SEMICONDUCTOR DEVICE AND METHOD OF FORMING OPEN CAVITY IN TSV INTERPOSER TO
CONTAIN SEMICONDUCTOR DIE IN WLCSMP Field of the Invention The present invention
relates in general to semiconductor devices and, more particularly, to a semiconductor device and
method of forming an open cavity TSV interposer to contain semiconductor die in a wafer level chip scale
module package. Back%round of the Invention Semiconductor devices are commonly found in

modern eleGFOMED ORs BiESHEu AP (MATESRaRFinGREMING &P dEhshy of Bbclirdal
components. Discreld' SERFFHR P o%%%rd‘én%m BREATHR R/EE ot I omponent, 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

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of forming an open cavity TSV interposer to
contain semiconductor die in a wafer level chip scale module

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, communications, power conversion, networks,
computers, and consumer {)roducts. Semiconductor devices are also found in military applications,

r

aviation, a6tohrétive MHUS

ral controllers, and office equipment. Semiconductor devices exploit

the electrical properties ef,semiconduetor qeaterals. Fbe atemicsstiuciwrerefisgmieenductor material
allows its electrical conductivity to be manipulated by the application of an electric field or base current or

through th8'Br&ceEsofdEping: DAPifY irtFthites Imblrifids: S the- SEMIBMEGLHIY nidterial to
manipulate aad controktheconsivgtvityrafdhe sgnucenductertdeyiceing eledk semiconductor device
contains active and passive electrjcal strucﬁure : Active?iltructures,, including bigolar and field effect

transistorsS ontrel the fIRRSdIB et darctit

en ?’ﬁy V3G eVl or dopind and applidatdn of an electric

field or basescurrenty theetransistor idherpromates on restretsdhe flowsefrelectridalcistent. Passive

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 office equipment.

Semiconductor devices exploit the electrical

properties of semiconductor materials. The atomic structure of

semiconductor material allows its electrical conductivity to be

manipulated by the application of an electric field or base

current or through the process of doping. Doping introduces

impurities into the semiconductor material to manipulate and

control the conductivity of the semiconductor device.

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

Semiconductor devices are generally manufactured using



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 'pétertRlly Hemdreds drstéps. ErenkRERd Aidititactirifg inVohastheermation of a plurality of die
on the surfaece f ecsemicgnduetar walker- Eaeh dieisttypicakly idgntiealand eafainsraircuits formed by
electrically connecting active and passive components. Back-end manufacturing, involves singulating
individuaPGieFrom i‘ﬁgﬁnﬂ%}i%]{/\?ﬁér &itd phEkaing e tie 16 prothae Strctutar Sportt/ard © S
environmental fsalation.on of Ona gealdfisenicoaductenmansfactidringis te praduce smaller
semiconductqr devices. SmaII% devices t§%ic lly consume less}p%ower, have higher performance, and can
a

be produB&l OB EHfici8htly" i Bdition> érsemicoRHUCRr devitas RavE a's r footprint, which is

desirabledonsmatier end praducts A smaller dielsize: maydiel achievied by improvenients imthe front-end

process resulting in die with smaller, Iggl? r density actiye and passive components. Ba_q_ké%nd ﬁrocesses

may resultin Semiconducior device pac Cages with & 'Smatler 1foo]t|{)1ﬁntlI51yVﬁ9npr%is’/er%lerrll Sin“electrical

interconnectionr addgackagingmmateriats. £ inishiMafes fexel ehip scatkmpdote packages (WLCSMP)

typically c%ntglln dseta%%erdus mico dLSJctor die over ﬁ%% l{)ﬁr’é\évg&ge%ntgr aglscoﬁ%bcsltrate or interposer for

higher device integration. Examp es of the WICS upper and lower Stacked semiconductor die
can be found in US patemnts 6921968, 5977640 nand 89064E5 Utheclower sgnicoriductoragia dssthinner

than the oraanic substrate and thys confained within e encapstilant. Accordingly, it is difficult to properly

dissipate heat from the lower semiconductor. The fixed organic substrate requires care when handling to
avoid damagewaehe s serliconduttordid ialxidition; rpages & a pecurang issterduedtodnidmatches

in the 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 packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

