisiaslids aness-eedtiahal visswodf thesaskeply of FIG. § iafrerctke priotentiveE. | . du

Pont de Nenmours and Conpany, WI m ngton, Del aware), but may be nmade of any
appr opr i at efilmehasbee remiomed, actiontingwetiiad présentfinvemtion;F1 G 4 il |l ustrates

m croel ectronic dice 114, each having an active surface 116 and a back
surface 118, plF#Getiisiarsideatrosssauiontil vpwogfeniahigaatd tcrofledtlfickAciige tae! ect roni ¢
package core 102. In a preferred enbodinment (illustrated), the thickness
117 of the witlin aehieoticorinic Hsakngacaeditg QRe prasknt iQedtbhckness 115 of the

m croel ectronic dice 114 are substantially equal. The mcroel ectronic dice
114 aré each pFiGed- B8 silharosstBeidnaPléws6r aptbdedréTorddife BRud (Rferpr Ot ecti ve
film112. The protective film 112 may have an adhesive, such as silicone,

whi ch at t acdiesmicfodidifronic @) 8lcBFsulaf5h ﬁlat%ﬁalgmﬂﬁr&ﬁgcﬁor_{i& ggka o}é’}ce 106 and
the mcroelectronic die active surface 116. This adhesive-type il mmy be

appl i ed prigeodipghd afepidelitveiig o€l ectronic die 114 and m croel ectronic
package core 102°in a nold or other piece of equipnment used for the

eriapoul oL on Biqsse TOEBLALRRL by Lk BRI AU ARG oo 0
£ TS on e 20 2,61 081 L, AELHG S SR O, L

m croel ectroni c pa suttace "urface of the

I d ther pjece.of aguipment during.t h lation. . Th
i cr oePect roni S11 ¢ 1A § orHER SREURY A 4o BRTHlEd e, e BB IPRE on mater i al

122, such as plastics, resins, epoxies, and the like. As shown in FIG 5,
the 6 W@rffg?tiﬂw OBCT/ US01/ 2Q9~9 encapsul ation material is disposed in
portions of th ni ng(s) 104 pot ogcupi by the microelectronic die 114.
In FIG 6, an glét')‘&%rié?g‘(oégfffﬁﬂ?qﬁ‘gﬁ?wiogaé’ﬁ%&gp\ﬂlﬁéfr‘é‘irﬂelfqﬁnﬁidﬂ%“elﬁ%ctroni c die
thi ckness 115 is greater than the m croel ectroni c package core thickness
117. Thus, CRAENELES3EM% | on material covers the mcroel ectronic package
core 5 second surface 108 and portions of the openings) 104 not occupied by
t he nicroel ect FEHi2d igip erossesections! wpwwha CP pf emigoelqyimnisideriss utiligineon of the
m croelectronic die 114 may be achi eved by any known process, including but
not | il&i t edubsrateripigeoser. asdmowninthesdi on nol di ng, and di spensing. The
encapsul ation material 122 secures the mcroelectronic die 114 within the
10 m croel ectroni c package core 102 and provi des nechanical rigidity for
the resulting structure and provides surface area for the subsequent

bui | d-up of tradETANESDEIERPTIONCHEHE 3LLGS B@DIMENT! i | m 112 is
removed, as shown in FIG 7, to expose the mcroelectronic die active
surface 116. AAlthdugh HBevinl9 iluffia@ varipud Vieweoithppraseat ingention} tese dlgurk22 i s
preferably nolded to be a filler for the space between the 15

m cr oel ect ragemat npanttagertag necrbéledionkukdeabiies ih Qeeckd detail R ihéx hedeeCt roni c.
die active surface 116. This results in at |east one surface 124 that is

subst aot i alflgires lilaRaate nficloblectPinkr0&ntMits @ BarfieClodidré YiGarBiohd&ahd 16 and t he
m cr oel ectroni ¢ package core first surface 106. The encapsul ati on nmateri al

surface 124okdptse thétprédehSventior. UL ddiinaflipRIdnferts cOMnivh ®BGveeR R TiGuiist h the
m croel ectroni c package core first surface 106, as additional surface area

20 for the QTR da8fe RineBb ubsbrdilod. ayers, such as dielectric material layers
and conductive traces. As shown in FIG 8, the mcroel ectroni c package core

