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

are CommoRiEMIdNiTUCeCR TDeeEren AN Otieaig oBe BECANGRELMGIENINeS BT inFhrMEMbar and
density of electrical gppponertss Pistgeersasuicopdutior fevireogRrer g TrRotarRAE 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-

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 (CODs), 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 argghsefoungdin 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 surreat o thsough therprogess @k depingeDeping introduces
impurities into the semiconductor material to manipulate and control the conductivity of the semiconductor
device. ©UNCHRO&EMORBUGHDT Bedite TORENS acfiet and PaSsive BRdtifitat strlifrds Active
structuresdaeludingsbipolas andriietcheffect teainsisiors, contialtbe flomsofalecttiealcusrent. By varying
levels of gein and ap Iica?on of an elec:tri'(;l figlgl or baGSfecurre,nt,,the transistor either rPromotes or

. L1 A tricity. ,
restricts the flow f electticar Sirfent? Passivé Stitctutes, iciu |ﬁﬁlre§|‘3toar§, cacpra%‘iatgrls,%nd inductors,

create a relationship betweehoroltagerand=currern necedsarny e performeanvariety wt etectrical functions.
The pas%lve and active st£%ctHEFs.aret%lgctgcgli]ydcon@cé%dtto form circujts, which enable the

eylces .ar 1 0 rﬁ$1nme I .
semiconductor dévice fo pe#orm hlgh-spee calcUlafions and other Useful functions.
Semiconductondéviees arss geperadly nranufactariethusing two complexmantdacturirg processes, i.e.,

front end manufacuring, and pack-endymanuiaguring. sach ivelving patentiall iyndrgs of steps.
Front-end manufactu Ing Involves the formation of a plurality of die on the surface of a semiconductor
wafer. Eachldieds typicatly ideriticah and sontainscircuitstforméd vy eléctricallyrcanhecting active and

passive cg&gqbelni%r%e}cké%r&d m&ctg%qgw&vgs singulating individual die from the finished wafer

and packaging the die to provide structural Support and environmental isolation.
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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One goal of semiconductor manufacturing is to produce smaller semiconductor devices. Smaller devices
typically consume less power, have higher performance, and can be produced more efficiently. In
addition, smaller semiconductor devices have a smaller footprint, which is desirable for smaller end
products. A smaller die size may be achieved by improvements in the front-end process resulting in die
with smaller, higher density active and passive components. Back-end processes may result in

semiconductor device pagkagasdwith a.smaller feetpeptby;nproyementsinelgetricakintareanppection and
packaging materials. The electrical interconnection in a fan-out wafer level chip scale package

(FO-WL EMBihTRY Bemitbhabetor Hevices SEacked onmuttipld fevBls Efbe accomplished with
conductivesthreugh sitieer; yias(d SV) cthreugh heleusas (THV )\ @ Gukplatedcenductiye pillars. Vias are
formed in silicon or organijc material around the die using laser drilling or deep reactive ion etching
(DRIE). Fifeias 47 #Ne&lﬁﬁtﬂ%%ﬂﬁu%/esﬁw%ﬁesrral, for 8RampiE’ by CoPF& depositbon ising ns
electroplating procrss,itorfow the ponductivelSYs anteTHYs tTlae Eavs and TdtVs:further connect

through build-up in ercct)nnect sﬁructure% Wmcf(ljare f.orméad acroisleach serpi,con uctor die. The ISVs and
THVS andBull Qﬁlp ihterconfect structute have limited inﬁﬁﬁgﬁtpu%](Ifa)eﬁlinlc%%nt 3881 interconnect
capability; gatticutarycfor HO-YWL ESPmed by €he semicariductarcdie are typicallythoenteddo one side

of the build-ug interconnect str%cture ' thg FO-&NLCSP To,accommodate.the die, the build-u
ive nts ack—end, manufacturin 1v

interconnect Structure must be relative y large, which increases mgnujfggt%nnsscogtl. %qt%rr?atﬁ/rg%/, if the
die are mounied thubdthdside S ofothe thudl dfuimintére dnmedt sstruetute pthekizgigmtooftthe bdmpstmust be

greater than the height of the upper die in arder to bond. the tgnum sto the [i ild-up interconnect structure.
The larg ﬁgi\éﬁtc%ng %8%%28&? |ngS Wgtﬂ%f t%g %uﬁwnp\éllﬁgr%aesgg?he Bﬁr%r;é éﬁtlc%%énd reduces 1/0O pin
count, which is countefpreductivé fof FOWICSP.ASurhaaryah tifelmventioy 1s to Acweetiexists for a

higher 1/Q pin souyntn FOWIGRP Acgardingly, in ong ephodiment, the present invgption is a

semiconductor device including a first interconnect structure. A first semiconductor die has an active
surface otientedrowerds apRdedunted Y6 alfirst\suirfacerdfahadirstdntercohne’h strectire A first

encapsulgptis depesited over the first interepnnect sticiure andJirstsermicopdyctgr die. Assecond

semiconductor die has an active surface oriented towards and mounted to a second surface of the first
interconrig®Y StractBfe dpFasitepeHirst Surfadel Alplelifesrfirsbésnduetive pilats s foffed over the

second sragf@e%eme firgt interconnect structure and argund the seeend,semigonductor die, A second

encapsulant is deposited over the second semiconductor . .
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