Wafer level chip scale module packages (WLCSMP)
typically contain stacked semiconductor die over and between an
organic substrate or interposer for higher device integration.
Examples of the WLCSMPs with upper and lower stacked
semiconductor die can be found in US patents 6921968, 5977640,
and 6906415. The lower semiconductor die is thinner than the
organic substrate and thus contained within the encapsulant.
Accordingly, it is difficult to properly dissipate heat from the
lower semiconductor. The fixed organic substrate requires care
when handling to avoid damage to the thin semiconductor die. 1In

addition, warpage is a recurring issue due to mismatches in the



coefficient of thermal expansion (CIE) between the upper and lower semiconductor die and organic
substrate. Summary of the Invention A need exists for a thinner WLCSMP with good heat
dissipation and which is robust against warpage. Accordingly, in one embodiment, the present invention is
a semiconductor device comprising a semiconductor wafer having a plurality of first conductive vias
formed in the semiconductor wafer and a cavity formed in the semiconductor wafer. A first semiconductor

die is dispO&ed withrthe Tavity A Balorrd Bemicomduttol tle REMBERRIHO%NERRRicSHlictor wafer over

the first semieendustar-dia andrelectdcallsepnnacted to-thedisst-eenductive vias. An encapsulant is
deposited over the semiconductor wafer and second semiconductor die. A first interconnect structure is

formed over the semiconductor wafer opposite the second semiconductor die and electrically connected
to the first conductive vias. A secondsnisfearineststtheiumnisdatmed over the second semiconductor die
and encapsulant. In another embodiment, the present invention is a semiconductor device
comprising a first substrate having a plurality of conductive vias formed partially through a first surface of
the first substrate and a cawityi farmiespartialty thraugh thecfirst. sgnfacevafrthefissticsubstrate. A second
substrate i§Sdsispo(_jsegovylithip1 éhew 1ga\(/:iﬂl. fxsfirgg %%rg'cogdggtrcl)r tclie [as mgugtgd t é@% P&slt suiface of first _
substrate over the second Substrate and eléctical y Eotmecied 10 the conductive vias. AR &fcapsulant IS
deposited nventhecirsoslinfaoetof the dirstrsebstratelave: fitst semicondustor idiedwemnotirer embodiment,
ﬂm[NeS%%yyggM8g£%gising a semiconductor wafer having a plurality of

first conductive vias formed in the semiconductor wafer and a

cavity formed in the semiconductor wafer. A first semiconductor

die is disposed within the cavity. A second semiconductor die

is mounted to the semiconductor wafer over the first

semiconductor die and electrically connected to the first

conductive vias. An encapsulant is deposited over the

semiconductor wafer and second semiconductor die. A first

interconnect structure is formed over the semiconductor wafer

opposite the second semiconductor die and electrically connected

to the first conductive vias. A second interconnect structure

is formed over the second semiconductor die and encapsulant.

In another embodiment, the present invention is a

semiconductor device comprising a first substrate having a

plurality of conductive vias formed partially through a first

surface of the first substrate and a cavity formed partially

through the first surface of the first substrate. A second

substrate is disposed within the cavity. A first semiconductor

die is mounted to the first surface of first substrate over the

second substrate and electrically connected to the conductive

vias. An encapsulant is deposited over the first surface of the

first substrate and first semiconductor die.

In another embodiment, the present invention is a



semiconductor device comprising a substrate having a plurality of first conductive vias formed partially
through a first surface of the substrate and a cavity formed partially through the first surface of the
substrate. A semiconductor component is disposed in the cavity. A first semiconductor die is mounted to
the substrate over the semiconductor component and electrically connected to the first conductive vias.
An encapsulant is deposited over the first surface of the substrate and first semiconductor die. In

another etRBAREHE theTpra&ant FhRveriBts aiskmitoRdticor 8&Ficd T8Mtisthgd SGBstdte having a

