ULTRATHIN BURIED DIE MODULE AND METHOD OF MANUFACTURING THEREOF
BACKGROUND OF THE INVENTION 100011Embodiments of the invention relate generally to
integrated circuit packages and, more particularly, to a buried the build-up that uses low resistance
metal interconnects directly to the chip bond pad or electrical component connection pad, allowing
higher device speeds, lower power consumption, and smaller size. Buried die modules can be

manufactured having QneTR APFE NiSURIEBCO DN IFICODPRRERSDVIETELROMatity of dies or electronic
components are electrically connecd MENAICAUWRINGIBMERR GOy way of metal interconnects routed
through a plurality of laminate flex layers. 100021As integrated circuits become increasingly smaller

and yield baiter momating peyfomrna@pey packaging technology for integrated circuit (IC) packaging has
correspondingly evolved from leaded packaging, to laminated-based ball grid array (BGA) packaging,
to chip scal@f@tkagibocSmEntherf flipchizpackages; gatrdly buriedgdie/é mbaddedcthigebuild-up
packaging. Advancements in.IC chip packaging technolagy are driven by ever-increasing needs for
Behieving Har B e N T eChnoloay
has to furthertgprovice: fordine: thp Isibilitiehipf batdhparbductlectiioritheppnmese aflacgeescalel,

manl.'lfaCtur!drfﬂ)&t}%e%gae”rog\élvqgees(t:%oer%%r]}lo%e%cp%%erlggt(i)s?’ulmpf) YANCEPSRL B RAGKEYNg
requirements pose’c enges to the
modules can be manufactured having one or more dies or electronic components in.
The plurality of dies or electronic components are electrically connected to an
input/output system by way of metal interconnects routed through a plurality of

laminate flex layers.

[0002]  As integrated circuits become increasingly smaller and yield better operating
performance, packaging technology for integrated circuit (IC) packaging has
correspondingly evolved from leaded packaging, to laminated-based ball grid array
(BGA) packaging, to chip scale packaging (CSP), then flipchip packages, and now
buried die/embedded chip build-up packaging. Advancements in IC chip packaging
technology are driven by ever-increasing needs for achieving better performance,
greater miniaturization, and higher reliability. New packaging technology has to further
provide for the possibilities of batch production for the purpose of large-scale

manufacturing thereby allowing economy of scale.

[0003] Advancements in IC chip packaging requirements pose challenges to the
existing buried die build-up process. That is, it is desired in many current buried die
modules to have an increased number of re-distribution layers, with eight or more re-
distribution layers being common. The standard buried die build-up process, in which
the one or more dies are initially placed on the IC substrate and the re-distribution layers
are subsequently applied in a layer-by-layer fashion, can lead to warpage in the
rerouting and interconnection system, requiring the use of a molded epoxy stress

balance layer or metal stiffener.



existing buried die build-up process. That is, it is desired in many current buried the modules to have
an increased number of re-distribution layers, with eight or more redistribution layers being common
The standard buried die build-up process, in which the one or more dies are initially placed on the IC
substrate and the re-distribution layers are subsequently applied in a layer-by-layer fashion, can lead
to warpage in the rerouting and interconnection system, requiring the use of a molded epoxy stress
balance laypooa metal:siifieneral o@4d Anothesiahalienge Mcheiexisingdedsied die lwﬂéwlp process
is the time of the ma ufacturing/build-up cycle. A major contributor to the b d-up time. is the multiple
curing step&thadt ?ﬁ@%’i’ﬁgg HSHRu ethe%lﬁ?ﬁlﬁ? P NG e Pa it <0 fﬁl RdHGHS |ed die
module, sueluagreuipiesbaking wiensc10805hhecosdioghhtherie islanagddonahnetbodfersburied die
fabrication that provides shor r manufacturi cle.ti nd allows for the application of multiple
laminate layg? 1 A Tﬁ?ﬂ; c?f*ﬁge%ﬁ%ﬂ S\/ﬁ tHERise of a stiffener. BRIEF
DESCRIPTION OF THE INVENTION

[0005] Accordingly there is a need for a method for buried die fabrication that

provides a shorter manufacturing cycle time and allows for the application of multiple

laminate layers while minimizing warpage of the module without the use of a stiffener.



100061 Embodiments of the invention overcome the aforementioned drawbacks by providing a buried
die module build-up process in which a plurality of laminate flex layers are applied about a die in a
double-sided fashion that provides for construction of a completely balanced module. A single curing
step is performed to cure multiple adhesive layers in the module, thereby reducing the build-up time.
100071In accordance with one aspect of the invention, a method of forming a buried die module
includes prayiding RAESURAPEIONaE flexdayerandforming a plurality of vias and a plurality of metal
interconnects in and on the initial laminate flex layer, the plurality of metal interconnects extending
through resfid@ije viEsmbodam ¢totfonitintercennectsamceach the gfpasirgtivstandaséechs burfaces of
the initial laminate flex layer, forming,a. di ening through the initial J]aminate flex layer..The method
o0 inciucd A Erel O B e e B Y AR
layer by walnpfranradippive amatenalicpositinivig-aitied fuithiont e dpecopdsing obtiseiniiial dminate flex
layer and onta fhe adhosiye malerialy securing g second uneut Iaminaie. flex laver (o g seond
surface of the itial laminate fex fgyer y way of’an adhésive' materia , CUring the a esive material
between thedirstivntuyclaminbterflelulaybeabg thévini@atharmingteflextayer and between the second
uncut laminate flex layer and the initial laminate flex layer, and forming a plurality of vias and a plurality
of metal intggaanects Renean el shRNdsRe R IRTIN IR RN A Bl Hgplurally of
metal interconnects extending through a respective via and being directly metalized to one of a metal
interconnecdierimpréuigitiagideinaey flerdafeanidl damopadien thectiend boo81 maaptBriENeE with
another aspegt of e Inyantiopr s.methad:of falniean embedded: hin Packegrneiidesforming a

plurality of vias in a center laminate layer, forming a plurality of metal interconnects that extend

through thePbirkifity of ViesasolBiS e FoNH SnfaviEB AREC I B R CIRDEEPO ST fitst AhdSeedid surfaces
of the Cent%la%ﬂﬁ&%tLaMﬁreJa{mMﬁo%mg areing drovebihe.centenlamingiellayghiaprlying a first

uncut laminate layer to the first surface of the center laminate layer by way of an adhesive material,

and positio§ a leRpIVEthiA thePeRip D BEAIE dhenditahlemiadimdex dausier AR8 BistBRe 88 hesive

material, the, chigebadngiaghicknasaravahigibickness of lerenisllaminaledayge Hig.method
also includes applying a second uncut laminate layer to the second surface of the center laminate

layer by wali®iicaipedrsiiatenay, efidigrthe dun sane i ated il pefiget slip evitdinuieutiaminate

layer and t%@ﬁﬂ&?b!{a{ﬁénﬁ{ﬁi!ﬁ%hﬁﬁ%{i@ﬁ@&e%%h%rﬁ?%ﬂﬂ wackiamipatedaysr @ealmegc@nter
laminate layer, and patterning the first and second uncut laminate layers to form a plurality of vias and

a plurality ofSsRAAIURtEFdaReEs ieicirticat e duh S piifatrycbthsatiliitvadiie dexelesids through
a respective yig andfsdiraetlyReializediieongofiR metdlinterRanng QR dbe gRNBS1aminate layer
and a chip pad_ on the chip. 100091In accordance with yet another aspect of the invention, an
embedded ate flex layer and the initial laminate flex layer and between the second uncut

laminate flex layer and the initial laminate flex layer, and forming a plurality of vias and

a plurality of metal interconnects in and on the first and second uncut laminate flex

layers, each of the plurality of metal interconnects extending through a respective via

and being directly metalized to one of a metal interconnect on the initial laminate flex

layer and a die pad on the die.