—3-



die and around the plurality of first conductive pillars. A 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; pver-thefirst iptereannedt strychueg and-fisstsemisanduetordieg Asaesond semicenductor die
has an active surface oriented towards and mounted over a second surface of the first interconnect

structure oppositd the first safacd W prliraity bf fifst coRBGGive s is Fsmist 6vertitd s8eond surface

of the first iitetconnegtstructure) Asseconshencapsulanh issdepasited oves the-secand, semiconductor die
and around the pIuraIitX of first conductive pillars. A second interconnect structure is formed over the
second SREAPSTARET Y T OFn BRoller &fbodiment, the present invention is a semiconductor device
including a first intercompnectsstrucired Adirstrsemiconddctor gdieds meunied ovedatfisstsusface of the first
interconnect struc ure, A %irst capsulant is degosited over the first interconnect structure and first
semicondgulc?gr die. AsecBnd seml’ll%onlcﬂjtc%rcd)le 7€ ouRtéd 6Vt s selélontg1 Surfste of the first' ©
interconnect structdre: eppositedthe firstsurtacel A-pluralibteffirsheenductive pitans ts fotrmedlover the
second surf?g% o{f tile firf,:[al interco%ecthstrijcture. A secong Epca%%l%t iscdoe osited over the second

semiconductor dié and around the pﬂu?ality%?ﬁres?%%ﬁdagtlve &ﬁars. n another embodiment, the

present iBvareionas avselgicondudtoedeviee énctuding afist interbortuect strasturé. Aliest semiconductor
die is moyntet over & frsLsurface ot the fistintereonneet siiugtyre. 4 secqnd semicondyctor dlie s

mounted over a second surface 0 irst inferconnhect structure opposite rst'surface. A plurality of
first conductive pitlarshisrfoimed beepihne secohdsuriareof dhiefirst imertenneéct structure Brief

Descnpu%ﬂﬁ%gmigﬁnggﬁuild—up interconnect structure. The large height
and corresponding width of the bumps increases the bump pitch
and reduces I/O pin count, which is counterproductive for FO-

WLCSP.
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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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

illustratesythe dual-naclded die withconductive,pilarsraxtendipg farm the,engansulant; FIG, 6 illustrates
the dual-molded die with the conductive pillars recessed with respect to the encapsulant;

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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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 manufaREFAtRGH BESEE®MGRIIR&URRG. BBAYLRE 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 elecgtriealzarmpenentswhich afe elecikcally geanecteddadonn fuational electrical
circuits. Active electrical components, such as transistors and diodes, have the ability to control the flow
of electriCA et Passive &ttricat dSipoTerts SSTchPas @patitors, iRdTEEFS rediStotd! And
transforners,create a relatianship betweemeeltage arg eurrent-necessapmio perfarimeleatrical circuit
functions, | .p,er, Lassiye and agtive components are formed quer the syrface of he semigonductor
wafer by a'series ot process sﬁeps mcjru&l’ng 1fiioplng, aep05|ﬁon, p%otolﬂhograpﬁy, etching, and
planarizationeD6pingantraeucessmpuities wtotthe sémicangtictarmateriat by iechnigues such as ion

implantation or thermal diffysion., The doping.process modifies the gledtrical. condugtivity of
semiconéﬁﬁor ma?erla in gctlve 5’evices, ransforming ﬁ'ue semiconductor material into an insulator,
conductorcorady nahtiealhachanging thedsémicahdacter nwaterialcondadtivitysnaespensedte an electric

field or b t. Transist [ [ f ' d dopi d
r:‘éceg;a %ﬁ%ie‘dgcg%% wE%%Si%%%%o@g'{‘rﬁe@'oé‘&f’ s"é‘&iﬁt%ge&f%&%&%” 1 dearees of 89'”@@%%%%%? as

e the transistor to promote or restric of electrical current upon the application
of the eleetric-field aipaseedrreht ims andhdtivelandepassivel eorhponents wve forbset by laylees of

materialsawith gwleﬁ%ntﬁlggﬂggl&rgpgg@sd'{g% FPX%S. 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 vepibt GepdsitibaCYD) . pRysicals apor depasition PV DI cdleetrslytic plating, and
electroless,plating processesyEach [ayeris gensrally patterped e form padionsLLfactiye gogpenents,

passive components, or electrical connections between components.
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



The layers can be patterned using photolithography, which involves 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
depositingdhe matetjakiptotheareas or yaidsformed by aspreviousdepasitipn{etel process using
techniques such as electroless and electrolytic plating. ositing a thin film of material over an

. De .
existing gt tanexaggéfate Bt trdeYRing patBmiatd ereaté gchd?l@ uhffSHAR ¥RE surface. A

uniformlydtat sudfaee js mauireddn praduce smalieriang meose denselypacked active and passive
components. Planarization can be used to remove material from the surface of the wafer and produce a

uniformly Tt Sarthcd ‘pranafzatfonefes pofiShifid §e Suffade of theWafd? Withd pbfidHing pad. An
abrasive matedalang-corresive chemieal aresadded ta-thensyrtagesof theavaferaurdng palishing. The
combined mechanical action of the abrasive and_corrosive actiok? of the chemical removes any irregular
topograp §?,p rlerslalti{?lfgﬁ]riﬁ1 %gl?rﬁfo?r?llynﬁéiessusr%%é. to ena\éégk-%n% rﬁgﬁﬁﬁ‘gétsu%%a referS 1 L0t i(ﬁg or
singulating-thedfintished-wafes iMtbdhe dfdiwitiaakdie @nd then packagingrthe idie tossiructuralsupport and
environmept%l isolatioenc. Jrois{.:ingglgi%thoerdi athe waferiesh %cored and broken along non-functional regions

(SRS sSe urr . . .
of the wafer called saw streets or Scribes. The wafer is singulated using a laser cutting tool or saw blade.

