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the presgnt.bin k e ese f formng
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10  building of the substrate on a temporary core/carrier capped with copper foil, which is etched off

after the package is separated from the core.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly pointing out and distinctly
claiming certain embodiments of the present invention, the advantages of this invention can be
15 more readily ascertained from the following description of the invention when read in
conjunction with the accompanying drawings in which:
FIGS. la-1g represent methods of forming structures according to an embodiment of the
present invention.
FIGS. 2a-2j represent methods of forming structures according to an embodiment of the
20  present invention.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

In the following detailed description, reference is made to the accompanying drawings
that show, by way of illustration, specific embodiments in which the methods may be practiced.
These embodiments are described in sufficient detail to enable those skilled in the art to practice

25  the embodiments. It is to be understood that the various embodiments, although different, are
not necessarily mutually exclusive. For example, a particular feature, structure, or characteristic
described herein, in connection with one embodiment, may be implemented within other

embodiments without departing from the spirit and scope of the embodiments. In addition, it is
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In the follow ng detailed description, reference is nade to the
acconpanyi ng drawi ngs that show, by way of illustration, specific
enbodi merwe 20re/oai3éh t he net hods may be practiced. ThesecC@msedilmesss are
described in sufficient detail to enable those skilled in the art to
practice 25the enbodinments. It is to be understood that the various
enbodi memd s urdkistood giat @t idceti@ndr arraf@ mdtttof NRIGESRAEIEmyntwithidlehoh d@ectdseBi ve.
For exanple, a particular feature, structure, or characteristic described

herein, leMb6@MBMAGHdYH Ndiffbdargoeidpstineitbm theypirkand fabeoERE edbiih&itd ot her
enbodi mrents wi thout departing fromthe spirit and scope of the enbodi nents.
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t he enbodi nents. The foll ow ng tailed description is, therefore, not to
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only by the appendeg‘clalns, appropriately interpreted, along wth 5the

full ' whigh ' .entitled. In th
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dr awi ngs, e nunerals re ane or simlar functionality
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and utilizing mcroelectronic packagi ng structure suc nbedded

cor e! €ss st|13uBlf{1Lre gccﬁgg?uél%rf[egn%%(ﬁd’éﬁ%gfelegsrﬁngipﬁcrlgabeeSqu\%}-{Jpeg,sa e gc?s%r%) .STﬁro%g i ncl ude
formng a die enbedded”’in a corel ess su rate, erel n a nold conmpound
105urround§lthe dieI agd mhenFin t%g(ﬁje co ri@qstTSK connecﬁions on a
first siGETSTIMERTSRYE FAMIE AL TR Idrl AP HFR NS RISEE HMEdGPRPRTe, i ¢
mat er,j,al i s di.sposed on .a first.side.an a second si de. of | d
CompORna IS RERE s L bR st GRS el RSB i €ant hE vEh Pads
and to the TSY pads. through .the. dielectric. materi al both sides of the
die. Met ﬁé‘c‘&ongﬁlﬁ? ﬂgth‘éﬂ‘ﬁo %ﬂf‘glegeﬁ%lnéat‘ifﬁ lsfd&Pﬂsé@iOBH%‘g%t S{S‘EQ‘PCF Q) eeaonds y |y
enbedded packages using bunpl ess 15 build-up | ayer (BBUL) technol ogy.

Vbt hods 318 OR08 BIAE PO wreh Ak wP%%n&terf%e@ﬁ%%vrﬁ%ﬂﬁgow e GARady gl
formng a first die enbedded in_a coreless substrate, a first dielectric
mat eri al ‘9 dc¥medy theough thedicdgeric meriah or beth sidedeidhetipddetbefisiohthene corel ess
substrate, wherein the second die is disposed above the first die and a

second dic@pediments chpiicdhs formationpfiduad sided. iy aeheddrd ngrlegesy yingrupwmisect

structures further connect the
15  build-up layer (BBUL) technology.

Methods and associated structures of the embodiments further include forming a first die
embedded in a coreless substrate, a first dielectric material adjacent the first die, and a second die
embedded in the coreless substrate, wherein the second die is disposed above the first die and a
second dielectric material is adjacent the second die. Interconnect structures further connect the

20  first die to solder connections on an outer portion of the coreless substrate, wherein the coreless
substrate does not comprise PoP (package on package) lands to couple the second die to the
coreless package. The methods of the embodiments further enable the formation of a package
structure wherein the overall package is made completely by the BBUL process rather than by a
hybrid process involving a BBUL package process and a BGA/wire bond packaging process.