[0008] In accordance with another aspect of the invention, a method of forming an
embedded chip package includes forming a plurality of vias in a center laminate layer,
forming a plurality of metal interconnects that extend through the plurality of vias so as
to form interconnects on each of opposing first and second surfaces of the center
laminate layer, forming a chip opening through the center laminate layer, applying a
first uncut laminate layer to the first surface of the center laminate layer by way of an

adhesive material, and positioning a chip within the chip opening of the center laminate
3



package is manufactured by a process that includes the step of pre-patterning a center laminate layer
to faun a plurality of vias and a plurality of metal interconnects that extend through the plurality of vias,
wherein the plurality of metal interconnects form interconnects on each of opposing first and second
surfaces of the center laminate layer. The process also includes limning a die opening through the
center laminate layer, applying a first uncut laminate layer to the first surface of the center laminate

layer by wap pfram@dhesive saatsrial npasitianing enewithinthedieapeninotehthetasieiaminate
layer and onto the ad@es,ive rggterial the di hﬁving a tll-uickness equal to a thjckness of the center
laminate laye¥, SPHYIRGHEE MeFunt A a1 Bt dre"BBbGRE & S CERER? Faminate

layer by wajnpfran afthesieinateidalo Cuiing the adhesivedpategal betweenthedivst taeualaminate
flex layer and the base laminate flex layer and between the second unc tlami%aéﬁtgex layer and the
base lamin&ti x5y A I5YREPAE b BINEHiIES A pRIFY oL BIE TR Ay the first
and secondhiiatdarayenienflexclayers fiecfocovadplualityefivias and:apldraliyof wietahinteeconnects,
wherein the plurality, of vias and the_plurality of metal interconnect's of the first unciﬂ%ainina flex layer
are fonnedt 3 2-R0SERTELE L Bkt B S (PSS B IRy o R FHSRLBRrets of the
second uncuiblaainatepilex liay esfane:foinradrfameat secondisliresiion dhahés ipposifechentirst direction.

100101Th d other advant d feat il b [ di derstood f the followi
detailed e UHIBNSH brarefitt CHBBAIMERETSIMe 1HLGFHIoh HATIL pIBUIBLEHTH EoFEHoh wit the

accompanyingadlriawigsneBRiC hOESERITHAN @eldiE DRAVWENGStAO01p] The drawings illustrate
embodiments presently contemplated for carrying out the invention.

[0009] In accordance with yet another aspect of the invention, an embedded chip
package is manufactured by a process that includes the step of pre-patterning a center
laminate layer to form a plurality of vias and a plurality of metal interconnects that
extend through the plurality of vias, wherein the plurality of metal interconnects form
interconnects on each of opposing first and second surfaces of the center laminate layer.
The process also includes forming a die opening through the center laminate layer,
applying a first uncut laminate layer to the first surface of the center laminate layer by
way of an adhesive material, positioning a die within the die opening of the center
laminate layer and onto the adhesive material, the die having a thickness equal to a
thickness of the center laminate layer, applying a second uncut laminate layer to the
second surface of the center laminate layer by way of an adhesive material, curing the
adhesive material between the first uncut laminate flex layer and the base laminate flex
layer and between the second uncut laminate flex layer and the base laminate flex layer
together at the same time, and performing a double-sided patterning the first and second
uncut laminate flex layers to form a plurality of vias and a plurality of metal
interconnects, wherein the plurality of vias and the plurality of metal interconnects of
the first uncut laminate flex layer are formed from a first direction and the plurality of
vias and the plurality of metal interconnects of the second uncut laminate flex layer are

formed from a second direction that is opposite the first direction.



100121In the drawings: 100131FIG. 1 is a top view of a plurality of buried die modules according to an
embodiment of the invention. 100141FIGS. 2-10 are schematic cross-sectional side views of a buried

die module during various stages of a manufacturing/build-up process according to an embodiment of
the invention. 100151FIG. 11 is a schematic cross-sectional side view of a buried die module coupled

to a ball grid array (BGA) package according to an embodiment of the invention. 100161FIG. 12 is a

schematic quegisectionst side vigwr ofd atagkethalravgarsewidl be more readily understood

from the following detailed description of preferred embodiments of the invention that

is provided in connection with the accompanying drawings.



buried die modules according to an embodiment of the invention. 100171FIG. 13 is a schematic
cross-sectional side view of a buried die module according to an embodiment of the invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 100181The present invention
provides for a method of limning a buried the module (i.e., embedded chip package). The buried die
module is manufactured using laminate flex layers and placement of chips or electrical components

relative to tipRi@RiDEsdayerOMe diglglecireahgmrggonent(s) in the buried die module is connected

to an input/output (1/0) system by way of a direct metallic connection provided by metal interconnects

fonned in tﬂﬁmaﬁern@ﬁdahaiwatgsla&m‘samgdc&mﬂmdm&tﬂlgfddslﬁénmpémﬁdrfcmeadimmm build-up
of a buried gle mod

€ IARYiSh.
[0012]  In the drawings:

[0013] FIG. 1 is a top view of a plurality of buried die modules according to an

embodiment of the invention.

[0014]  FIGS. 2-10 are schematic cross-sectional side views of a buried die module
during various stages of a manufacturing/build-up process according to an embodiment

of the invention.

[0015] FIG. 11 is a schematic cross-sectional side view of a buried die module
coupled to a ball grid array (BGA) package according to an embodiment of the

invention.

[0016] FIG. 12 is a schematic cross-sectional side view of a stacked arrangement of

buried die modules according to an embodiment of the invention.

[0017] FIG. 13 is a schematic cross-sectional side view of a buried die module

according to an embodiment of the invention.



that includes one or more dies (i.e., chips) embedded within a plurality of patterned laminate flex layers
(i.e., re-distribution layers). While the chip embedded in the buried die module is referenced below in
the embodiments of FIGS. 1-12 specifically as a die or chip, it is understood that other electrical
components could be substituted in the buried die module for the the, and thus embodiments of the
invention are not limited only to the embedding of chips/dies in a buried die module. That is, the use of

dies/chips imHeANUEESNDES CROUleCNOedIMETR HESRIDED BeiBvshsuiaiso be understood to
encompass other electrical components such as resistors, capacitors, inductors, or other similar

devices, th40@b8ld balprevidet imtleethuried didesnod ulenctDOR2 01 Refeming toifrtd dig anpluitality of
manufactured buried g[e modules.10 ar embedded chip packages are shown according. to.an
exempiary SRBOTNCGr L A Ueh. e Ber b e e T R R R s 12
(i.e., dies) ddeméayed with, @ackemiseddeblips, ar pllaatiabiclanyioatetflex]sersd 4h@. éapmedistribution
layers). Each chip 12 is formed from a semico, §ucti aterial such as silicon or GaAs and is
oropated i iat S e S SR L s R R B SOOI SRy o
laminate layepsticligin tHE fayntamabyreviognnéd ldmictatecsiéet amfikntivatpean el ghaced trélative to
the chip(s) 1 .er'l't(;remléalC Si@grtr% I?){grt% d4can | bg fgrq}l%geqf KaptonO, UltemO, polytetrafluoroethylene
(PTFE), or another polymer i m, such as a?lqw crystaﬂypo ymer (LCP) or a polyimide material. As
shown in FIG. 1, each buried the module 10 is fonned by dicing through laminate layers 14 in an area

between adi8@EHt buFistbeénapidie 12 onveith R IsUHES Eib tmbelldeupicupusiest dssBedtée performed
on a frame 46 100334R&{ETIRGHIRFIGS. 210 erRniBueer ManHiachiagsash shamlality of

buried die modules 10 is set forth, according to an embodiment of the invention. A cross-section of a

singular butfsdigRée ey e Beifltcu g protasy o kswitin Bk dheretis embedidaadbedpwisdalization of
the build-upiracasse 109221 Accarding i am embagdimentob the dryentiongthedoyred diegpodule

build-up process begins with the providing and patterning of an un-cut initial or "center" laminate flex

layer 18. Ac¥ofHiAg folonadsistsinderitother inlgslrisrhireer e et keisubeifsied &t dhkaptono

laminate flej, @lthaughagigfesencediabane RhensiahlermaterialsimayRisuRe.fnplayed. such as
UltemO, polytetrafluoroethylene (PTFE), or another polymer film, such as a liquid crystal polymer

(LCP) or a p8lyirfid& tatebrddmeeqhifibingdiftaie flekyaiser 4 HaediihickHedsiaf Hiouid

micrometerg;in eFdey 1Q ageommenaie RAsHARig eb@mutratin.is.in saopesipgifonnedyberein, as
will be explained in detail below. 100231In patterning the initial laminate flex layer 18 in FIG. 2, a
plurality of wiadenghood to encompass other electrical components such as resistors, capacitors,

inductors, or other similar devices, that could be provided in the buried die module.