After singulation, the ifdividval diedre arrited tooapackage sabystrate thatdntludés pissoradontact pads
for intercannegfion,ith, oiher systeIm camponents, Coniadt pads fermed ovex (he semiganduclor die are

then connécted 6 contact pads within the package. The etectrical connections can be made with solder
bumps, sied bampsdcdnductive paste; op irktionds tAnentapsulantersotiier aotding inaterial is

deposited oyer the package ta provide physical support and electrical isojation. The finished,nackage is

then inserted into an electrical system and the functionality of the semiconductor device is made available
to the othiek s)stépireempobaentsay 1nvoFG, TthikBirats eleewsnic deoiceBPhaviRy @) chip carrier

substrate,gr,prinigd clb boarch(PR): 8% wiipyplurality of semisondugtos pagkagegmounted on it
surface. Electronic device 50 may have one type of semiconductor package,
electroless plating processes. FEach layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.
The layers can be patterned using photolithography,
which involves 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 Fhe semigongductor.package gan dnclede MigropracasseEs memories,
application specific Integrated circuits (ASIC), logic circuits, analog circuits, RF circuits, discrete devices,

or other SEMICBAGUGBA LT BGCarComMEdTsntY. Packedh iS5 1Y PEBSIHVIES a general
substrate-fenstyettiral SuppoHrandielgetrical terceanesof the semicondugtor packages-gpunted on
the PCB. Conductive signal traces 54 are formed over a surface or within layers of PCB 52 using
evaporation® eBErbRfC phating, elekirotdssIdtifg, ¥eréén prifting, %?%Jfﬁeélﬁﬂébfseuﬁg?a?%eposition
process. Signal traces bdrprovide foeelestical sammuitieationdieiween Lachofthe semicandugtor
packages, rTou%ted com donents, and other externtal silstlem cgmgonents. Trac%s 54 also provide power
and grouﬁa cONRELHAES each oftRE 38MiconHtictdr paack%1 5.5 2% iy SoméemibSdinients, a
semicondutieddevice has swa packaging tevels:Hirst leuet packaging ssha technique=for mechanically and
electricallé/ at%alcrpin %\gc%erpligogq#%tg glioentooap teermaqgrieggic\%ri%ré@ecgn% (I)evle\lf gaclé ig% Involves
mechanic:ﬁf{} and e ectricaﬁy attac ing the Intermediate carrier to the B i Gther embo Iments, a
semiconduttahdevitemayadnly fave ¢ze firsy |levet pgokaging wihege Hsdie is emecthamigaliynard
electrically mounted directly to the PCB. For the purpose of illustration, several types of first level
packaginglr,lﬁﬁjtg:?urcﬂ‘?rw£j wﬁg %n%uggfciggé 56 and flip chip 58, are shown on PCB 52. Additionally, several
types of second level packagimgdinchuding balk grid array{B8GA)60, buntp shipasarrier (BCC) 62, dual
in-iie pagkags, (DIF).&6. land 91d aURYALGA) 66, multchipumodule. (M) 68 guadfat popleaded
package (QFN) 70, ang quad flat package 72, are shown mounted on PCB 52. Depending upon the
system ré&quifergamts, ame cormdina®ivnf sefrticoructorrarkages ceotfiguretWith ady combination of
first and secongleyel packaging shylesas well asiatherglectignic,companets, canhe gonsiedted to PCB
52. In some embodiments, electronic device 50 includes a single attached semiconductor package, while
other emBédinterits ealf FerThaltiprlinktedmected patRagest By combifithgSerie 6-#Pé 8emiconductor
packages;pyera singlergdbsirate  magutactrgis,canineoipeyate preswade compnents,nte glectronic

devices and systems. . . o .
saw blade. After singulation, the individual die are mounted to

%
e

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,

—-9—



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

implementedasiactivedevigess pagsive devises canductive kayess, and-gislestriclayarscigemed within the
die and are electrically interconnected according to the electrical des%g of the die. For example, the

circuit mAPRERR O or mbRE transiSfr tiode® SRdGdtoRERAGAEEIS Hetistarsk aAd dtrfdrircuit

elementsdfepngad withint the activer regien 6 semiconductos ehie ¥4 ogontact pads 76 are one or more
layers of conductive material, such as aIur,ninuméAl), copper (Cu), tin (Sn), nickel (Ni), gold (Au), or silver

(Ag), and are electricalfy-ESHredted ¢ e Gfturt Cl8MEnteFofmB8 Withint SeMfcohdut ol did'74. During

assembly:eEBIR 64, semiconddctot die P4 iscamguptet-togai intermediatecarder &3 using a gold-silicon

eutectic Iaxer or adhesiv; material such ajs_ thermal ,evpoi( ) Thr;_*L ackage. bo%y Includes an insulative
elec Alte 1 (F ga 5

packaging mati—‘eﬁzliF?ulch as 58@?&% ‘or deramic) Condtictor IEads 80 nd Wirs Bords Q pIP(‘)a\Xde electrical

