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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component, e.g., light emitting diode signal transistor, resistor, capacitor, inductor, and

power metal oxide semiconductor field effect transistor (MOSFET). Integrated semiconductor devices
typically contain hundreds to millions df e¢deiricd coheporrventsi@mples of integrated semiconductor
devices include microcontrollers, microprocessors, charged-coupled devices (CODs), solar cells, and

digital micro-mirror devices (DMDs).
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 (DMDs) .

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,



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 are also found in military applications, aviation, automotive, industrial controllers,
and officeC %a%i ment, . Sgrmpé%oncdggtoerrdseivécgs e&%oito trhkeselect(rjical upcrgggrtieg oO{ semiconductor
materials. The atomic structire of semiconductor material aflows its electncal con’ducﬁwty to be
manipulatech byittee application ©f anssledtrofielt-oobaseecurrent aritkroughdhé puocessof doping.

Doping inftoduees jmpurities iniq e semicenduetor material o manipylaie, apd coptrol the conductivty of
the semlcondluctor device. A semiconductor device contains active ang passive electrical
structures.oAdtivelstricturesnimchiding bipetar arkfigld effect transistors, control the flow of electrical

current. By varying levels of gggmgcfg%q, apgplication oé}agl@%trigﬁigl%greg%sﬁel(&Lﬂgnt, the transistor either

promotes or restricts the flow of electrical current. Passive structures, including resistors, capacitors, and
inductorspERERe Birefatiohshiprbctwedn Voftigaahd turreht neddssary &5 perforit adfatiety ofelectrical

functions; Ihe passiyeand aglive, structures e elgctrically connected 10, farm cirguits, which,gnable the
semiconductor device to perform high-speed calculations and other useful functions.
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.

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



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 to provide strugfurgl support and environmental isolation. _. One goal of

semiconé)uc?orlmanﬁf)ar%]tourlngnls% pro&ucce smaller sem|coﬁ&&c]’[gﬁdel\%géjs.Vserrswaﬁelrnogel%/}caetsltggicalIy
consumeiless powes, lhaviechighemperfermances ard caa berpreddced miore efficientdy. di addition, smaller
sgmlcorﬁijrcét\)fr.%eew%? pl NE 2 aspwegllgr f%ort%”’A;héé?’hé%hv'srdoeé#{é%\? anr :%rsr@il%:%% products. A _smaller die
size may'be achieve Ey |mprovemen]? In the ront-endlprocess resulting in die with smaller, higher
density active and pas$ive confponehtss Backaentiprocesses mayresult irosericonductod device

packages with a.smaller:footprint by improvements inglecirical jngrconnection, and packaging materials.

The electrical interconnection in a fan-out wafer level chip scale package (FO-WLCSP) containing
semicondiftierdsvicesstaeke bn Maltiplelévedls canbefactomslished Witicéondirtivg dsroagh silicon

vias (TSV), through hole.yias (THV}, or Gurplated congustive pillars: Viasare,formad in silicon or organic
material around the die using laser drilling or deep reactive ion etching (DRIE). The vias are filled with

conductiveifateriai ot eRAmpREbY Edpper dépositiohsusifg ahdcrdatirigprotess to%orm the

conductiye-TgVsand THVsnEhe £V and JHVS furthep coppedtdhrough,build-up intercqpoegtstructures
which are formed across each semiconductor die. The ISVs and THVS and build-up interconnect

structure Hae lirntdd RPOYEHPEE A Y 5iA Ebtint dnd ihtercdntiéEfcapabilitf partidWIRRY for FO-WLCSP.
The semigenduetor die-aretypically mounted to-one sideraf the baid-uprntereQnnect sugtiye in the

FO-WLCSP. To | , , , ,
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
structures which are formed across each semiconductor die. The
TSVs and THVS and build-up interconnect structure have limited
input/output (I/0) pin count and interconnect capability,
particularly for FO-WLCSP.

The semiconductor die are typically mounted to one

side of the build-up interconnect structure in the FO-WLCSP. To



accommodate the die, the build-up interconnect structure must be relatively large, which increases
manufacturing cost. Alternatively, if the die are mounted to both sides of the build-up interconnect
structure, the height of the bumps must be greater than the height of the upper die in order to bond the
bumps to the build-up interconnect structure. The large height and corresponding width of the bumps
increases the bump pitch and reduces I/0O pin count, which is counterproductive for FOWLCSP. Summary
of the Invention ‘ Acgeed exists fﬁ)r aﬁzlhigq /0O pirrl1 g%%rét in FO-WLCf‘SPé@c%%rdrinr{%I% in one

._accommodate e 1€, the bu up, . onnect structu ;
embodlmenf, tﬁe present mven%on’ls a method of m klng a semlconguctor 5eV|Ce comprising t%e steps of

providingra lemporaky camiesemowhting: a finstrsemsiesnductorfdietwithi fist costact pads oriented to the
temporary calar, denasiing a st encapsulant oyer e fist semisonduaiar die gnd jemporary carrier,

removing the temporary carrier, and forming a first interconnect structure over a first surface of the first
encapsulant-and first sehwcorductortdie tThve first intetdonnketistiictore isletedtrically conpected to the

first contagt pads of the first semiconduictor die. The method; further ingludes the sjeps, of forming a

plurality of first conductive pillars over the first interconnect structure, mounting a second semiconductor
die betwéaihe first Ehrduetive dillaps Withsseeond cohtatt pads vrienteditoahe firstdnterdaiect

StrUCtUreaﬂ%p%méﬁsmﬁ%gn%F&Séﬂa%tfo“t%éh%ﬁ%%”diﬁ%’P@QE‘QHCtPBQi%ﬁ%ﬁ intgreonnect

structure, and forming a second interconnect structure over the second encapsulant. The second
interconmeeEsFEEUFER eléttriBaly Eontideted'tolthie first cotitiiefve pars And first@nhdisecond contact
pads of thg fiest and second semiconductor die.

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
method of making a semiconductor device comprising the steps of
providing a temporary carrier, mounting a first semiconductor
die with first contact pads oriented to the temporary carrier,
depositing a first encapsulant over the first semiconductor die
and temporary carrier, removing the temporary carrier, and
forming a first interconnect structure over a first surface of
the first encapsulant and first semiconductor die. The first
interconnect structure is electrically connected to the first
contact pads of the first semiconductor die. The method further
includes the steps of forming a plurality of first conductive
pillars over the first interconnect structure, mounting a second
semiconductor die between the first conductive pillars with
second contact pads oriented to the first interconnect
structure, depositing a second encapsulant over the second
semiconductor die and first interconnect structure, and forming

a second interconnect structure over the second encapsulant.