[0020] Referring to FIG. 1, a plurality of manufactured buried die modules 10 or
embedded chip packages are shown according to an exemplary embodiment of the
invention. Each buried die module 10 includes one or more chips 12 (i.e., dies)
connected with, and embedded in, a plurality of laminate flex layers 14 (i.e.,
redistribution layers). Each chip 12 is formed from a semiconducting material such as
silicon or GaAs and is prepared such that an integrated circuit (IC) layout is formed on
its surface. Each of the plurality of laminate layers 14 is in the form of a pre-formed
laminate sheet or film that can be placed relative to the chip(s) 12. The laminate layers
14 can be formed of Kapton®, Ultem®, polytetrafluoroethylene (PTFE), or another
polymer film, such as a liquid crystal polymer (LCP) or a polyimide material. As
shown in FIG. 1, each buried die module 10 is formed by dicing through laminate layers
14 in an area between adjacent buried die modules 10, with the buried die module build-

up process being performed on a frame 16.
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is formed through the laminate layer. According to an exemplary embodiment, the vias 20 are formed
by way of a laser ablation or laser drilling process. Alternatively, it is also recognized that vias 20 may
be formed by way of other methods including: plasma etching, photo-definition, or mechanical drilling
processes. Upon formation of the vias 20, a metal layer/material (e.g., a seed metal and/or copper) is
then applied onto the laminate flex layer 18 by way of, for example, a sputtering, electroplating, and/or

electro-less|agplicatiqe Rieeess RIGKIsthen fosaeshiigonatahiimiercanneats 22 AteaNaingto one
embodimeg?t of the invention, the metal layer/material is patterned and etched such that metal

interconnectd™3! £ fORABL Tt Extshd¥iPodgHOUAREE AaFBRAGHRSR NS BIPRBach of a first
surface 24 efdpitiakclaminate exlayeniSandia sesand suiface 2owkinitial Jaswnate Hexnlayer 18.
According t other embodiment, it s recognized that the initial laminate flex layer 18 may be
orovided a3 LS L AUBHRARE FLyEs HIG 1 8 DG SPURESD and the ploralty of meta
interconnects 22 already foimed thereon/therein. 100241In a next step of the buried die module
build-up prd0832] and\asosthmgoin=@b3dandie optwing 28isnfahaédrirdhizeinitidularingteiflex layer
18. The the gpening 28, ol (g andshiape.seeenlialli maishing fata! ahs (,e--1g,30 n FIC. ©)
to be placegt erein, ith the opening ng slightly oversized to accommodate receiving of the die
therein. As kinowatdrflEXGa 3 the rdsulidgnghapaotthieothitiahiathinee fldriayerc i8isltyat dBa "window

frame" construction. According to e iments of the invention, th ning 28 be formed by
one of a Tase R e R A N R e R R B o
module buildaigrpiocess dontimuespithethesprbvddibdton@n pelottttaminatetligkiay@TdZ having an

dhesi ialll t lig ' joi initial laminate flex |
T8, The una B B A B R e, R e rer
layer 32 is gdwsitioiad lem{ings Ié@niiﬁa@@d@rh@@ m@ﬁﬂst§awéeeom®ﬁmmmrMnﬂt¢mQHlemmy@r 18 and
secured thea{cecté’gk}%é’&%% Qéotﬁﬁo%qgﬁ%}’ %rfﬁit?a% it i'r? fd%g?ni‘ﬁ’#%flﬁe‘d“&l‘é%ﬂﬂ%a%%lfﬂ% layer 32
e of the al | ex la

covering one si . _ Ie opening 28 fonned in initial laminate yer 18. According to one
embodimertxphangddotdeininztofiex layer 32 is applied to the initial laminate flex layer 18 by way of a
vacuum lamination, with the vacuum lamination being performed at a temperature that prevents curing

of the adheféb%pateﬂ%%rﬁmwﬁem @é%ﬁ%ﬁi@@ie??flw&uf@mm%ﬂ%ﬁYﬁﬁt % PRI infial
laminate flex layer 18, a die 30 Is positioned within die opening 28 fonned in initial laminate flex layer

18, as shovih i pRd tetorab die lsmisadedureid WitRIBpE Y 28 Bynkiay eridieiEsiVe idterial 34

applied to LQWHHWEEHSE%@’S{“ 332 LeCRHiNG toransex e yp%e@@dirn%lgitwmweﬁtion, and
as shown in FIG. 6, the die 30 is in the faun of an "ultrathin die" that has a thickness equal to or

matching tHatOFSRRERITSRAtY e X ey 8. FPHDsd oy BrarmprihenBlsGPthdisltidingnniatelex layer
18 and the gign3 Canobs £anstiyEted t-RRME A INaIthin g hickne s oaresnd Sohnaicramatars.

20, a metal layer/material (e.g., a seed metal and/or copper) is then applied onto the
laminate flex layer 18 by way of, for example, a sputtering, electroplating, and/or
electro-less application process, and is then formed into metal interconnects 22.
According to one embodiment of the invention, the metal layer/material is patterned and
etched such that metal interconnects 22 are formed that extend through vias 20 and form
interconnects 22 on each of a first surface 24 of initial laminate flex layer 18 and a
second surface 26 of initial laminate flex layer 18. According to another embodiment, it
is recognized that the initial laminate flex layer 18 may be provided as a “pre-patterned”
layer having the plurality of vias 20 and the plurality of metal interconnects 22 already

formed thereon/therein.



100271As shown in FIG. 6, upon placement of the die 30 into opening 28, an open/void moated region
36 remains present between die 30 and initial laminate flex layer 18. The vacuum lamination step that
is performed to secure uncut laminate flex layer 32 to initial laminate flex layer 18 also acts to eliminate
(at least partially) the void that is present in moated region 36. That is, in performing the vacuum
lamination, adhesive material 34 is drawn into the moated region 36 to at least partially eliminate/fill

the moated|pegion. 100281khebprigtkdiesmadutaduilsiup pioress ontingesiaits theproviding of
another uncut laminate flex layer 38 that is applied onto the secgnd surface 26 of jnitial laminate flex
layer 18 andl Ghtdy ﬂ'lal%lﬁ’ﬁﬁ%‘él%lzﬁ'ﬂé é‘?én?fdlﬂ’?a S 181H1ES I LKeE §’%}?é’\ﬁﬁ1(f|§ FIES 7SR UABut laminate

flex layer 38 gsiadilankerauapaipensdelaminateafiexanchis positioned.onié &, ilamicaecento) initial
laminate flex layer 18 and is secured thereto by way.of an adhesive material/layer 34. In placing the
dncut i LU 36 Brile IRERN Mo A e X LY THCR G ATRIRAYS e\ ABuum
baking) stepfisteediormediio secur@wndut Faminat@dlexilayes SBafe ivitiaklanminataflgxiayrx18. The
vacuum laminatign also functions.to, eliminateffill (at least partially) the void that.is present in moated
region 36 bBRTAN tic e oot TR iR RIRTTEE 2855 B R niob ) 34 mto
the moatediregiofv6tte alpadsy tially elinfuratedhs waid tTerdmancifiiihemioatéd egicn. As
previously indicated, this vacuum lamination is performed at a temperature that prevents curing of the
adhesive mAEHA 3, 100291Upon placement of die 30 within opening 28 in initial laminate flex layer