Interconneet betwaervsgraiconductor diel 24 gad PGB 52nEncapsulantgd isdepasited ovet the package
for enviro(gurr\l]elnctgl %rg)t%cgionbtg %reventi%q Ensoisturedand i%grtiglef(s fr%meer erirég g.:he ackage and
contaminaﬁng die 74 of Wire bords 82" AG. 2pIMustrates turther detail 6fBCE 62 mounted on
PCB 52. Semicordupterldie88ds ssourted aver camier @9rusirg an skndedill arrepoxy-resin adhesive
material 92. Wire honds.94 provide first.level packing Interconnect between contact pads 96 and 98.
Molding ccérﬁggfnegér e%%aeps% a%grjlltcl% Slg%l%e%]és' éle ov r%se%ﬁl%oﬁgﬁ?:ltgggie 88 and wire bonds 94 to
provide physicabsupportand elettrical isofationofot trradevice sBentatt pads 182 apd fotmed over a

surface of PGR, 524151103 syitahig retal densition puogepssush assleatrolyic plating of glectroless

plating to prevent oxidation. Contact pads 102 are électrically connected to one or more conductive signal
traces 54AhFRCB B2, B 104 are iR [setieen tdntict pads 98w BAE B amd éontact pads 102
of PCB 52411, 0nentBFIG. 2¢, 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 Implemehted &S acfive HeWiceés, provides a general substrate for

structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 54 are formed over a surface or within layers of PCB 52
using evaporation, electrolytic plating, electroless plating,
screen printing, or other suitable metal deposition process.
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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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. Semiconductor die 58 is electrically and mechanically
connected to carrier 106 through bumps 110. BGA 60 is electrically and mechanically connected
to PCB 52 with a BGA style second level packaging using bumps 112. Semiconductor die 58 is

electricallyconnected to,conductive sighakyages aéd imPEB a2 threugh busmps E1l@Gsignal lines 114, and
bumps 112. A molding compound or encapsulant 116 is deposited over semiconductor die 58 and carrier

106 to provide physical Sipdtt aRd et e fsotdtidtfor e 8Bvicé STRE flih dhip S8nfidonductor device
provides aishort elecicabeendugtiag path frottheactive deyices ansemigondyctondierd8 o conduction
tracks on PCB 52 in order tg reduce signal propagation distance, lower capacitance, and Improve overall
circuit pefformante. IR EhothErBmBdinent, the seMicaridutisr di€ 585 bé mechahftally and
electricallyconmnected diregilydr RCEB H2 usirg flipichip style fiest level paskaging mitheot intermediate
carrier 10%, FIGs. 3a-3h III%sZtratS, inlrel,ati9£| to FIGs. 1 and 2a-2¢, a rocess o dual-molding

semiconductér &%rrﬁéﬁrﬁeé]%g%bp Site Sidas of A bul ?uﬁjﬁn%er% fin gtls%)uc ljlré ina FOWICSP. In FIG.

3a, a wafer-faryn sulostyate ©r cartrier il2thdgntaingueérmporary or GacritigialbaSearmatesial saekiad silicon,

polymer, polymer co it etal, ceramic, glass, glass epoxy, beryllium gxide, or other suitable
Iow-cost,}gr)i‘jg%)(ﬁj< ﬁ%?er{geﬁ bu kg;er%fﬁc%n%ﬂgé)r %n%tgri%ﬁ(é% %gﬁctﬁ% s‘yﬁ]f)%oﬁ. 83?“elr?ollé?)%ceaoilJ be tape. An
optional Ipt&tfdce.lay@etzdanbedormed beesvartiem126 asiatengpdrary bonydingfilm s efcinstop

layer. In FIG, h, semicon Wctor ie qr camponents 124, are mounted o interface ]I,:ayer 122 with
£ p : : )
contact p%ds 51%6104;3 Qgtlllv,ce%sourrf caeg12%18q Sgentg ‘toward ggrngrnilzlo.g A&/tlv%(—;gj Sl%%a{}:éentllz%ncgntalns analog

or digital Eircuits immplementetiad avtive devises passivevdevdcess songudtivedaparscand dielectric layers

formed within.the slie and sleshigalbintetanaected aqgording toheeleatrical degian,aad function of the

die. For example, the circuit may include one or more transistors, diodes, and other circuit elements
formed withireadtiversufface 28 todiipte et agaled ciregits 8edigialscireaits, suchrad digital signal

processog {RSE vl Jnemony, £r other signal processing, ciguil Semicgndudiar dig, had may also

contain IPD, such as inductors, capacitors, and resistors, for RF signal processing. A typical RF system
requires ATURTIE DS f 6Ae BR AfcTE Semicod tErpackages 6 peHofif ke heBessay efdctical

functionspsckages 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
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In FIG. Sc, an encapsulant 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, vacuum 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 exterpalielementssand eont@minantsqie 74 .Thednternedigteistruyeturg-desgiibed infdGs. 3a-3c is
inverted and carrier 120 and optional interface layer 122 are removed by chemical etching, mechanical

peel-off, EME e CHarfiCAGHNHInG: tHerh ™ bake, BILEFR séahrng™brtét sthdging C2BRdwn in FIG. 3d.

