METHODS OF FORM NG FULLY EMBEDDED BUM PLESS BUI LD- UP LAYER PACKAGES AND
STRUCTURES FORMED THEREBY 5 BACK GROUND OF THE | NVENTI ON As sem conduct or
t echnol ogy advances for higher processor pciformance, advances in packagi ng
architectures may include corelcss bunplcss build-up Layer (BBUL-C) package
architectures and other such assenblies. Current process flows for BBUL-C
packages i nvol ve 10buil ding of the substrate on a tenporary core/canier

capped with coppqipifidng Wik iine ® BISIHARASOS ePar at ed
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concludes with clarms partrcurarty pormtrIg out arnd ar StT ety
claimgg certain enbodi nents of the present invention, the advantages of
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descriptiei:{’]‘g‘tlg B%) IRvE lLIead in conjunction with the acconpanying

d | ' i ch:. FIGS. |a-| . t t hods of f ' .
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architectures and other such assemblies. Current process flows for BBUL-C packages involve

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 QF 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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DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON In the foll ow ng
detail ed description, reference is nade to the acconpanyi ng draw ngs that
show, by way of illustration, specific enbodinents in which the nethods may
be practiced. These enbodi nents are described in sufficient detail to
enabl e those skilled in the art to practice 25the enbodi ments. It is to be
under st Oﬂﬁ bk nx?z{erstt(ﬁ% t?{af%'iﬂefwéaﬁ%@]o%aﬁ&&ﬁe%t otﬁh&ibfaHQQleg{eHs%&i%' cacRliRc19RY
necessarily nutually exclusive. For“exanple, a particular feature,
structure .. characteri st scribed herein, .. nnecti,on Wi th o
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it .and. s e of .the enbodinents.. In.addition it is, .to be
under st oobutvEREeFEE BB nS AFPRRGL R Sopk P BRI PR bl RePE b
each discl.gsed enbodi nent b dified w.thout departing fr the spirit
ond scopct O ST PR o TR PPNl B proga A ePihpt Fb Aopg i
t heref ore t to be taken in a ljimting sense, _and the scope of the
embodiPre ﬁ’t‘%&ﬂsfaft%f) PRVl Bpich %B‘égﬁé’&“@?dailﬁﬁie '%P%*pf‘f%%wals
interpretg%, along with 5the full range of equivalents to which the clains
are enti t'Piggto thesafnger gimilar frgetionplity dhraaheptihsssverrbfieWs the sane or sinilar
functionality_ throughout the several views. ... Methods and associ at ed
structures of Mgt Ayl AmeaRd stpgtitsg ohioaripe ped vl sHis iseleslgrigPasckeding ur es,
such as fully enbedded corel ess BBUL Backa e structures, are descri bed.
Those netHEdY emayehias fellyranbregdedi cotploss B QL@%@@%@W%M@&P@F@% T8osst r at e,
wherein a nold conpound 10surrounds the die, and wherein the die conprises
TSV connétthoghgap inchde fergringy ¢e cahefldeshingeqpsclesh substae.oriiprain deodt compeuil e,
wherein a dielectric material is disposed on a first side and on a second
si de18f smeourds de disnprsiumiebrein g divheompripes TitVeeanpemient onst fiigetide and Grmadeoupl ed
to the &4 pads and to the TS V pads through the dielectric material on both
si des of atsprondpide ofbe Hivdwheréin aldeclestrivodateniad issdispasdsl ca at first sidsramdoh @mecofid dual

sided, fully enbedded packages using bunplcss 15build-up |ayer (BBUL)
t echnol ogide of the mold compound, and wherein interconnect structures are coupled to the C4 pads and

e
rting

to the TSV pads through the dielectric material on both sides of the die. Methods of the
embodiments enable the formation of dual sided, fully embedded packages using bumpless
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. 1a-1g illustrate embodiments of methods of forming microelectronic structures,

such as package structures, for example. FIG. 1a illustrates a carrier material 100. In one
2