18 and lamination of uncut laminate flex layers 38, 38 to initial laminate flex layer 18 and die 30, a
curing of thé08ahksivB d&reme3aads/pérforined. Accottling toiohedembuodintenbuihkqurimgdsss

?Sﬁﬁmp”Sh?é’nB}{ﬁ’é@ﬁ{ aiRte ﬁo‘%i gkmgae%ﬁaﬂoqh%%%ua&h;tﬂ%g@ ﬁ’&g&ﬂ th.%t%’ gliguitable
g processes could be employed.Advantageously, according to embodiments of the invention,
only a singlextiakirlgioernng stepeit penfotmeé thtyatarenboshdadh dsiveitagarsiBdiaiHenafore féducing
processing fine aad pRS1ATCOHAGEWIR IhePuldUP L RS PHASHEIR 2 Rate flex. The

uncut laminate flex layer 32 is positioned on (i.e., laminated onto) the first surface 24 of

initial laminate flex layer 18 and secured thereto by way of the adhesive 34, as shown in

FIG. 5, with the uncut laminate flex layer 32 covering one side of the die opening 28

formed in initial laminate flex layer 18. According to one embodiment, the uncut

laminate flex layer 32 is applied to the initial laminate flex layer 18 by way of a vacuum

lamination, with the vacuum lamination being performed at a temperature that prevents

curing of the adhesive material 34.

[0026] Upon placement of uncut laminate flex layer 32 onto initial laminate flex
layer 18, a die 30 is positioned within die opening 28 formed in initial laminate flex
layer 18, as shown in FIG. 6. The die 30 is secured within opening 28 by way of the
adhesive material 34 applied to uncut laminate flex layer 32. According to an
exemplary embodiment of the invention, and as shown in FIG. 6, the die 30 is in the

(13

form of an “ultrathin die” that has a thickness equal to or matching that of initial
laminate flex layer 18. Thus, for example, each of the initial laminate flex layer 18 and

the die 30 can be constructed to have a matching thickness of around 50 micrometers.

[0027] As shown in FIG. 6, upon placement of the die 30 into opening 28, an

open/void moated region 36 remains present between die 30 and initial laminate flex



100301Referring now to FIG. 8, in a next step of the build-up technique, the uncut laminate flex layers
32, 38 are patterned to form a plurality of vias 20, with the vias being drilled through the laminate flex
layers 32, 38. The vias 20 are fonned at positions corresponding to metal interconnects 22 fonned on
initial re-distribution layer 18, so as to expose the metal interconnects 22. Additional vias 20 are drilled
down to pads 40 on the 30, so as to expose these pads. According to an exemplary embodiment, the

vias 20 are igragd byrwayRhatasenablationar tasersdsilivgrpseaesscAltennativelhniitis alse
recognized that vias 20 may be fonned by way of other methods includjng: plasma etching,
photo-defintfi$F, mél?:‘ﬁ]ﬁﬁéglla?ﬁﬁﬁ%’b?%@s RIS Hiselft RYRHER TS BRrpSes P ikt and/or

copper) is then apptedmnio theatsactidaminate fex: layeiis gafSSineway ohclamedamipkeid sputtering
or electropla%gg l,i)rocess, and ii then fonned into metal interconnec:%%z. The metal Iay\cjéiraterial IS
patterned At et fed Qi that mstal et Bifetts IB%Etofisie tmt etefld 1rath BAtHAR facing
surfaces 4Z:tfdamigate thexlayesrdziod8 and down through vias 20. The metal interconnects 22 on
laminate flex layers 32, 38 thus faun an electrical connection with interconnects 22 on initial laminate

flex layer 1 a direct metallic.and electrical.connection to the.pads 40, 100311As shown in FIG. 8,
for the ot 2binate Te HAc 90 i e a8 et S amaes e R er 16,
the vias 20 aretliermedi(ilenidrtietsiaberablated)ifropplacfirstdirbetiznotd. sTnatis? ¢iabi20ii the uncut
laminate flex | 32 are fanned from the top-down. Conver. for.the.yncut laminate flex layer 38
anplied to T s 0 TS O econa
direction 461hdGs bppositerofttherfinstaditectioyed a8 Thatbbnkias @@paittmecdrieuitamifateafidx layer 38

are drilled from ¢ om-yp..1 eferring n 0,FIG i a next st 3 facturing
technique, é% ﬁ%ﬁﬁ%ﬁmc@t ngr%fr?a%%% egff{ay(/%%g&%\g% a}?e gf%?nglt%a %ﬁ}teg tige %{ﬁ%ﬁs E%]}#g?g flex
layers 32, 3Bainic dre wabseguemdhpatte medritie wdditon & lalninsgalfiexiayelsmBago @er in the

faun of unc i lex appli 0.0DpS ' Hags . h i ' / dule by
way of an a%ﬂgg?v%%rﬁétgﬁiﬁg%ﬁs%ﬂ%} ?%8%531 r? éfggfanggc?l %ﬁﬁle%ﬁ J%?%%gg%e’ivv?tﬁ{elﬁgu%%g@ bers of
laminate fletdaye rsdrtenditg wytifromanitianaatin 8t fleyeladetol Butiiduisingie fiatidhjamisate flex

layer 18 faupg.a ,ciiahn| t%ﬂ@fd%éé&)ﬁqé‘?&éﬁ& 9@%?@%{%@%%{&2@%@%@@9'é‘re applied

f
on opposing sides of the w?il['uggaﬁqélmlnate ayer 18 (I.e., on d second surfaces 24, 26
of initial lamireatatlex tagased 8)2®uchoabdbutsie-didaticathinadion prbbusgmeerilex thyedliBeBtresses

imparted to fhe ApighiRminalgflen 1aven &3 A0 BIRYARLYSABEAS RIS Phartially eliminate the

void therein and fill the moated region. As previously indicated, this vacuum
lamination is performed at a temperature that prevents curing of the adhesive material

34.

[0029] Upon placement of die 30 within opening 28 in initial laminate flex layer 18
and lamination of uncut laminate flex layers 38, 38 to initial laminate flex layer 18 and
die 30, a curing of the adhesive layers 34 is performed. According to one embodiment,
the curing is accomplished by way of a pressure baking operation, although it is
recognized that other suitable curing processes could be employed. Advantageously,
according to embodiments of the invention, only a single baking/curing step is
performed to cure both adhesive layers 34, therefore reducing processing time and costs

associated with the build-up of the buried die module.