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a first semiconductor component, depositing a first encapsulant over the first
semiconductor component, and forming a first interconnect structure over a first surface of the first
encapsulant and first semiconductor component. The first interconnect structure is electrically connected
to the first semiconductor component. The method further includes the steps of mounting a second
semicon%ctor companent to the first i ferconnect structure geggsitin second encap ulant over the
S s%fo 1nterco?ne% .strPc ure %s ele rl%%iﬁ%fconnec §.$o
second semiconductor component and firSt interconnect structure, and forming a second interconnect

structure tver thersecarunencapsulant.iThesecendiintfercennectdtracture ds electrivatly gonsected to the
first condggti\{%gill]@risr%r%d g%s agg soeg%ng esgrinci((:jcr)lrgjguucct%rrco(gn|%onents. In another embodiment,
the present invention is a metho fma ing a semiconductor device comprising the steps of providing a
first semiconductor corhpoaent) Hepositity dfirsténcapsalant eventhelfirsesenicondgctéer component,
and forming, 3 fitst intefconnget structire over A first suiface.of the firstencapsylant apd fitst, ¢
semiconductor component. The first interconnect structure is electrically connected to the first
semiconductsricomporeriti ThE nicthod drdhertineludes insteps of arsumtingewsécdndrsémiconductor

componen 10, e firshintercopnegistraciure, depasitingasecend shcapsilant aver the seeond

semiconductor component and first interconnect structure, and forming a second interconnect structure
over the SedortSéncapsalar TR SeEorittinterEBnRe@ Striciiré 5§ efeelifcafly cohnééted &6 15 first and

second semicQNAUCIONCOMBONeNtSt semidBraNothesembadinmentthe presentinwgntion is a
semiconductor device comprising a first semiconductor component and first encapsulant deposited over

the first seRfiESITRIBEG Comparerit UAirstintetEotinett dtrbdture i fhed over atstiskirfice of the first

encapsulaatard first seplcondystoresomponent. The firsy intarconaect; strucidied's electdeally.connected
to the first semiconductor component. A second semiconductor component is mounted to the first

interconrett BrUEthre' A SeSifPEncapElit I HEDGSite Tt oV e seLdhd - 8Emicbhdbictor component

and first intereennest stucie vAsecend dipronnesistauciuieds Jowned prerthetsesond engapsulant.
The second interconnect structure is electrically connected to the first and second semiconductor

components; Biief TTESCHpHoN of fife SRAWIRGS™C 21 FIGT T Husthtds"8 e With ditférelt f/pes of

packages muftedhtnits sufaceind interconnect structure over the second
encapsulant. The second interconnect structure is electrically
connected to the first conductive pillars and first and second
semiconductor components.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a first semiconductor component, depositing a first
encapsulant over the first semiconductor component, and forming
a first interconnect structure over a first surface of the first
encapsulant and first semiconductor component. The first
interconnect structure is electrically connected to the first
semiconductor component. The method further includes the steps
of mounting a second semiconductor component to the first
interconnect structure, depositing a second encapsulant over the
second semiconductor component and first interconnect structure,

and forming a second interconnect structure over the second



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 w'%h the confqluctivegillaés recessed with res ect 10 the encapSLiIantd' . FIG. 7
. eﬁF%?sq aqa. e.ﬁe ond 1n ﬁ;Cﬁnnec% ¥ucture 1s elec rlcal%g .
illustrates the dual-moldéed die with an exposed backside of the Tower and upper semiconductor die;

connected to the first and second semiconductor components.

In another embodiment, the present invention is a

semiconductor device comprising a first semiconductor component

and first encapsulant deposited over the first semiconductor

component. A first interconnect structure is formed over a

first surface of the first encapsulant and first semiconductor

component. The first interconnect structure is electrically

connected to the first semiconductor component. A second

semiconductor component is mounted to the first interconnect

structure. A second encapsulant is deposited over the second

semiconductor component and first interconnect structure. A

second interconnect structure is formed over the second

encapsulant. The second interconnect structure is electrically

connected to the first and second semiconductor components.
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. 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. 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 ribed in terms of the best mode_for achieving the invention's objectives, it will
be appreciated by tho;e%%z illegd i:hqliiug %]% t%%l?ﬁ |ste|l}| er%le%ltf)mc?ogv%?\Cllaltgrln%ti%g%mg i?lcatilons, and
equivalentsasunay be ipdlided withirthesspiritarithscopecefthe toveritioncascdefinedalmy: the appended
Slaims and their equivalents a suppprtedythe fplowing disclasie anAdiaNiis,, oxoooed
Semiconductor devices are generally manufactured using two complex manu%acturlng processes:
front-endaoaahksfadturing aritebdckvend arahufactaring.sFront-edd aanufdéteiring involves the formation of

a plurality of die on thesyiface of & serpiconductor wafery Eagh die on the waler contains active and
passive electrical components, which are electrically connected to form functional electrical circuits.
Active eld@tiggld 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.

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 manufacturing and
back-end manufacturing. Front-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. FEach die on the wafer contains active and
passive electrical components, which are electrically connected

to form functional electrical circuits. Active electrical



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 conductivity of semiconductor material in active
devices, transforming the semiconductor material into an insulator, conductor, or dynamically changing
the semicCanrgugrtlornrggterig{l%%ndausctivit %nsriessgon%e Io gn (ﬂ%cérics fielkqa(%]rebacsgecuargein% ']grangig,tors
contain regloﬁs o?varying types and degreés of 5oping arrange(ejl ds necessary to ena e the transistor to
promote oprestrict thé fowlafreledtriedlsurreint apontime applicativascf thre etelctrid-fieldar base current.

Active ang #gssﬁveen Qmpgnents are g%mgecditg)é!:aé/ersl g&@gé%q:asls W}t@ Sdii@%rgggeleg}{gal properties. The
layers can be forme %’y a variety of deposition techniques deterrhined in part by the type of material
being depasitesif Fonexampfe; ¢hindilm depbsitionaby invehevelsemical vapsr depdsition(©WVD), physical
vapor depasition (PYD), electyalytic, plating, and glectroless plating progggses. Each layer is generally
patterned to form portions of active components, passive components, or electrical connections between
components. TrslayErs carrbé pattEfmedoising phowlitioyraphiyisehiety iivohes the deposition

of light sengitive material, g0 RNQLOIESISt Over fhe Jayarjo bepatterned, A patems t red from a

photomask to the photoresist using light. The portion of the photoresist pattern subjected to light is

removed 1i3ihg & 5B eRR PO singGItidits: 6 theliitieryigiageribe patterneddThé *émainder of the
photoresist isremoved; lsavingbehing aipatierned dayer Alternatively.; seme tyres of materials are

patterned by directly depositing the material into the areas or voids formed by a previous
semiconductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical
conductivity of semiconductor material in active devices,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of the electric field or base current.