Met hods and associ ated structures of the enbodi nents further include
formng a first die enbedded in a coreless substrate, a first dielectric
mat eri al adjacent the first die, and a second die enbedded in the corel ess
substrate, wherein the second die is disposed above the first die and a
second dielectric material is adjacent the second die. Interconnect
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100. The die 106 may nprise controlled collapse chip connections (C4)

pads 104 gidedifaeigh 0%???6@5%519? Pl ofghy dl?)é‘&fé Thedie IPﬁmaﬁ%%ﬁlas@I Grbtide b e Ca

pads may be disposed on a first side 103 of the die 106, and the TSV pads
may B8 dispbyembediments aryhy riicekTiy PabeOSIme i thode cafer H0elnds may be

pl aced C4 side up, or 10in other enbodi nents may be placed TSV pad 105 side
up on t hemBpdimeniy thi adhesigp 103 ernd despensed pighst on thp dicd9A % P%lewzletﬁw

di spensed either on the die 106 or on the carrier 100. In sone cases, the
102 adhesimecases thed Adadhesian il antior appeshdsoonssynayebeseditoratiach thadis 1068 di e
106 to the tenporary earlier 100. In an enbodi nent, a nold conpound 108 nay
be appl i & terapasyy cowint!@rbed the die 106 15 (FIG Ib). I n an enbodi ment, the
nol d conpound 108 may be di spensed and cured to over-nold the die 106. The
mol d conpoundinkd@miaginizet, appld ednuehl@raty berppplitdeo 3@@oung/cobrpihetdel K6
enbedded in the nold conpound 108. A portion of the nold conpound 108 may

t hen1be (Eobedn tiocrebpiinentt the mGitl qagsukDXW3amy bESpaBSd patieirddibGvertgdld | n an
enbodi ment, back-grinding of the nold conmpound 108 may be performed to
expose t the dix4l 0patis hold camgdouh8M 0P ads be applied such that the die 106 is completely

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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20105, and the tenporary carrier 100 may be renoved fromthe die 106 during
back-gri ndi ng renoval process. In an enbodinent, the die 106 nay renmain
entirely enbedded in the nold conpound 108 after exposure of the C4 and TSV
pads 104, 105. The nold conpound 108 nmay serve as a base for subsequently
formed build-up |layers of a mcroel ectronic package structure fornmed

accordi ng to eanbRALERRISNE0E] 1y 8‘%928 gﬁ%gé %'ré %E Gilst SGFYE 1 Par{deoqx':ljxﬁg sepqi page

during 25 subsequent processing age structure. e remaini ng

Too, " PAWAE IR GR BT} L Shdid ARSI ANE D TSP R Rihf
Sunounas A ae Rl HELPRE PR R ok el B ol e R ERIPRH s 6gleer i
di of cct i Mk R RbAEE 19 196 R Ml e B e Ueh FPERRS b AL ER e fent
di el et 11 ¢ ot B gToR4EReR VeRL T rce EHFSE Do R R SHAD AE tiedound
be T or med TR RE OB rEATs ERpwal fu osrectls a6 eofoll LR koo 8 6t ¢ ne
i as 132,209 g S bRRRRR g cdite PRETII |0t Fhoe RO WIS
Lo 1 or m [ABPUEAB Spradt U JSVPHS (UXHTAR )0 OHBFISd 141 miey al | Byers.
for exanple) to connectively couple to the C4 pads 104 on the die 106, and
i nt er conrfékeausptly, B? fileewithy gondpgiiye matgsiah bl 31 (BIhd 8- fbacaphndEpgniedl sgmioupl e to
the TSV pads 105 of the die 106. In an enbodi ment, the interconnect
st r udfur e4diiyPREsps et ingyds aigedyn ferreinferqogtectifurctises 116 twhieh mee compriseng
conpound 108 and may be connected to the C4 pads 104 by the 15conductive
vi as 113 firstinetsl fayvers cloh preetp]a to epnnentizsly Teuple ipethe 6€ patisd b setheate 10feaiecond
surface interconnect structures 114’ may also be formed to connectively couple to the TSV pads 105 of