A build-updntercannect strygture: £32 is formed ayer semicondustorglie 124 andp sudace af-encapsulant
130. The build-up, interconnect structure 132 includes an insulating or passivation layer 134 containing
one or morEfRAyEISEf SilcorCaiBRigESidZ), Sifi€ort Aftide [SiSNAT Sicon SXyRftfdd t8ON), tantalum
pentoxide £ha205) dalgminur iaxide: (Al203); Or @thet Jaterial baving Sinsilgr insatiachand structural
properties., The insulating layer 134 is formed using PVD, CVD, printing, spin coating, spray coating,
sintering %%?he%r%;ﬁ %Xlr&(g. |8§.e d to *The Bﬁﬁ&-ﬁpo}ﬁ ch?oncnaercféterﬁct?j?e 132 ?@rtﬁerq%aaes an
electricallyidancctive tayetr 136 farmed trinsdlating ayerndi3drising apaitesninglaschdeposition process
such as %V%)XCVD,ﬁQgttegn%: electfgolgtic Ela(t:iTﬁdaegd glec}rngeSfb%)Claltin ro gs.i%onductive layer 136
can be oné or tnore ayerg of ?,QEU, §n,yNi, f&u, g, or Gther suitable electrical y conductive material. One
portion ofredgrrduictive say@r 136 ip electkcallyrconmesteddo cantect pads 2beafdsemiborductor die 124.
Other pofions af sonduelivelayer: 136 can be,sletically. commen.or.eleclrially,solated depending on
the design and function o tHe semiconductor device. In FIG. 3e, one or more layers of
photoresistafecdepositedrovir @ stifaoecofitildp intéroconpect stuctié 182 olposite sethiconductor
die 124. 4 potion,of thechplaresis) is.exagsadand emayest by. ag.eich deyslapment pepcess to form
vias. Conductive material, such as Al, Cu, Sn, Ni, Au, Ag, titanium (li), tungsten (W), solder, poly-silicon,
or combiRgticih-tiveredfnid deposited 1% tHe vitis eRirRrd seletlive pREhgFroeess. The photoresist is

stripped away leaving behind indivigugl copductive pillars 340. In another embodiment, conductive pillars
140 can be formed as stud bumps or stacked bumps. In FIG. 3f, semiconductor die or

components 142 are motinted BetwestsEardiRtivé pillabs 140 Hithi dorftactisddsCra4on aetide surface

146 oriented t@-thessurfacegfbuildup-intercgnaeeistructie 132-0ppasite semicenducior die 124.
Contact pads 144 are electrically connected to conductive layer 136 with bumps 147. Active surface 146

contains BRafY GHigitsl ehrEdits inmpleRRMTT 48 activé defitey parshrdévices’ conlitiétive layers, and

dielectricdayers formed-withinthe idie andsleatrigallyintercannected aseerding-to,the electrical design
and function of the die. For example, the circuit may include one or more transistors, diodes, and other
circuit eléEe3ormad withf éﬁﬂlegsqﬂfad%ofﬁ%lfbginfﬂ%%?%éﬁg Arcars vraigitatdftuts, such as
DSP, ASHeppemosy, afaiherssignalpracessing gireuit Semigonductopdiedkd 2 may Alga-egntain IPD,
such as inductors, capacitors, and resistors, for RF signal processing. In FIG. 3g, an encapsulant
or moldirg &oinFeund 18 ?sr(ii‘eﬁ&qteﬁ]o%? ]Bhﬁﬂ‘-hpjiﬁfgrg&ﬁr?er&t §ttctubé 195 ahdSsemiconductor die
142 and amungdwondugtvea pilaes-24F usinga pastie pringing fearapressivermsldings transéer molding,
liquid encapsulant molding, vacuum |lamination, spin coating, or other suitabje applicator. Encapsulant
148 can 5o BORME Qo LAY ol Shch S Gty TG itn s Bbony ZCiyte St Hier, or
polymer with preperfiles Engapsulant 148 i® neneonductive andenyviroomentally pratects the

semiconductor evicce f.romﬁxternal elemer&ts and contaminants. Encapsulant 148 is glafarized by an
. are eleCtrica H connecﬁe t% one Or more conductive Ssi1gha
etching process to expose conductive pillars 140.

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 another embodiment, semiconductor die or components 142 are mounted with contact pads 144 on
active surface 146 oriented to the surface of build-up interconnect structure 132 opposite semiconductor
die 124 (without forming conductive pillars 140). Encapsulant 148 is deposited over build-up interconnect
structure 132 and semiconductor die 142. A plurality of vias is formed in encapsulant 148 using laser
drilling or etching process, such as DRIE. The vias are filled with Al, Cu, Sn, Ni, Au, Ag, titanium (Ti), W,
poly-silicen,<0r iathesujtable; elestically conduativeamateriah 4sing A LR CVD, elecdrolyticplating,
electroless plating process, or other suitable metal deposition process to form conductive vias through
encapsulRRtPASFite Eondittive Viss-are @iy Borttecteé® t¢ébntact PaaLEarPLe, thE FIG. 3h,

an intercennesi strugtye 1491is fermadkover ensapsulant 148 apd conduetivaspillarsslAQ: Anselectrically
conductive layer 150 is formed using a patterninggnd deposition process such as PVD, CVD, sputtering,
electrolytt?PIafind it efeGiioiess pratingotoRESE TCoduttive 1567180 Can" e BAE of foréSayers of Al
Cu, Sn, NieAtupAg; 0Bathers shitalle @lecikeallyiconsleictive aadertal i Condyctivedayer 150 operates as an
under bump metallization layer (UBM) and redistributio er (RDL) for a greater input/output (1/0) pin
count. mgcmaﬁnlgfg%: r?f:aﬁ)? %Bﬁﬁﬁgtﬁ/etﬁurﬁﬁ rrﬁzit%ﬁaﬁié%ge%légl élf%%veru g‘éjnsdli:ﬁ\ge' layer 150 and