25 FIGS. la-1g illustrate embodiments of methods of forming microelectronic structures,

such as package structures, for example. FIG. 1a illustrates a carrier material 100. In one
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20first die to solder connections on an outer portion of the corel ess
substrate, wherein the corel ess substrate does not conprise PoP (package on
package) weande/wo73soupl e the second die to the corel essPpaaisage/o53Bhe

nmet hods of the enbodi nents further enable the formation of a package
structure wherein the overall package is nade conpletely by the BBUL
process kabbdmeiithdd cityicmityil 100 papeaHsist Bl layer piBidil hackageniehoeess
and a BGA/wi re bond packagi ng process. 25FIGS. la-1g illustrate enbodi nents
of et hogsnkary e4rtMAichas s ARr&GdctOmt AicHarriee 1 00, 88 othet&Hb RSN ARG KRGerrier
structures, for exanple. FIG la illustrates a carrier material 100. In one
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conprise a multi-layer copper foil that may serve as a tenporary carrier

such as RuMtChRgli&qb6 Y Spn8IEAMIRE allBesildNaPr NS, enbodi ments, the
carrier material 100 may conprise any suitabl e conductive carrier nmateri al

adhestve | ayer 00 AT "4 ‘EnDR AN SR HEL! Gl e CRpeR AR ARSIt BRI RL e
Car i or 1B R o e PR Tl R8P EREE Dt A onnect | ons
01 padde. ey e RGN R bR Ty bl RbRER FES ey B BEREC RE Ty
o, T EAAEE ARG A T B 108 B A R, 50
side up aon carrier

di spensed it flsr ST hetear L o ot e TR EhT T e oo MRS HS 6388 ™ e
106 10 b PurpEPARy e S RePhrtb ) Reei3atsoRendin e £ 40 dBABound 108 may
oSS S P S . 1
embedded T THE: 6110 EDpBLR S0 SRABHET SRS toP d anpptin s may
then be renoved to expose the C4 pads 104 and TSV 105 pads (FIG Ilc). In an

embodi nehie eBRRRYEAHIEHIWg of the nol d conpound 108 may be perforned to
expose the ¢4 pads 104 and TSV pads 20105, and the tenporary carrier 100

may be renpvel reawodiHEntpaclbennernt i SyapKRePP i th guFarevRPeghedied8d | n an
enbodi ment, the die 106 may remain entirely enbedded in the nold conpound
108 &bt efFlexkhodnee cobodiment(he gyl cpgwopsd)d now beaisperspdantdrugbdde ayssumdd 108
may serve as a base for subsequently formed build-up layers of a
m cr oel edterdoni . pheciageompoundt 108 enal be aendicd swbrtfit thy diol Mrbeuiptetalys her ei n,
and may further serve to reduce warpage during

embedded in the mold compound 108. A portion of the mold compound 108 may then be

removed to expose the C4 pads 104 and TSV 105 pads (FIG. 1c). In an embodiment, back-

grinding of the mold compound 108 may be performed to expose the C4 pads 104 and TSV pads

20 105, and the temporary carrier 100 may be removed from the die 106 during back-grinding

removal process. In an embodiment, the die 106 may remain entirely embedded in the mold

compound 108 after exposure of the C4 and TSV pads 104,105. The mold compound 108 may

serve as a base for subsequently formed build-up layers of a microelectronic package structure

formed according to embodiments herein, and may further serve to reduce warpage during

25  subsequent processing of such a package structure. The remaining mold compound 108 may

comprise a first surface 107 and a second surface 109.
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25 subsequent processing of such a package structure. The renaining nold
conpound 108 nmay conprise a first surface 107 and a second surface 109. WO
2012/ 040AS6RCI/IBB611/ 053325 Dielectric material PCOUSA/0533RY be
formed on the first surface 107 and on the second surface 109 of the nold
conpound 108 that surrounds the die 106 (FIG 1d). In an enbodi nent, the

di el ectric mab@ldcalc mdk&ial 11001 10mayayne fh@icawdial irachgstey7 and @nihe adcbid
process, for exanple. The dielectric material 110, 110' may provide a |evel

pl ane f Okurdacs WO SAHERb1ARIS I BurkiPl 0B Q€ QF Foun@ the &B 186TFAC1 T8N an inBSdihdd, My be
formed in the dielectric material 110 on the first surface 107 of the

ol di Ny et AitBrialt 00,000M@8) bd RrhdiPatteheR RIS 1akbidatRh: pm@ssdfoe exdddple. and
vias 112" may also be forned in the dielectric naterial 110° on the second

surface Q9 qRfect g0 M1 Rp 'ﬁﬁ? YA Q8 etP pRANRES Euﬂséhu%ﬂ%ﬂ@\{{) Eﬁfé@ss.lOS of

the die 106. The vias 112, " “may subsequently be filled w conductive

matersal 113 (fF L&mﬁcﬁﬂmenlt rlfla%rl IQ 'ﬁﬁ?@h FRRkd irPhS &@]eftrlg%%'af 110%nRAOKES S ( SAP)

may be used to forminterconnect Structures may conprise first

et al 'aXﬁli‘aSe 16 Pt X ATRER)cohBoGRIMOR ! ﬁleyttgﬁfé&? 164“&&&4 d@%%s afPda PN the

die 106 i nt erconnect” structures may a forme

connecti yely, Cowpl e ¢ eh@thl?%_éhe%ﬁ'gﬁna%&gl Pl LA% 'eceongi LlO@thﬁgPia Lent

t he i nterconnect struc ures e dlspose ¥rrst surface -107 of

the mol di.p Ig ou%HRBQ{IOgCQ%'Q%h%QHenf?\beC% 169”9%%%&0%%& il_al_scflup?‘ﬁs 104 by the