plurality of condustive-wiag denmed partially tyeugh afirstsurface efithesybstrateiand a cavity formed
partially through the first surface of the substrate. A first semiconductor die is disposed in the cavity. A
second seidaitfuctdr diffs MYtRted o the SubRtra dvet the firsSenmtsnductsr dikandectrically
connectegle thie eendyeiiveadas.ofn eneapsutaniis depositedsevardba dinsitssirfacenad dhe substrate and
second semiconductor die. Bri%f Descrijﬁ)tion of th% Drav%/ings , J FIG. 1 illustrates a PCB wijth
different types of Packaged motfted o ite’surfdeet ** 5t SERES 24SE iftfstrate futheP UREAIFS the
representativelsemiconduciarpackages mouried to thinPCH; comporldGs. 3adi illustrate a process of
forming  WLGSMP faping an open cavity for, containing & semicandugtor dic and fnterconnected through
a ISV interposer;
encapsulant is deposited over the first surface of the substrate
and first semiconductor die.

In another embodiment, the present invention is a
semiconductor device comprising a substrate having a plurality
of conductive vias formed partially through a first surface of
the substrate and a cavity formed partially through the first
surface of the substrate. A first semiconductor die is disposed
in the cavity. A second semiconductor die is mounted to the
substrate over the first semiconductor die and electrically
connected to the conductive vias. An encapsulant is deposited

over the first surface of the substrate and second semiconductor

die.
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-31 illustrate a process of forming a WLCSMP
having an open cavity for containing a semiconductor die and
interconnected through a TSV interposer;

FIG. 4 illustrates the WLCSMP with an open cavity

containing the semiconductor die and interconnected through the



FIG. 4 illustrates the WLCSMP with an open cavity containing the semiconductor die and interconnected
through the TSV interposer; FIG. 5 illustrates the TSV interposer with a polymer insulating layer;
FIG. 6 illustrates the WLCSMP with a heat spreader and TIM layer formed over the upper semiconductor
die; FIG. 7 illustrates the WLCSMP with an EMI and RFI shielding layer formed over the upper
semiconductor die; FIG. 8 illustrates the WLCSMP with conductive pillars formed through the

encapsulantl tnterposer;
FIG. 5 illustrates the TSV interposer with a polymer

insulating layer;

FIG. 6 illustrates the WLCSMP with a heat spreader and
TIM layer formed over the upper semiconductor die;

FIG. 7 illustrates the WLCSMP with an EMI and RFI
shielding layer formed over the upper semiconductor die;

FIG. 8 illustrates the WLCSMP with conductive pillars
formed through the encapsulant;

FIG. 9 illustrates the WLCSMP with conductive pillars
formed through the encapsulant and conductive layer formed over
the encapsulant;

FIG. 10 illustrates the WLCSMP with conductive pillars
formed through the encapsulant and interconnect structure formed
over the upper semiconductor die;

FIG. 11 illustrates the WLCSMP with TSV formed through
the upper semiconductor die and interconnect structure formed
over the upper semiconductor die; and

FIG. 12 illustrates the WLCSMP with TSV formed through
the lower semiconductor die and interconnect structure formed

over the lower semiconductor die.

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



FIG. 9 illustrates the WLCSMP with conductive pillars formed through the encapsulant and conductive
layer formed over the encapsulant; FIG. 10 illustrates the WLCSMP with conductive pillars
formed through the encapsulant and interconnect structure formed over the upper semiconductor die;
FIG. 11 illustrates the WLCSMP with TSV formed through the upper semiconductor die and interconnect
structure formed over the upper semiconductor die; and FIG. 12 illustrates the WLCSMP with

TSV formedthrish thetower semicontduttor e aRd FMerhnelEsttactGR-formed over tHe River

semicongiictemdie aPetailed Descsiption shthe: BEAWINGgu i valedhe RIesenidpyention isydesgebed in
one or mare embodiments in the foIIowin(&/description with reference to the figures, in which like numerals

represent fhe' SAME Br Linfifar EiEment WHikPhE Aention is described in terms of the best mode for
achieving the inventiorss:nbjestives; ttorill bevappreciated by thaseiskilletkimihe @rtthatiitissintended to
Covera“%wgﬂg%%gqggﬁgggg?égggfﬂ%gﬁg?%%gggggxb%ront—end manufacturing and
back—-end manufacturing. Front—-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