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. 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.,



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-uniformly flat surface. A uniformly flat surface is required to produce smaller and more densely
packed active and passive components. Planarization can be used to remove material from the surface of
the wafer and produce a uniformly flat surface. Planarization involves polishing the surface of the wafer
with a polishi ad. An abrasive material and corrosive chemical are agded tq the surface of the wafer
during %&?i%ﬁ%%%‘ﬁé%gfnboﬁ]g m@é a%%%?gcfclcoon %fe thea %ragi\r}g %hd c%r%as%\?teeé:&iolnsof the chemical

removes anyniségular tbpography, wesulting irka tnifoimelydlac sorfecd.st  us irBackiemd manufacturing

refers to gyling oy singplating.the finishedwafet jntg e Individyal die and then pagkaging the die for
structural support and environmental isolation. To singulate the |ej, the wafer is scored and broken along
non-functiemal vegions of theewafercalled sancstrgety op seribes) T hefwafee isisidgulavediasing a laser

cutting topl, gr. saw blale. After sinaulationy fhe individual die are mounted to.3 package, gubstrate that

includes pins or contact pads for interconnection with other system components. Contact pads formed
over the s@mitonductbe diclare thehicohneceadttocontact badswithiA e packages The atedtfical

connectigns.can be made.with solder bumps, stud.bumps ygenductive paste. o wirebopds. An

encapsulant or other molding material is deposited over the package to provide physical support and
electricaligdIation THe fisishéd pasikafe iR1h&R iseriedliif arrlettmiaf $ystém and the functionality of

the semiconductar deyjcerisimade availahle to,therother system cPponeNts: cctro1EIG Lilustrates

electronic device 50 having a chip carrier substrate or printed circuit board (PCB) 52 with a plurality of
semiconfu@STpackages mdiitéd dn its surface. Electronic device 50 may have one type of

semiconductor packagsegbeuitiple typesrof semicanductar-packages depending on 4he agplication. The
different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.

Electronif YeFRELEF MRy BePF SRInitalohB Sy St thiaf HRes BRd 5eMmitditicldr patRageS & perform one

or more elactrieakfunctians: Adtertatively, elecironicodevice B0nay be masibcompangm oka larger
system. For example, electronic device 50 maﬁ%)e a graphics card, network interface card, or other signal

processifg A/ thatBan b ingetted TRt a Cotrputer. FhE ehidsduGor Packadearinclude
microproeesgass,anemories,l applicatian specifia mntegraied gireuits-EASIC), lagiceaircaits faralog circuits,

RF circuits, discrete devices, of, other semiconductor die or elegtrical COMPonpnlS. . - face.
Planarization involves polishing 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 the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

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



In FIG. 1, PCB 52 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 provid %%vgg%%g%ground connec igns to e%%h 8f the semicggducto& %%ka es. In some

) S, pad :
embodimen S, a semiconductor device a%ﬁw%ypaciag%%n]g\%]lg irst leve pa% agr%a iS a technique for

mechanidallyrazd electricalhye attaching tlve: sémicandector @ie teean intermediate ¢carrienrSecond level
packaging nuolyss meehanically and electrigally attaching;the intermediate camier 13 the PEB, Jn other
) e kagi e die’is

embodiments, a semiconductor devicé may only have the first level packaging where t
mechanicallyrarebdléetrichliynprrounsedidiréctiyte, the PCBct ive rRertthe purpose ebitlostsation, several

types of first leyeLpackaging, including wire hond; package, 66 and flip,chip 58, ase shawn gn.PCB 52.
Additionally, several types of second level packaging, including ball grid array (BGA) 60, bump chip

carrier (BEGKEZ duad irkkiee paekagey(®IPY 64 skapagrid amdy QIGAY 66 calltichip mddule (MOM) 68,
quad flat-fop-leaded pagkage(QEN) 7Q, and quad flat package 72, are shawp.meunted.an B(:B 52.

Depending upon the system requirements, any combination of semiconductor packages, configured with
any comBiRatiér6f first ahd eeond levef paditadhtd sE/Res astwell A8 BtHes electfdriEcomponents, can

be connegted to.REB 32, IRseme-gmpodiments, elegisonic deyice 50 includes a single attached
semiconductor package, while other embodiments call for multiple interconnected packages. By

combining one or moré $émicbndlidit? pagksFeSoverta sSgle Sistate, HHaRdféRFers GhtRcorporate

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,
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 inserted into a
computer. The semiconductor package can include
microprocessors, memories, application specific integrated
circuits (ASIC), logic circuits, analog circuits, RF circuits,
discrete devices, or other semiconductor die or electrical
components.

In FIG. 1, PCB 52 provides a general substrate for
structural support and electrical interconnect of the

semiconductor packages mounted on the PCB. Conductive signal
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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 agtive region coptaining analog.ar digita, cireuits implemented g agfive devices,
passive devices, condictive ayers, and dieléctfic ayers formed within t & die and are efec rically
interconnestetaccordingad the electrical designicf the die. ikor exampte,dhe sircpit atayniaclude one or
more transistors, diqdes, inductors, capacitors, resi tors, d (ith r circuit elements formed within the
active re%iéﬁ% I%eﬁﬁclonntdhrtlz(tj{)’r die 74. a%ﬁtascltj ba%% 7% an%nto%e (ﬁeréé%elll%/gps 6f conductive material,
such as admirum {Ad);coppér (CWy tingShRmicke: (Ni) 1gald (Aakrorsilvert(Ay), &aad deeelectrically
connected ta,the gireyit elemants formed within seraicondyctar die 74 Lyring.assembly f DIP 64,
semiconductor die 74 is mounted to an intermediate carrier 78 using a gold-silicon eutectic layer or
adhesivedhhr¥Fiaf siicT as theritdl epogprHwpackage JodCneludés ahsasianve packsying material

such as palymet gr reramic,Gendugiar leads 80 angkwirg bonds 82 prvideglegiicalipiarconnect

between semiconductor die 74 and PCB 52. Encapsulant 84 is deposited over the package for
environmental protectidi b§ GrévértipehBRibre aml FaticleSTfon efterifethederagé aad

contamingfing £ig A4 of wite1honds:82. KIG; 2bdHusirates further detajl ofBGG 62, moppted
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
mechanically and electrically mounted directly to the PCB.