15conduct? VB Vi as Ofnect  strictures ydlsposed on
t he secon sur f nd .1 be connected to
the Tov pinidlehE’ %eyﬁ?eﬁemélo%aﬁ RSN 9e> i em%u@%atu%m Tayor o oy
t hen med usin P bui u rocessin e, Wherein further
ot @5111%9%655 AT mag B PR PR iR S BORY R A oD V1 e
113", 113" ! i nter onnect structures 114" 4" forned upon
each ot h%fSt &t?%}ﬁéﬁ’rﬁf OF SFAPRE) [PHPPEHY LY C%Lﬁtaﬂler%‘kﬁﬁd? %%r%gd‘Fﬁo

corel ess package structure 120 b |I|2|ng t he buil dup process if).
In an enBSeroRIRt S“'t“ﬁ‘é”%b%eﬁ@%%%ﬁ%ﬁ% &d orqefiractiredy 9Bl iedonpiads SaOfBBUL
corel ess package structure 120, and the die 106 may be fully enbedded in
the cor eltheske }ﬂ%c W gk crabqdiraeiyr the intepconpept Ftﬁlc%ese‘rlrﬂ@?fb’r‘i’é Htsposmi] an thgfettess

package structure 120 nmay conprise a dual -si ded package 120 on both sides
of the direfered0? th%:mldglge:ﬁﬁ)@%@dloﬁ andrpy beeapentirido tigg 4 pads 104 by the

15  conductive vias 113. The interconnect structures 114’ may be disposed on the second surface
109 of the molding compound 108 and may be connected to the TSV pads 105 by the conductive
vias 113°.

Subsequent layers may then be formed using SAP build-up processing, for example,
wherein further dielectric layers, such as dielectric layers 110’7, 110°”°, conductive vias 113°,

20 113’ and interconnect structures 114°°, 114”°” may be formed upon each other according to the
particular design requirements, to form a coreless package structure 120 by utilizing the buildup
process (FIG. 1f). In an embodiment, the coreless package structure 120 may comprise a BBUL
coreless package structure 120, and the die 106 may be fully embedded in the coreless package
structure 120.

25  In an embodiment, the coreless package structure 120 may comprise a dual-sided package 120

on both sides of the die 106, which is embedded in mold compound 108.
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WD 2012/ 040735PCT/ US2011/ 053325 I n an enbodi ment sol der resist 116, 116
may be used to form openings 118, 118 to connectively couple to the C4
and/ or t hwWOTDBM/@as 104, 105 on the outernost |ayer of wrhe/ysackagss2s
structure 120. In an enbodi nent, sol der resist can be used to open up the
pads on the outernost |ayer of the package structure 120. In an enbodi nent,

sol der balls M effbydidRnbiotichRgisi N6t hie’ aRe bt 684 td bdm opafisksang 1118) tot 0 coupl e
to the die 106. (FIG 1g). In an enbodi nent, the solder balls 122 may

conpr i se chalebtivgiy @ugle kdthe CB@AY/ob@k ITSVhads 104hads didle HReralotaghedrhe the
package structure 120. In an enbodi nent, a additional dies and/or packages

124 may begckagd AtbRY LOUR8dmbbdieNsdne r&ﬁ%ﬂnﬂﬁ%sémtg op &N t8E pakid 8n the
referring back to FIG 1g) to an outer portion of the corel ess package

struct ur guigflst fa er%@%gﬁékagé@ﬁfé{u?@m th B QHEui AR do MeASall 191 mdPshown) may

be forned throug the dieléctric layers to increase power supply to the

cor el 6ss (RARK AR %ﬁénﬂ%% ll'[f (drrelor 11 %))r 10 BX P 8he die 106, (FIBUS). IBA Qﬁgo?dn%nt

fabricating dual side I'y enbedded package structures usi ng BBU

technol ogy gfd@r an@%fﬂlay J}ﬁrfg%al §§§aragb§gg§e§1}srllz§ttﬂgt G%%gt g@ae&)&) th'é' lized

in stacke§ I e/ package a catl o nts provi er package

struct “L@&c&ﬁ%\@ dﬁxgmﬁlPe b'aﬁltn%%ﬁl% ifheoa gédnﬁ&l?ﬂ X a%di%?E&%%&%q zg%%g%ﬁé‘ab' ¢ a

fully e I'e solution us Feduci ng e pac

embodi rren achgd)éa{'u?)ﬁ:d tHr8§ h the (?Ptegwghﬁg (gltlcﬁgrrﬁ%é?er}er%]; S¥§0 F ?%C k% (iePacC kage

appllcatlons Fov if Carfeous
processi

k k Th nb t bl
packag e ofig ?@fglegsm&fﬁ%e f%o@ﬁ?n LR T U
t k 20st / t ,
ot 301 ng s o R sk f%wl?%ﬂ@(aﬁ%ﬁ Raorteeostentis R Rve o
fIash/DRANTSRANTetc F@ % boar s such as not herboards, for exanple.
a