102 may 1 ncl udenap@bdif Bhverdion Mool pod £Reifx foBIYY thal plabds'ht RUGRnand/ or 2

plurality of undercuts or channe

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



m croel ectroni c package core first surface 106. The enbodi nent shown in
FIG 8 shows 7 WO 02/ 21595 PCT/ USOL/ 2049 the m croel ectronic die

t hi cknessydb9afiogater than the mcroel ectronic package corgfifdogkpass 117,
such as shown in FIG 6, but is not so limted. Such structures may be used
“to allow the encapsul ation material 122 to flow therein, which will result

in a nore sReMeSthaai@baet@nieldiddie: witkiapew ihg{@)\ﬂi‘ﬂ{ﬁfén@gsﬁ@.ﬁoﬂ othe
m croel ectroni c package core 5 102. In reference to FIGS. 7 and 8, it is

not ed that rh&t_@riﬁ.”_B@Q@-ub ?atyial‘élaf aRleaikic Matekdd aﬂ@@&dﬂ&he%&’é@raré thén )
m croel ectronic die back surface 118. The uncovered m croel ectroni ¢ back

surface 118,gidaonltR mRrddediromt §K, he ellibfip&!lilalrn?ﬁEﬂgMal%JdQH%ﬁl?lﬁtr)%emﬁfr@ﬁi@ after

. each mcroelectronic die 114 has been sihgulated, as w I scussed

bel ow. 10 atcfé'&%gﬁtt@?or&%'&n@}@eﬁgtr O(Fsgéck@ei_ on relates to a bunpless,

built-up | ayer technique for t tiron of build-up |ayers, the nethod

. of fabricationqi . | m . [ 4. I b |cated by

a vari e5t y of tgcﬁﬁ#g%%agqﬂ‘ﬁlg%é ?ﬁh{%@%g?& 15&%&%&3&%1%3%?@ }g neegalglg%@éw of a

single m croel el Nk Sadlhe dhdpensanadlal et Ml angapet ald on, mteri al 122
P acka OCFREMS o8I % onic die

Wi thin the ‘mcroe onrec pac e core i Ccr

114, of . d luralit f electr.jcal . t act 2 1| ted
ot oMk SR B R8BS L iR B e Bl 0259 o1
i o 114 oty peERee R SEoke: LhaoBnarEh ol Ui R RRRSRF < npl 1ol Ly

and clarity. As shown in FIG_ 10, a first dielectric |ayer 136, _ such as
epoxy resi HPcrﬁ%ﬁe§17hﬁiP€é?m‘2‘B°%f§l!féH‘£5{4F€F%ﬁP@E%g,e by fminEng PRESE 05 i sposed
over the mcroelectronic_die active surface 116 (including the electrical
cont ad0s 13plder eopmestions. urdeniasnithe gliminatign of He sulstratginterppieaiereasss, and t he
encapsul ant material surface 124. The dielectric |ayers of the present
i nvention arcavepdeiveryatstipropance byjbréing the eisquitsy wishin thetnisroeleemoniodiden U. S. A
Corp., Santa Clara, California, U S A and fromAjinonoto U S. A, Inc.,
Par anus, Neslosgetoqmyver delivery@onppentgsicheyiessepling zagcigs andsha liketad theor nat i on
of the first dielectric |layer 136 nmay be achi eved by any known process,
i ncl udi ng baxtermad elebiricaltspelern to Whinh thetmiorelestprinie maokegk mpttacheldl coating, and
spray-on deposition. As shown in FIG 11, a plurality of vias 138 are then
formed t hrough FiGel filuststesdinsibeekectranid pagkage t86. 10T heedpd tabeibate y of vias | 38
may be fornmed by any nethod known in the art, including but not limted to
| aser 1@ri | | mivgoeldetrofio badkhge) Thp myicroelactyonic patiege tore 102 phiefdrabty contpriseyer 136 i s
phot oactive, formng the plurality of vias 138 in the sanme manner

substantially 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



that a photoresist mask is made in a photolithographic process, as known in
the art. A plurality of conductive traces 142 is fornmed on the first