the die 106. In an embodiment, the interconnect structures 114 may be disposed on the first

surface 107 of the molding compound 108 and may be connected to the C4 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°°, 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  Inan 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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109 of the nolding conmpound 108 and may be connected to the TSV pads 105 by
t he conductive vias 113'. Subsequent |ayers may then be formed using
SAP bui | d-up processing, for exanple, wherein further dielectric |ayers,
such as dielectric layers 110", 110"', conductive vias 113", 20 113"' and

i nterconnect structures 114", 114'" may be forned upon each other according

to the partic I i 161 f tructure
19! be ert cube clssianysaucaant s ot g LA coREL R Ak age The

corel ess RaRkAAGy SOHELYEECL AR TR Ko BpIA 364,30 Bhé
structure 120, a%d $#ﬁ gk ; ($ G ng hlgﬂﬁn t gwgggg ess
package c ructure
190 may dbagr Skfudgig fr a%&a@dagﬁ a%gfd%ﬁz%§m chgy & ﬁ% B P2 Eha e,
which is | d, co nment, sol der
resi st 112@1%%%?%6} &tﬁm aCk%%anmcL{?lS rléwgglﬁea RiHg gdl?fgt so?i%%n;?s fy@&ﬂaﬁ’e& ively
couplg t and/or 5.0 nost of the
packagg g?gﬁ%fﬁﬁgOE?BM¥ﬂ' dﬁn§85§§?§%ﬁ?pbgygagFQP§Q?§?T%b ‘ﬁbn&?gﬁme open
up the p ] t er nost f th Kk structure 1
enbod: morts 81 B 13ars e3issdy s vy MO g h“ﬂ%‘ﬁf%@%at £t B or
118) to co e to the die 10 Fl G i ment sol der
bal | 5 129 Hg° il B i engopteat s ) Hioesfib B PRowRS Raeaiy be
attached to.the C ructure . Jn an odlnent dltlonal di es
and/ or pﬁiﬁﬁﬁ@gmggﬂ 9Qb%68f?ﬂgﬁéiggﬁﬁ%fé ﬁgb ﬁm@ﬁ@Igge A& Y
(and/or 118! gferfk3$ Eck to FIG% lg) to an_outer Portlon of . the
cor el ess PRHIR Qf e Spielres Rckaep siuctyns 130 dp Argthes spbediment; | hrqugr Siekhvirb (! vi as
(not Oshomn) may be forned through the dielectric Iayers to increase power
suppl'§ t 6heVHR meayTbs feged shenahghe dielcetie lavers tomorepssPogRaiHpPY to the corelephys
nmet hods of fabricating dual sided fully enbedded package structures using
BBTJL te@ﬁﬁ%ﬁ%@?w%ﬁ%l nEhCEDIFhe coreless package structure 120 may be
utilized in stacked di e/ package ap ications. Enbodinents provide stiffer
package str uc?h#se@e@wisr@p fatyicpting ‘b‘lﬂ i¢ad dally gnbstldediackasgi direddyrpousing BRUH
enable a fully enbedded die solution, thus reducing the package Z-height.
The enbodicheaiesy dreenahled. Tlmomlqsap@k@mtmm@gﬂamam tye ofiliZE8Vssthaked st acked
package applications, while inproving warpage, while providing for
5|nultané@ﬂ@d@ggmmégwngsdﬁmamba@@Ipauﬂagéﬁmpdisgammeumpawk@ge03%»%@h&
enbodi nents enabl e packagi ng, assenbly, and/or test solutions for graphics,
wi r ell&ss oORemwidrcomessb red eiGhiepsolisevbddtied @hs@PntBD, thas kdgeng 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