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 (MCM) 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 semiconductor packages, configured with any combination of
first and second level packaging styles, as well as other
electronic components, can be connected to PCB 52. In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor

packages over a single substrate, manufacturers can incorporate
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on PCB 52. Semiconductor die 88 is mounted over carrier 90 using an underfill or epoxy-resin adhesive

material 92. Wire bonds 94 provide first level packing Interconnect between contact pads 96 and 98.

Molding compound or encapsulant 100 is deposited over semiconductor die 88 and wire bonds 94 to

provide physical support and electrical isolation for the device. Contact pads 102 are formed over a

surface of PCB 52 using a suitable metal deposition process such as electrolytic plating or electroless

plating to prevent oxidation. Contact .pagos 1e . are elggtricgléxﬁonnected to one or more conductive signal
C

traces 5 iﬁ%@@%ﬁ. %%rﬂ%jsnfél are formed ecf\Fvggn conta p%%lg Q%Dgf BCC 82arid contact pads 102
of PCB 5RBecause hhEIG.c| semicuriductgradié 58ds mounted faceogdws ta irnterediate carrier 106
ith a fip.chip Sy fistovel packaging Actvs,region 198 of semicanpelal di, 5§ copiains analog or
digital circuits Implementgd as active devices, passive devices, conductive layers, and dielectric layers
formed acterdirtrtotherebectrical desiyrrofstheahiellRoreskanaple fihetcircuitanay tinchude- on€ bemore

transistors, dipges , Inayctors. capagcitors, Lesistors, and other, gircuit glements witin actlye region 108.

Semiconductor die 58 is electrically and mechanically connected to carrier 106 through bumps 110.
BGA 60 isaledtrAcallyrand meehanically- Borndcte’d fo PCB-52 ithc@ BSMstyfe- second level packaging

using bumps 112. Serigenduciol die 585 leatdeall opnegierlio fandustive signaliaces 54 in PCB
52 through bumps 110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is
deposited 6¥er semicbhdaétor HRS5S aRt kafrictelobitb srovidefpHySicarsappert and &iéctrical isolation

for the deyice. Jhieflip chip seraicondugtor deuice provides ashoriglegiricaheanductign path igm the
active devices on semiconductor die 58 to conduction tracks on PCB 52 in order to reduce signal
propagatfon distahte Lokt capacitaitel afa HrproSoéral ¢ichit Bef6imamses T aRother

embodimest; ithe semieenductardie b8 canhe machanically apd elactteally cannested.directly to PCB 52
using flip chip style first level packaging without intermediate carrier 106. FIGs. 3a-3h lllustrate, in

relation t& EfGE 1L aRB223E £pfickss Of dbdl-rhbidity SERRONATt e e hidtitdPtd-8fposite sides of

a build-up 1rterconnect steuctyte infa EJ IESP. InFbIG.Saardpwaferdern substrate afcarrier 120
contains temporary or sacrificial base material such as silicon, polymer, polymer compagsite, metal,
ceramic, bikss Gfas8'EpoRy, Bty fiunt GXideé S dthier Sditstie 1oﬁ-%8§€?i§fgsma?€ﬁ°aﬁ‘ ot b
semicondugiarsmatetial forcsteuchisral suppart. Carliem?2@ san dertape wAnloptionald ntertacedayer 122

can be formed over carrier 120 %:ua tempgriaeryp ndm@ film or etchgréi%l yer. In FIG. 3b,

semiconductor die or co?nmplo%%rﬁ T255ré houhted to terface l%?/ W?tﬁeco%?aect%radgci]ﬁ% on active

surface 128yeariented tawarducarrierl 20 Aotive surfacerl 28scontains mmalogRar) digitalgirenits

e Ahe e BRRY S em Ul st e vt forpad it

example gthecircuit addy Includesorieedr ore transistars,it elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy. The package body includes an insulative packaging
material such as polymer or ceramic. Conductor leads 80 and
wire bonds 82 provide electrical interconnect between
semiconductor 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 or wire bonds 82.

FIG. 2b i1llustrates further detail of BCC 62 mounted
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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. 3c, an encapsulant or molding compound 130
is deposigerg Q cbai:r.ier JSZO and a§tivetsurfaatice 1%% of semiconglggto(g \gie 124 ugifeqra pgste printing,

cMmico UcC r.dlie S ou er ar . .
compressive mo dlng, transfrgr I’T]OI\|l Ing, |(IDQUI encapsuﬁantrnmoﬂjlng, vacuumclamlnatlon, sSpin coating, or

other suitabiengpplicatord Encapdulant E3®ean be polyrmehcompesiteamateraal, Such asiepexy resin with
Mler: Shoish agb e Wit et oipolvener il pioper By Encabsanlin0 nariganductive and

environmentally protects the semiconductor device from external elements and contaminants.
The intermediate stivetise Yeseribed . FIGE Baidwisdnavertedhdnd casriera2oudrdhoptidhal imterface

layer 122161 §H£°é’c§dol2ye§he§‘élﬁﬂk%t88'{5‘9ﬁ Sechapica peglotf, GMP, mechagical grinding,; thermal

bake, laser scanning, or wet stripping, as shown in FIG. 3d. A build-up interconnect structure 132 is
formed ovéivsarfircbnduciordie B24land ecsurfacelofiesreapsilant £30@. THebdifiziig nterconnect structure

132 includss @ndnswating op passivation layar 134 cogtaining opg ofmeredayers, of sificon dioxide (Si02),
silicon nitride (Si3N4), silicon oxynitride (SiION), tantalum pentoxide (1a205), aluminum oxide (Al203), or
other mafetial hlvingsHhtar iIRSHIAAG AT SHURARAPPIOPERiesS TheSASHANG fayeP184 isformed using

PVD, CVD;, pinting.Spir §9ating,spray eeatingsintering: opthermal oxidagtion.ct padsrhebuild-up
interconnect structure 132 further includes an electrically conductive layer 136 formed in insulating layer

