SEMICONDUCTOR DEVICE AND METHOD OF DUAL-MOLDING DIE FORMED ON OPPOSITE SIDES
OF BUILD-UP INTERCONNECT STRUCTURE Field of the Invention The present invention
relates in general to semiconductor devices and, more particularly, to a semiconductor device and
method of dual-molding semiconductor die mounted to opposite sides of a build-up interconnect structure
in a fan-out wafer level chip scale package. Background of the Invention Semiconductor devices
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Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of dual-molding semiconductor die mounted to
opposite sides of a build-up interconnect structure in a fan-out

wafer level chip scale package.

Background of the Invention

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number
and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), small signal transistor,
resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of
electrical components. Examples of integrated semiconductor

devices include microcontrollers, microprocessors, charged-



coupled devices (CCDs), solar cells, and digital micro-mirror devices (DMDSs). Semiconductor
devices perform a wide range of functions such as high-speed calculations, transmitting and receiving
electromagnetic signals, controlling electronic devices, transforming sunlight to electricity, and creating
visual projections for television displays. Semiconductor devices are found in the fields of entertainment,
communications, power conversion, networks, computers, and consumer products. Semiconductor

devices argghsfounin railitary-applications saviatian, autemative,dadustrialicantraliers; @nd office
equipment. Semiconductor devices exploit the electrical properties of semiconductor materials.
The atonfi€ %trGEtaire B'8&ériconductor material allows its electrical conductivity to be manipulated by the

application of an electrig:figld ©f base surreatorthsough therprogess @k depingeDeping introduces
impurities into the semiconductor material to manipulate and control the conductivity of the semiconductor
device. FUPCtAOSEMEBRBUEDr deite WREHInS Active diid BaSsive BREtHca! strliw s Active
structures doeludinggpipolas anddiettheffect teansisiors, contiaktbe flomsofalecttiealcutrent. By varying

levels of oging and e%eplica ion of an electri'c figlgl otr ban cutrre,nt,,tpe trans(ijstor eithe,rrpromotes or
restricts the flow f electticar cirfent? Passivé Stitctutes, iffciu iﬁﬁlregi‘stoarg, cacpra%‘iatgrls,%nd inductors,

create a relationship betweehoroltagerand=durrern necedsarny e performeanvariety ot etectrical functions.

The _pass'vee §réd gqg\/re st£%ctH5es.%ret%lgctgcgli]ydcono@cé%dttorfogr{ln%recu'ts, whi_ch enable the

semlconglluc\{or &ewce ?O perlflorm hlgh-spee ca Clﬁatlons an& o%her USG?U functions.
communications, power conversion, networks, computers, and
consumer products. Semiconductor devices are also found in
military applications, aviation, automotive, industrial
controllers, and office equipment.

Semiconductor devices exploit the electrical
properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity to be
manipulated by the application of an electric field or base
current or through the process of doping. Doping introduces
impurities into the semiconductor material to manipulate and
control the conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including bipolar and
field effect transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes
or restricts the flow of electrical current. Passive
structures, including resistors, capacitors, and inductors,
create a relationship between voltage and current necessary to
perform a variety of electrical functions. The passive and
active structures are electrically connected to form circuits,
which enable the semiconductor device to perform high-speed

calculations and other useful functions.
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Semiconductor devices are generally manufactured using two complex manufacturing processes, i.e.,
front-end manufacturing, and back-end manufacturing, each involving potentially hundreds of steps.
Front-end manufacturing involves the formation of a plurality of die on the surface of a semiconductor
wafer. Each die is typically identical and contains circuits formed by electrically connecting active and
passive components. Back-end manufacturing involves singulating individual die from the finished wafer

and packaging the die e provide;streciural supper angdenyiroamentsl isQlation.ctureq @Be ggal of
semiconductor manufacturing is to produce smaller semiconductor devices. Smaller devices typically

consume88s pelRr HaveRighéPerformtanceard 2am el producéd Mbre Stficiently. In addition, smaller
semicongiictorrdevices have asmaller foatpanmuhichristdesirable for smaller-end preducts. A smaller die
size may be achieved by improvements in the front-end process resulting in die with smaller, higher
density aRfiVé Bhd phsEive Eafiponents. BHckbsd eroE8§§éseH%ﬁ%§ﬁlfg - SethicdRdulior Gedice
packages with faosimalierdiootpfing by impeaveryerts inl etectricat iderconnectioroand packaging materials.

The electrical,interg{onr%ection iga fan-out V\{\afgr. level chti scalel ackage (FO-WlLCSP) containing
semicondiictor déVices stacked 6h 'mulﬁﬁl% evelS cai b gclc%arlnp i5hed With' EohdAtde through silicon
vias (TS\¥p thretigh holervias  sHV)rare@uiplated €onducin/el pillarsn Miastanedorned v silieon or organic
material around the die using I?ser drglingkor d%ep reac]ﬁjve jCon etchingn(#:)%lEg. The vias are filled with
.passive components,. a —eI anuractur i olVvVes sin 1 1n
conductive matenal, f%r%xamp e by copper (?eposlﬂlon using an erfgctrop ating procesg,uto orm the

conductivient8\st dmc THVAs= Thed8 Vistendf T H Vs Herdtheradonneeththroagtk boildraptibtercbimeco structures

which arg formesactpasech semiconductor e The (S an TEVS and buldyp nterconnet

structure have limited input/output pin count and interconnect capability, particularly for FO-WLCSP.

The semiconductor dieCare typi@éll;@_ﬁwo@ﬂtédiwdm@_sm ofahe baitdwplinteréonriect Bﬂ’_udwqt@in the
FO-WLCSP, To.accommadalg, the die, 1he build-up igfereannect strucire E}?E beelatively large, which

increases manufacturing cost. Alternatively, if the die are mounted to both sides of thé build-up
interconreRnSiGtURE Iae ek of fevisumps hsustibergreaterthgn tisHeighnoftheippér eislin order to

bond the humps terthe juild up intergonnegtsirugture Lhe large hieight and qorrespopdinggwidth of the

bumps increases the bump pitch and reduces 1/O pin count, which is counterproductive for FOWICSP.
Summary*eFthedniBratortr footRMeEd exXists or & highes Hrpikccouk irfEFelWCSPAccordingly, in

one embgdiment.the preseptdnventionis asemicopduetor devicedncludipg adirstintereqpredtstructure.
the front-end process resulting in die with smaller, higher
density active and passive components. Back-end processes may
result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

The electrical interconnection in a fan-out wafer
level chip scale package (FO-WLCSP) containing semiconductor
devices stacked on multiple levels can be accomplished with
conductive through silicon vias (TSV), through hole vias (THV),
or Cu-plated conductive pillars. Vias are formed in silicon or
organic material around the die using laser drilling or deep
reactive ion etching (DRIE). The vias are filled with
conductive material, for example by copper deposition using an
electroplating process, to form the conductive TSVs and THVs.

The TSVs and THVs further connect through build-up interconnect
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A first semiconductor die has an active surface oriented towards and mounted to a first surface of the first
interconnect structure. A first encapsulant is deposited over the first interconnect structure and first
semiconductor die. A second semiconductor die has an active surface oriented towards and mounted to a
second surface of the first interconnect structure opposite the first surface. A plurality of first conductive
pillars is formed over the second surface of the first interconnect structure and around the second

semiconducter-dig-rAsesandensapsulantis deposited over-thessasond semicenducter dieand around
the pluralitﬁ of first conductive pillars, A second interconnect structure is formed over the second

encapsulant' 8n@ Bt ctitaly ¥3RnBEts 16 THE plitafy of fifk Condh&tire - pifiars Rt s t&5d second
semicondugterdieutput  (In/anothenembadimentathenpreseshinyemtiomisssemicpnductor device,
including a first interconnect structure. A first semiconductor die has an active surface oriented towards
and mouR&d Vel WSy sthitdce 6rtREfiP&t interconnect structure. A first encapsulant is deposited over
the first interconnect strueiurs-and firsi seaueontiucterdie tAnseeand semicondactar sli@has an active
surface oriented t Wakqu and mounted over a second surface of the fjrst inrtlerconr_lect structure opposite
the first s%%f%%e.o p?ur%lit}f/uo]fff%stué%nl uEteivreCBﬁ]I%FsciE ST Y& the secoRd strfacs of the firdt
interconnect sinucidre. A seeontl encapsalant 1S depesitettaver she second semiconducios dieoand around

the pluralitg of first andEctive pillars. A second interconnect structure IS formeg over the second
r %atlve % arﬁs, wWhic 1n%ﬁﬁases m?mu a% urln% cast. . . .
encapsulant. n another embodiment, the present invention is a Semiconductor device including a

first interégdrirect structate, A fifst semicormducter die s inednted bwarta first sarface ohthe first
interconnect sgucture £ st engansulantis depesited guer (he fitst infereonnagt siructir and frs

d
semiconductor die. A second semiconductor die is mounted over a second surface of irst
interconngcestrecturereppddite thefiysttsurfacehA pleradity ofifirsticoruttive pillaps isformed over the

second syrfage of fhe st itaregniect steuciurs , Asecopd gncapsuylant isdeppsited over; the, second

semiconductor die and around the plurality of first conductive pillars. In another embodiment, the
present iAVEhtioRLs assErhidonductofdevied indladikyarfrstintereemesct ShaicRitePABirstEemiconductor

die is moypted et alirst syrfage ofthe first inierepnnect syugiue. A seaend gemicondygtor die is

mounted over a second surface of the first interconnect structure opposite the first surface. A plurality of
first condUiefiee pillars is formed over the second surface of the first interconnect structure.