[0030] Referring now to FIG. 8, in a next step of the build-up technique, the uncut

laminate flex layers 32, 38 are patterned to form a plurality of vias 20, with the vias
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100331As shown in FIG. 9, a plurality of vias 20 is formed in each of the additional laminate flex layers
48, 50. Metal interconnects 22 are also formed/patterned to extend down through vias 20 and through
the additional laminate flex layer 48, 50, so as to electrically connect each of the additional laminate
flex layers 48, 50 to the adjacent uncut laminate flex layers 32, 38. Similar to the patterning of laminate
flex layers 32, 38, the patterning of additional laminate flex layers 48, 50 is performed according to a

double-sidegtpattarnisg pasess tlhadisinthe vias 25 dermed 33 laminateiflexdayes 48kl chilled/laser
ablated from first direction 44 (i.e., from the top-down), while the vias 20 formed jn laminate flex layer
50 are drilleTALEPSHHER RS SEL BHEFUIUE R 6 G .27, #8???31%8&&%%‘ > t{}b‘f?ﬂTA%%%rding to

embodiments, abthe inveption itiseesognizaschthatsstil. additionablaminae fdexilayeaisibeyond layers
48, 50 could be applied during a further build-up of the buried die module, wjth the humber of
onal AR L o e BT Mo EPhon B BLLA I SIS BA S B the
module. 10@a5lRefersirgnawdo i Kayld, afietrappicaiion lafalbadgiionakamindterfiexvayers 48, 50,

a solder mask layer 52 is applied to outermost laminate flex layers 48, 50 on opposing surfaces of the
Duried the diGBEC THEEUIGRN THESR &b obiie Yol CORRARH O b SLIER AP G Gl to the

buried die rppdiie. Eahexamphe:adedrding to e@nenestibediaient:iaig apsirowssin FIG. histal ball grid
array (BGA[f1 ag{ackagl!e R%‘? (:?s assembled to or a}acked on the buried th modLEe 10. A?cor.din to another

example, arty 455HS Erc 59 NS AP bR IAE MRsB fIPEE 1L MG LRE 4 Eito BUHY die module
10. Accordifigitdagas emizsdimenty the tinckeduriediinemadotesctGopbitang parplsddogether by way
of a ball griqéarr 58, although it is recognized that a land %d array or conductive epoxy, for example,
could also B TeRaTS COUREHRE B RN other. WIS EIEL. 5 N A stadRITg BT B bured die
modules 10;tBigeth cusientiealaciangesenindcis Bragnizechédathatstittgre iennvotberdffitingd die
modules couldbe stapkad,on one apotner 10936 1RelelIng NOUIS FIS R a6ooring g gnother
embodiment Of th8 invention,

interconnects 22 on laminate flex layers 32, 38 thus form an electrical connection with

interconnects 22 on initial laminate flex layer 18 and a direct metallic and electrical

connection to die pads 40.

[0031] As shown in FIG. 8, for the uncut laminate flex layer 32 that is applied to the
first surface 24 of initial laminate flex layer 18, the vias 20 are formed (i.e., drilled, laser
ablated) from a first direction 44. That is, vias 20 in the uncut laminate flex layer 32 are
formed from the top-down. Conversely, for the uncut laminate flex layer 38 applied to
the second surface 26 of initial laminate flex layer 18, the vias 20 are drilled from a
second direction 46 that is opposite of the first direction 44. That is, vias 20 in the uncut

laminate flex layer 38 are drilled from the bottom-up.

[0032] Referring now to FIG. 9, in a next step of the manufacturing technique,
additional uncut laminate flex layers 48, 50 are laminated onto the uncut laminate flex
layers 32, 38 and are subsequently patterned. The additional laminate flex layers 48, 50
are in the form of uncut laminate flex layers that are applied to opposing surfaces of the
buried die module by way of an adhesive material 51, so as to form a balanced buried
die module with equal numbers of laminate flex layers extending out from initial
laminate flex layer 18. That is, the initial laminate flex layer 18 forms a “central”

laminate flex layer, and the additional laminate flex layers 48, 50 are applied on
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a buried die module 60 is shown that includes a first die 62 and a second the 64 that are
arranged/applied in a common horizontal plane. According to the embodiment of FIG. 13, each of the
first and second dies 62, 64 has a thickness matching that of initial laminate flex layer 66. Each of the
first and second dies 62, 64 are placed within separate die openings 68, 70 formed in initial laminate
flex layer 66, so as to be arranged in the same horizontal plane. A plurality of vias 20 and metal
interconneciprithatestent wevmithrqugimviasie aecpatterned in adiacent areublamioaiea flex layers
72, 74 such that metal interconnects extend to pads 76 on each of first and second dies 62, 64. That
is, metal in Bﬁ?feéé ffe e%féﬂ&la WB%%EE}?&X‘%%:& O%Ilécgl ﬁléjt%lﬁ\?(géﬂ eé{rgﬁmﬁ‘ﬁlt@gnnection to
die pads 76peddist sndseaoneidies B2s64. Theasieleoy sideienledaing.of fitst angsasoagddies 62, 64
on the same plane (i.e. laminate flex layer 66), allows for a reduction in the number of laminate flex
layers in th&SURETERIFERAEBD, thus helping to reduce overall thickness of the buried die module
60 and reduce associated production costs. 100371Beneficially, embodiments of the invention thus
provide a bifEd die MedbievibuildElp. process ddying ashiiter imamdacterthgoylbeaticheanatl that

allows for the appication oL mylirlg 1aRInate, iavers nls minimizing warpage. ol e modyle without
the use of a stiffener. The build-up process combines the curing of multiple adhesive layers (via
multiple curilegstéps) igito/ asitiglendutimguste thsodakttonrd dacenptodéssilgdindg, arft sosts @ssociated
therewith, a mpi vacuum lamipgtion for complete removal voids around the die, with
the moatedériggc] |%%%$g§%lglﬁwcg f %ﬁb(éfn%ecgmg@%[g ﬁf?ﬁgg%dﬁﬁ?onaaﬁ?rf tﬁge’aéhilg@iﬂ%ep?o a(gggpprovides a
module thatizcomplietsty fhaldnped, Yaséd dnnthlerdouthie isidetilzgnih dtiomatedida farenatidn
processes ipgl in,and based on.the usenf an identi dhesive on S f the buried
die. The fing%gg%%#g%ﬁhgi%oﬁ@g%egu%ngt}?c%m the %ﬁglf%u%aégc%ﬁ ?grveercft Ctl%\) ﬁ%%é%cém patible
with additiodalblariedcdipattodulesysocas td hrovidéhfor tire X0 Hoaich iof lstacikdd flve tapduids. Based
on buried the. mpgule, build; IAusRCfifhe Rresent invegtion brres die mogyles can thus be
constructe(?J ieavﬁr% a re%ucggﬁ%?ﬁ:@]ess, c}or%trolﬁle& f?at%és’éﬁ?nprove%ﬂde%% ’deng%y, increased
resolution, dAdmrdvedatactticAlpekdpiman cecodat edfesaxibtingdbliiedstiverd atitdetionildééup
techniques. 100381 Therefare according to one embodiment of the invention, a method of forming a
buried the r% d’uilgre i|JIrllc udes Brosllcﬁglhg an initial laminate flex layer and forming a plurality of vias and a
plurality of metal interconnects in and on the initial laminate flex layer, the plurality of metal

interconnedi@Vddendiner BirdRH e SPRONBUIES 86 dctoER iPRertomhdeE &N Eachst opPbsing first

and second,gyifeas Rhihadnidat |M@%M'stfqgﬁm&ﬁ[@&0§5}m%mm dhgingial laminate
X

flex layer. The method also includes securing a first uncut laminate fle a?/er to the first surface of the