FI GS. 2aP#kagq §iysiy nts of nethods of forming mcroelectronic
structures, such as BBUL package structures, %% exanple. FIG K 2a

i1lustrates alourmrlpdsalifdyicaingsiyel sided fylyeenibed Pﬁ‘éﬁﬁe strugRIres g BBUfat er i al

200 may conprlse a nulti-layer cop Eer foil that may serve as_ a
technology are enabled. The coreless package structure 120 may b¢ utilized in stacked

die/package applications. Embodiments provide stiffer package structures owing to the presence

15  of the mold compound, and enable a fully embedded die solution, thus reducing the package Z-
height. The embodiments further facilitate the integration of TSVs for stacked package
applications, while improving warpage, while providing for simultaneous processing of a base
package and stacked package(s). The embodiments enable packaging, assembly, and/or test
solutions for graphics, wireless CPU's/processors, Chipsets Multi-Chip/3D package

20  structures/systems, including CPU’s in combination with other devices such as Memory (e.g.,
flash/DRAM/SRAM/etc) and boards such as motherboards, for example.

FIGS. 2a-2j illustrate embodiments of methods of forming microelectronic structures,
such as BBUL package structures, for example. FIG. 2a illustrates a carrier material 200. In one
embodiment, the carrier material 200 may comprise a multi-layer copper foil that may serve as a

25  carrier, such as a microelectronic die carrier. In other embodiments, the carrier material 200 may

comprise any suitable conductive carrier material 200. In an embodiment, the carrier material
5



25carrier, such as a mcroelectronic die carrier. In other enbodinents, the
carrier material 200 may conprise any suitable conductive carrier materi al
200. I n awmoentoddTseént, the carrier material WO 2012/ 040P8FRSIHIWS2321/ 053325
200 may conprise an adhesive |ayer 202, such as a die back side film (DBF)
that may be pre-attached to a first side 201 of the carrier 200 and a

second skdemay cédiirise ah bdiREiv@RPer 202, such 4 o dié Bickdide i GDBE L@k ras b pd-r St
menory die 206 for exanple, nmay be nounted/attached on the first side 201

of the caitiched t20@stusicnd] bt parfcatobanh e docRFsidO hd @krigxampl e. A second
die, 5 such as a second nmenory die 206, may be attached on the second side

203 of the caprfir@rdic23, sh Bda ﬁﬂ?m%@ry%ﬁet A8k xRl 284y bd QbuRdPIREIRd ohhe
first and second di e 206, 206' may conprise conductive structures 204,

204", respattdsurlp) wWhine BarH@iyz()@QlﬁfB% 't}n%%r&é‘tta!cﬂédelmp@@e%r RAMMEIALRSnPHE, 204",
for exanple A dielectric materia may be placed/lam nated on the flrst

si de 201 0% & BQLRl frfeﬁlroryzrﬁgﬂﬁd; e x d/ t%ba)ttac}f%‘d Gh ﬂle%géornh CidBBH £ Rl a%:l'% 205ray be

pl aced/ | am nated on the 'second 10side of the carrier 203 suc

i of ect r OB 4 SR TR R s %Sﬁct@éérsft% %003@‘*%%%“3%%?% v
ey SRR TR 380 48, OB DR G R @ﬂgﬁ%e?g% e i or s

210, 210 er.

structur§g4?%iuxé8§%mﬂgs wbwgﬁcngggnpéﬁén%' pec |ve Eﬂ(ﬁqgfﬁ%ééﬁ%zol

The vi as 2, 21 ntl canducti,ve naterlal 213,
2 gyrree200 TR, PR A fpne iG] 1k ity B e RERES i'ém Dlhe osos
to f onnect. str ures. 214 ta

| oy edb i B R BRES 208 N w8 e i B SR> Gy dubesisalha 1 st
di e 206 fe ect struct 14' | so be forne 0 20connect|vel
coupl e tBV"ngetL?ﬁle%%% H?E?&Ials336’?§8’2r§%’€8th@¥yd%8 an ggbodippnt.f ﬁ éﬁb’&‘&‘?‘ﬂ@ ® the Y
i nterconnect structures 214 be dlsposed on/over the dielectric naterlal
210 and of? Bxazéﬁe%f@bﬁthesftrstcﬁﬂ@e%édwg&é B PBhE R ed to the C4 pads 204 by

the conductive vias 213. The interconnect structures 214' nmay be di sposed
on/ over ti 2dPel'dcrny be framet hiebthy dickicicpptenade 14 REO'sBeBNG @ Bsoder | and

may be connected to the C4 pads 204 t he conductive vias 213

25Subs eqg&epls, é@x@@@smycqmdéﬁlvsétm%wﬁ%%u%%@n thedi 06,2069 1spechr de 8896i ng, for
exanpl e, wherein further dielectric material 210", 210", conductive vias
213" 15218¢0). and i nt er connect

The vias 212, 212 may subsequently be filled with conductive material 213, 213’ (FIG.
2d). In an embodiment, a semi-additive process (SAP) may be used to form interconnect
structures 214 (which may comprise a first metal layer, for example) to connectively couple to
the C4 pads 204 on the first die 206. Interconnect structures 214’ may also be formed to

20  connectively couple to the C4 pads 204” of the second die 206°. In an embodiment, the
interconnect structures 214 may be disposed on/over the dielectric material 210 and on/over the
first die 206, and may be coupled to the C4 pads 204 by the conductive vias 213. The
interconnect structures 214’ may be disposed on/over the dielectric material 210’ and on/over the
second die 206°, and may be connected to the C4 pads 204’ by the conductive vias 213°.