134 using 55 aRteFing et dehdifisirsToREsS SUGEs PVBIEYDSHG NG’ Blett®itit plating, and

electroless-plating procasspEonductivesiaye 136 can be ane-aleMorR layeEs obBh Gk Sne MNsAu, Ag, or
other suitable electricall)éconductive material. One Eortion of conductive layer 136 is electrically

connectedtoTontict pads 126 FLEMiEondidsr did4 2t Gthér pértions of conductive layer 136 can be
electrically common orwelectricallyrisplatedhdepending 6n the desgniandntumnectien of the=semmigenductor

device. 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. 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 electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide
physical support and electrical isolation for the device. The

flip chip semiconductor device provides a short electrical
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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 (li),
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
embodimegt, Oﬁ?nglgggve B;:ngsfl%o c%% ge ggq:rge% a eS\t}Jldcg%m S of sr%alccked uuqz‘ipsr. e 8In FIG. 3f,
semiconductor die or co?nponen%s T42 are mounted between conductive pﬁl%lrs T 8Wit(|i| con?act pads 144
on activetsurfacedidétoriented dc ke surfaseBof3suildaup inferconnectsstructure ik82a0pposite
semiconducloy. die 424, Contact pads 14.are eledticallygonnecadto, gonductive Jayet 136 with bumps
147. Active sﬁr ce 12 contains analog or drlglta clrcults mpﬁemented1 as active devices, passive
devices, conductivedaydrsrand: dielectric |a/ees formeewitiintke tie ahe efeetricadipdntetconnected

according o, theelegticgl desian and dundtion.ofhe dlie. Ror expmple. Jhe sireuls max inclugde one or

more transistors, diodes, and other circuit elements formed within active surface 146 to implement analog
circuits of digitaPcifctitss stich 43 DSFEIASIC tvdrof/ ©f btHersignal prbcessitg eiiduito Semiconductor

die 142 may alsg.centain IRD, such as inductors, capacitors, and resistors, for RF signal processing.
In FIG. 3g, an encapsulant or molding compound 148 is deposited over build-up interconnect structure

132 and semiconductof Hie142 andtarédnd edadiive pildrs 1aDising a pgasteSprirtirty; €oftpressive

molding, sransfer,moldings liguid encapsiangt molding,acusm:laminatien spim eeating, or other suitable
applicator. Encapsulant 148 can be polymer composite material, such as epoxy resin with filler, epoxy
acrylate WitR fiffert Br poRAteriitPpropet ATe EncapsRant £44 isSiditondtetiveard Ervironmentally

protects thecsgmiconduciodevee fram,external elgmentssandeentaminants.iEncapsylant 148 is
planarized by an etching process to expose conductive pillars 140. In another embodiment,

semicondUHGPdiB Or COMpOents 242 A€ duhted withToRtdld bats 44D AcitR SUrface®iu6 oriented
to the sudaas/atkyild-up yerconsrpebsiiuciyrentI2 oppesitessaricogducter dig1 b4 (wihoug forming
conductive pillars 140). Encapsulant 148 is deposited over build-up interconnect structure 132 and
semicondiictdr die 142> A lGralitf of Vid§ s formedin encapsdiant 148 uSing 185 drilifg SFetching
process, suth asR i Tdhectas ane fikad with Ad,rCiy,tSn,d¥ipAul Agatitasitm (T aW; pety-silicon, or

other suitggge %Igctcrically cogductivginaa'ge{iallg%igg %vg, Cngé elecéréjlyéig rPl%t(iengE Oe%(;:-nc@%)l((ejsserﬁ'):lating
process, or other suitable metal %@posﬁ}on process 8 ¥6rm cén&uc]tlve vias through encapsu‘fant 148. The
conductiveavias @re elttrcally temporary bonding film or etch-stop layer.

In FIG. 3b, semiconductor die or components 124 are
mounted to interface layer 122 with contact pads 126 on active
surface 128 oriented toward carrier 120. Active surface 128
contains analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within the die and electrically 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
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
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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 redistributjon la er% DL) for a greater input/output (J/O) pin count. . An
electricaIﬁlrzgjocnedsu%:f‘l\I}éjI bumgf) r%?ﬁ eria ?s (ﬁj%possﬁltse%eor?/&ecg%éﬁgtlsven]g;é—’rlfgﬁ ar%! %Fec%r?ca?lrﬁeconnected to
conductiverpiflarssl 4Gusing rafvevapor gtdork atectratyticplating,relédtrolesssplating yball drop, or screen
printing Process, ThglbuEnp mta.t%r'%l can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and combinations
thereof, wi?hegn %b(t:lonal f%(csojluttlgon'. For example, the bump material can be eutectic Sn/Pb, high-lead

solder, or lead-free _sol@er.FI'-lr%-bLﬁﬂp rﬁateﬁalésmmbledtto @ond@d@%ﬂgy@ﬂ@@usiﬁg @@qiﬁa@le
attachment or bonding process, In ppe embpdiment, the pump material s teflowed by heating the

material above its melting point to form spherical balls or bumps 152. In some applications, bumps 152
are refloweih aseedrd tinte litnpréde efechical cORRIEE tiEaductiVe |5 FThehumps can also be

compresgjgn bpnded o &HQ@%@‘%@J%%&%OQB}&{H% 132 represenhene ypg;ofdnteyeonnget structure

that can be fqrme% over conductive layer . The interconnect structure can alSo use bond wires, stud
bump, micP&bompL OF other lectficdl iRtércohneet BemieBada&to e drPP24- are-Singulated with saw blade

01 Lasersuing:devieg 194 dntoddividuabEONML CSRFIC: ASHONS. EQ2WI GS2A60 fep singulation.
Semiconductor die 124 and 142 are mounted to opposite sides of and electricalliz/ Interconnected through
build-up tsrEBnedt striutiur8 1322 By ModRthig-serfichhblictbt die¥24 aRdAA2HBTppBsitE sides of

build-up lntessenneat strietured3Za greater utiization efdhe buidupHteeconngct structure can be
achieved and. its size can be reduced, which saves manufacturing cost. Encapsulant 130 and 148 are
deposite§ AFoUTRI S5 MicdhdYcF Aie" 24 ahd 142 PSPVl BuitRup Hite eCE&FI&tare 132 is
electricallyiconnectehtodRBErkEOand bumps 152 by z-direction Interconnect conductive pillars 140,
which are also covered by encapsulant,148. Ir3% dual molding of semiconductor die 124 and 142 and using

conductive pillars 140 for z-difectioRIAte?cShriect BRbRISL 186 For fatstal fhtértGinect2the pitch of
bumps 152 istedaged mhiela increasesthedd pspeduwital 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
structure 132 is formed over semiconductor die 124 and a surface
of encapsulant 130. The build-up interconnect structure 132
includes an insulating or passivation layer 134 containing one
or more layers of silicon dioxide (Si02), silicon nitride
(Si3N4), silicon oxynitride (SiON), tantalum pentoxide (Ta205),
aluminum oxide (A1203), or other material having similar
insulating and structural properties. The insulating layer 134
is formed using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation.