Summary of the Invention

A need exists for a higher I/0 pin count in FO-WLCSP.
Accordingly, in one embodiment, the present invention is a
semiconductor device including a first interconnect structure.
A first semiconductor die has an active surface oriented towards
and mounted to a first surface of the first interconnect
structure. A first encapsulant is deposited over the first
interconnect structure and first semiconductor die. A second
semiconductor die has an active surface oriented towards and
mounted to a second surface of the first interconnect structure
opposite the first surface. A plurality of first conductive
pillars is formed over the second surface of the first
interconnect structure and around the second semiconductor die.

A second encapsulant is deposited over the second semiconductor
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Brief Description of the Drawings FIG. 1 illustrates a PCB with different types of packages

mounted to its surface; FIGs. 2a-2c illustrate further detail of the representative semiconductor
packages mounted to the PCB; FIGs. 3a-3h illustrate a process of dual-molding semiconductor
die mounted to opposite sides of build-up interconnect structure in a FO-WLCSP; FIG. 4

illustrates the WLCSP with dual-molded semiconductor die mounted to opposite sides of build-up

interconnect SEMEtUES; ound  th&1G1 Billustrates therdyalxmeldad cie with gondustive pillars extending

from the encapsulant; FIG. 6 illustrates the dual-molded die with the
second interconnect structure is formed over the second

encapsulant and electrically connects to the plurality of first
conductive pillars and the first and second semiconductor die.

In another embodiment, the present invention is a
semiconductor device, including a first interconnect structure.
A first semiconductor die has an active surface oriented towards
and mounted over a first surface of the first interconnect
structure. A first encapsulant is deposited over the first
interconnect structure and first semiconductor die. A second
semiconductor die has an active surface oriented towards and
mounted over a second surface of the first interconnect
structure opposite the first surface. A plurality of first
conductive pillars is formed over the second surface of the
first interconnect structure. A second encapsulant is deposited
over the second semiconductor die and around the plurality of
first conductive pillars. A second interconnect structure is
formed over the second encapsulant.

In another embodiment, the present invention is a
semiconductor device including a first interconnect structure.
A first semiconductor die is mounted over a first surface of the
first interconnect structure. A first encapsulant is deposited
over the first interconnect structure and first semiconductor
die. A second semiconductor die is mounted over a second
surface of the first interconnect structure opposite the first
surface. A plurality of first conductive pillars is formed over
the second surface of the first interconnect structure. A
second encapsulant is deposited over the second semiconductor
die and around the plurality of first conductive pillars.

In another embodiment, the present invention is a

semiconductor device including a first interconnect structure.
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conductive pillars recessed with respect to the encapsulant; FIG. 7 illustrates the dual-molded die with an
exposed backside of the lower and upper semiconductor die; FIG. 8 illustrates a build-up interconnect
structure formed over upper semiconductor die; FIG. 9 illustrates an EMI shielding layer formed
over upper semiconductor die; and FIG. 10 illustrates discrete semiconductor components
mounted to build-up interconnect structure.

A first semiconductor die is mounted over a first surface of the
first interconnect structure. A second semiconductor die is
mounted over a second surface of the first interconnect
structure opposite the first surface. A plurality of first
conductive pillars is formed over the second surface of the

first interconnect structure.

Brief Description of the Drawings

FIG. 1 illustrates a PCB with different types of
packages mounted to its surface;

FIGs. 2a-2c illustrate further detail of the
representative semiconductor packages mounted to the PCB;

FIGs. 3a-3h illustrate a process of dual-molding
semiconductor die mounted to opposite sides of build-up
interconnect structure in a FO-WLCSP;

FIG. 4 illustrates the WLCSP with dual-molded
semiconductor die mounted to opposite sides of build-up
interconnect structure;

FIG. 5 illustrates the dual-molded die with conductive
pillars extending from the encapsulant;

FIG. 6 illustrates the dual-molded die with the
conductive pillars recessed with respect to the encapsulant;

FIG. 7 illustrates the dual-molded die with an exposed
backside of the lower and upper semiconductor die;

FIG. 8 illustrates a build-up interconnect structure
formed over upper semiconductor diej;

FIG. 9 illustrates an EMI shielding layer formed over
upper semiconductor die; and

FIG. 10 illustrates discrete semiconductor components

mounted to build-up interconnect structure.
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Detailed Description of the Drawings The present invention is described in one or more
embodiments in the following description with reference to the figures, in which like numerals represent
the same or similar elements. While the invention is described in terms of the best mode for achieving the
invention's objectives, it will be appreciated by those skilled in the art that it is intended to cover
alternatives, modifications, and equivalents as may be included within the spirit and scope of the invention
as defined by the appended claims and their equivalents as supported by the following disclosure and
drawings. Semiconductor devices are generally manufactured using two complex manufacturing

processes: front-end manufaREFAtLEH BESEE®MGRIR&URRG. BBAYERE fnanufacturing involves the

formation of a plurality of die on the surface of a semiconductor wafer. Each die on the wafer contains

active and passive elegtriealzarmpenentswhich afe elecikcally geanecteddadonn fugtional electrical
circuits. Active electrical components, such as transistors and diodes, have the ability to control the flow
of electriCAIeureht Passive &ttricat dSipoTets SSTchPas @8patitors, iRdTEEHS rediStote! And
transforners,ereate a relatianship betweemeeltage arg eurrent-necessapmo perfarimeleatrical circuit

functions, | op,er, Lassiye and agtive components are formed auer the syrface of he semigonductor
wafer by a'series ot process sﬁeps mcjru&l’ng 1fiioplng, aep05|ﬁon, p%otolﬂhograpﬁy, etching, and
planarizationeD6pingantraeucesimpuities wtotthe sémicangtictarmateriat by iechnigues such as ion
implantation.or (hermal diftsion. The doping.process modifis the.glegtrical, conductiyity of
semiconductor material in active evices, transforming the Semiconductor matérial into an Insulator,
conductorcorady nahtiealhachanging thedsémicahdacter nwaterialcondadtivitysnaespensedte an electric

field or bage current. Transistors contain regions pf varying types and dearees 9f doping.arranged as
necessary to ena%ﬁjtl i § 'Qt{jt%e flow o% [ h

e the transistor to promote or restric electrical current upon the application
of the eleetriccticld mpbasecdrrehgims and their equivalents as supported by the

following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front—-end manufacturing and
back—-end manufacturing. Front—-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the
semiconductor material by techniques such as ion implantation or

thermal diffusion. The doping process modifies the electrical



Active and passive components are formed by layers of materials with different electrical properties. The
layers can be formed by a variety of deposition techniques determined in part by the type of material
being deposited. For example, thin film deposition may involve chemical vapor deposition (CVD), physical
vapor deposition (PVD), electrolytic plating, and electroless plating processes. Each layer is generally
patterned to form portions of active components, passive components, or electrical connections between

componefdsduct ivikhe layersean-be patiemeddsing photolithagrapky, which invelves the deposition
of light sensitive material, e.g., photoresist, over the layer to be patterned. A pattern is transferred from a

photoma$k 3 thepbtores %sﬁ'@q?gqﬁ?éﬁé:%ﬁidﬁ %he photdtESistPattetitstbfstied to light is

removed usitg a selvent expesingiRetions ehtheqinderlying layertokripatterneda the remainder of the

photoresist is remaoved, leaving behind a patterned layer. Alternatively, some types of materials are

patterned* B} dit6Edy’ d&posifing fHPMRESTal tht6 thé ARas orvaidS ot 375 prévibus Béposition/etch

process ustag tgchniquescsiichaaselestroless antl elactyalyic plating. and deBepesiting a thin film of

material over an existing pattern can exaggerate the underlying pattern and create a non- uniformly flat
g pat 99 erling y

surface. Roﬁ]ﬁgﬁn@rffa? acé is Peeq%(iere 1 %r%&uceenéama erdid moré %éﬁgéjlfl p%%kga 2LHvE and

passive campeanents. Rlanakzatioswcantbe used td rermove: materialfrom the sudage attheiwafer and
produce a Pnjcfgremlé/lﬂéaé guggc%igl?aagzratg)ansigvoIvgs go]ﬁishing the surface of the wafer with a polishing

pad. An abrasive material and corrosive chemical are added to the surface of the wafer during polishing.