di el ectriwod@ypeses1l36, as 10 shown in FIG 12, wherein a pop¢t/esiefsopach of
the plurality of conductive traces |42 extends into at |east one of said
plurality of vias 138 (see FIG 11) to nake electrical contact with the
cont act s 10804cTbe phiydatitatiyn af the eizd and shape ¢fitbcq®nind@) s et thegmusdf any
appl i cabl e conductive material, such as copper, alum num and alloys

t her eof . Thbe gipuopaiatelyysizk aad stchped iokuier acasspbddingacrbsledtonivalie fasremny known
techni que; 15 including but not limted to sem -additive plating and

phot ol i t hogaawili e diassed Geles. An exenpl ary sem -additive plating techni que
can invol ve depositing a seed |ayer, such as a sputter-deposited or

el ectrol ess- degei § afisti@ésthe Aicrédiectiohic phckdp SRS tifst Surfadd FU6 dbafling A I €Si St
| ayer is then patterned on the seed |ayer, such as a titanium copper all oy,

fol | owesl by pRteRfivd @y 112C ThE pldtdtdvoTiln? 1128 Bref@ibly B bdstanBS i skoPPEr . on the
seed | ayer exposed by open 20 areas in the patterned resist fayer. The

ed layer ex pen_20 | t
havi ng the Favaeh ofHEE Kafof) B RRR ARCERP A PRAIp R AT Tods o
ki 1100 i Mo, ooy G5 S Grase 35 Gl appoptic makEoCRBRNRE, ' 13, a

second di el ectii c.,l ay i

144 is di sposed over, the plurality of, conductive
traces 142 ZE@lcfiims] ?@? ﬁfh@’f’ ?éﬁisrni“gmf:]gf/‘é‘?m %e.h‘f‘hgac%?‘%ﬁ H#WE the second
dielectric | ayer 144 be achjeved by any known praocess, including but
not |imtedS4 c?ch‘rﬁ gﬁ;\%ﬁ'&ﬂr F\e,i’sgpphc B £PTHRgPondyieg oreyags 194, 0fthed spray- on
deposition. As shown in FIG 14, a plurality of second vias 146 are then
f or medl® hr otoglsrEronis paFkaeasss 404 rin@ refgrend smbadimenk(ilstiptad), the tirkneec ond
vias 146 may be forpmed any nethod known in the art, including but not
linmited to IHs¥fithegnicreelesyoningackage ¢onel Weand the thicknest i 15ief theayer 144 is
phot oactive, formng the plurality of second vias 146 in the sanme manner
t hat a phot ouasedlestroniggliceild4 amgubstantially¢ayelo | The iereelpttionicpliceclldsre eash known i n
the art. 10 If the plurality of conductive traces 142 is not capabl e of
pl aci ng t heplptedrsath thyt théir stivosuifagesall 6 BhE thepraectapdilodriRafee pogctiveon, t hen
ot her portions of the conductive traces are fornmed in the plurality of
second vi asfilldl612anagly imvetah edieivesdcldassilzone, whichaytashed tb4he mivoddietronicel ectri c
| ayer forned thereon, and another plurality of vias is fornmed in the
di el ecti ¢ pakage cosfivht sefackald6 ahded mitroEle@sniclfe dotive Tiréack Ay&rThig of
dielectric layers and 15 the formati on of conductive traces can be repeated
until the vadhgsied-8pt filrAMmagbp apjlied piicr 10 Pacing Gt mithustectr@ic tleangagf a singl e
conductive trace be forned fromnultiple portions thereof and can reside on
di fferent din@irédctiosic padi@EScord\lGL@QNAbIPb6tArpidte Of edunibiae isedgorlithaaces 148
may be formed, wherein a portion of each of the second plurality of

conducti ve §dcagamtidf BroBeck ETRSproRtGvediml B25MayAlt8 beh ndfaghedVe Bl @bl by Of
second vias 146. The second plurality of conductive traces 148 each include

a | andi ng p@ﬁTﬂﬂé@etﬁﬁéhee%tﬁarﬂg%eﬁg%ﬁe)%TEﬁkﬁ)mﬂlﬁ,C@ﬁicH%f}F!oC&H1‘ﬁ by a dashed
line 152), as shown in FIG 15. ce the second plurality of conductive

traces,) 48 @Woél%ﬂghi@gie%ﬂﬁ shpfdc 1§ ah@ tHEGR croblREYont é rcf?fge‘éét%%rét@mtf&%

cr t
formati on of conductive I nterconnects, such as sol
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