electrically connected teczorgluctive pillars 140 asing amevaparation,elédtyolytic:plating delectroless

plating, rQp, or.screen printing process. The bump material can be Al, Sn, Nj, Au, Ag, Pb, Bi, Cu,
solder, abr]?l ]go%q i#aﬁ@ﬁs%hgr%%f,%ighlgn %%ﬁ(%ﬁg] fuex%eo ul?oan%?l&gmﬁér}ﬁe %ﬂrﬂ?psrgla e%'al can be
eutectic SrfPbe dighdead-solder, of lead-frée solderaThe bampmatetial iobondethtotcoreluctive layer
150 usin asu't§be ttac nt.or [ progess. In eembg iment,.t e blurrip terj'alld's reflowed
by heatin%gltﬁgérnatl%ﬁ%%aaéig\rl%gitslme t#\lgg rr]%lntt torf%Ir1 s&ﬁ%ﬁggl bglglor%lu%gs 1521.%%some applications,
bumps 182 arérefloswvedla secénditimeitodmpeovereledtrical eostaptstoleonduttive fayer 150. The bumps

can also fe compressign bonded fa sppductive layer £30. Bumps, 122 Lepregent ane type,of Interconnect

structure that can be formed over conductive layer 150. The Interconnect structure can also use bond
wires, st Bgmpamicretnens, arstherl eletricapihtéreonnscton for Semicsiduetor diéhi24 are

singulated with saw blade-erLaser cutting,device 154 dntodadividual FO:WLCSR., FIG, # shows
FO-WLCSP 160 after singulation. Semiconductor die 124 and 142 are mounted to opposite sides of and

electricaljARtRIESARECIEE thYobgRBUl8RIpARTEIESN RS STrEEture 1397 BY TRE I sehigoRductor die

124 and 142 to,qppesite-sides ot huildsypdatgreonnect structure 1322 greater; yhlization of the buildup
Interconnect structure can be achieved and its size can be reduced, which saves manufacturing cost.

EncapsuRin?®30 ahtorugaretdeposited A6and semicongiiictor die €24 8RACI%42, P&spettively. Build-up

Interconnect stiuetup 32 iscglesttically connegtad £0 BiMo &50.and bumps 132 by gndireation
Interconnect conductive pillars 140, which_are also covered by encapsulant 148. By dual molding of

semicondtiordie a2 &ifd 125 3A0 Using-oridittive piliare 126 ¥ ZanBEidthtértbRféctand RDL 150
for laterat intercanaect, thenpjtchiafbwnpe 182 8 eeduced whiek #icreasaesstherd 40 pin: eour.

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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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 protrude from the
encapsulant for direct Interconnect to other packages or devices. 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 oversemiconductor dig; k44 toredyse dhe oyerall hgightaf the FOrWILESP.
FIG. 7 shows FO-WLCSP 166 with conductive pillars 140 and encapsulant 148 planarized to expose a

back surfatEoF REmicondiictdridie 2422 kEwise? et aPsHRRTESTishidiarzed (8Mexpose Eback surface

of semicenducierddie 124or i ent e BIG & shaws HQ-VW:CIP(L68 with conductivepikars 0 formed
around semiconductor die 124 and build-up Interconnect layer 172 formed over a surface of encapsulant

130. In tHi& BRbOdimBRE bRE o mEredabérs of photorbSist Bk Ga53YiRd Gver Tafriefa120 prior to
depositingeencapsillapt 330 ire Fiz S e s podionafdbe photoresistis exposad enddemayed by an etch
developrrlerg/té)l[oce sto lfgrmiv{%si Cotrlﬁgucgve material, such as Al,.Cu,.Sn, Ni, Au, AgtTi W, solder,

poly-silicor?, or compihatioh thereof is eepos%t%dallrrl1 ?hee %i%%tu%%ncgaa ls%lelc?l\t/(ee ]ﬁfacﬁrrll%eprog(eiss. The

photoresist iscsttipped awayHeaving behind:-indivdiial conddctiverpittars 1 76f - arothiée embodiment,

conductive piIIarIs 17%I an be formetd as stud bTngg o&%acé(ed bumps. The remainder of the structure is

p
formed aggngHPngefo S, %%%Cgl.ll Y Kb -up Interconnect structure 172 Fsofro?med over