The combined mechanical action of thealbrasiy ecantbcoreosive actiorf of thredchHamitalyrensoves any

regular {oROgFaRtY, reuling: a pifpimly flatsifacs .o Backeend manufaguiing fefersto

cutting or singulating the finished watfer into the individu en packaging
support drel erviropendritakisolatior.to sihgdfate she dien tHeewhafards scorddtardibroken ialong

non-functional regiopg of giﬁfa@’%ef Galled sawstieels or seribes. The waier s singplated using a laser
cutting tool or saw blade. After singulation, the individual dieé are mounted to a package substrate that
includes pinstordeineact pads farintdregrieion\eith 6ther $ystemn esmpohenen CoRMELE pads formed

over the serpicondycios die-aigen conecle 9 contad pacs wihin e padkage. The electrica

connections can be made with solder bumps, stud bumps, conductive paste, or wirebonds. An
encapsula@heertsther fifoldihg Materiaris deposited overthelpatkhage Yo previde physical support and

electricalisglationcthe finished, package isther inserteddntoap slectrical systeauand the functionality of
the semiconductor device is made available to the other system components. FIG. 1 illustrates

electroni€ 8BV S0U4Faviy aThiis Cartier Substrate r PrintedPEiFdiitHoara PEB) 525with a plurality of
semiconductor packages énqunted ondts-sustaces Electranic devieg 59Hnay have 9ge 1ype, of

semiconductor package, o . o .
which invdlves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light.
The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

Depositing a thin film of material over an existing

pattern can exaggerate the underlying pattern and create a non-
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or multiple types of semiconductor packages, depending on the application. The different types of
semiconductor packages are shown in FIG. 1 for purposes of illustration. Electronic device 50 may
be a stand-alone system that uses the semiconductor packages to perform one or more electrical
functions. Alternatively, electronic device 50 may be a subcomponent of a larger system. For example,
electronic device 50 may be a graphics card, network Interface card, or other signal processing card that

can be Insgrted into.a eamputer- FRe semigonguctar.package gan dnclede MicropracasseEs; memories,
application specific Integrated circuits (ASIC), logic circuits, analog circuits, RF circuits, discrete devices,

or other SEMICBAGUCBA LT ElBECarComMEdTsntY. Packedh iS5 1Y PEBSIHIVIES a general

substrate-fernstyettiral Supporrandielgetrical terceanesaf the semiconsugtor packages-gpunted on

the PCB. Conductive signal traces 54 are formed over a surface or within layers of PCB 52 using

evaporation® eBelrbRftic piating, eletirofdssIdifg, ¥eréén prifting, o Biffer'suitab B nEes Yeposition

process. Signal traces bdrprovide foeelestical sammuitieationdieiween Lachofthe semicandugtor

packages, rtﬂounted com donents, d other external system cgmgonents. Traceg. 54 also provide power
S.

a
ishi . 1 rasive mater an orrosijive chnemlcad. dr
and grouﬁa conne&%r% (0] eac% Ofat e semmond"hc?or packag n some emopodiments, a

semicondutieddevice has swa packaging tevels:Hiest leuet packaging ssha technique=for mechanically and
electricallé/ at%achin the %emiconq#ctogfdie to an [ term%jiate .carrier%cond level gack in% Involves

. in mec nical .action o the abrasive, a Orrosiv C ©)
mechamcaﬁf{} and e ectrlcaﬁy attac ing the intermediate carrier to the B°ih other embodiments, a
semiconduttohdevitemayaonly bave ¢3e firsy levet pgckaging wihere dmhdie is amethamigaliynard

electrically. mounted ditectly tq the-PCB.

Back-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and broken
along non-functional regions of the wafer called saw streets or
scribes. The wafer is singulated using a laser cutting tool or
saw blade. After singulation, the individual die are mounted to
a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads
formed over the semiconductor die are then connected to contact
pads within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made
available to the other system components.

FIG. 1 illustrates electronic device 50 having a chip
carrier substrate or printed circuit board (PCB) 52 with a
plurality of semiconductor packages mounted on its surface.

Electronic device 50 may have one type of semiconductor package,
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For the purpose of illustration, several types of first level packaging, including wire bond package 56 and
flip chip 58, are shown on PCB 52. Additionally, several types of second level packaging, including ball
grid array (BGA) 60, bump chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66,
multi-chip module (MOM) 68, quad flat non-leaded package (QFN) 70, and quad flat package 72, are
shown mounted on PCB 52. Depending upon the system requirements, any combination of
semicondyctarnackages¢enfigused with anyrecombipation ek fitgt and sesend level packaging styles, as
well as other electronic components, can be connected to PCB 52. In some embodiments, electronic

device 5GRRIIERE Sgle attscHet d&mieBhdidtBR fatagte Wi HtHEEMbBARTEHE Eaf ¥5 multiple

interconngetachpackages.. By copbiningoneer mereisemiconducton packages over a single substrate,
manufacturers can incorporate pre-made components into electronic devices and systems. Because the

semiconductor packages Sdiude $6phisticated findtidhality, 8lethdRit devicks G bETantitictured

using cheapes conmpanenisand asireaminedayasufastusingiaoeess d heresulting devices are less
likely to fai{ ang less %xpfnsivg,to manquai;[ture resultirg%in a Iolwertcost for c nsumer% FIGs.
2a-2c shgweeg(anlpﬁgry semiconductor pac a%rersl?IEI]G]. 2 fluStrates farther détait 6F D I9 64 Mounted on
PCB 52. Semicendusiondie gdtinclides baragtive sggioancontainingeatated o digitakeircutits dmplemented
as active ee\\/iccees, %ssi\ée dg\e/ices, con ui:(t:ive Iaayrers, %néic%igleﬁtrilc I,é\ eggafgémgd ]}/\gthi% %he die and are
electrically mtlerconnecIPeJaccor%in% fo'the e?eccfrlcéﬂ’de&gn of the die. For exampﬁe, the Circuit may
include onelormeredransistors; dicdiesy incactbrs hedpacitors, eesistors, el dthep ciecuit elements formed
within the_ active_ region emiconductor die 74, actp % 76 _are one or more layers of conductive
material, %ﬁ%ﬁ%%éaﬁ%minﬁﬁrr% (5 f%%ggéﬁuf%u%?tiﬁ %§r%g%léck% %Ni},ngco% (?Eu), or silver (Ag), and are
electricallyiconmectetEtosthe ircuitetements forned withirrsernicondbctor dis-24rRurng assembly of DIP
64, semicanductar die 74-is mounted to an intermediate, cartier 78.using a goidssilicon. gutectic layer or
adhesive material such as thermal epoxy. The package body Includes an insulative packaging material
such as FBlyper bE celariic SGonductoit lkads BUEMPWIE BordsBeprovidelsleétricaklhterconnect
between sgmjicondyctor die 74 and PCB 52. Encapsulant 84 is deposited over the package for
environmental protection by preventing moisture and particles from entering the package and
contaminating die 74 of Wifelbonds 82CB 52 mmev phaRustrates firther detair 6PBECEZ mounted on

PCB 52. semicenductordie 88-is meunted over carier 90:using,an dnderfil qrepoxy-resin adhesive
material 92. Wire bonds 94 provide first level packing Interconnect between contact pads 96 and 98.

Molding SEHpEIEBFERCapEUATR 40D I8 depbSite By SerhifeBndudterdieds #Rd Wifédnds 94 to

provide physicaksuppatt-and glagtrical {solationsfor the-deviee Gontagt pads 102 gre tarmeshover a
surface of PCB 52 using a suitable metal deposition process such as electrolytic plating or electroless

plating toprelEntRGERGH: tBhtad Fads 0 dreCelBefitaiP cofmeétted t6RE of hidré ¥dnductive signal

traces 54si8RCB 52r Buimpsy] 04 arefarmeddhetwesn contack pads 980fBCE G2rand eentact pads 102
of PCB 52.

Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 1In other embodiments, a semiconductor device may

only have the first level packaging where the die is
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In FIG. 2c, semiconductor die 58 is mounted face down to intermediate carrier 106 with a flip chip style
first level packaging. Active region 108 of semiconductor die 58 contains analog or digital circuits
Implemented as active devices, passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the circuit may include one or more transistors,
diodes, inductors, capacitors, resistors, and other circuit elements within active region 108.

Semiconguetar die 58 is,elegticaliyand mechapicaliy copnectedde cagriard 06 hrough bumps 110.