10 WO 02/ 21s95 PCT/ USOL/ 23P~9 bunps, solder balls, pins, and the Ilike,
for comrunication with external conmponents (not shown). For exanple, a

sol der magk BIPEI al 156 can be di sposed over the second dhgchfbsal ayer
144 and the second plurality of conductive traces 154 and | andi ng pads |50.
"Aplurality of vias 160 is then fornmed in the solder mask material 156 to

expose at | @rapsuRtiB®mateflfl i9fispdedinGlortidis of A8 dpetihgPdd84 A&Qcopiedtyan in FI G
" 16. A plurality of conductive bunps 158, such as sol der bunps, can be

formed, suchi@seid¥oniBdle NA! 1d FI6. 686 difRmaRChdeHinihi 8 shd¥th wikélginepast e
foll owed by a reflow process or by known plating techniques, on the exposed

portion of ﬁ?&%l&imﬁe?%’é tgi?ﬂile!ggl Bailgl grehéﬁhat‘?ﬁle %Q\QQeétﬁnE:Lprlgaéf citG 18

.illustrates a urali m croel eéctronic dice 114 en ated with 10

encapsul at i g kg@sl% gﬁ?.ajfhujs?ﬁe @@Jgpiﬁghéibgﬁaﬁﬁf&%ﬁ%eﬁﬁ@io%leﬁ?@ﬁﬁ%k{g%&elo2- AL

| east one bui ayer 1s e mcroelectro ce active

. surfac 11 4. C | i . ce 106, and the
encapsul ant ?eﬁ%édgsr%lr%}c g@%ﬁ@éﬁ@¥4@tﬁe&%§g§gﬁirzdefm];t)}r)%\% 18§§f E/h%di scussed. The
ayer(s) o ielectric.ngteri an opductive traces conprising the

| f g ollec1 1. s .sgl 1 I@ gd . | si h

bui l d-up | a(}‘écir T fy gha%Si At &d Yodet her as buil d- up layer 162 15 in

FIG 18. The ingividual mcr.gelectronic; di 114 are then singul ated

Bl ong i nes. 164T SV ARG emgropeRras e 1 By e eShihied B K8

m croel ectroni c package core 02 to fgrm gt | east one singul ated,

mi cr oel ect r BRFSSANAUERE R gat Higited tg rangiand pomipresgion 1epldipg, ad §ispiis@Edescr i bed
in detail enbodinents of the present inventjon, it is 20 understood that

t he i nvent i &he ensepsulationiaierial 128 seqwers dhenigrasiscirepindie 1{hwibintheyi t ed by
particular details set forth in the above description, as many apparent
vari at lbns migsealestronic @aghessedse éozmdmrtxdqa@wahqniqq&lmﬁ@hfor He repitiigt or scope
thereof. 11 WD 02/2159S PCT/ US01/269:t9 CLAIMS What is claimed is: 1. A
m cr oel ect r gnicorparskagddessorfpaciagdarfoy. theisubseguend|budd-pp af itacpdaykisge core havi ng
a first surface and an opposi ng second surface, said mcroel ectronic
package core haMiangnapsulamst the petaspenfiing! Idd$ remeded, e shoivm inX1@rvdiong fr om
said mcroel ectroni c package core first surface to said mcroel ectronic
package cor exppecthathicueléaoaic did adiieasitrface el GriAsraiselseawn orlIG. @itee di sposed
within said at | east one opening, said at |east one mcroelectronic die
havi ng an aeddapsalasioh hiaeeial @2ds piéferadlyeinokdpdiol beta filler fontlerspade bamWeen theg sai d

m cr oel ectroni ¢ package core to said at |east one mcroelectronic die. 2.
The ni ¢g oel gdrbdMtirene pakagect figsk airficd 106MMARIRI MicfRicBtric dip st vatsudatemat er i al
further includes at |east one surface substantially planar to said

ni croel ect r 914, CTHl Rs3&lih ¥Bettbdeatifacand4 St H sibstnflyeslhdp ) e Package core
first surface. 15 3. The m croel ectroni c package of claim2, further

i ncluding b Hi.iérgéléb%oh@ﬂ?é’a%tidé sPRee ofdate hRRBlectBdtc PlcksRIcEreMirgtsQ@ARCt roni c
die active surtace, said at |east one
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



encapsul ation material surface, and said m croel ectroni c package core first
surface. 4. The m croel ectroni c package of claim3, wherein said build-up

| ayers cowwrogsat | east one dielectric |ayer abutting at pepgto@ises0f said
m croel ectronic die 20 active surface, said at | east one encapsul ation
material surface, and said mcroelectronic 12 W O 02/ 21595