initial laminBtBlA3P 18§ b Hiisd Stamadnssivinite Ampestiotidyiante dmmarHtedi&sgening of the
initial lamingfg flexdayer apdRrRiA Hieiadbrivesmalarials seawingRearonddneut laminate flex layer to
the second surface of the initial laminate flex layer by way of an adhesive material, curing the adhesive
material be the first uncut lamin lex layer and the initial laminate flex layer and hetween the
socona uncTSahinadeE T, BP At thEditss Tt B Ly A Y MBIy Gt vins an a
plurality of mgtas ugtescoan@tis:imanid lapcihe fissi gt $econcttnetitllanimnaddiiexdayerss esxh of the
plurality of metal interconnects extending thrqugh a respective via gnd being directly. metalized to one
o1 . metal iR QTGRS i SIS e YDA M6 B GROFE e PLBUSBY Recording to
another embadiacenh obfthe sapentiompaakmeihosiofsfarming buremhhiededdohip pBekagenpitydes
limning a plurality. of vias in a center laminate layer, formin lurality of metal interco s that
extond throl T RAITany o VRS ESHS S MIEHURCHG of satareh GBRbAME eI second
surfaces of jhekagaité4 laminaiataykro lionningladhip dpebing:thaghdihdcaoter Aamirdite layer,
applying a first uncut lamjnate layer. to the fi rface of the center laminate |ayer by fan
hoshve AN SRR 1 LD R thes i AR AL GF S U e P TAG R and onto
the adhesivenmaberial] tiie chiplilavity aAkickdess equat tonabthioknesstiof theckedtéuntamidaie layer.
The method ajsq Incjydes applving a second Ut Jaminate layer 1 the secand sfage ot the center
laminate layer by way of an adhesive material, ca/rlnthe adResive materar betwesnthe first uncut
laminate layeccand-tieticentdatdnindtedayer anddoetiveepdke seconampicutdaidinatedaysednd the

center laminate layer,.and patternin efir%%nd og cut Iamin?e layers to faun a plurality of
Vi and & SUSAHE) o TP St SRR RTs S i iadh ST ORE dovab) 5 et e i

extends through a respective via and is directly metalized to one of a metal interconnect on the center
laminate layer and a chip pad on the chip. 12



100401 According to yet another embodiment of the invention, an embedded chip package is
manufactured by a process that includes the step of pre-patterning a center laminate layer to faun a
plurality of vias and a plurality of metal interconnects that extend through the plurality of vias, wherein
the plurality of metal interconnects form interconnects on each of opposing first and second surfaces
of the center laminate layer. The process also includes limning a die opening through the center

laminate laygesdapplynga first wiedhlaminatedayertesthe Jesisdringeaofithecentenlaninase layer by
way of an adhesive material, positioning a dje within the die opening of the center laminate layer and
onto the adR&% ‘ﬁﬁé?é’ﬁ& ka@ﬂl‘i%fﬁ%%#t%%%@goé%al to a thickness of the center laminate
layer, applying a second uncut laminate layer to the second surface of the center laminate layer by
way of an affléésive nRateriahgouringotré(adlie sivemiate tiahbetvee emtiod finsh uoiC ttel amimatentlex layer
and the base,laminae fiexI3ven andieuaen ih,secand.yngutisminare flex Jayerang fne base
laminate flex layer togel{her at the same time, anduperf?:xunlng & dotb e-5|dceélpa terning the first and
second uncutdagtidate ek fayersitorfarraai phutaliplafvidscandia plordlitye mbmbta¢inter ddbnects,

wherein the, pluralit ias-and the plurality.of metal interconnects of the first uncut laminate flex layer
e fonned 1o b e T By e R e U ot e
second unclatlamindiexfléxylayeb ataébneiethfromsa seteadoditedtiontthabds appositedtheifinst direction.

100411While the.invention has been ribed in detail,in_ connectipn with only a limited number of
embodmene L D e R L A
embodimentsaRather thesinvehtiorooén pemaodifiddridiincdrpesate anlmetribetcoforakatiol?s,
alterations, ituti r ivalent ar t.heretof escri hi e

com mensué%g %\%ﬁ%ﬁﬁ@@i‘%ﬂﬁ%ﬁg@scﬁ% %?:ﬁf r%%%%%%%&ég]ﬁ%%ﬁ |‘§“\%ﬁ i@?\l/%iﬁ%%%rr?&%ﬁsments of
the inventiorZhdd¢e baethdesctib edicicimntedie extdedsiopddhad aspects of thet imvéntomdndigsinclude

only some ghthe dasgihed embadmshiE.Ainds s %ﬁ?m%%gof}%}ﬁ?ab(%%{aﬁ@ii@ited by the
foregoing description, but is only limited by the scope of the appended claims. CLAIM

and electrical connection to die pads 76 of first and second dies 62, 64. The side-by-

side embedding of first and second dies 62, 64 on the same plane (i.e. laminate flex

layer 66), allows for a reduction in the number of laminate flex layers in the buried die

module 60, thus helping to reduce overall thickness of the buried die module 60 and

reduce associated production costs.

[0037] Beneficially, embodiments of the invention thus provide a buried die module
build-up process having a shorter manufacturing cycle time and that allows for the
application of multiple laminate layers while minimizing warpage of the module
without the use of a stiffener. The build-up process combines the curing of multiple
adhesive layers (via multiple curing steps) into a single curing step, so as to reduce
processing time and costs associated therewith, and employs vacuum lamination steps
for complete removal of all voids around the die, with the moated region around the die
being completely filled. Additionally, the build-up process provides a module that is
completely balanced, based on the double-sided lamination and via formation processes
included therein and based on the use of an identical adhesive on both sides of the
buried die. The finished buried die module resulting from the build-up process is very
thin and is compatible with additional buried die modules, so as to provide for the

formation of stacked die modules. Based on buried die module build-up techniques of

13



What is claimed is: 1. A method of forming a buried die module comprising: providing an initial
laminate flex layer; forming a plurality of vias and a plurality of metal interconnects in and on
the initial laminate flex layer, the plurality of metal interconnects extending through respective vias so
as to faun interconnects on each of opposing first and second surfaces of the initial laminate flex layer;
forming a die opening through the initial laminate flex layer; securing a first uncut laminate flex

layer to thefiespsesdacenottfiednitatieminaiadlendayan bywayeof aytaghesivievinaterialduced
positioning a die within th%}iﬁle opening of the initgal Iaminaﬁ?fle,x layer and onto the adhesive material,
securing a SHESAT N COPTERHRATatEHRSTay BPRECHTE SECBRY STHEE ofHEdStial SaMNATE 5 1ayer by

way of an agifygsiveimatetialal performance over other existing buried die module build-up

techniques.

[0038]  Therefore, according to one embodiment of the invention, a method of
forming a buried die module includes providing an initial laminate flex layer and
forming a plurality of vias and a plurality of metal interconnects in and on the initial
laminate flex layer, the plurality of metal interconnects extending through respective
vias so as to form interconnects on each of opposing first and second surfaces of the
initial laminate flex layer, forming a die opening through the initial laminate flex layer.
The method also includes securing a first uncut laminate flex layer to the first surface of
the initial laminate flex layer by way of an adhesive material, positioning a die within
the die opening of the initial laminate flex layer and onto the adhesive material, securing
a second uncut laminate flex layer to the second surface of the initial laminate flex layer
by way of an adhesive material, curing the adhesive material between the first uncut
laminate flex layer and the initial laminate flex layer and between the second uncut
laminate flex layer and the initial laminate flex layer, and forming a plurality of vias and
a plurality of metal interconnects in and on the first and second uncut laminate flex
layers, each of the plurality of metal interconnects extending through a respective via
and being directly metalized to one of a metal interconnect on the initial laminate flex

layer and a die pad on the die.