20structures/systens, including CPU s in conbination with other devices
such as Menory (e.g., flash/ DRAM SRAM etc) and boards such as not her boards,

for exanpl e. FIGS. 2a-2] illustrate enbodi nents of nmethods of formng
m croel ectronic structures, such as BBUL package structures, for exanple.
FIG 2a illustrates a carrier material 200. In one enbodinment, the carrier

materi al fdaqn%%mg,ggg%l el bod Qs GIRAGEK 04 bl @?E%]Fgmg%gfgxﬁ‘sas 2

25carrier a m croel roni'c die carrier. nts t he

carrier ’5%8 ng 89;&@%’(}4%%@&%% 3y ?tln%ua serraol?l g@%%? %%%}HIHVF 2(5‘3ar rier mterial

200. In an nprise an adhesive
| ayer 202, such ack i.de film t hat ed to a
first side 20 ts?lﬁé&%cg‘?clt?ll aér 1%6“ any’ %\IG §§§ axaéﬁlpéee 0 btﬁ u(n%f]fift% 16095,
A first Q{} 3? (i g ma "H
rount od/ 40 ?%‘é e BB e i O Bpi s D 52@?@ Sl Agrelaie
pre-a tach DBF 2 for A sec ond ar?reb a secopnd menory
die 206", %ﬁ HES §gtn?f dlﬁég{’m@a}é B%?)tf’f‘ﬁ & ezf’fﬁorlflfm 3(93? iBFicb Y usi ng
t he pre- attached DBF eng exa f| rst ang‘ ond. di e 206, 206
may corrpr‘isglg thedieatich BgF rzﬁétfﬁ‘reé‘g’%?]@ﬂh 3-and secopgd F§6 1400 WRPE P TRRETSe
conprise C4 interconnect structures 204, 204', far exanple. A dielectric
mat eri al C?i@cﬁwnb‘étulﬂsge‘é&pﬁaﬁqsﬂ%‘fl@ﬂy WHI*W@YFPF@’EISGSQ‘H@W“‘%PF SYYe8esarri er
200 (FIG_2b). A dielectric material 210" may | aced/ | am nated on the
second 1G9fd@4oforcramplgrs fistecyiganaieih? tovaty ??féaqeii apingfporpthe figyigide Rl second
die 206' are fully enbedded within the dielectric materials 210, 210
respect i ey carrisr 210 EHBR- b ielectiremytprial £1Grarayby péiced/pownatsionghe seeond be
the first enbedded die 206 in a BBUL r ocess. Vias 212, 212' may be
formdf t hidsegtiecracnRB)seeh thridherirsedip 206 ghe seeond din0a gradatty Frabestded f or
exanpl e, to expose the conductive structures 204, 204' on the die 206, 206’
respecti \y@1hy1 t{nq::d@ectllg g@)erlals 210, 210’ respectively. In an embodlment the first memory die

206 may serve to be the first embedded die 206 in a BBUL process.

Vias 212, 212” may be formed through the dielectric material 210, 210°, by UV/CO?2 laser, for

example, to expose the conductive structures 204, 204’ on the die 206, 206° respectively (FIG.

15 20).
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 diclectric 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 dielectric material 210°°, 210", conductive vias 213°°, 213””’ and interconnect
6



The vias 212, 212' may subsequently be filled with conductive material 213,
213" (FIG 2d). In an enbodinent, a sem -additive process (SAP) may be used
to forminterconnect structures 214 (which nay conprise a first netal

| ayer, for exanple) to connectively couple to the C4 pads 204 on the first
die 206. Interconnect structures 214' may al so be forned to 20 connectively