PCT/ US01/ 26 thelficpaicktagsc die tidckesssitl 5 greafeathen thedniedocleetasiic pdkage@@uct i ve
trace di sposed on said at |east one dielectric layer. 5. The

m croel ect r dicimesd¢Rageh af showaimFI5. 6y¥ue isdionscslthitedatSukle aictipsangrduct i ve
trace extends through said at |east one dielectric layer to contact at

| east one 5Sugddachlldvethe efiepbationahatértul (230 FoReth@ein] WRcK willl Res@Eini aors Ur f ace.
6. The m croel ectronic package of claim1l, wherein at thickness of said

m croel ect r gdtufe adh&rence o iRehEdpshIGdh Ratbrili] CEKIBIBe ﬂfcr&@éc% mﬁé&t@y@&ﬁé oni ¢
package core. 7. The m croel ectronic package of claim§6, erein said

m croelgctrog c package core includes at |east one via extending

theret hrough. 10 8. The microel ectronic package of claim1, wherein said

m croel ectr oni G, PACKAAE,GIEE 7aid ge# Kok tlfa‘i ﬁ@eh%%a&&?o‘ﬁﬂn& '1% {1&9 of
bi smal ei mde triazine resin based materi a materla yi m des,
ceram cs, aﬂgt cg?érgtgleslmc?oeléac‘tlgﬁz: FB%&I sufrﬁpg l%atfhggnc%vexeﬁ 'ﬁq&oglgétrrogﬂlba%lp ackage,

COI’TpI’I Si ng. pr oVl ng a mcroelectronic acka I'r'St surface

and an oppo§“ng 1k agg&?gnﬁ%r{ etob%%:ggt &%dﬁn%%c{%? 1életzrggcﬁllickage core having

at | east one opening reln ndi ng croel ectronic
package core.fifrs surfa to,said r.,oel e nic e core second
sur f ace; gxb%gﬁ.l%cérogltc dicy ha%H%e"rﬁn@ FeaétW'@hF glsﬁ'fséé)@ellf 'n said at |east
one op |ng, sa ane ,m ¢r.pel ctronlc di e an a tive
surfacg(f| and 1 095‘6‘2/%1 ?"@‘f’/‘@@ﬁ ?‘%@ 2 pymplass, by ’\ri'g“% Y"dtec nique

m cr oel ectrgni ¢ package core to said at |east one mcroelectronic die with
an encapsul }t?rfp‘rﬁ’%ﬁt’éﬁlogpulldl'@ layere theaneiber Qffakrication ig notgedimited. Abheri ng sai d
m croel ectroni c package core to said at |east one mcroelectronic wth said
encapsul at i Bildup laygramay be fahepated\by a nsisty of techpigpgsikgown in Best. one

encapsul ation material surface substantially planar to said
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,



m croel ectronic die active surface and said microel ectronic package core
first surface. 11. The nethod of claim 10, further including: formng at
| east ongygigghpekric material |ayer on at |east a portion g sahdeo49
m croel ectronic die active surface, said at | east one encapsul ation
~material surface, and 10 said mcroel ectroni c package core first surface;

form ng at USast TR @riateontdTHRUGE disMcticAkyer @36 napBeadhicvb®by ddydknowb er i al
“layer to expose a portion of said microelectronic die active surface; and

formng at pe@ss, iRNRlfOAA W6t linYiRdits AGfnAion,Spindodting RARdapCartll Bta§Tdn’ | C
material |ayer which extends into said at |east one via to elecftrically
contact saigppijgsPel ectronic die 1 S active surface. 12. The nmethod of
. claim11, further including form ng at | east one additional dielectric