BGA 60 is electrically and mechanically connected to PCB 52 with a BGA style second level packaging
using bumps 112. Serfi€dndutforrdiEBeSE efdctriddiyYormbtedy toondtidtive 2igRal fdces 54 in PCB

52 throughi bumps 410; sigaaklingsni14, anehbmps 142-A melding-campeownd er gacapsulgnt 116 is
deposited over semiconductor die 58 and carrier 106 to provide physical suppart and electrical isolation
for the detficd? The flif Thig SéiicorButiof dadice grovidss 3 hotYeleEfitar conduttih path from the
active deyices:0of senricongyeire dienaf toi eenducting ttacks oprRGBLZriayordecto) resioce isignal
propagati&qydistance,, lower cag?ci ce, an? ITIE)@%/B overall circuit %erform%r}lce. 1n another

embodimentthe as]éFnliggndh%?or die 58 éja% e mec zlaﬁ%a]ﬁ? %%8%?% Hc%)ll)y cornectet di?é:cjt@/ to PCB 52

using flipachif style firsi leve} packaging:withoubidtermediste caéréer 106d £1at RiGs-3a3hdHustrate, in
relation to FIGs. 1 an -2 process of dual-mplding semiconductor die mounted to opppsite sides of
R Gnel Suchire P BUICAR AR FICE SA05 witer frin SUSimed 8 oy 50

a build-ug?r?te ucture ina F a;awa &r-form Substrate or carrier
contains BsBporary obsaenfitial haseanatenal suchtasisiticom, ipalyraet, polymer campasite; vetal,

ceramic, ps 1%Ia epoxy, berylli ide, or other suitable | W-cost rigid artler'al orb %(
semiconcﬁJctC)grémétéegr%(F?ocré?ﬁJ c%%rg%glppgo’rt. Ccfje{}ﬁé? 12 %épap{ OEé ta%e y Ar% %%%%na Jtlﬁ%}fa%e layer 122
can be fofmedtovenrdamierdi2d dsatempeordry bondingtildesr, etel-step-layes. other In FIG. 3b,

semiconductor, 4ig,or €0 nis, 124 are maunted tg,injerface layer-122 with coptact pads 126 on active

surface 128 oriented toward carrier 120. Active surface 128 contains analog or digital circuits
implemesiel GSiative Yevickss passive deeices scorftiuetive eps carfidieleetric-lagerssférmed within the

die and electrically ntercannected accordingito the electrical diesign.and function of thedie; For.example,
the circuit may include one or more transistors,
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.
FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within
the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors,

resistors, and other circuit elements formed within the active

-11-



diodes, and other circuit elements formed within active surface 128 to implement analog circuits or digital
circuits, such as digital signal processor (DSP), ASIC, memory, or other signal processing circuit.
Semiconductor die 124 may also contain IPD, such as inductors, capacitors, and resistors, for RF signal
processing. A typical RF system requires multiple IPDs in one or more semiconductor packages to
perform the necessary electrical functions. In FIG. Sc, an encapsulant or molding compound 130
is depositedyovar cariel}20-and astive surface; 128 of semicondystes die; 134 aising-a pastedqarinting,
compressive molding, transfer molding, liquid encapsulant molding, vacuum lamination, spin coating, or
other suitEBIEASPIRAIGTCERREpSHENT B3 Edr be pofyHercompydite et suchPaPEpoxy resin with
filler, epoxyacrylatenwitizfiljer, an palymeqwith, prgpes filleru Epcapswant k30 ismpn-cenduciive and
environmentally protects the semiconductor device from external elements and contaminants.

The interfetidte Stitiufe YRLEAGET th EfGS %a-5c IsGHvértéd SRE Rhafidr 20 hd’ dptioral interface
layer 122safeiresraveddayrchenicaketchings mechanicahpeel-off, OVIP, aechasicat grindiag othermal
bake, Iasgr. Sc%nin%, or wet stgp ing, as shtgwn in FlG.t3d. A bui,Id-up%%:erconnect stru&tgie 132is
formed oVérsenicondlctor die"124 and alsflurfearc%eéjfle%c%pgﬁﬁﬁtl 130. euﬁﬁi?oquﬁ i8rconnect structure
132 includesd andnsulatirg ot pagsivatiorolayerihd4 tontaining ohe lor snaite laygerstofsilicon dioxide (Si02),
silicon nitridg Si3N4f)hgiIicgré]gééréitrﬁjdoedfi(ljNgltaéléalurgnpenggﬁﬁé%%%% ag!ymiril%m oxide (Al203), or
other materia ﬁéving similarine lating and s?ruc?urafpropehles. e insulating Fé?/er 134 is formed using
PVD, CVibg peinting, spiclcoating; shyaye coating; sirdering or themhatoxidatieads 80 aFe build-up
interconnm%:]t_, gtr%%t%psliéé fur%hoe\; iircllcélugeisegg reiecctrlicalIII;{ copgélgg\éeclcaygé %%g éormed in insulating layer
134 using a patterning and éjeposmon process such as PVD, CVD, sputtering, e?ectrolytic plating, and
electroless=plating prodess. ConduétivianldyECB36 ¢an berorrreurmhard layérsiof Ak Bredi, Au, Ag, or
other suitable elegtrically. conductive material, Qne, portion,of condugtive layer 136 is elegtrically
connected to contact’pads 126 of semiconductor die 124. Other portions of conductive layer 136 can be
electricallycdomimon criedestrcalydseiatdd aepanding dondhé eskmcampfinetion of the semiconductor
device. . nta M EG % Qne-ormors-layers. of phetoresist are deposited over a surface of build-up

interconnect structure 132 opposite semiconductor die 124. A portion of the photoresist is exposed and

removed by an etch déVefopméntiprbEess ofmivias: lcondictive maéridiCSuét a8 ALRE&Sn, Ni, Au,

Ag, titaniym @iyguBgsten )i selder Jaly-siticen.ser comhipatien theseef. is-depasiteddp the vias using a
selective plating process. The photoresist is stripped away leaving behind individual conductive pillars
140. In aH6the? efibodiAeRt tbhdactivesfArsS TR Carfhée formed A s umps or sthtk&d bumps.

In FIG. 3f; seqiconduystordie Or eomponeata142 aremeynted betweencandystive pilars 140 with
contact pads 144 on active surface 146 oriented to the surface of build-up interconnect structure 132

opposite SBMISHAURESH i€ 123 E ontact pHas 444 %re FErcslly ConmREE B ndut e BSer 136 with
bumps 14z Activessurtacerl Ab-eoniaing analog andigial circaits implemented a5 activedevices, passive
devices, conductive layers, and dielectric layers formed within the die and electrically interconnected
according 8 fe“iectrichPdedigi Bid SuR&tion Stthe o€ ‘For eXanipie, theTirdGif h¥&y include one or
more tramsistoes; tigdess and dtherecimotneiementsrfosmed mithire activeesw face 144 toyimaplement analog
circuits or glgéta{ﬁl(recunstsgcgd%%%S,P, ASIC, memory, So&gﬁhearssgrlz%el rocefzgf ng C|.rclun. Semiconductor

. S e 1t10 roces tro arin .
die 142 may af%o conIPaln as mdrluc?ors, capacitors, and resisiors, S%nanrO%eSSIHQ.

or electroless plating to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads
98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains

analog or digital circuits implemented as active devices,
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In FIG. 3g, an encapsulant or molding compound 148 is deposited over build-up interconnect structure
132 and semiconductor die 142 and around conductive pillars 140 using a paste printing, compressive
molding, transfer molding, liquid encapsulant molding, vacuum lamination, spin coating, or other suitable
applicator. Encapsulant 148 can be polymer composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler. Encapsulant 148 is nonconductive and environmentally
protects thessemisonducteedeviee flgm:extenal glementsand eantaminants. Engapsylant 148ds
planarized by an etching process to expose conductive pillars 140. In another embodiment,

semicondUctordie st compdients: 842 aré tbuited @With Tontatt pRds 144 6 aEikA SUrface 4% oriented
to the sudace: afi builghyp intencenneshsiructurecl3? eppesitessernicpnductior die 124 (withous forming
conductive pillars 140). Encapsulant 148 is deposited over build-up interconnect structure 132 and
semicondiiciar-dit X42;, A-SItirlityof viad i€ formed’in htapddiafit B4 Uifg Tadet dhilfg dr'éiching
process, sdeh s DRIE. Theavias arelfiltecbwith Ad, Gg, SB, Nij Atk Age Hitemyurad(di), W, poly-silicon, or
other suitabIeﬂ}electric?géconductive rgatterial using PVI%,O%‘VD, electrolygié: I%tirigl, [galectroless plating

process,%?’% et stita rﬁgparll%%;t)gsitior? p(rzéilc}:erssetg form cgﬁaﬁéltﬁ/% vias %rough éncapsulant 148. The

conductive vias are eleptically connecdtedtio toaldct pads Iddchani caln FlG.c3mantiaterconnect
structure is formed over_encapsulant 148 and conductive pillars. 140. An electrically conductive layer
150 1 formien S o ettty At AepoiE rocess bLER B PUBCCYD: Shutiony didctiolyte
plating, aberelectraless platidg précesss Cohduttivieckayéry 150 tan besohe or mongl layery of Al, Cu, Sn, Ni,
Au, Ag, o otf&ers itable ele tgicaIIllyg ductiv [mate iﬁll. Conpducﬁi\I layer operat an under
bump megtall |z§t|lon%lgig/gre %JéM) and rg%is%ﬁ}bu%omgéer (}I%%)L%?or a%feastéé ﬁ%ut/oﬁtp%%(l (%) pin count.
An electricatly tonssctivebump nratédaing deposited: dverrcconduetivel leet 150@ndselectrically

connected g condugtivs ailars 140 using an.evappration. slectolyic plpting Slecirgloss, pigting, bal

drop, or screen printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, BI, Cu, solder, and
combinatidrissthesdof swith @ntoptivhab e salution. Ferebaimple, therbums nistEdialccan B eutectic

Sn/Pb, high-lead salder. gf leadsfree solderThe. bump matesialishonded o condygtive layer 150 using
a suitable attachment or bonding process. In one embodiment, the bump material is reflowed by heating
the matefigrebbvelis mefing goirttoTofm 3phéfical s ©F bumipsSESE. IR RBATE applicatioRs, bumps

152 are reflowsd @&.36cond time tq Improveeledfrical.contact to cgnductivedaygiylR0. The bumps can also
be compression bonded to conductive layer 150. Bumps 152 represent one type of Interconnect structure

that can B& feAE ARt cohtibeiElayeP 150. TR fiftercdnfiget StRittdrBE41s6 (REDbhd wires, stud
bump, miere bump, g& ptherelectdcal Interepmestr embodiment, the semiconductor

die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.