The build-up interconnect structure 132 further
includes an electrically conductive layer 136 formed in

insulating layer 134 using a patterning and deposition process
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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 r semiconductor die.142 to reduce the overall height of the FO-WLCSP.
83/\/%@P% 9% lee q glC 1 q

FIG. 7 Shows With conductive bill%rs T40 and encaBSl?IgnP P48 %%Crl\arized to expose a

back surfate of seficonduttdridig 142 okikewise, @nudpsulantl 3G iggptandrizetato bxposesa back

surface org g,grenic‘loanqeurcgor od%'e A ff c 5 EFl E; s[&%ws gO,-V\(/ercgghleGIS \gl{gq gggq%ctive pillars 170
formed around semiconductor die 124 and bui é{-up Inferconnect layer 172 formed over a surface of

erycapsulahtsﬁ;_x_@.ﬂnahik&em@mmi,\men@rtmbi@ﬂayer@o%pmwreism _a?é deposited over carrier 120
prior to depositing epcapsulant 130 in FIG, 3¢, A portian of the phataresist 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-siliceroracombifation thepedf? fs-depusited ik e ¥ias usiiy & sefbetive platihgysrocess The

photoresist s giipped away leavigg behipdindividual conductive pillars 170 In aneiber embogiment,

conductive pillars 170 can be formed as stud bumps or stacked bumps. The remainder of the structure is
fOHnedaE&ﬂdﬁ@F&HQG%P@CﬁEPCtiOD 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.

In FIG. 3f, semiconductor die or components 142 are
mounted between conductive pillars 140 with contact pads 144 on
active surface 146 oriented to the surface of build-up
interconnect structure 132 opposite semiconductor die 124.
Contact pads 144 are electrically connected to conductive layer
136 with bumps 147. Active surface 146 contains analog or
digital circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die
and electrically 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
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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 5102, SI3N4, SION, Ta205, Al203, or other material having similar insulating and 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 uysing a patterning.and deposition process
Suh as PIB VD, sBulterie Acatyis paliog. S3d Slctrbless Sty Aratete. Cond e layer 176

can be ore ncmdre layers of At,aCu,cSm,d\Nij Asl, Agohother Baitablé &léctricadiycconductive material. One
portion of G %duc \Y IIl%yler 76 ig e:Lec ricaCII¥ conngctedstg co g 8tiveC iIIarC§.]é7q4C§thIgr ort'@ S of
conductive ?réygr %%é can bitéalréigct?icélﬁtl com?n%%lor'electrfgélﬁ/ éo}la%eg ]aepénding on tﬁg daes%n and
function ofcthe semidéaiductoradevice. 1nductdn FIGCOPEOIWMLCEP 480 hassshidglding layerr182 formed

over sen@c%ongyghoa(pi%}gg@ggi%qlding 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. Shigldingdayers 18 arsd $82 eeh betCarAnfdrfieor cabpayriron; stainless steel,
nickel silygry low-carbon. steely, siliean-irgn steel, foil ,gpexy, sopductiveresiy, and pther metals and

composites capable of blocking or absorbing electromagnetic interference (EMI), radio frequency

interfererf@ (R Getethefitterldelvice thierferehte CSRidlIG 185 efs 182 aRd 184 cintalode a
nonmetabmaterial such ascarbonsplack or aluminum flake toreduee the sffectspf EMLand RFI.

In FIG. 10, semiconductor die or components 190 are mounted to a temporary carrier with contact pads
192 on aBiVESIFTf ToA"Brighted toWard e cafiér Hctive surface 194%ohitains @haldg Gitdigital

circuits ingplemanted as@ctive devices mRassiva deviees, conduetiveslayers,and diglggtsis layers formed
within the die and electrically interconnected according to the electrical design and function of the die. For

example "RETrEdit maPmilue GRPEYmbFe trandistors [diddéS rarftPoteér eréditélefents Formed within

active surface 494 te implement analaghCipatitscar digital €ircuits; seep as1R8P, ASC imemary, or other
signal processing circuit. Semiconductor die 190 may also contain IPD, such as inductors, cap.:—écitors, and

regsuwsﬁﬁpﬁﬁpﬁéﬁﬁ[ﬁBgeﬁﬁNiHQﬂﬂﬁﬁﬂally protects the semiconductor devic

from external elements and contaminants. Encapsulant 148 is
planarized by an etching process to expose conductive pillars
140.

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 1s 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-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
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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.
Encapsuléagrt1 13(6: ése gor%%oncdggg\é% E’;\nd aeéjg/irggwentally protects the semiconductor device from external
elements and contaminants. THhe intermediate structure is inverted and the temporary carrier is
removed by chemical etohingsmechanical pedl<off; CMBcmeshanicaligendiig, thermalrbeke, laser

scanning, or wef strippin uild-up interconnect structure.198 is formed over semiconductor die 190
and enca%‘éﬁf%n%% ggﬁ% gﬁ%d-%j%%lnf%??oncn%%(glsltcrsﬁét\ﬂ?e %%%r?cﬁdeﬁsélgﬁ ins%?ating or passivation layer
200 contaihingtarie o iore faydvs bf 812] Si3N4 1SION,STH2051AR2035 ordtheraatetiah having similar
insulating, gnd ggggtgﬂlipggp%qiggegge Insulating I@WIZQQ,g fo Sgyé%la\,/D, CVD, printing, spin
coating, spray coating, sintering or thermal oxidation. The build-up interconnect structure 198
further inelueles amlalédtricalhacondictive fayek 20Rfolmed i stilstitglays<Z00- using a patterning and

deposition Jacess; sieh as BV Dy GVRspyltering. elsctrlytic plating, andelegtroless plating process.
Conductive layer 202 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductiVe:matétial AGne Portidi 6 cotithietive fayet 20213 efeehicallyconneéied tBrontdct pads 192 of

semicongugtendie 190. Qther-partigns of canductiye layenZzcanbeslectrically comman or electrically
isolated dependin%]on the design and function of the semiconductor device. One or more layers
of photoré&iéeare(d&hbsittdbver AlstirfatBof beild-wipYiRteréGhect Sitictuiré 198 6pposite semiconductor

die 190. Apertion ot thedphotoresist is\expased.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 inthe &S GSinG A Sele ARRDISTHY Brod¥EE. FRS photbtedist ié%&’r‘?ﬁﬁe%egway leaving

behind ingixiduat eenduetivepillarss2041 3m anathes esradiment, gopduetiverpilars204 can be formed as
stud bumgs or stacked bumps.