Toact one o ol CCrTRE REHGy Pl Yy or R eI s SR B W o o0 0 5.
The metod g gl 2l Ao DAL B85l B TG B ohPAShoRBWRT 1 onal

cggductivs rafe exte rough and'resrde on sa one
iti ' gy ter.al . . Th h f cl.ai , Wher ei
S provi dihgra i BRgEF id @8t ardtbue MG MES G ra ks g &

m cr oel ectrqni c .pack .core selected fromthe grou pnsi sting of

b1 Sttt m (UCERB TR BS PP et e fERuraly i faf BRePmed it des,
ceram cs, and tals, 15. A nethod of fabricating a mnicroelectronic
package, colpid OFPQ?S‘SE)F‘%IfHi“??ﬁeﬁlwk@%‘g}%@ﬂ“ﬁﬁf‘tcgﬁa@mé‘ﬁgné‘b gaavi ng a
first surface and an opfposi ng 10 second surface, said mcroelectronic
package core hdvPlgliftofjcendictivglgaceh i7i ihfpraed phida firfi dielschicde hi® ay fr om
said mcroel ectroni c package core first surface to said mcroelectronic
packagt corsélosveerbﬁmslgrwhm@p agpuiion ohepch opthe pbeality of qondyetixg Hass 4% ai d

m croel ectronic. package core first surface, wherein said protective film
spans sai d etende i atdenst epseadised plutaityiefyinsdidh gseaFlG.cdd o ragkes eleckicdel ect roni ¢
die within said at | east one opening, wherein an active surface of said

m cr oel ect r @miact witiethalsantects 1 §forhe phurdity shioddystive tates 142 ey bg madéradr i ng sai d
m cr oel ectroni ¢ package core to said at | east one mcroelectronic die with
an encapsul atyiapplicshlceondictivernetedalnsuah pooroppaalahings, endeatlopptherealt | on nmat eri al
fills a portion of said opening to format |east one encapsul ation nmateri al
surface abutti e pairalit? Of gundbivt traees 41 mny borfbrmedbywanyknsan cechmiqiegct i ve
film

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.



15 WO 02/ 21595 PCT/ US01/269~9 16. The nethod of claim 15, further
including: formng at |east one dielectric material |ayer on at |east a
portion oWwoserasesi croel ectronic die active surface, said apct/essl2e0e
encapsul ation material surface, and said m croel ectroni c package core first
surface; formng at |east one via through said at | east one dielectric
mat eri al | ayer AsshewpdisBIGa 1por detand didlectiin ldyarild4 tsalisposed @nerahélplaratintafve
surface; and formng at |east one conductive trace on said at |east one
di el ectric cmklectivaltrabesyldd andihe first dicteorie layet 036 Aihd favimatiepot theosRond a t o
electrically contact said mcroelectronic die active surface. 10 17. The
met hod of cdislecnrid fayef W4 hgY bd dehievedi Byhn RAGWIBroddss, iRATdinBIR naditddanal
dielectric material |ayer disposed over said at |east on conductive trace

and said at fileR&finddi08, sgirﬂioaﬁﬁg; kol doBRY, bl spraBY&Y depdrionThe nmethod of claim
17, further including formng at |east one additional conductive trace to

extend g hrough AndonR$h A, 99, %ﬂﬁxgli@tof Leasd vi9ﬂﬁ46%’9{h%ﬁ fHP@Ed H'xircﬁu!ggﬁ{er e 15

material |ayer. 19. The nethod of ¢Claim15 ereln sald provrding said

e euf ooy b1 BACKROT EOIA. TRIPIFRMER N dadmil) B RERED Mol 20ka0e

core selected fromthe group consisti'ng o i smal el rrazrne resin
based naterj . . i N M : } ¢ ., 16 WO
02/ 21505 P URT T8 Bl Rl ot Bl B HEF i A e AOEERR, 2001 1 i'ng
id t ' A inecl ud ting.sai.d tectjve . filmhavi
adhest ve aghyiart SotaFh BinBe e B e R S e sl PR,
t hod of fabri i ' | ect i : ising; 5 i di
i croel ect rOR EBTER) Bl FA T HPCIP P EBPE dF e e ST B gBi g second
surfac said n.ecroel ctrPni ackage %f,re having a plurality of openings
def i neﬁy t her ei H}@RP&@}% FAnAwAlEe rarciil 67 S SPeEPrtin Pl isinadhg BluElEOSt | 1 st

surface to said mcroel ectroni c package core second surface; abutting a
protective TFPNA ARpal4GdR 2 apniontiateneaitien thesnther portivagef thesoadydtivetracssr f ace,

are formed in the plurality of 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