FIGs. 3a-3h illustrate, in relation to FIGs. 1 and 2a-
2c, a process of dual-molding semiconductor die mounted to
opposite sides of a build-up interconnect structure in a FO-
WLCSP. In FIG. 3a, a wafer—-form substrate or carrier 120
contains temporary or sacrificial base material such as silicon,
polymer, polymer composite, metal, ceramic, glass, glass epoxy,
beryllium oxide, or other suitable low-cost, rigid material or
bulk semiconductor material for structural support. Carrier 120
can be tape. An optional interface layer 122 can be formed over

carrier 120 as a temporary bonding film or etch-stop layer.
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Semiconductor die 124 are singulated with saw blade or Laser cutting device 154 into individual
FO-WLCSP. FIG. 4 shows FO-WLCSP 160 after singulation. Semiconductor die 124 and 142 are
mounted to opposite sides of and electrically Interconnected through build-up Interconnect structure 132.
By mounting semiconductor die 124 and 142 to opposite sides of build-up Interconnect structure 132, a
greater utilization of the buildup Interconnect structure can be achieved and its size can be reduced,

which saves manufacturing-eest. Epcapswant-130,ard 148 are depesitedaoungd semicgrductor die 124
and 142, respectively. Build-up Interconnect structure 132 is electrically connected to RDL 150 and

bumps 182B) Z=dirdRiohhierdamfect 28Rductive piftdars 1207 hikich &FAsd ebveredsyFénGapsulant
148. By dual meldingxd semieonductarglia A24@nd-142 and usingreandustive pitlars 140 for z-direction
Interconnect and RDL 150 for lateral Interconnect, the pitch of bumps 152 is reduced which increases the
/O pin cGUHE211S  2BRE. Wskdws ED-WLICSP 162 With CBRIGEHVR (pithre 140 Extdfding from
encapsulast;148.dn thisembediment,encapsulant: 348 e FIGy3g is, etehed haek sethatoconductive pillars
140 protrgde from the en%?psul%n.t for direc Intercool[meft totother ??Cka es or devices. FIG. 6

shows FOMEESP 164 With"d fetitice eeig 1tFor EShductive rpﬁ%?s 40" ntt%i:scéjr%gccﬁ%eent, conductive

pillars 148@and-al porfioncoftencapsalant 148 awayStam semicanductdrodie d42tind-1313g are etched back
with respect to a gorti&q of encags%lant 148 O\C/gr§ %emiconductor die 142 to reduce the overall height of

the FO- eFi:d.nfs owrsn?:%)-WL < iGive i

166 with conductive plltlla?résla%rasdd encapsulant 148
planarizeditodxppose mchacksurfacerofisemiedrdunttrsdié d42e dikewise, rencapsulant L3 éscplanarized to

expose a t%%ck surfafg lof emiCOI’IJ%LiCt r('jéie 124, 1G.. tﬂows FO-WLCS 8 with conductive
pillars 17%) orn%gd arounc ggrﬁic%n ugt%r %erlgéléllgﬁd %ﬁllglu ll%tgercgﬁﬁeccl%%l/ge’r 1 %]c%rr%éd over a
surface of eacapsulaniolB0. Ivtiis epssodimelt, one’drfierenkayersyof photordsest ase depdsited over

carrier 130 priar o deposiing ancapsylapt 1304 E1G: e peripnal fhe photargsist i exposed and
removed by an etch development process to form vias. Conductive material, such as Al, Cu, Sn, Ni, Au,
Ag, Ti, We sellerspolysilicbarer cormbmation fisereafids depasitedin thé ashising darselective plating

process. The photaresist 'S_AStE'QE!%@ ayaydeaying behind individua) copdugtivepiliars 170, Jn.another
embodiment, conductive pillars 170 can be formed as stud bumps or stacked bumps. The remainder of
the strucfife ROfoPmet ake8rfinG 0 FIGs3cidgs to rexbend-uphintéiesmfect Situcture 172 is formed
over encapsutant; 130, ang, gerdugtive pillars 170. The build-up Interconnect structure 172 Includes an
insulating or passivation layer 174 containing one or more layers of 5102, SI3N4, SION, Ta205, Al203, or
other material having stiilarifisutafing @hdencapsulant or molding compound 130 is

deposited over carrier 120 and active surface 128 of
semiconductor die 124 using a paste printing, compressive
molding, transfer molding, liquid encapsulant molding, wvacuum
lamination, spin coating, or other suitable applicator.
Encapsulant 130 can be polymer composite material, such as epoxy
resin with filler, epoxy acrylate with filler, or polymer with
proper filler. Encapsulant 130 is non-conductive and
environmentally protects the semiconductor device from external
elements and contaminants.

The intermediate structure described in FIGs. 3a-3c is
inverted and carrier 120 and optional interface layer 122 are
removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, or wet

stripping, as shown in FIG. 3d. A build-up interconnect
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structural properties. The insulating layer 174 is formed using PVD, CVD, printing, spin coating, spray
coating, sintering or thermal oxidation. The build-up interconnect structure 172 further includes an
electrically conductive layer 176 formed in insulating layer 174 using a patterning and deposition process
such as PVD, CVD, sputtering, electrolytic plating, and electroless plating process. Conductive layer 176
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. One

portion okeangductive layer 176 is glecddcally.conpegteddnsondyetive pillarsil 40, Othek pertions of
conductive layer 176 can be electrical%common or electrically isolated depending on the design and

function Sfth& sefmiconduttordévice. The PUIETEP I EERE B T80 MasEhidldmglidyer 182 formed
over semicohougtar diey 124 and-shieldinglayersk84/formed aveysemicanduster-dia 14g. Arortion of
encapsulant 130 is removed for shielding layer 182, and a portion of encapsulant 148 is removed for
shieldingJay&t°isa. Shidlinglayérs 18Xand 184 t4f bECT Al fétite 6P CarBbhyIifth, stainless steel,
nickel silvesi ke carbonisteeln sitiegmriron isieel (foiloapoxy, Lenductveesty andothenmetgls and

compositgfg(%able of b,Iockin% lg\?orbin][g elgﬁter?ma netic inierference (EMI ﬁ%dio frequency

ra
interference }J,Hén%xd’[ﬁ%r ihte(frgé)e i¢e iMterferéhce! ktli%i:dllr?g Iakilae‘rfslﬁfgz an “can also be a

nonmetalimateriat suoh ascason:black or atumipeinm: flake. to redeicé ribe effedtsoof Eieand REI.

In FIG. 19,Ss%£:ogguctor I<4ie Q ome%ents rlggtairg mousntgg t% a atglmiiorar craériercwgr% contact pads
192 on active surtace 194 orlented toward tHe carrier. Active surface 194Contains >énaﬁ)g or (ﬂgital
circuits implenented as active devites xpassivecdevices, conductive layers, and dielectric layers formed
within the die and electyicall 1iln.tcir&glqne(itg,géa}:cccizgrdin%tt’odgl']ce electrical %a'grilggg function of the die. For

. . § nne e
example, the circuit may include one or more transistors, |05es, and other circuit elements formed within

active suiifacél_l@ﬂs_o @p@h@ﬁmgla’irm@@gim cir@ui@sﬁ,_ sueh a‘EéCD@P(,iASdC, memory, or other
signal pragessing gty Semicanductardie 190mey alspsantaindPR. sueh asdndysiars, gapacitors, and

resistors, for RF signal proCessing. A typical RF system requires multiple IPDs in one or more
semicondiittdr packages t6 Perfornuiié peecassarg efsttrical fidctiopsating, and

electroless plating process. Conductive layer 136 can be one or
more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. One portion of conductive
layer 136 is electrically connected to contact pads 126 of
semiconductor die 124. Other portions of conductive layer 136
can be electrically common or electrically isolated depending on
the design and function of the semiconductor device.