onductive 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,
high-lead solder, or lead-free solder. The bump material is
bonded 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
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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

encapsulpnt molding, vacyum. aminatiary spin coating, or ey suitape-applicaior,.Engapsylant 210 can
be polymer composite material, Ssuch as epoxy resin with fi ler, epoxy acrylate with filler, or poK/mer with
proper fillePncaizuldl 210ts nopicondugtiveand epwindmmedtally protects thedsemidonductor device
from external glements.and copiaminaats. AgJnterconnest stuctyre 296 i3 formed over,ecapsplant 210
An electrlcaﬁy con&uctlveﬁaye 12 is formed using a patterning an metalydeposmon process such as
PVD, CVD;sputtérify ielectratytioyslatingrarid-élestroless piating? Condeigtiveolayer 242 can be one or

more layers,of Al, Gu,. 50, Ny A, A8, or other suitable elegtrically gonductive material. Gonductive layer

212 operates as UBM and RDL for a greater 1/O pin count. An electrically conductive bump
material isTHeposied ©ver 6rdLTEvE Sayet 21 25aritt eletfically tonrédtéd o ednddiciveilldrs 204 using

an evapogaltian, €lectrglytic plating, glectraless, plating s balk drop; oL sereepprinfing prggess. The bump

material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and combinations thereof, with an optional flux
solution. Fof BgampleV e bufp inatetial eanr BeLELBEICSHPD, high-Rag stider, 6F [kadtifee solder. The

bump materal is bonded to eerdugtive jayer212-using a:suitable-atiachment or bpnding process. In one

embodiment, the bump material is reflowed by heating the material above its melting point to form
sphericaM5atR Gt btifds/214 HR-sbié Bppiitafib RS P MRfps 214 4ré réffowed a-second time to improve

electricalcpatact 10 gonguctiverdayer2l 2. I heohumps can@lsa.he sompressjon bangded ta epnductive
layer 212, Bumps 214 represent one type of interconnect structure that can be formed over conductive

layer 212 Thetifterdsiect Shtdetare €8n Bisbldse®ndrd wirds Stid Buims 1iirkers BURPS Or Bther electrical

interconnegtapsulant 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
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 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
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While one or more embodiments of the present invention have been illustrated in detail, the skilled artisan
will appreciate that modifications and adaptations to those embodiments may be made without departing
from the scope of the present invention as set forth in the following claims. Claims What is claimed: 1.A
method of making a semiconductor device, comprising: providing a temporary carrier;

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
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 of conductive
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mounting a first semiconductor die with first contact pads oriented to the temporary carrier; depositing
a first encapsulant over the first semiconductor die and temporary carrier; removing the temporary carrier;
forming a first interconnect structure over a first surface of the first encapsulant and first semiconductor
die, the first interconnect structure being electrically connected to the first contact pads of the first
semiconductor die; forming a plurality of first conductive pillars over the first interconnect structure;

T SRRt iR i bt g U PGSBS M SeGandcopct pcs
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
devices, passive devices, conductive layers, and dielectric
layers formed within the die and electrically 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
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depositing a second encapsulant over the second semiconductor die and first interconnect structure; and
forming a second interconnect structure over the second encapsulant, the second interconnect structure
being electrically connected to the first conductive pillars and first and second contact pads of the first and
second semiconductor die. 2. The method of claim 1, further including: forming a plurality of second
conductive pillars over the temporary carrier prior to forming the first encapsulant; and forming a third
interconnfgé:t stru%ure over a second ﬁl{rfacle Off*BB Sfirst encagsglgmt oggosite the Ofgétu sucrgarce of the first

encapsulant,?P{eS ird ﬁ?&léérrlr?esctrgﬁuctlﬁe%emg eleéf}ic%ﬂy connécted t the second conductive pillars

and first interkenrect structtréorm 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.

The build-up interconnect structure 198 further
includes an electrically conductive layer 202 formed in
insulating layer 200 using a patterning and deposition process
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
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3. The method of claim 1, wherein forming the second interconnect structure includes: forming a
conductive layer over the second encapsulant; and forming bumps over the conductive layer and first
conductive pillars. 4. The method of claim 1, wherein the first conductive pillars extend from the second
encapsulant. 5. The method of claim 1, wherein the first conductive pillars are recessed with respect to a
portion of the second encapsulant over the second semiconductor die. 6. The method of claim 1, further

inclu_ding spelarlargjzriln tci]%firs&?relc RS !ant ig%% ose atbf\gg su(gffxce grg éql% tcirlst éc,erlnglcoenrdu%og die opposite
the first contact pa%qsl. “The me%ogJ of claim 1E farther mcl%dlng ﬁlanarlzmg\fhe sedond encapsulant to
expose adzacksurfateafthe sétond semigonoductol eliec oppedifeythessetandcontast padsg 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.
Encapsulant 210 can be polymer composite material, such as epoxy
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
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8. A method of making a semiconductor device, comprising: providing a first semiconductor component;
depositing a first encapsulant over the first semiconductor component; forming a first interconnect
structure over a first surface of the first encapsulant and first semiconductor component, the first
interconnect structure being electrically connected to the first semiconductor component; mounting a
second semiconductor component to the first interconnect structure; depositing a second encapsulant
over the second semicopductor compgnent and first interconnect structure; 808 4s pup,

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.

While one or more embodiments of the present invention
have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those

embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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forming a second interconnect structure over the second encapsulant, the second interconnect structure
being electrically connected to the first and second semiconductor components. 9. The method of claim 8,
further including: forming a plurality of conductive pillars over the first interconnect structure prior to
depositing the second encapsulant; and depositing the second encapsulant over the second
semiconductor component and first interconnect structure and around the conductive pillars. 10. The
method of claim 9, wherein the conductive pillars ger}rgsfrom the second encapsulant. 11. The method
of claim 8, further including forming a conductive via tJﬁrough the second encapsulant.