[0039] According to another embodiment of the invention, a method of forming an
embedded chip package includes forming a plurality of vias in a center laminate layer,
forming a plurality of metal interconnects that extend through the plurality of vias so as
to form interconnects on each of opposing first and second surfaces of the center
laminate layer, forming a chip opening through the center laminate layer, applying a
first uncut laminate layer to the first surface of the center laminate layer by way of an
adhesive material, and positioning a chip within the chip opening of the center laminate
layer and onto the adhesive material, the chip having a thickness equal to a thickness of

the center laminate layer. The method also includes applying a second uncut laminate
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curing the adhesive material between the first uncut laminate flex layer and the initial laminate flex
layer and between the second uncut laminate flex layer and the initial laminate flex layer; and

forming a plurality of vias and a plurality of metal interconnects in and on the first and second uncut
laminate flex layers, each of the plurality of metal interconnects extending through a respective via and
being directly metalized to one of a metal interconnect on the initial laminate flex layer and a die pad

on the die. Biytheymethechal claificd ofuiibeksRMprsinge layer bgeeufingamasiditienabtinct laminate
flex layer to each of the first and second uncut laminate flex IayTrs by waggg%a;ﬂg&ﬂgsive material;

selectively SUHBAHG A4RFSBIHBATGHI AN R U RariiRatd Ak 1&DEatto ity*BfVias and a

plurality of meialdntesgenneatscywhrieineaskoal thedpluraliinat msial inereenoaats extangs through a
respective vyia and is directl m&ial%zed to a meta intercinnect om respective on oflthe fi{st and
second uncitEAnfiRarB¥& o HISIARHLIHBthBBCYH TR vty 'Co Bﬁsﬂh@m ity o

vias and a plurality of metal interconnects such that each of the plurality of metal
interconnects extends through a respective via and is directly metalized to one of a

metal interconnect on the center laminate layer and a chip pad on the chip.

[0040] According to yet another embodiment of the invention, an embedded chip
package is manufactured by a process that includes the step of pre-patterning a center
laminate layer to form a plurality of vias and a plurality of metal interconnects that
extend through the plurality of vias, wherein the plurality of metal interconnects form
interconnects on each of opposing first and second surfaces of the center laminate layer.
The process also includes forming a die opening through the center laminate layer,
applying a first uncut laminate layer to the first surface of the center laminate layer by
way of an adhesive material, positioning a die within the die opening of the center
laminate layer and onto the adhesive material, the die having a thickness equal to a
thickness of the center laminate layer, applying a second uncut laminate layer to the
second surface of the center laminate layer by way of an adhesive material, curing the
adhesive material between the first uncut laminate flex layer and the base laminate flex
layer and between the second uncut laminate flex layer and the base laminate flex layer
together at the same time, and performing a double-sided patterning the first and second
uncut laminate flex layers to form a plurality of vias and a plurality of metal
interconnects, wherein the plurality of vias and the plurality of metal interconnects of
the first uncut laminate flex layer are formed from a first direction and the plurality of
vias and the plurality of metal interconnects of the second uncut laminate flex layer are

formed from a second direction that is opposite the first direction.

[0041] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to

incorporate any number of variations, alterations, substitutions or equivalent
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vacuum laminating the first uncut laminate flex layer to the initial laminate flex layer; and

vacuum laminating the second uncut laminate flex layer to the initial laminate flex layer. 4. The
method of claim 3 wherein limning the die opening comprises forming an opening having an area
larger than an area of the die, such that a moated region is present around the die when the the is
positioned within the opening; and wherein the moated region is completely filled with adhesive
material as ateputhehthaoracusaTdamibasng of the dirstiane seaanehunet lrminatesfax layers to the
initial laminate flex layer, such that ng.voids are present around the die. 5. The method of claim 1
wherein thé&‘i’@%&%%%‘?&?ﬁ&gg-e HOm hickhES BRI FRRAIURTHARIHEK 1YRHION '8VShe method
of claim 1 whereirsbetsacuringtofybefidstsunsutamigpietflex iayeite the fiishsuifacaobine initial
laminate flex layer comprises: coatjng the first uncut laminate flex layer with the adhesive material;
and laminad B 1% ARG AARHES Ty v B0 RSl LA TR By Sy B te adnesive
material.  linfitdd&ynathadgbohainctcywhesairbthe Jisst anchsedond tbcblaninaie ppclayers are
laminated to the initial laminate flex layer at a temperature that prevents curing of the adhesive
material. <#™MS-
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8. The method of claim 1 wherein the initial laminate flex layer, having the die positioned within the the
opening fonned therein, comprises a center laminate flex layer in the buried the module, with an equal
number of uncut laminate flex layers being respectively added to the first and second surfaces thereof
9. The method of claim 1 wherein limning the plurality of metal interconnects comprises: depositing a
metal material on the laminate flex layer; and patterning and etching the metal material to faun the
metal interaOnAeKLS. 10. The method of claim 1 further comprising: forming a second die
opening through the initial laminate flex layer; positioning a second the within the second die opening
of the initial\Wiminatdaflexdayer and onto the adhesive material on the first uncut laminate flex layer.

1. A method of forming a buried die module comprising:

providing an initial laminate flex layer;

forming a plurality of vias and a plurality of metal interconnects in and
on the initial laminate flex layer, the plurality of metal interconnects extending through
respective vias so as to form interconnects on each of opposing first and second surfaces
of the initial laminate flex layer;

forming a die opening through the initial laminate flex layer;

securing a first uncut laminate flex layer to the first surface of the initial
laminate flex layer by way of an adhesive material;

positioning a die within the die opening of the initial laminate flex layer
and onto the adhesive material;

securing a second uncut laminate flex layer to the second surface of the
initial laminate flex layer by way of an adhesive material;

curing the adhesive material between the first uncut laminate flex layer
and the initial laminate flex layer and between the second uncut laminate flex layer and
the initial laminate flex layer; and

forming a plurality of vias and a plurality of metal interconnects in and
on the first and second uncut laminate flex layers, each of the plurality of metal
interconnects extending through a respective via and being directly metalized to one of

a metal interconnect on the initial laminate flex layer and a die pad on the die.

2. The method of claim 1, further comprising
securing an additional uncut laminate flex layer to each of the first and
second uncut laminate flex layers by way of an adhesive material;
selectively patterning each of the additional uncut laminate flex layers to
form a plurality of vias and a plurality of metal interconnects, wherein each of the

plurality of metal interconnects extends through a respective via and is directly
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11. A method of forming an embedded chip package comprising: forming a plurality of vias in a center
laminate layer; forming a plurality of metal interconnects that extend through the plurality of
vias so as to faun interconnects on each of opposing first and second surfaces of the center laminate
layer; forming a chip opening through the center laminate layer; applying a first uncut laminate
layer to the first surface of the center laminate layer by way of an adhesive material; positioning

a chip withimthaighbiptopeming: diihe contet laminatspayereantkoptalibeiadhasive-poateriabithe chip
having a thickness equal to a thickness of the center laminate layer; applying a second uncut
laminate lay&PtB¥Rd E8 B iSsurface of the center laminate layer by way of an adhesive material:
curing the adhesive material between the first uncut laminate layer and the center laminate layer and
between the second uncyt laminate layer and the center laminate layer; and patterning the first
and second uncut faminaf@TasHR0¢ ﬁﬁlﬁl u of Vid¥ 81 a plurality of metal interconnects such
that each of the plurality @heogtal laminating the first uncut laminate flex layer to the initial

laminate flex layer; and
vacuum laminating the second uncut laminate flex layer to the initial

laminate flex layer.

4. The method of claim 3 wherein forming the die opening comprises
forming an opening having an area larger than an area of the die, such that a moated
region is present around the die when the die is positioned within the opening; and

wherein the moated region is completely filled with adhesive material as
a result of the vacuum laminating of the first and second uncut laminate flex layers to

the initial laminate flex layer, such that no voids are present around the die.

5. The method of claim 1 wherein the die has a thickness equal to a

thickness of the initial laminate flex layer.

6. The method of claim 1 wherein the securing of the first uncut laminate

flex layer to the first surface of the initial laminate flex layer comprises:
coating the first uncut laminate flex layer with the adhesive material; and
laminating the first uncut laminate flex layer to the initial laminate flex

layer by way of the adhesive material.

7. The method of claim 6 wherein the first and second uncut laminate flex
layers are laminated to the initial laminate flex layer at a temperature that prevents

curing of the adhesive material.