In FIG. 3e, one or more layers of photoresist are
deposited over a surface of build-up interconnect structure 132
opposite semiconductor die 124. A portion of the photoresist is
exposed and removed by an etch development process to form vias.
Conductive material, such as Al, Cu, Sn, Ni, Au, Ag, titanium
(Ti), tungsten (W), solder, poly-silicon, or combination
thereof, is deposited in the vias using a selective plating
process. The photoresist is stripped away leaving behind
individual conductive pillars 140. In another embodiment,
conductive pillars 140 can be formed as stud bumps or stacked

bumps.
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An encapsulant or molding compound 196 is deposited over the carrier and semiconductor die 190 using
a paste printing, compressive molding, transfer molding, liquid encapsulant molding, vacuum lamination,
spin coating, or other suitable applicator. Encapsulant 196 can be polymer composite material, such as
epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler. Encapsulant 196 is
nonconductive and environmentally protects the semiconductor device from external elements and

contaminants. Therntermediate struetiire is-inyertad angd:the dapparaty sairier is removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding, thermal bake, laser scanning, or wet
stripping "R BuEpaRterESAnect Lticiute 2981 fethieddver sehic UG diBA%® dritferCapsulant
196. Thewuild-wp intereanrect strusture 1984dneludes andnsulating erpassivatiandayer 200 containing
one or more layers of 5i02, Si3N4, SiON, Ta205, Al203, or other material having similar insulating and
structuralpropeffds $hE i ﬁﬁ&tﬁﬁlﬁﬁleﬂ%o PRSP IEdUSTTY PYD VS Cprifting, Spin-coating, spray
coating, sibteringtorghernal oxidatione 1 ect r i dhe bpilddaymintereannect stiucture 198 furtherincludes an
electrica@/ %)nduc iv%la er 2% ormed itn,insulatin% I?/er %) usin%a,patterning and deposition process
such as \9 EVo, spLﬁ grsing, eléctrélﬁfticl ‘ﬁ%tiﬁlgl,raﬁ‘ glec rolecs%np gtllﬁlgspl%%aés(sj.gcéjﬁductive layer 202
can be onie gt mare dayers of Al, Gy, 1Smdyit Ad, Ag, arothes sditatile electricallyicondietiie awaterial. One
portion of %%r(ljguuc%i\l/% Iayle£ Zé)rzsis el%cﬁt{riccgll lceongggtced tg ceorngacg grargs Cilg%i%f S{algni%%rédu itce>r die 190.
Other porcflons of conductive layér 507 can be eﬁectrlcal}y domimon or electfical y isolated depending on
the desigarahdefumction of theysemicenduoctoe devideaccordi@aetor more layerstof jphwtoresist are
deposite%gﬁr %sgggc%g}‘lg%illd-gpgl%tej&%onng%stru%t re g{%gﬁggsiteﬁe@micc?nggggrlgie 190. A portion
of the photoregst IS expose and remove %y an etch development process to form vias. Conductive
material, sachadeAloCa, Sh, N, AR TS 1\WL sokler Jictyisiticoanor combination thereof, is deposited in
the vias using a,selective, plating procgss, The phatoresist s stripned away leaving behind individual
conductive pillars 204. In another embodiment, conductive pillars 204 can be formed as stud bumps or
stacked Isuimpsiits or Aplirakity of Hisevdtesensicond ddoPEdmpditeits 20818 mourted between
conductivg pillars204to the, surface of build-up interconnect strygture 198 opposite semjcondygtor die
190. Discrete semiconductor components 208 can be resistors, capacitors, inductors, or discrete active
devices. contaipnldieapsiiiaht 88 mbidiHg eBiipouRaZIoLs teposited overBleRy S intéftonnect
structure g98-anghdiscrete semucangductor components 208 using a paste printing, compressive molding,
transfer molding, liquid encapsulant molding, vacuum lamination, spin coating, or other suitable
applicator. Encapsulant218'¢an b&pol§et toripusitd MhatefialSUER A8 epoRy P88id withffilfe?, epoxy

acrylate with flier: o5 pelymenwith proper filere Ensapsiant21a;ischans-canductivg and environmentally
Pt O et 45 ao] O S e S O et SYE MM S S 140 using a
paste printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 148 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 148 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants. Encapsulant 148 is

planarized by an etching process to expose conductive pillars

140.
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An interconnect structure 206 is formed over encapsulant 210. An electrically conductive layer 212 is
formed using a patterning and metal deposition process such as PVD, CVD, sputtering, electrolytic
plating, and electroless plating. Conductive layer 212 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material. Conductive layer 212 operates as UBM and RDL for a
greater I/O pin count. An electrically conductive bump material is deposited over conductive layer

212 and electrically connected @ sondugtiveipillars 204-4sing AR eveperation, slectiolytis piating,
electroless plating, ball drop, or screen printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb,

Bi, Cu, sdidér, Hnd C¥Hbihafons terés With larPGstionhf fluf BoriGibh VEorexdAsie, the’bump material

can be eutectie, SaiPh,high-dead saldes os tead:freq-seldernthe bumpematertat isshenrded topconductive
layer 212 using a suitable attachment or b,ondin?? process. In one embodiment, the bump material is
reflowed ByHEatihG 156 TAI8RAHEoVE itsmetting pOinttB 8fm SPRBHES baAZ BF Bhmps 214. In some
applicatigsnis] bapmpsi20¥) are reflowecha seconditine 4o dreprayetelectticakcantaatdegenductive layer 212.
The bumgs can also be compression bongc-éd to 8onduc,tive I%)(ler 212.T(Eum%s4%14 r%present one type of

interconne%f%ﬁﬁ&ﬁpeeﬁ]%t % ﬁ%% %Fr(ﬁe OVG?BOI’]C?[?C%%/%?&)/GI’%% %:elnterco'nnect structure can also

use bondowires,1sttigr bumpy teierai Buhpyr oradthen etectrigad irterconheét. using Ve¥kilerone or more
embodiments, of. the present invention have been illustrated | tail, the skilled artisan will reciate that
modificaﬁ%rnls%f;inl(:f1 gdéjﬁaﬁgr?g fo thoSe %Cr;nebsosdim%%?s%maafl bdeﬁrggde Wl%%u}]%l%f)aﬁfﬁ% f;é(l)!r% %)ég scope of
the present irivehtion@s,set fiorth in thiefolléwingtclaiarsi u@laifis What,isetaimedilicon, or

other suitable electrically conductive material using PVD, CVD,
electrolytic plating, electroless plating process, or other
suitable metal deposition process to form conductive vias
through encapsulant 148. The conductive vias are electrically
connected to contact pads 144.

In FIG. 3h, an interconnect structure 149 is formed
over encapsulant 148 and conductive pillars 140. An
electrically conductive layer 150 is formed using a patterning
and deposition process such as PVD, CVD, sputtering,
electrolytic plating, and electroless plating process.
Conductive layer 150 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
Conductive layer 150 operates as an under bump metallization
layer (UBM) and redistribution layer (RDL) for a greater
input/output (I/0) pin count.

An electrically conductive bump material is deposited
over conductive layer 150 and electrically connected to
conductive pillars 140 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi,
Cu, solder, and combinations thereof, with an optional flux

solution. For example, the bump material can be eutectic Sn/Pb,
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1. A semiconductor device, comprising: a first interconnect structure; a first semiconductor die having
an active surface oriented towards and mounted to a first surface of the first interconnect structure; a
first encapsulant deposited over the first interconnect structure and first semiconductor die; a second
semiconductor die having an active surface oriented towards and mounted to a second surface of the first
interconnect structure opposite the first surface; a plurality of first conductive pillars formed over the

second syifgee of the first iptercopnectstructyreangargund the seconshsemicondugtor die; a second

encapsulant deposited over the second semiconductor die and around the plurality of first conductive

pmam;amfnded to conductive layer 150 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 152. In some applications, bumps 152
are reflowed a second time to improve electrical contact to
conductive layer 150. The bumps can also be compression bonded
to conductive layer 150. Bumps 152 represent one type of
interconnect structure that can be formed over conductive layer
150. The interconnect structure can also use bond wires, stud
bump, micro bump, or other electrical interconnect.

Semiconductor die 124 are singulated with saw blade or
laser cutting device 154 into individual FO-WLCSP. FIG. 4 shows
FO-WLCSP 160 after singulation. Semiconductor die 124 and 142
are mounted to opposite sides of and electrically interconnected
through build-up interconnect structure 132. By mounting
semiconductor die 124 and 142 to opposite sides of build-up
interconnect structure 132, a greater utilization of the build-
up interconnect structure can be achieved and its size can be
reduced, which saves manufacturing cost. Encapsulant 130 and
148 are deposited around semiconductor die 124 and 142,
respectively. Build-up interconnect structure 132 is
electrically connected to RDL 150 and bumps 152 by z-direction
interconnect conductive pillars 140, which are also covered by
encapsulant 148. By dual molding of semiconductor die 124 and
142 and using conductive pillars 140 for z-direction
interconnect and RDL 150 for lateral interconnect, the pitch of
bumps 152 is reduced which increases the I/O pin count.
FIG. 5 shows FO-WLCSP 162 with conductive pillars 140

extending from encapsulant 148. In this embodiment, encapsulant

148 in FIG. 3g is etched back so that conductive pillars 140
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a second interconnect structure formed over the second encapsulant and electrically connected to the
plurality of first conductive pillars and the first and second semiconductor die. 2. The semiconductor
device of claim 1, further including: a plurality of second conductive pillars disposed over the first
surface of the first interconnect structure, the first encapsulant being formed around the plurality of
second conductive pillars; and a third interconnect structure formed over the first encapsulant

opposite the first intercopnect-trustiweand glecticallyconnected todhe phurality of segend eonductive
pillars and the first interconnect structure. 3. The semiconductor device of claim 1, wherein the second

interconfeEEFG&Ereciiies=es -
FIG. 6 shows FO-WLCSP 164 with a reduced height for

conductive pillars 140. In this embodiment, conductive pillars
140 and a portion of encapsulant 148 away from semiconductor die
142 in FIG. 3g are etched back with respect to a portion of
encapsulant 148 over semiconductor die 142 to reduce the overall
height of the FO-WLCSP.