10 wherein said protective filmspans said at | east one opening; disposing
a plurality of mcroelectronic dice within correspondi ng openi ngs of the

m cr oel eayp@phsopackage core, wherein active surfaces of eaant;2eadbd

m croel ectronic dice abuts a portion of said protective film adhering said
m croel ectroni c package core to said plurality of mcroelectronic 15 dice
with an encamgs) sidepbalisppias, aad the like fei commmimatioronitipéxterail domporpshatt i on
"material fills a portion of said openings to forma plurality of

encapsul at i showARt R ierdmsie] afsaldesmaRuhdtdrag 1 S6dad be HBF&@& b tel sedBndr enovi ng
said protective film and singulati ng each mcroelectronic die by cutting

t hrough sai dlelgitfit RSbertaraaine S&Qn@gm ofte@dh@uctivetrack 54wt hadingfpagd ai m 21,
. further including: 17 WO 02/ 215 [ USOL/ 2@049 forning build-up layers

on at |east;s, I@Pﬁlhiaﬁ’fy &‘fvxa'%qs@hsrthéhrf@ﬁ‘n‘ne%%lElﬁrkblaeﬂhﬁs‘?c fidrlaY s ekpsear said
plurality of encapsul’ation naterial surfaces, and said mcroelectronic

* packageg COrgad b Elélttloﬁ BF LRfBf thé ﬁandﬂﬁg Eaéﬁ%h?& sH&wr?lnaf!IG‘. Fehr A gﬁ?zgl n& sai d

provi ding said mcroel ectroni c package core conprlses pr

m cr oel ect L&ﬂp&ctn@sw?lﬁoglu%gaﬂo? | Btinbd 048 b4 ity F‘er. bptABnBha. oo

bi smal ei m riazine ST ase

ceram cs, and net am21 uttlng sai d
protecti veatf)i ﬁcreenﬁ IPmEFeSOldef)%s Seith o“é‘%lbéf ap'F % OGS OV\QX mokvlvél qaqmgan adhesi ve

L SRS SRR BN
- AUL_ Aa&; Quj 23 FIG. f8 111uscty\ rates a plurality of microelectronic dice 114 encapsulated with

10 encapsulation material 122 within the microelectronic package core 102, At least one
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
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10Ty 3=100a&3St guc@mstasipions dieng 0ogre () - &' 10947°& ()- t  QdEmbC ! 10% U& () -

10% U&' ()- 310% U& ()-y10% U& ()- 10% U& ()-"&10% U& ()-~ k dEmbC! SL10%
U& ()-9!10% U& ()- 3 10%

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 [east one encapsulation material surface, and said microelectronic

12
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10% & () - 1fika¥e (Chre XSt fAck aid B0éa%t éne-conducli®rake djspdsed on said at least one

- 10% & ()-1'YSAEMD@ !, - 1096 & ()-*S10% & () - (* 1096 & () - &10% & () - $10% & () -
0% & () - Cldielebrrix (& ! 10% h& ()- 10/ 10/

10/ @ 10% & ()-210% & ()-010% & ()-.10% & ()-n~adEmbClly ' 10% h& ()- 10%
h& ()- 10% h& ()- 10% h& ()- @0% h& ()- |"&10% h& () - Txl dEnbCl ! @ 0%

h& ()-8 10% h& ()- 10% h& () -, 10% h& ()-s10% h& ()-s10% h&' () -
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5  electrical contact on said microelectronic die active surface.

6. The microelectronic package of claim 1, wherein at thickness of said

microelectronic die is greater than a thickness of said microelectronic package core.

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
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11.  The method of claim 10, further including:

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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14.  The method of claim 9, 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.

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.
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L0011 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

said microelectronic package core first surface;

5 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

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 microelcctzonic
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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5 providing a microelectronic package core having a first surface and an opposing
second surface, said microelectronic package core having a plurality of openings 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,
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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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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