25 Subsequent layers may then be formed using a SAP build-up processing, for example,

wherein further diclectric material 210°°, 210°”’, conductive vias 213°’, 213””” and interconnect
6



WO 2012/ 040735PCT/ US2011/ 053325 structures 214", 214" may be forned upon
each other according to the design requirenents of the particul ar

appl i cat ivw0,20t2y040351 i zi ng a SAP buil dup process (FI G 2@rT/USpo1as3325

enbodi ment, a third die 216, such as a CPU die 216 nmay be nounted/attached
above the first die 206, on/above the first surface 201 of the carrier 200.
A fourt hs@icureslB'4;’, nhieCimagdy fGodP apecach Y adt@ding @ thd exsaimptauireiBits be

att ached/ nrount ed above the second die 206° (FIG 20. Additional dielectric
materi al tlphiticafhi appliBitioR Coyh@izRd « SNPIOEH REcdh@ 16 d) dn dh mBdBmeand t he
fourth die 216" respectively. Subsequent |ayers may then be forned using

SAP bui | ghikiRli®? 0L 8808, CHOdic ©XQRRY Be mihigEFithcRddbbiQARdtirsEARAUE b iBowei as
213", 213" and interconnect structures 214', 214" may be formed upon each

ot her ac%rfﬁkt@grfé&, 2bh6fﬂi%@[:&rh&%0@%%§!h% Il%ﬁl%ﬁﬁﬁﬁﬁlc%n(pﬂ@a CBQ)gic, 13 I an
enmbodi ment, further vias and netallization |ayers ray be forned on the

thir dsan‘éxafn%é %y@e%ﬁa&%@mo@&t 0 abo@é?ﬁl% rstoH&J de206 "R 1R} A@l?&'n@fial gf%l%lcfrfeat Ion,

vvher el n great er han t wo eve met a | Zatl on may or ne Utl | ZI ng
t he SAP 216, 216
S ui’ﬂé?ffl‘%a%‘lﬁe?{%iéﬁi%? %318%5?#0%@&%@%“’@ |TeBte, aRPhERuhER Jh 210, 200
Gp. PaIS T454ci230 SAEL Gl ) RIDBRTEN oSG U el 206, 1520t he

third di fromthe seco he fourth die
216" al on e or »»f orm, h cture 220
and a sec%an h%%%eaqg tl?'jotrj%t urdu%{i‘éeowgS %1%’ aén)1 e nJ Ln{e§00{1 R&f ?ﬁ%ﬁr??t hland third

di 206, 6 ma
S ekane 8ﬁ4lpac s8R Sh S ol %Cé?rl&méq%ﬁlﬁtpg% Sl g angP iRl i8St | 1 an

enbo ec d and. fou .
Sooodh BRn %QS R 265958 ien i e Mo 9%]8%%5&@ U b el A g8

t, | d bal.ls 222 d th
Sads Eisﬁtea%aeﬁ LD U i E@?t%%”%@ﬁ S B G"”z. y
Sol der baII 222" be forned on the pads 215 to couple to the die 206
216' on K& 1?@8%‘6‘%%%@955@ ‘(t%tngélf?o%ﬁ"ﬁ bul]I rPSpaPr‘iOCé’?Poodl m&*zlto t he sol delr ball s

222 may conprise ball gird array é balls 222 that n?% be attached to
the package 25 @embedigicat. sdder rqsvfu 16, 2he cppbi vsdprisgedonrhetedbethydend wher ei n
there are no PoP | ands, may conprise a BBUL corel ess package structure 220,

and the fowdidind. 3K onapdiw pzé%2152ék§ (FrHy- 2B In yyopmbodiment, the first die 206

2012/ 040735PCT/ US2011/ 053325 f ul I}/ enbedded in the corel ess BBUL package
st r udpur andthg third die 216 may be separated from the second die 206” and the fourth die 216 along

the temporary carrier 200 to form a first package structure 220 and a second package structure
220’. In an embodiment, the first and third die 206, 216 may comprise a first BBUL package
structure 220 without package on package (PoP) lands after separation from the carrier 200. In an
embodiment, the second and fourth die 206°, 216” may comprise another, second BBUL package
20 220’ without PoP lands after separation from the carrier 200.
In an embodiment, solder balls 222 may be formed on the pads 215 to couple to the die
206, 216 of the first package 220 (FIG. 21i). Solder balls 222° may be formed on the pads 215’ to
couple to the die 206°, 216’ on the second package (not shown). In an embodiment, the solder
balls 222 may comprise ball gird array (BGA) balls 222 that may be attached to the package
25  structure 220. Thus, the BBUL package structure 220, wherein there are no PoP lands, may

comprise a BBUL coreless package structure 220, and the first and second die 206, 206° may be
7