FIG. 7 shows FO-WLCSP 166 with conductive pillars 140
and encapsulant 148 planarized to expose a back surface of
semiconductor die 142. Likewise, encapsulant 130 is planarized
to expose a back surface of semiconductor die 124.

FIG. 8 shows FO-WLCSP 168 with conductive pillars 170
formed around semiconductor die 124 and build-up interconnect
layer 172 formed over a surface of encapsulant 130. In this
embodiment, one or more layers of photoresist are deposited over
carrier 120 prior to depositing encapsulant 130 in FIG. 3c. A
portion of the photoresist is exposed and removed by an etch
development process to form vias. Conductive material, such as
Al, Cu, Sn, Ni, Au, Ag, Ti, W, solder, poly-silicon, or
combination thereof, is deposited in the vias using a selective
plating process. The photoresist is stripped away leaving
behind individual conductive pillars 170. In another
embodiment, conductive pillars 170 can be formed as stud bumps
or stacked bumps. The remainder of the structure is formed
according to FIGs. 3c-3g.

A build-up interconnect structure 172 is formed over
encapsulant 130 and conductive pillars 170. The build-up
interconnect structure 172 includes an insulating or passivation
layer 174 containing one or more layers of Si02, Si3N4, SiON,

Ta205, Al203, or other material having similar insulating and
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a conductive layer formed over the second encapsulant; and bumps formed over the conductive layer and
the plurality of first conductive pillars. 4. The semiconductor device of claim 1, wherein the plurality of first
conductive pillars protrudes from the second encapsulant. 5. The semiconductor device of claim 1,
wherein the plurality of first conductive pillars is recessed with respect to a portion of the second
encapsulant over the second semiconductor die. 6. The semiconductor device of claim 1, further

includingplanarizing thefirsbencapsylant to expase, aback purface of the;first semicangdugtor die or
planarizin?Ythe second encapsulant to expose a back surface of the second semiconductor die. 7. A

semiconductor Gelhice, idiy: SRSEintERbhREet stRickireS 2t fifkt seiiéSduetortie having an

active sugfaee psenteditowards,and mounted over a first surface of the first interconnect structure;

The build-up interconnect structure 172 further
includes an electrically conductive layer 176 formed in
insulating layer 174 using a patterning and deposition process
such as PVD, CVD, sputtering, electrolytic plating, and
electroless plating process. Conductive layer 176 can be one or
more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. One portion of conductive
layer 176 is electrically connected to conductive pillars 170.
Other portions of conductive layer 176 can be electrically
common or electrically isolated depending on the design and
function of the semiconductor device.

In FIG. 9, FO-WLCSP 180 has shielding layer 182 formed
over semiconductor die 124 and shielding layer 184 formed over
semiconductor die 142. A portion of encapsulant 130 is removed
for shielding layer 182, and a portion of encapsulant 148 is
removed for shielding layer 184. Shielding layers 182 and 184
can be Cu, Al, ferrite or carbonyl iron, stainless steel, nickel
silver, low-carbon steel, silicon-iron steel, foil, epoxy,
conductive resin, and other metals and composites capable of
blocking or absorbing electromagnetic interference (EMI), radio
frequency interference (RFI), and other inter-device
interference. Shielding layers 182 and 184 can also be a non-
metal material such as carbon-black or aluminum flake to reduce
the effects of EMI and RFI.

In FIG. 10, semiconductor die or components 190 are
mounted to a temporary carrier with contact pads 192 on active
surface 194 oriented toward the carrier. Active surface 194

contains analog or digital circuits implemented as active
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a first encapsulant deposited over the first interconnect structure and first semiconductor die; a
second semiconductor die having an active surface oriented towards and mounted over a second surface
of the first interconnect structure opposite the first surface; a plurality of first conductive pillars formed
over the second surface of the first interconnect structure; a second encapsulant deposited over the
second semiconductor die and around the plurality of first conductive pillars; and a second

interconngst; structyurefosmed-oves the second encansiiant) 8, dhe semigorducter-deviee of claim 7,
wherein the plurali'%/ of first conductive pillars is formed around the second semiconductor die. 9. The

semicondtt6r device BEtlalft 72 futttet inclidingnd slectrically interconnected

according to the electrical design and function of the die. For
example, the circuit may include one or more transistors,
diodes, and other circuit elements formed within active surface
194 to implement analog circuits or digital circuits, such as
DSP, ASIC, memory, or other signal processing circuit.
Semiconductor die 190 may also contain IPD, such as inductors,
capacitors, and resistors, for RF signal processing. A typical
RF system requires multiple IPDs in one or more semiconductor
packages to perform the necessary electrical functions.

An encapsulant or molding compound 196 is deposited
over the carrier and semiconductor die 190 using a paste
printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 196 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 196 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

The intermediate structure is inverted and the
temporary carrier is removed by chemical etching, mechanical
peel-off, CMP, mechanical grinding, thermal bake, laser
scanning, or wet stripping. A build-up interconnect structure
198 is formed over semiconductor die 190 and encapsulant 196.
The build-up interconnect structure 198 includes an insulating
or passivation layer 200 containing one or more layers of SiO2,
Si3N4, SiON, Ta205, Al1203, or other material having similar
insulating and structural properties. The insulating layer 200
is formed using PVD, CVD, printing, spin coating, spray coating,

sintering or thermal oxidation.
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a plurality of second conductive pillars disposed over the first surface of the first interconnect structure,
the first encapsulant being formed around the plurality of second conductive pillars; and a third
interconnect structure formed over the first encapsulant opposite the first interconnect structure and
electrically connected to the plurality of second conductive pillars and the first interconnect structure. 10.
The semiconductor device of claim 7, wherein the plurality of first conductive pillars protrudes from the

second encapsulant. Ik, JI'hesemicopduetor devige of laim 1, whereimthe plyrality-of first conductive
pillars is recessed with respect to a portion of the second encapsulant over the second semiconductor

die. 12. TRE SBAficorftfucir HeviceSardidint 2 PHE e thel 8¥édndifteréOim&d strlicture includes:  a
conductivienlayer formedicues the secensd aacapseiant-and hympsdoraed over the ganstustive layer and

the plurality of first conductive pillars. , , ,
stch as PVD, CVD, sputtering, electrolytic plating, and
electroless plating process. Conductive layer 202 can be one or
more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. One portion of conductive
layer 202 is electrically connected to contact pads 192 of
semiconductor die 190. Other portions of conductive layer 202
can be electrically common or electrically isolated depending on
the design and function of the semiconductor device.

One or more layers of photoresist are deposited over a
surface of build-up interconnect structure 198 opposite
semiconductor die 190. A portion of the photoresist is exposed
and removed by an etch development process to form vias.
Conductive material, such as Al, Cu, Sn, Ni, Au, Ag, Ti, W,
solder, poly-silicon, or combination thereof, is deposited in
the vias using a selective plating process. The photoresist is
stripped away leaving behind individual conductive pillars 204.
In another embodiment, conductive pillars 204 can be formed as
stud bumps or stacked bumps.

A plurality of discrete semiconductor components 208
is mounted between conductive pillars 204 to the surface of
build-up interconnect structure 198 opposite semiconductor die
190. Discrete semiconductor components 208 can be resistors,
capacitors, inductors, or discrete active devices.

An encapsulant or molding compound 210 is deposited
over build-up interconnect structure 198 and discrete
semiconductor components 208 using a paste printing, compressive
molding, transfer molding, liquid encapsulant molding, wvacuum

lamination, spin coating, or other suitable applicator.
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13. The semiconductor device of claim 7, further including a shielding layer formed over the first
semiconductor die or second semiconductor die. 14. A semiconductor device, comprising: a first
interconnect structure; a first semiconductor die mounted over a first surface of the first interconnect
structure; a first encapsulant deposited over the first interconnect structure and first semiconductor
die; a second semiconductor die mounted over a second surface of the first interconnect structure

opposite the-first sugfage;2 1 0 adaurality phfirsteendugtive pillass formed; aver the secard sydace of the
first interconnect structure; and
resin with filler, epoxy acrylate with filler, or polymer with
proper filler. Encapsulant 210 is non-conductive and
environmentally protects the semiconductor device from external
elements and contaminants.