What is claimed:

1. A method of making a semiconductor device, comprising:

providing a temporary carrier;

mounting a first semiconductor die with first contact pads
oriented to the temporary carrier;

depositing a first encapsulant over the first semiconductor
die and temporary carrier;

removing the temporary carrier;

forming a first interconnect structure over a first surface
of the first encapsulant and first semiconductor die, the first
interconnect structure being electrically connected to the first
contact pads of the first semiconductor die;

forming a plurality of first conductive pillars over the
first interconnect structure;

mounting a second semiconductor die between the first
conductive pillars with second contact pads oriented to the
first interconnect structure;

depositing a second encapsulant over the second
semiconductor die and first interconnect structure; and

forming a second interconnect structure over the second
encapsulant, the second interconnect structure being
electrically connected to the first conductive pillars and first
and second contact pads of the first and second semiconductor

die.
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12. The method of claim 8, further including: forming a plurality of conductive pillars adjacent to the
first semiconductor component prior to forming the first encapsulant; and forming a third interconnect
structure over a second surface of the first encapsulant opposite the first surface of the first encapsulant,
the third interconnect structure being electrically connected to the conductive pillars and first interconnect
structure. 13. The method of claim 8, wherein forming the second interconnect structure includes:
form_lng %gonduﬁq\eferkaggg oyer tIheCﬁ%cionqdls;urf &Pt?! eth {'{%ﬁ?&?ﬁ%ﬁ'am opposite the first surface of
the first encapsulant; an
forming a plurality of second conductive pillars over the
temporary carrier prior to forming the first encapsulant; and
forming a third interconnect structure over a second
surface of the first encapsulant opposite the first surface of
the first encapsulant, the third interconnect structure being
electrically connected to the second conductive pillars and

first interconnect structure.

3. The method of claim 1, wherein forming the second
interconnect structure includes:
forming a conductive layer over the second encapsulant; and
forming bumps over the conductive layer and first

conductive pillars.

4. The method of claim 1, wherein the first conductive pillars

extend from the second encapsulant.

5. The method of claim 1, wherein the first conductive pillars
are recessed with respect to a portion of the second encapsulant

over the second semiconductor die.

6. The method of claim 1, further including planarizing the
first encapsulant to expose a back surface of the first

semiconductor die opposite the first contact pads.
7. The method of claim 1, further including planarizing the

second encapsulant to expose a back surface of the second

semiconductor die opposite the second contact pads.
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forming bumps over the conductive layer. 14. The method of claim 8, further including forming a shielding
layer over the first semiconductor component or second semiconductor component. 15. A method of
making a semiconductor device, comprising: providing a first semiconductor component; depositing a
first encapsulant over the first semiconductor component; forming a first interconnect structure over a
first surface of the first encapsulant and first semiconductor component, the first interconnect structure
being elegtrically conpected 10 the first semiconductor GOMRINeNt i ce, comprising:
providing a first semiconductor component;
depositing a first encapsulant over the first semiconductor
component;
forming a first interconnect structure over a first surface
of the first encapsulant and first semiconductor component, the
first interconnect structure being electrically connected to the
first semiconductor component;
mounting a second semiconductor component to the first
interconnect structure;
depositing a second encapsulant over the second
semiconductor component and first interconnect structure; and
forming a second interconnect structure over the second
encapsulant, the second interconnect structure being

electrically connected to the first and second semiconductor

components.

9. The method of claim 8, further including:

forming a plurality of conductive pillars over the first
interconnect structure prior to depositing the second
encapsulant; and

depositing the second encapsulant over the second
semiconductor component and first interconnect structure and

around the conductive pillars.

10. The method of claim 9, wherein the conductive pillars

extend from the second encapsulant.

11. The method of claim 8, further including forming a

conductive via through the second encapsulant.
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mounting a second semiconductor component to the first interconnect structure; depositing a second
encapsulant over the second semiconductor component and first interconnect structure; and forming
a second interconnect structure over the second encapsulant, the second interconnect structure being
electrically connected to the first and second semiconductor components. 16. The method of claim 15,
further including: forming a plurality of conductive pillars adjacent to the first semiconductor
component prior to forming the first encapsulant; and forming a third interconnect structure over a
second surface of the first encapsulant opposite the first surface of the first encapsulant, the third
interconnkezt stractarenbéingaeledtricalbicorthected-tothe comdustiengitlars and first interconnect
structure. forming a plurality of conductive pillars adjacent to the
first semiconductor component prior to forming the first
encapsulant; and

forming a third interconnect structure over a second
surface of the first encapsulant opposite the first surface of
the first encapsulant, the third interconnect structure being
electrically connected to the conductive pillars and first

interconnect structure.

13. The method of claim 8, wherein forming the second
interconnect structure includes:

forming a conductive layer over the second surface of the
first encapsulant opposite the first surface of the first
encapsulant; and

forming bumps over the conductive layer.

14. The method of claim 8, further including forming a
shielding layer over the first semiconductor component or second

semiconductor component.

15. A method of making a semiconductor device, comprising:

providing a first semiconductor component;

depositing a first encapsulant over the first semiconductor
component;

forming a first interconnect structure over a first surface
of the first encapsulant and first semiconductor component, the
first interconnect structure being electrically connected to the

first semiconductor component;
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17. The method of claim 15, further including forming a conductive via through the second encapsulant.
18. The method of claim 15, further including: forming a plurality of conductive pillars over the first
interconnect structure prior to forming the second encapsulant; and depositing the second
encapsulant over the second semiconductor component and first interconnect structure and around the
conductive pillars. 19. The method of claim 18, wherein forming the second interconnect structure
includes: mounting a second semiconductor component to the first
interconnect structure;
depositing a second encapsulant over the second
semiconductor component and first interconnect structure; and
forming a second interconnect structure over the second
encapsulant, the second interconnect structure being
electrically connected to the first and second semiconductor

components.

16. The method of claim 15, further including:

forming a plurality of conductive pillars adjacent to the
first semiconductor component prior to forming the first
encapsulant; and

forming a third interconnect structure over a second
surface of the first encapsulant opposite the first surface of
the first encapsulant, the third interconnect structure being
electrically connected to the conductive pillars and first

interconnect structure.

17. The method of claim 15, further including forming a

conductive via through the second encapsulant.

18. The method of claim 15, further including:

forming a plurality of conductive pillars over the first
interconnect structure prior to forming the second encapsulant;
and

depositing the second encapsulant over the second
semiconductor component and first interconnect structure and

around the conductive pillars.
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forming a conductive layer over the second surface of the first encapsulant opposite the first surface of
the first encapsulant; and forming bumps over the conductive layer and conductive pillars. 20. The
method of claim 15, wherein the second semiconductor component is a discrete semiconductor
component.

19. The method of claim 18, wherein forming the second
interconnect structure includes:

forming a conductive layer over the second surface of the
first encapsulant opposite the first surface of the first
encapsulant; and

forming bumps over the conductive layer and conductive

pillars.

20. The method of claim 15, wherein the second semiconductor

component is a discrete semiconductor component.
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