In an enbodi ment, additional die, such as a fifth 221 and a sixth die 221",
for exanple, may be forned adjacent to the first die 206 in the first
package 280 2arh4013¢ third die 206" in the second packag®CZaB2011m63325hown)
respectively (FIG 2], depicting first package 220). In an 5enbodi nent, the
fifth die 221 may be disposed in the dielectric material 210 on the first

si de of N @@eldednn 2QQoRNRe BBELpackafe dhews?d0. may be di sposed in the
dielectric material 210" on the second side of the carrier 200 of the
second packagm shZéhbo(inRht, SMRNGHRI die, such as a FTES22 1 QAP dikiFRNE 3217 164 dkd@gleher ei n
conprise BBUL processes and structures wherein nultiple dies are tully

enbedded iy bRifdtnil 8djRBlL 0 RRCHARe 200n Al BEREILEEM0 andiR: thRP €66’ isWeh 10 as
a top nmenory die, may be the first enbedded die in the BBUL process of the

enbodi mentndpicRhdt- 22BEMe! §hB§zn%sﬂe&%reEW@R@“ﬁ%&foéﬂﬁ?ﬁr§ﬂ fackd3ebvslerayer al | cost

of processing reduction of the final package due to the renoval of the PoP

subst 5 at %mﬁﬁgm@nt%%ﬁh QR 0% UE b@%hs?%{ef@ TPty dféle@trétrﬁa?é}ﬁl i@ 4 QE’? RRckags for

exanpl e) overall Z heigh final 'pure', non-P conpri sing

BBUL packags Y¥oPed 6 %ﬁggﬁ 28?43 %s&ﬂb%rdlél&'t&tmét@ﬂdlﬁ%' 3§tﬂe ' Ssues

(which 15 may be due t orlng of the copper

el i mi nat e, FYiL BRLIBESer b blink 08 ﬁﬁﬁ%@%ﬁ’t@gﬁﬁ%ﬁl} c. the BEUL package

structures e varl ous e I men ern uce ‘war page, t hus i npr ovi ng

the yield du”l"f?l%h%l% d%%entsngalrf(tledth%r e CO ge Egﬁi pboce§§ n\é%rgﬁétureg%ﬁ 0 of the

vari ous enbodi ne ere n rocess al one,

rat her than. r n C nblna f age
processi ALiltip lt é/ d1 It F@) %c&:ﬁ thlCt ge%%rpggkaggqn an 8m£?cp m%n:_%1 ﬂé Pogl'd% sucﬁ
proc ses/s ructure rlor es may. in fact nprise a
onbilat Fon opmetsniie: Baciee Fahar sk ke B R e dr o i BB kage | <
surface unt the B hat only the | ower package in _the prior
art is ag%EBLEﬁF§ E@?nﬁlﬁ“?h@dPﬁﬁ“’ Cﬁﬁ@ﬁﬁﬁﬁﬁ?@ggﬂﬁgﬁg r}It_h"“package
the top die in the PoP portion not being fully enbedd n the BBUL
package. 115% PPRSSRANEH e FTOVA Sherpog s ead f A oD §a&1k%sg’én%%| Ktely.

The various enbodi nents enabl e packagin assenbl andLor test sol utions
for CPU é&ltgshde Balspackagectsr eeetpéﬂn?hetqwreﬂ%dw%t Ofﬁae g nlaqncquPﬁgndcpu in
conbi nati on with other devices, Iy ., flash, RAM etc.),

boar ds (emgprlsnrﬁo%@krseféqaa%masel@ecreﬁluced oP pamag%w@eﬁmlmelfabﬂegemg(wjeeh;r| ption
has SEeCIfled certain steps and materials that may be used in the nmethod of
t he pPpesany bedyetetlickof andhogeg efiche ¢apreriRoPiad). mpy bowlimingtpdr Rthgimeore.veth nany

the embedded stacked die, the BBUL package structures of the various embodiments herein
reduce warpage, thus improving the yield during surface mount to a motherboard. The overall
package of the various embodiments herein are made completely by the BBUL process alone,
rather than by a hybrid process comprising a combination of BBUL package processing and
20  BGA/wire bond package processing as in prior art processes/structures.
Prior art BBUL packages may in fact comprise a combination of a BBUL package and a
PoP package, wherein the PoP package is surface mounted onto the BBUL. That is, only the
lower package in the prior art is a BBUL process/package and the top PoP package is a non-
BBUL package, the top die in the PoP portion not being fully embedded in the BBUL package.
25  The embodiments herein eliminate the PoP package completely. The various embodiments

enable packaging, assembly, and/or test solutions for CPU's/processors, chipsets multi-chip/3D
8