An interconnect structure 206 is formed over
encapsulant 210. An electrically conductive layer 212 is formed
using a patterning and metal deposition process such as PVD,
CVD, sputtering, electrolytic plating, and electroless plating.
Conductive layer 212 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
Conductive layer 212 operates as UBM and RDL for a greater I/0
pin count.

An electrically conductive bump material is deposited
over conductive layer 212 and electrically connected to
conductive pillars 204 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi,
Cu, solder, and combinations thereof, with an optional flux
solution. For example, the bump material can be eutectic Sn/Pb,
high-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 212 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 214. In some applications, bumps 214
are reflowed a second time to improve electrical contact to
conductive layer 212. The bumps can also be compression bonded
to conductive layer 212. Bumps 214 represent one type of
interconnect structure that can be formed over conductive layer
212. The interconnect structure can also use bond wires, stud

bump, micro bump, or other electrical interconnect.

—-23-



a second encapsulant deposited over the second semiconductor die and around the plurality of first
conductive pillars. 15. The method of claim 14, further including a second interconnect structure formed
over the second encapsulant and electrically connected to the plurality of first conductive pillars and the
first and second semiconductor die. 16. The method of claim 15, further including: a plurality of
second conductive pillars disposed over the first surface of the first interconnect structure, the first

encapsulant being formed arounckthe pluiality efgecendconduetive-pilatsyapdnt  athied interconnect
structure formed over the first encapsulant opposite the first interconnect structure and electrically

connectedBhE phiitality 0t $eE6hE Condudiveitlars G thé FitdtSAtetcdnnett sttdétlire. 17. The

semicondygterdevies ot elaim ddawherein 1he plusality £f first sonduetivespitiarsds formed around the
second semiconductor die. , ,
embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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18. The semiconductor device of claim 15, wherein the second interconnect structure includes: a
conductive layer formed over the second encapsulant; and bumps formed over the conductive layer and
the plurality of first conductive pillars. 19. The semiconductor device of claim 14, wherein the plurality of
first conductive pillars protrude from the second encapsulant. 20. A semiconductor device, comprising: a
first interconnect structure; a first semiconductor die mounted over a first surface of the first
interconnect structure; a second semiconducier gigngounted over a second surface of the first
interconnect structure opposite the first surface; and

What is claimed:

1. A semiconductor device, comprising:

a first interconnect structure;

a first semiconductor die having an active surface oriented
towards and mounted to a first surface of the first interconnect
structure;

a first encapsulant deposited over the first interconnect
structure and first semiconductor die;

a second semiconductor die having an active surface
oriented towards and mounted to a second surface of the first
interconnect structure opposite the first surface;

a plurality of first conductive pillars formed over the
second surface of the first interconnect structure and around
the second semiconductor die;

a second encapsulant deposited over the second
semiconductor die and around the plurality of first conductive
pillars; and

a second interconnect structure formed over the second
encapsulant and electrically connected to the plurality of first

conductive pillars and the first and second semiconductor die.

2. The semiconductor device of claim 1, further including:

a plurality of second conductive pillars disposed over the
first surface of the first interconnect structure, the first
encapsulant being formed around the plurality of second
conductive pillars; and

a third interconnect structure formed over the first

encapsulant opposite the first interconnect structure and
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a plurality of first conductive pillars formed over the second surface of the first interconnect structure. 21.
The semiconductor device of claim 21, further including: a first encapsulant deposited over the first
interconnect structure and first semiconductor die; a second encapsulant deposited over the second
semiconductor die and around the plurality of first conductive pillars; and a second interconnect
structure formed over the second encapsulant and electrically connected to the plurality of first conductive

pillars and the first anthsecopdsemicanductendiep 22- IhewpethpdLf claim 2hwherein the plurality of
first conductive pillars protrudes from the second encapsulant. 23. The semiconductor device of claim 20,

wherein théptdrafit SirsEéordicive illars KFONREH afditF e Second semiconductor die.

3. The semiconductor device of claim 1, wherein the second
interconnect structure includes:
a conductive layer formed over the second encapsulant; and
bumps formed over the conductive layer and the plurality of

first conductive pillars.

4. The semiconductor device of claim 1, wherein the plurality
of first conductive pillars protrudes from the second

encapsulant.

5. The semiconductor device of claim 1, wherein the plurality
of first conductive pillars is recessed with respect to a
portion of the second encapsulant over the second semiconductor

die.

6. The semiconductor device of claim 1, further including
planarizing the first encapsulant to expose a back surface of
the first semiconductor die or planarizing the second
encapsulant to expose a back surface of the second semiconductor

die.

7. A semiconductor device, comprising:

a first interconnect structure;

a first semiconductor die having an active surface oriented
towards and mounted over a first surface of the first
interconnect structure;

a first encapsulant deposited over the first interconnect

structure and first semiconductor die;
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24. The semiconductor device of claim 20, further including a shielding layer formed over the first
semiconductor die or second semiconductor die. 25. The semiconductor device of claim 21, further
including planarizing the first encapsulant to expose a back surface of the first semiconductor die or
planarizing the second encapsulant to expose a back surface of the second semiconductor die.

a second semiconductor die having an active surface
oriented towards and mounted over a second surface of the first
interconnect structure opposite the first surface;

a plurality of first conductive pillars formed over the
second surface of the first interconnect structure;

a second encapsulant deposited over the second
semiconductor die and around the plurality of first conductive
pillars; and

a second interconnect structure formed over the second

encapsulant.

8. The semiconductor device of claim 7, wherein the plurality
of first conductive pillars is formed around the second

semiconductor die.

9. The semiconductor device of claim 7, further including:

a plurality of second conductive pillars disposed over the
first surface of the first interconnect structure, the first
encapsulant being formed around the plurality of second
conductive pillars; and

a third interconnect structure formed over the first
encapsulant opposite the first interconnect structure and
electrically connected to the plurality of second conductive

pillars and the first interconnect structure.

10. The semiconductor device of claim 7, wherein the plurality
of first conductive pillars protrudes from the second

encapsulant.

11. The semiconductor device of claim 7, wherein the plurality

of first conductive pillars is recessed with respect to a
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portion of the second encapsulant over the second semiconductor

die.

12. The semiconductor device of claim 7, wherein the second
interconnect structure includes:
a conductive layer formed over the second encapsulant; and
bumps formed over the conductive layer and the plurality of

first conductive pillars.

13. The semiconductor device of claim 7, further including a
shielding layer formed over the first semiconductor die or

second semiconductor die.

14. A semiconductor device, comprising:

a first interconnect structure;

a first semiconductor die mounted over a first surface of
the first interconnect structure;

a first encapsulant deposited over the first interconnect
structure and first semiconductor die;

a second semiconductor die mounted over a second surface of
the first interconnect structure opposite the first surface;

a plurality of first conductive pillars formed over the
second surface of the first interconnect structure; and

a second encapsulant deposited over the second
semiconductor die and around the plurality of first conductive

pillars.

15. The method of claim 14, further including a second
interconnect structure formed over the second encapsulant and
electrically connected to the plurality of first conductive

pillars and the first and second semiconductor die.
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16. The method of claim 15, further including:

a plurality of second conductive pillars disposed over the
first surface of the first interconnect structure, the first
encapsulant being formed around the plurality of second
conductive pillars; and

a third interconnect structure formed over the first
encapsulant opposite the first interconnect structure and
electrically connected to the plurality of second conductive

pillars and the first interconnect structure.

17. The semiconductor device of claim 14, wherein the plurality
of first conductive pillars is formed around the second

semiconductor die.

18. The semiconductor device of claim 15, wherein the second
interconnect structure includes:
a conductive layer formed over the second encapsulant; and
bumps formed over the conductive layer and the plurality of

first conductive pillars.

19. The semiconductor device of claim 14, wherein the plurality
of first conductive pillars protrude from the second

encapsulant.

20. A semiconductor device, comprising:

a first interconnect structure;

a first semiconductor die mounted over a first surface of
the first interconnect structure;

a second semiconductor die mounted over a second surface of

the first interconnect structure opposite the first surface; and
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a plurality of first conductive pillars formed over the

second surface of the first interconnect structure.

21. The semiconductor device of claim 21, further including:

a first encapsulant deposited over the first interconnect
structure and first semiconductor die;

a second encapsulant deposited over the second
semiconductor die and around the plurality of first conductive
pillars; and

a second interconnect structure formed over the second
encapsulant and electrically connected to the plurality of first

conductive pillars and the first and second semiconductor die.

22. The method of claim 21, wherein the plurality of first

conductive pillars protrudes from the second encapsulant.

23. The semiconductor device of claim 20, wherein the plurality
of first conductive pillars is formed around the second

semiconductor die.

24. The semiconductor device of claim 20, further including a
shielding layer formed over the first semiconductor die or

second semiconductor die.

25. The semiconductor device of claim 21, further including
planarizing the first encapsulant to expose a back surface of
the first semiconductor die or planarizing the second
encapsulant to expose a back surface of the second semiconductor

die.
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