encapsulanbdss andmconduttire pillarsuii0. Thedsuildsug iterednretthstruciurei V2 ketudes<an
S TS L i ane o, s 302 SEVV IR0, 120, o
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. 3c, an encapsulant 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 okeqngductive layer 176 is glecddcally.conpegteddnsondyetive pillarsil 4o, Othek pertions of
conductive layer 176 can be electrical{y common or electrically isolated depending on the design and
function Sfth& sefmiconduttordévice. The PUtETEP9 I EERE B 180 Mas ¥hidldmglidyer 182 formed
over semigaitdugtor diey 124 and-shieldingdayersk84/formed aveysemicondustardie 142. Aqeortion of
encapsulant 130 is removed for shielding layer 182, and a portion of encapsulant 148 is removed for
shieldingJay&t°tsa. Shidlinglay&rs 18X and 184 t4f bECT Al féttite 6P CarBbhylifth, stainless steel,
nickel silvesi ke carbonisteeln sitiegmriron isieel (foiloapoxy, Lenductvekesty andothenmetgls and
composites capable of blocking or ahsorbing electromagnetic interference (EMI), radio frequency
interferenacfeu }J,Hén%xd’[ﬁ%r if%e?rgé)eg\iide %I?er?etr%%e. ktli%i:dllr?rg];{lak)l/%‘rfsl 182 3h ]l%alrcan also be a
nonmetalimateriat suoh ascashon:black or atumipeinm: flake. to redeicé ribe effedctsoof Eieand REI.

In FIG. 19,Ss%£:ogguctor I<4ie %R/%ome%ents rlggtairg mousntgg t% a atglmiiorar craériercwgr% contact pads
192 on active Surface 194 orlented toward tHe carrier. #ctive surface 194%Contains >énaﬁt)g or éﬁgital
circuits implenented as active devites xpassiviecdevices, conductive layers, and dielectric layers formed
within the die a_nd glecqggll)(){lnit%@ggnegtgg 6%088{%@% fo dghte electrical %%a'gril 1:ilggﬂ‘lgrrlction of the die._ For
example, the circuit may include one or more transistors, |05es, and other circuit elements formed within
active suiface 19430 dimplehseritahadogl sircuitsbrdigitat cirewits; suéh asd@8PIASIC, memory, or other

signal progeseing Gt Seoicarndictar die 190,meY glsoicontaindPR. such Az iadystors. capacitors, and

resistors, for RF signal proCessing. A typical RF system requires multiple IPDs in one or more
semicondiittdr gackades t6 Perfornulié peecassarg efsetrical fictionsating, Andncapsulant or

molding compeyng 196 i%‘i%@%iﬁ?%ﬂé’c%é@% carrigr and semjconducior die90.ysing apaste, printing,

compressive molding, transfer molding, liquid encapsulant molding, vacuum lamination, spin coating, or
other suifé®iCapplicatsr. Ehcapsulatit 1968 cat be polyméleorfiposita materiat tsutheas epoxy resin with

filler, epoxy acpylatewith, filler, g, pelymeryth-proper filler, Engapsulant 136 isgeneendyetive and

environmentally protects the semiconductor device from external elements and contaminants.
layer 136 1is 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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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
5i02, Si3N4, SiON, Ta205, AI203, or other material having similar insulating and structural properties. The
insulating layer 200 is fosmeddising PVEL GV nprinting: spinecoatinge spayG0ating 4sintgring or thermal
oxidation. The build-up interconnect structure 198 further includes an electrically conductive layer
202 formBa iR st iager 00 08RG B Faterhirdrand dépdsitich foteds subR a8 PVS, €UD,
sputtering.celeeteolylic- plading amd electotess platinghprosess.Cendictive layengd2 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. One portion of
conductivelayEr 262 i< lettrically Bofinectéd 15 Rttt pade' 165 dF Semidoriditittor dfe 190. Other
portions afccargittctive tayer 202 caa hel electrically tommemerelegtrically: isolated dependipgron the
design arl%fémctiog of the seq]iﬁ)nductor device. 4153 or more, Iagers oflphotoresist are deposited
over a sur acewo]ftbuilg}bm iRtercorinect strudfuré 1155%%%0& 8 semiconduictot' tie 190°A portion of the
photoresisi isiexposetlrandiresnavedlleynan etch development process tg fasaswas<Cardicive material,
such as Al, Cu, Sn, Ni, Au, Ag, Ti, W, solder, poly-silicon, or combination thereof, is osjted in the vias
using a s(é%lc#blé: ib?‘a‘f?né p?r%%%sss'. T%%gpﬁ%tgrle%?s%r@l (s:tri%%l\éa ]%ﬁ/va?yol?g\%%g"f:)leelllnlci1 ingjlﬁvgldt%l Conductive
pillars 204nth aietherembbdiment] eonductive tpitars 204 canrse formedeas=dtadthuimpsl or stacked
bumps. . lurality of discrete semiconductor panents 208 is mounted hetween conductive
pillars ZO%etS ltl%e\ s%rrijég}celtII % ggif‘cﬁap?fr;ﬁste?c}})%nr%géte étru%?é?e 168 osggéitj“ s%mi%:%ﬁcciﬁé%r die’190. Discrete
semiconductércmporerits 208 canthe resistors; eapdditots sindactdrs) Oraliscretecactive devices.