5nodi fications and substitutions may be made. Accordingly, it is intended
that all such nodifications, alterations, substitutions and additions be
consi der edot201dm@b135wi t hin the spirit and scope of the i mgentSean/oass28ef i ned
by the appended clains. In addition, it is appreciated that various

m croel ectronic structures, such as package structures, are well known in
the art. pihessfigling OrU i @uibestipl @th deer fwicel, menldny@ld dtash, DRAMpoOr ti ons of
an exenplary mcroel ectronic 10device that pertains to the practice of the
present RAA@RicHOBLardEhels., lbBeoaggRic.)l nvention is not limted to the
structures described herein. W 2012/040735PCT/ US2011/ 053325 I N THE CLAI M5

What i s cl ai mRehdugh tRoRHBRE BAGrSIRNMES Sebificd &drfamCidpl gnBmbterial thel Bayt & 2
first side of a carrier; attaching a second die to a second side of the

carrier; yged in thefitdNG thl L@ tifvehtioRiRGd &ilednn tHR&rthWill %%pr@éiggtlﬁf mhf}e carrier
and formng dielectric material on the second side of the carrier;

10f or gi Ng, i RGN Qﬁ&&db%ﬁti ?,%aiy% %g& nR?'c%kp]lﬁlﬂ?,‘fﬁE Wi&Rcd hoMAhct he
I e e of t

dielectric material on t irst si e carrier to connect to the

first .t SRR ik BARREGH LSRN, bOLALGORARER SbHGhE LS 4 Ouah
the dielectric material on the second side to connect to the second die;
scope of the invention as defined by the appended claims. In addition, it is appreciated that
various microelectronic structures, such as package structures, are well known in the art.
Therefore, the Figures provided herein illustrate only portions of an exemplary microelectronic

10  device that pertains to the practice of the present invention. Thus the present invention is not

limited to the structures described herein.



attaching a third die on the dielectric material on the first side of the
15carrier and attaching a fourth die on the dielectric material on the

second siwe 0f2zmbBsscarri er; form ng additional

di eCeatseéie/onmeeri al

and interconnect structures on the third die and form ng additional
dielectric material and interconnect structures on the fourth die; and
20separating IMeHE CBEAIMS third die fromthe second and fourth die al ong

the carrier to formtwo separate package structures.

2. The nethod of

claiml1 further conprising wherein the first and third die are fully
enbedded i n awhafistlapaelkage, and wherein the second 25and fourth die are
fully enbedded in a second package 3. The method of claim2 further

conpr si ng mhgreinAhﬁgmﬁkgﬁﬁﬁ%mg second packages do not conprise a PoP

| ands. 4. The nethod of claim

urther conprising wherein the first and

second die conprise a HRACAING i€ didto aFirst SR AEENAL; of claim 1 further
conprising wherein the first and second die conprise a CPU die.

attaching a second die to a second side of the carrier;

forming dielectric material on the first side of the carrier and forming

diclectric material on the second side of the carrier;

10 forming via connections and interconnect structures through the dielectric

material on the first side of the carrier to connect to the first die and forming via

connections and interconnect structures through the dielectric material on the

second side to connect to the second die;

attaching a third die on the dielectric material on the first side of the

15 carrier and attaching a fourth die on the dielectric material on the second side of

the carrier;

forming additional dielectric material and interconnect structures on the

third die and forming additional dielectric material and interconnect structures on

the fourth die; and

20 separating the first and third die from the second and fourth die along the

carrier to form two separate package structures.

2. The method of claim 1 further comprising wherein the first

and third die are fully embedded in a first package, and wherein the second

25 and fourth die are fully embedded in a second package

3. The method of claim 2 further comprising wherein the first and second packages

10



6. The nethod of claim4 further conprising attaching a fifth die adjacent
the third 10die on the dielectric material on the first side of the carrier
and attachOreg12204813%t h di e adj acent the fourth di e on thecCuiusb@atsises
material on the second side of the carrier. 7. The method of claiml
further conprising wherein the carrier material conprises copper. 15 8.
The met hod of deh@icompriferHdreindsonpri si ng wherein each of the two packages
conprise corel ess, bunpless, build up | ayer packages. 9. A nethod of

form ng a package structure conprising; 20attaching a die to a carrier
material; formng a nold conpound over the die; renoving a portion of
the nold to exposerRagshddbrdlafrh N Fhrtteh Q&n(}ﬁmﬂlg%eaeim@mdm&d deofafdid he die;
formng dielectric material on first and second surfaces of the nold
25compound;  f QifAREa R LliESS substrate by building up layers on the
dielectric material disposed on the first and second surfaces of the nold
conpognd. 10. The nethod of claim9 further conprising:

5. The method of claim 1 further comprising wherein the first and second die

comprise a CPU die.

6. The method of claim 4 further comprising attaching a fifth die adjacent the third
10 die on the dielectric material on the first side of the carrier and attaching a sixth die

adjacent the fourth die on the dielectric material on the second side of the carrier.