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



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, Each die on the wafer contains active and passive electrical

componeérits, WHiER ArBlettricaly Torin8ted 8 F5rht futittibRara1&eiiRal EfctETABRR éRctrical
componenis; sueh asHransjgierscanc diosiesahavesthesahilityde coatiol thedlow atelectiicat eurrent.
Passive electrical components, such as capacitors, inductors, resistors, and transformers, create a

relationsHip BEtWEER VO itaGE alid ¥urreRP nECe SRR 1o Perfoimk 8lectiidal ditcuiPfuntHige. Passive

and activercpsmperients are-faimedover the serfage obthesemitonductpn wafetdy asearies of process
steps inclLﬁin doginlgl, depositjon, photolitho%;aphy, etcpging, and planarization. I?Lg]ping introduces
impuritieS' INtS the semicandcto? ate i tfedhnicues Such Askion ImPBERTAON oF thermal diffusion.
The dopipg precessdnadifies the electricah sonduciivity o€ semigondeictos materaliineactive devices,
transformingPthe semiconductor material itﬂto an insu{ator cogd%ctor, or d(}/namicallé/ changing the

cal ¢ ctigns . c

semiconductor ma etrl%ﬂ conddc ﬁ/lct)tﬁnl respon%relrfg an electric Tield 6r base urrent. Transistors contain

regions of varying typesrandldegrees of dopigrartargeteas necessaphtotendalile doe trahsgistor to promote

or restrict the f£0W gf elfctricajcﬁurr%nt upon the ap&ic@ioq}gf the electric field Qr baselcurrent.
Active anc plzfssivle (\:foombfgr?ents are ?(gjrmseldt l%f/j Payers of Materials with different elecirical Sr'o%'e’rties. The

Iay_ers capfbétf@rmeéldjyra vaﬁ?etyiﬁﬁﬁeb@siﬁop#@cmﬁqg@s:d@mnmﬁle_d i paatihethe t_i,/_pe of material _
being depasitede For example, thin film.deposition may invglve ehern @Q{V%%Ofn%zpi’%&'k?@ (CVD), physical

vapor deposition (PVD), electrolytic plating, and electroless plating processes. Each layer is generally
patterned feefop@rporiions 6f &&tiverdonipasents, thassivieecompolarsts tedeleetriabdonnestions between

components, .4 e layers aanbe patiemed:using photolithography, whighinvelves the deposition

of light sensitive material, e.g., photoresist, over the layer to be patterned. A pattern is transferred from a
photomaskitthefshdi6rasist teiflight. 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-
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
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.



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 technigues such as electroless
and electrolytic plating. Depositing a thin film of material over an existing pattern can exaggerate
the underlying pattern BAG'Erédte dHOREATSHY HAt SGFSce A Gniforhily Aidt Strface is required to
produce smalenand more glensely packed agtive and fassive companents: IPlanarizationtgasbe used to
remove material from the surface of the wafer and produce a uniformly flat surface. Planarization involves

polishingRAEsaFaRE of e Wafer With & POHSHIRG PadS AR &sifE h B A aHd €St Gsive chemical are
added to the surface, of theowafer giuriag potisking i Ehe cambingtkmechanical-actianof the aibsasive and
corrosive action of the chemical removes any irreqular topography, resulting in a uniformly flat surface.
Back-end hANGIAIT FETar B tutiig o URgaiating thd it Shed haFar it the B UAI Gfe and then
packagingdhe iskesfor stmusturalfeuppost arichgnvicarwmental isglatioha$e singutaterthe die; the wafer is
scored and quJr_%lien along Kfpgtrmctional ieg%i)ons of the wafer caI.I%ql saw OF,Ireeets or scribetséghg wafer is

singulateéausmg gqgs'er cutting tool OrSaw blade. After s%nr@%}avtllon, e individdal die are mounted to a

package substratedhathnckites tping brcontactlpatssfop interconneotidra withwthler System components.