An encapsulant,or malding compeynd,210.is; depasited over build-Up intereannect stryctire, 198 and
discrete semiconductor components 208 using a paste printing, compressive molding, transfer molding,
liquid encabsalsrt Polding: dadwum darhiFiatiof; spin Coating Dorfothéstitableapplioater Encapsulant

210 can be poly ”ﬁr&%p%ﬁ}‘@égé@f such gsiepoxydesinwith filler, epgxy. agrylate with filler, or

polymer with proper filler. Encapsulant 210 is non-conductive and environmentally protects the
semicondifiibrdéviée Romseaerat eldHERts Ane comlnidmts.s, and A mtéredhfectistfucture 206 is
formed oxer encapsulant 240sAn.glectrically conductive layer 212 is formed using a patterning and metal

deposition process such as PVD,
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 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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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 1/O 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,1iNi, Ao A8 PbeBh U rsolder, aad coninations thereol with,ap optigeal flux
solution. For example, the bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The

bump matérfalds BoRded t& Cofdidtive 38yt 21 Pasig htitaBleattdcHmentdriondirit process. In one
embodiment.dhe dympmaterial is- reflewesrby heating: theimateriab aheve its melting peint teform
spherical balls or bumps 214. In some applications, bumps 214 are reflowed a second time to improve
electrical BIRLACt 16 cORBUGRRIEYEF1 2 The iimpy %EE%% b EBpPeSS0K BGHEE to conductive
layer 212> Bumpss214 cgpresemicenestyperaf inteconnestginuctiueaithat ean beiformeg over conductive
layer 212, The interconnect structure can %so use bond Wirgg,ustud bu j8 nfi&o buwp, or other electrical

. inferconn . structure a seml CLOT, - J . . .
mterconnecf %ﬁlle ohe or More erfibSdiments of the present invention Have been illustrated in

detall, the skiled artisanfwill iappreciatecthat mhodifications and adapiations 4o thoseembodiments may be
e SIS 0L g e present muenion s et e loyrp
with Al, Cu, Sn, Ni, Au, Ag, titanium (Ti), W, poly-silicon, 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,

17—



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

interconnectstructyre and @eundstheisecond.semigenductor diehe risgcandencapsulant deposited
over the second semiconductor die and around the plurality of first conductive pillars; and a second

interconn@efSdcthife fOTRIEATVEY the 860nd-@fcapstishtandeitatht s Cdimidttsd o the plurality of
first condustive pijars-anra the. first and secenghsemiconductaidigyump 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. FEncapsulant 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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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 electrically connected to the plurality of
second conductive pillars and the first interconnect structure. 3. The semiconductor device of claim 1,

wherein thesecond intersonnest stiucie inghides, - ascanduetive layer formad-ovey thesegond
encapsulggté]?ggebsurggs (fjoer‘rpiegeosv.er the conductive layer and the plurality of first conductive pillars.

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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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 serpicoadustos die. ThA semicendustor dayice, comprisings afirst interegnnect
structure;, a first semiconductor die having an active surface oriented towards and mounted over a first

surface of tha fifst ite FIOhREAESructE?  ©©F FitdtEncaBSaiintaéiodited G/er B fikt irtErconnect
structure anekfirst semiceaduetor, die;

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 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 theplurality ffirsticenductive pillarsisfarmed around thessecond senaicenducter die. 9. The
semiconductor device of claim 7, further including: a plurality of second conductive pillars disposed

over the fiRY 8tfad@ o firstitetcoffed Lhuchiffe Sthe FirSt&icaplulant BEYBRAEE Around the

plurality cf sesend ggnductive-pilarscandcal 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, Al203, 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 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 portion of the second encapsulant over the second semiconductor

die. 12. The semicondgigtoriglevice ofclain: £rwherein thessecond iptergonnedt strueture includes:  a
conductive I%}r/er formed over the second encapsulant; and bumps formed over the conductive layer and

the pluraftyof first TomduBthis pillarsd 119 THPSEHtoNGudtdY BEvied of EREMSA fdfther including a
shieldinglayerfermed ovekthe firshsersicenductes die-ehsecpngrsenieppductobdieprocess

such 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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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-depesitedover the second semispaductongdissand arpund-the pluraliproffiysteenductive

pillars. 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.
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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
around the plurality of second conductive pillars; and a third interconnect structure formed over the
first encapsulant oppositei the fisstintarcanpnect siiustureand eleatrically gonnestad tothe plurality of
second conductive pillars and the first interconnect structure. 17. The semiconductor device of claim 14,

wherein the \urafif offirstcdndtictide pillafs isFormed Afodid thecskcont stiriciddctor die. 18. The

semicondyiterdevies: ot elaim ldawherein the second mterceanactstrueturernelades:  a conductive

layer formed over the second encapsulant; and bumps formed over the conductive layer and the plurality
ofﬁstcdﬁﬂﬁ8ﬁh§8ﬂ£&;may be made without departing from the scope” of the

present invention as set forth in the following claims.
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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; a plurality of first conductive pillars formed over the second surface of the first interconnect
structure; a first encapsulant deposited over the igstdnterconnect structure and first semiconductor
die;

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 diej;

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 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.
21. The method of claim 20, wherein the plurality of first conductive pillars protrudes from the second
encapsulant. 22. A semiconductor device, comprising: a first interconnect structure; a first

semiconductordie maaunted Qvee adisst susfacgofthe fikst interconnest-sthecturs; du casgsond
semiconductor die mounted over a second surface of the first interconnect structure opposite the first
Suﬁace;plllars and the first interconnect structure.

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;

-26-—



a plurality of first conductive pillars formed over the second surface of the first interconnect structure; and
a shielding layer formed over the first semiconductor die or second semiconductor die. 23. The
semiconductor device of claim 20, 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;
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a plurality of first conductive pillars formed over the
second surface of the first interconnect structure;

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.

21. The method of claim 20, wherein the plurality of first

conductive pillars protrudes from the second encapsulant.

22. 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;

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

a shielding layer formed over the first semiconductor die

or second semiconductor die.

23. The semiconductor device of claim 20, 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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