COUpl et OStIIuE'tﬁle%l‘P a§§4’2’0r§? l?effoﬁﬁ'% u?)gff Q:Q:‘ﬂ 0 g? ?1 Iin }_?acf% dlgﬁrF glg EERQRS &he

i nterconnect structures 4 may | Spose r| C materi al

210 and QH§ é{“ggulgl QEPI&E@’ ﬂh&hz%?%a SAP QuJEt%}é SF %es%?#'l@ % 4a,n e%ogm&?ds 204 by

t he conduc ve VI a e I nterconnec Foctures be dlsposed

on/ over ttﬂll‘d glteed %Egllltar% an@ﬁ die 16%1%}18( be%‘oql ﬁg/agac%[a%zt{]?ve VI 1%0% 219%930\/6 and

may be connec e con
25Subseq L S t hen. b W&i SAP bui | d- up essing, for
exampl o, nareRHar gL ﬁheaoaueag‘%i RS 5 PP St ey Sembrisel MIRHETOE Y o
213", 213"' and interc n tures 214" " or ned upon
cach’ &t N RBGPH o e B G et FRAEmLS 0T Pg%qna iglctri
appl i cation, |2| a SAP bU|Idup pr o l.n_an
enbodineﬁ?mm5$¥h5>5 f@““?ﬁ&%ngmﬁﬂ@ﬁ r%ﬁ@%iéém B haA{%d/ at t ached
above the first dj on/ above the first surface 201 of the carrier 200.
A fourt h P glg Su uew I3y BEhHPET SeloamesBiying S Piold-upareneing: fatay be
attached/nnunted ahove the second die 206' (FIG 21). Addltlonal dielectric
mat eri al ©3amplephereinadditipnakconducyive vins dlindRhy 1A HEPHCHiSEUSES 2nd t he
fourth die 216" respectively. Subsequent | ayers may then be forned using
SAP bui | @tip BRoReioEnsigiron stchetlisrprcardinge ths nartigylar é?swapqe@ma@ {Fie2¢) as
213", 213"' and interconnect structures 214', 214"' may be fornmed upon each
ot her!Oac dbrfmlpdimaent) Herthrirvias eud metabigasiogriayeesquar kerfermes qutheghirdgyd foughn an
enbodi nent, further vias and netallization |ayers may be fornmed on the
third anéwSQU?@ﬁ6dﬁ%@ﬂm¥50ﬂEm@ﬂwu@Camﬂ@ﬂﬁ@ whereih grqater thas twatevelppf i cati on,
wherein greater than two levels of netallization may be fornmed utilizing
t he SAP mgitdligzatipn peybetosmed utilizing|the kP bwibbeti preesss. sol der resi st 216, 216
can be used/patterned on/above the third and fourth die 216, 216" to open
up pads 215, i@ enili@enRk)liderirpsisid 1@ Rtho'diambatisedipateri¢d @Yabgiethg@6rd and
fourth die 216, 216 to open up pads 215, 215° (FIG. 2h). In an embodiment, the first die 206
15 and the 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. 2i). 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



15and the third die 216 nay be separated fromthe second die 206" and the
fourth die 216' along the tenporary carrier 200 to forma first package
structure 220 and a second package structure 220'. In an enbodi nent, the
first and third die 206, 216 may conprise a first BBUL package structure
220 wi t hout package on package (PoP) | ands after separation fromthe