7. The method of claim 1 further comprising wherein the carrier material comprises
copper.
15
8. The method of claim 1 further comprising wherein each of the two packages
comprise coreless, bumpless, build up layer packages.
9. A method of forming a package structure comprising;
20 attaching a die to a carrier material;
forming a mold compound over the die;
removing a portion of the mold to expose pads on a first side and on a
second side of the die;
forming dielectric material on first and second surfaces of the mold
25 compound;

forming a coreless substrate by building up layers on the dielectric
11



formng vias and interconnects to connect to the pads on the first and
second 5sides of the die. 11. The nethod of claim9 further conprising
wher ei n twe 28twvo4et3ar e conpri ses a dual sided package, wreraispotijoss3dse is
fully enbedded in the dual sided package. 1012. The nethod of claim9
wherein the structure conprises a portion of a coreless, bunpless, build up
| ayer package, andmmbedl @isposad S€eeidst dh®sdcsndafutfacl efltht ecld@npackage. 13.
The net hod of claim 10 further conprising wherein the die conprises TSV
pads on a first side and C4 pads on a second side of the die. 15 14. A
structure conprising: a die enbedded in a coreless substrate, wherein

a nol d conpoupgl surfeQrdIElR JroRif b urtiRPELhIRIRI N the die conprises TSV
connections on a first side and C4 pads on a second side of the die; 20a

diel ectric materiakyQthedidsiahdintGt 8RN Bhhcdt B ACIs S A€ fittk atd Qs d
conpound; and interconnect structures coupled to the ¢4 pads and to the TSV

pads. 5 15. The strygluf@cQf. cl aim 14 wherein the structure conprises a dua
si ded package, 25wherein the die is fully enbedded in the dual sided
package.

11. The method of claim 9 further comprising wherein the structure comprises a dual

sided package, wherein the die is fully embedded in the dual sided package.

10 12. The method of claim 9 wherein the structure comprises a portion of a coreless,

bumpless, build up layer package, and wherein a second die is attached to the package.

13.  The method of claim 10 further comprising wherein the die comprises TSV pads
on a first side and C4 pads on a second side of the die.

15
14. A structure comprising;

a die embedded in a coreless substrate, wherein a mold compound
surrounds the die, and wherein the die comprises TSV connections on a first side
and C4 pads on a second side of the die;

20 a dielectric material on a first side and on a second side of the mold
compound; and

interconnect structures coupled to the C4 pads and to the TSV pads.

15. The structure of claim 14 wherein the structure comprises a dual sided package,

25 wherein the die is fully embedded in the dual sided package.

12



WD 2012/ 040735PCT/ US2011/ 053325 16. The structure of claim 14 wherein the
structure conprises a portion of a coreless, bunpless, build up | ayer
package. wo2o12fiae73st ruct ure of claim 16 wherein at | easPCons2afi/os33gecond
die and a second 5package is attached to an outer portion of the package.
18. The structure of claim 14 wherein solder interconnect structures are

coupl ed to thes.di eTRRBraduRWE ElinpOf Wha@bin e dteuRackpgss abofibl.ofa 8éreld&t ur e
conprising: a first die enbedded in a corel ess substrate; a first

dielectric na&gmﬂaﬁ1ﬁmh@§aﬁ@r@ﬁ@¥§|rst di e; a second di e enbedded in
the corel ess substrate, wherein the second die is disposed above the first
die; 1 5a second dielectric material adjacent the second die;

i nt erconnect structures connecting the first die to solder connections on

an outer portipn ofuclhecieRELRRS 1 SHRSLh AL Rast WRESE! sBednll il &ls&R8g Subst rat e
does not conprise PoP | ands to connect the second die to the corel ess

package. 2020, E gﬁq%&uﬁ&ﬂqgaﬁgt&%%hﬂh%gaﬂnﬁaﬁ%@ the first and second die

are fully enbedd n the coreless package The structure of claim 19
wherein the corel ess substrate conprises a portion of a

18.  The structure of claim 14 wherein solder interconnect structures are coupled to the

die on an outer portion of the package.

10 19. A structure comprising:
a first die embedded in a coreless substrate;
a first dielectric material adjacent the first die;
a second die embedded in the coreless substrate, wherein the second die is
disposed above the first die;
15 a second dielectric material adjacent the second die;
interconnect structures connecting the first die to solder connections on an
outer portion of the coreless substrate, wherein the coreless substrate does not

comprise PoP lands to connect the second die to the coreless package.

20 20.  The structure of claim 19 wherein the first and second die are fully embedded in

the coreless package.

21.  The structure of claim 19 wherein the coreless substrate comprises a portion of a
coreless bumpless buildup package structure.

25

22. The structure of claim 19 wherein the first die comprises a memory die.
13



corel ess bunpl ess buil dup package structure. 25 WO

2012/ 040735PCT/ US2011/ 053325 23. The structure of claim 19 wherein the
second diwocompdses a CPU die. 24. The structure of cl aCwubk0nossses n at

| east one additional die is disposed above 5the first die, adjacent to the
second die, wherein the at |east one additional die is not attached to the
package with PoP lands and is fully enbedded in the package.

23. The structure of claim 19 wherein the second die comprises a CPU die.
24, The structure of claim 19 wherein at least one additional die is disposed above
5 the first die, adjacent to the second die, wherein the at least one additional die is not

attached to the package with PoP lands and is fully embedded in the package.

14