8. The method of claim 1 wherein the initial laminate flex layer, having the

die positioned within the die opening formed therein, comprises a center laminate flex
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interconnects extends through a respective via and is directly metalized to one of a metal interconnect
on the center laminate layer and a chip pad on the chip. 12. The method of claim 11 further
comprising: vacuum laminating the first uncut laminate layer to the center laminate layer; and vacuum
laminating the second uncut laminate layer to the center laminate layer. 13. The method of claim 12
further comprising:

layer in the buried die module, with an equal number of uncut laminate flex layers being

respectively added to the first and second surfaces thereof.

9. The method of claim 1 wherein forming the plurality of metal
interconnects comprises:
depositing a metal material on the laminate flex layer; and

patterning and etching the metal material to form the metal interconnects.

10.  The method of claim 1 further comprising:
forming a second die opening through the initial laminate flex layer;
positioning a second die within the second die opening of the initial

laminate flex layer and onto the adhesive material on the first uncut laminate flex layer.

11. A method of forming an embedded chip package comprising:

forming a plurality of vias in a center laminate layer;

forming a plurality of metal interconnects that extend through the
plurality of vias so as to form interconnects on each of opposing first and second
surfaces of the center laminate layer;

forming a chip opening through the center laminate layer;

applying a first uncut laminate layer to the first surface of the center
laminate layer by way of an adhesive material;

positioning a chip within the chip opening of the center laminate layer
and onto the adhesive material, the chip having a thickness equal to a thickness of the
center laminate layer;

applying a second uncut laminate layer to the second surface of the
center laminate layer by way of an adhesive material;

curing the adhesive material between the first uncut laminate layer and
the center laminate layer and between the second uncut laminate layer and the center
laminate layer; and

patterning the first and second uncut laminate layers to form a plurality

of vias and a plurality of metal interconnects such that each of the plurality of metal

19



securing an additional laminate layer to each of the first and second uncut laminate layers by way of
an adhesive material; patterning each of the additional laminate layers to foirn a plurality of vias
and a plurality of metal interconnects, wherein each of the plurality of metal interconnects extends
through a respective via and is directly metalized to a metal interconnect on a respective one of the
first and second uncut laminate layers. 14. The method of claim 11 wherein forming the chip

opening complisestiningaadOReviNG havisgeaares laigeidharan anea.oltiechipesuth that a
moated region is present around the chip when the chip i pos,itiongd within the opening; and

wherein theMGatB 1eYIBRILRIATHERER TRtk SRS e R R AL P8Rt of the vacuum

laminating of the first and second uncut laminate layers to the center laminate layer, such that no voids
are present arouni the ng : %I,Se '{h meﬁod f claim 11 wherein the first and second uncut
laminate layers aré-appli (’j??dﬁﬁté‘ f é:fal% a@ér%?fe?oé?%ﬂtgéﬂ*gperature that prevents curing of the
adhesive material. 16adihenmeihiagiobclaintilst whekeimpatierning thetfiest aner 9eeonstdincut
laminate layers g:on&prises: forming the plurality of vias in the first uncut laminate layer from a first
direction; a)rqaé’er’ an

vacuum laminating the second uncut laminate layer to the center

laminate layer.

13.  The method of claim 12 further comprising:
securing an additional laminate layer to each of the first and second
uncut laminate layers by way of an adhesive material;
patterning each of the additional laminate layers to form a plurality of
vias and a plurality of metal interconnects, wherein each of the plurality of metal
interconnects extends through a respective via and is directly metalized to a metal

interconnect on a respective one of the first and second uncut laminate layers.

14. The method of claim 11 wherein forming the chip opening comprises
forming an opening having an area larger than an area of the chip, such that a moated
region is present around the chip when the chip is positioned within the opening; and

wherein the moated region is completely filled with adhesive material as
a result of the vacuum laminating of the first and second uncut laminate layers to the

center laminate layer, such that no voids are present around the chip.
15.  The method of claim 11 wherein the first and second uncut laminate
layers are applied to the center laminate layer at a temperature that prevents curing of

the adhesive material.

16. The method of claim 11 wherein patterning the first and second uncut

laminate layers comprises:
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limning the plurality of vias in the second uncut laminate layer from a second direction. 17. An
embedded chip package manufactured by a process comprising the steps of: pre-patterning a
center laminate layer to foirn a plurality of vias and a plurality of metal interconnects that extend
through the plurality of vias, wherein the plurality of metal interconnects faun interconnects on each of
opposing first and second surfaces of the center laminate layer; forming a die opening through the

center laminate layer;  formiapphdnguadliist sneudt lamiratestayesuto sheditstisysfagephtiiescenter
laminate layer b%( way of an adhesive material; positioning a die within the the opening of the
center lamift4& 1% Afhd onto the adhesive material, the the having a thickness equal to a thickness

of the center laminate lay@iming theaplplying aseeend uncuidaminatalayeritathe grecoseh surface of
the center laminate layer by way of an adhesive material; curing the adhesive material between
the first uncﬁ?f’fﬁﬁﬁ‘é‘f&tﬁ’é& layer and the base laminate flex layer and between the second uncut
laminate flex layer and the base laminate flex layer together at the same time; and

17. An embedded chip package manufactured by a process comprising the

steps of:

pre-patterning a center laminate layer to form a plurality of vias and a
plurality of metal interconnects that extend through the plurality of vias, wherein the
plurality of metal interconnects form interconnects on each of opposing first and second
surfaces of the center laminate layer;

forming a die opening through the center laminate layer;

applying a first uncut laminate layer to the first surface of the center
laminate layer by way of an adhesive material;

positioning a die within the die opening of the center laminate layer and
onto the adhesive material, the die having a thickness equal to a thickness of the center
laminate layer;

applying a second uncut laminate layer to the second surface of the
center laminate layer by way of an adhesive material;

curing the adhesive material between the first uncut laminate flex layer
and the base laminate flex layer and between the second uncut laminate flex layer and
the base laminate flex layer together at the same time; and

performing a double-sided patterning the first and second uncut laminate
flex layers to form a plurality of vias and a plurality of metal interconnects, wherein the
plurality of vias and the plurality of metal interconnects of the first uncut laminate flex
layer are formed from a first direction and the plurality of vias and the plurality of metal
interconnects of the second uncut laminate flex layer are formed from a second

direction that is opposite the first direction.

18.  The embedded chip package of claim 17 wherein the process further

comprises vacuum laminating the first and second uncut laminate flex layer to the initial
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perfauning a double-sided patterning the first and second uncut laminate flex layers to faun a plurality
of vias and a plurality of metal interconnects, wherein the plurality of vias and the plurality of metal
interconnects of the first uncut laminate flex layer are formed from a first direction and the plurality of
vias and the plurality of metal interconnects of the second uncut laminate flex layer are formed from a
second direction that is opposite the first direction. 18. The embedded chip package of claim 17

wherein theprocessitNtheeconpiges VagudiJainnatngthe dirsbaed reconduwnsiidaminate flex
layer to the initial laminate flex layer, so as to fill-in any voids present in a moated region surrounding
the die upo 15\/&3%3”&1&#%% WteRaferial- 19 The embedded chip package of claim 17 wherein the
die has a thickness equal to a thickness of the initial laminate flex layer. 20. The embedded chip

package of claim 17 wherein the embedded chjp structyre comprises a completely balanced structure
based on the douth:side PAFRAERSSTAE RPSLARE LA LQHRTaTHIM LR Sy rs b e Ester
laminate layquaind théiappdicasion ofnitishmmadhesiselmaterial between the first uncut laminate layer
and the center laminate layer and between the second uncut laminate layer and the center laminate

layer.
20. The embedded chip package of claim 17 wherein the embedded chip

structure comprises a completely balanced structure based on the double-side lamination
of the first and second uncut laminate layers on the center laminate layer and the
application of a same adhesive material between the first uncut laminate layer and the
center laminate layer and between the second uncut laminate layer and the center

laminate layer.
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