carrier 2Q emhodi. sU! G ghjourth die 206", 216" may
conpri se a%%% %??&gecoﬁ%€%§%% 622%3%% 8@%@89 dgthout PoP | ands after
separation fr t{é? Ler 200, . q%g [ . | der %@l s 222
may be forned%g%1 éﬁgéﬁégﬂiégg%d€dﬁﬁ?%g %ﬁ?%é‘ |28§§g&bfﬁg’g$e§ l‘%’irst
package 220 (FEl G .2i), | der_bal 222" .1 e ned, on..t.h s 215" to
Coupl o t g st ecent B A sk s B3R s Riks o2 FRERSTiigills 2 B
enbodi nent he solgzr bal.ls 222 Cc ri.se ball .qgird, arr BGA) balls
222 that “Fiay B 20N ed Tt eR SR B85k Rk 605 BB TR mmoL
package structure 2 wherein there are na. PoP. | ands, onprise BBUL
Cor of dos PUERAER: LERABAR 2155 egfraoria e fiatisgeuub Al th 0038859566 m
be fully, enbed in the corel ess BBUL package .structure , In an
ebod e CHIEDY B Al i i b R R0 SPGB &1 891 | for
exanpl e, may be forned adjacent to the first,g%e 206.in the first package
350 and’ SHOM HEF O T 9000 et BYHEE ek EgEsto%8) (not shown)
respectively %FIG. 2j, depjcting first package 220). In an 5enbodi nent, the
fifth die 2217 Ry BROdGMEpoLeyds CEHR OIS BELILO Frigpiss P SEBTAV R 11 1 st
side of the carrier 200 and the sixth die 221' may be di sposed in the
di el ect r im!ltiRks dies afp fllyombsddedethineibe B UL ragkage- 1nige ceRpdiment, higdorstic. sueh
second package 220" (not shown). Thus, enbodi nents included herein
conpriPse 2BBIIP WkEE dise@aypriths firsh embedded dis & Bp BBHH Ripgsseolithe smbedimenty | y
enbedded within the BBUL package. In an enbodinent, the top die, such
herein. Benefits of the embodiments herein include overall cost of processing reduction of the
final package, due to the removal of the PoP substrate and a CAM step (such as a memory die
attach to PoP package, for example). The overall Z height of the final ‘pure’, non-PoP land
comprising BBUL package may be reduced. PoP package solder joint reliability issues (which
15 may be due to lack of anchoring of the copper PoP pad), may be eliminated. Furthermore, with
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



10 as a top nenory die, may be the first enbedded die in the BBUL process
of the enbodi nents herein. Benefits of the enbodi nents herein include
overall cost of processing reduction of the final package, due to the
removal of the PoP substrate and a CAM step (such as a nenory die attach to
PoP package, for exanple). The overall Z height of the final 'pure',

non- PoP | Atk EORLLRG PRUm BREK AR R 8. LRINSRT CEPoRACKROR 0! der

joint rel ues may be due'to anchoring of the
copper P may he elimnated, Furthernore, with the enbedded stacked
di e, theq@%ﬁig%égﬁﬁé%gg%fﬂ%@%@gggoga‘he vari ous enbodi ments herein reduce

ﬁﬁ;pgsg; al |h“Ea‘e%ﬁé%?9%1%?20%%4@?%%&9%%%E?c?#é%{%i%agt‘éﬁ%”éngﬁiat%&%‘é&%ﬁﬂﬁﬁ%?%[ el y
BBUL , 2 hybr | . or
conbi nat BFd BrihERERopaERENE B Beeuinr ot abiatichs i PTGy Golhape -

processin in prior art processes/structures, . . Prior art BBUL
packages rﬁﬁﬁﬁ?aﬂoaﬂ% Spksipitipasmay beghslen AcrgHingly. i isgpigndedfagtigd §echand a PoP
package, wherein the PoP package is surface nmounted onto the BBUL, That is,
only t he TeABFatiRnE RiggRtions stpratysiepoand gelditipas be cppifareddp SRlbwihig ArachyE abthd t he
top PoP package is a nonBBUL package, the top die in the PoP portion not
bei ng fu|$9peé%ﬁ@da@aﬂ%aw§n the, appiendsd clapms. Th additiade Hilsiprtosiated gt n
elimnate the PoP package conpletely. The various enbodi ments enabl e
packagi ngv,arlaw@ﬁme§9tr@w$tﬁlﬁtUt‘%s&u0§éﬂ Rickags stracireePg veglgierads degrt. chi pset s
mul ti-chi p/3D packages including CPUin conbination with other devices,
menory ( é%gl:e,forﬁ,lth%ﬁguwmdeW@ﬂl@swe BBl pagiopeoipn exppplaBtTpisEcstong ¢, ) .
Al t hough the foregoing description has specified certain steps and

mat erli0al gleviathanmeytaive taube dracticetaf éherppeshdnvshtiorh el s s eraseitivesntioroin pot hose
skilled in the art will appreciate that many 5nodifications and

subst i t utlingted tevéhy stvecturaddescrifed beinngl y, it is intended that all such

nodi fications, alterations, substitutions and additions be considered to
fall within the spirit and scope of the invention as defined 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. Therefore, the Figures provided herein illustrate only portions of
an exenplary m croel ectronic 10device that pertains to the practice of the
present invention. Thus the present invention is not



limted to the structures described herein. Cains 1. A structure
conprising: a die enbedded in a coreless substrate; TSV connection pads on
a first side and C4 pads on a second side of the die; a nold conpound
surrounding the die, TSV connection pads and C4 pads; a dielectric material
on a first side and on a second side of the nold conpound; and interconnect
structuﬁ@%n@oupled to the 4 pads and to the TSV connection pads. 2. The
structure of claim1l wherein the structure conprises a dual sided package,
wherein the die is fully enbedded in the dual sided package. 3. The

st r uct uil eA efruah@i conibristigt ei N the structure conprises a portion of a
corel ess, bunp| ess, Quijd up | ayer package. 4. The structure of claim3

wher ei n at_I%Q?FHSW@ Bt 1 cuelgFicPubstEteind a second package is attached to an
outer porti ofg9fcohi&BAGKEAIG a ﬁgﬁt g@@tﬁg& F&éﬂ)ﬁgy&ﬁa Ofcofili 3dM ok tﬂg(](ﬁ%;e in sol der

i nterconnect Sstructures are cou Ie on an outer portion of the
package. 6. amost cangpaimd soonpadisg thg dig TSIV etnndétengraidedateG4ipadg cor el ess

substrat e; . . . . .
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 connection pads.

2. The structure of claim 1 wherein the structure comprises a dual sided package, wherein the

die is fully embedded in the dual sided package.

3. The structure of claim 1 wherein the structure comprises a portion of a coreless, bumpless,

build up layer package.

4. The structure of claim 3 wherein at least one of a second die and a second package is

attached to an outer portion of the package.

5. The structure of claim 1 wherein solder interconnect structures are coupled to the die on an

outer portion of the package.

6. 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;

a second dielectric material adjacent the second die; and

interconnect structures connecting the first die to solder connections on an outer

portion of the coreless substrate.

7. The structure of claim 6 wherein the first and second die are fully embedded in the coreless

package.

10



a first dielectric material adjacent the first die; a second die
enbedded in the corel ess substrate, wherein the second die is disposed
above the first die; a second dielectric material adjacent the second die;
and i nt erconnect structures connecting the first die to sol der
connections on an outer portion of the coreless substrate. 7. The

st r uct uBellsf steichireroBelofire  avheraim thefdoradess awkptigisccomprigeea perdion 9f pyowttsedded i n
t he cor . «.Jhe structure of claim®6 wherein the corel ess
substra§@%§%%§§§§@§%%dﬁﬁgﬁF%ﬂwgf a corel ess bunpl ess buil dup package
structure. 9. The structure of claim6 wherein the first die conprises a
menory die. 10. The structure of claim6 wherein the second die conprises
a CPU dPelhe structurpef dpipy e wheeeinthe dirgt dis somprésee pineapory dist one addi ti onal
die is disposed above the first die, adjacent to the second die, wherein
the at | east one additional die is not attached to the package w th PoP

| ands aih@ The struttuye didbeddedhemrirt the sgmak dipecomprises a CPU die.

11. The structure of claim 6 wherein at least one additional die is disposed above 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.
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