Contact pladcs formed over the se g:onché‘tor die are then connectcegl to c&gr%cé g@dg é/\(/j{tshin the package.

I rconnection wi S em compon .
The electrical connections can be made with solder bumps,pstug%umps, conductive paste, or wirebonds.

An encap)f_swtamf_t@r@vhﬁecr _mbkdirmém'acteﬁral}t@td@posit’e@ oVt th@pack&g@&ﬂpﬁr@@id@pmsmport _and
electrical isolation. cHhe finighed package is then Inserted info.an glectrical system.and fhe flinetionality of

the semiconductor device is made available to the other system components. FIG. 1 illustrates
electroni®’ dévice Sodsavimyaehip edviér substiate Or printdd-vitccuielsdard (PTBYBXRwith@plurality of

semicondyctar packages mowted ondts surface, Elecironic deviee SQapay have ogedype gk

semiconductor package, or multiple types of semiconductor packages, depending on the application. The

different BpesaF sehficatiticiclpatREges ate SHEWATT FRGIL fdrqstirpésesoflifastrdtion: -

Electronig devieep0-may be.a stand-alone system, that usgs the semicangductor pagkages taperform one
or more electrical functions. Alternatively, electronic device 50 may be a subcomponent of a larger

system. Edrexaniplé leletioRid tevicePS50 Ay SR HFapHiEs Eard, HR¥WGik IhferfaR@ard, or other signal
processing;gardthatcan, bedasertadinte a computermJhesaniconductor package can Include

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,
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 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

depositiof Fro0&EL Sigiidl taceS BAProbite foPBletfiftat Comihtifiddtion déthveehdaeh of the

semiconductenpackages rmpynteshampanentsrand giher externalsystem camponests. ddaces 54 also
provide power and ground connections to each of the semiconductor packages. In some

embodimehts. ZodEmioRdGEDr davic8 HastwdBackagngasvels SEifstievél packading s a technique for

mechanicalhyaneeelestrically attaching the semiconductor die to an intermediate carrier. Second level

packaging involves mechanically and electr %all atta,ching the intermegiate carrier to the PCB. In other
embodiments, a semicoRdEctdr d \’/icg%?a;‘ i HAETRE firstdEVEl PackSGing Witere the die is
mechanicallywand.electricaihy mountedidiseethyttoithe PCB.t er connleartthe purpese of illustration, several
types of first Ievgln%%cckgglrnggén%%dm wire b%?c(ljpacka:g?e;% d fI|ngkr11|8 58, are shown on PCB 52.

Additiona?l?/fnslecveral types o 86¢6 evlélf)blarllc %ginogr,l including ball grid arlrlacyﬁ(]éf(fA)c'éa%aump chip

carrier (BGQ)82 dual inckne packageo(BiP) 64 slandagriel array (LGANG6 analtischip ntadulé ZIMCM) 68,

quad flat nonyisaded package (QFH) 70,90 guad fah package 72, a1¢ shounmalnted on PCB 52

Dependirlllgsﬁggn the ystem requirements, any combination of semiconductor pagkages?%énfigured with
anyconﬂanamﬁmoprinting, 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. In 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

-10-



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 pre-made components into electronic
devices and systems. Because the semiconductor packages include sophisticated functionality, electronic

devices cahrise nfaifRRGRIFuSHTY Bhe&FEOMPOhetity aRd a Sfedifiied®mantfscturing process. The

resulting devises afie tessdikebniorfall Anddessexpensie-tosmandfastiure yesulting insadewer cost for
consumers. FIGs. 2a-2c show exemplary semiconductor packages. FIG. 2a illustrates further

detail of BIP°84 THEUHEd on ' PEBEY! Senficdidiictor dit 4 ndRided airadive ra§iohLHtaining analog
or digital skeuitsimplementeshas agive devices, passiveddevicesneanducivellayers, and digleetric layers
formed wijthin the die and are electrically interconnected according to the electrical design of the die. For
example PETHCHR Hray B OIS ord hah S g Inddctbre. capaaiisrs TauEisr, and
other cirquitcementsofoemed withiny the activerregion, ohsemitanductor diecAh Gontactpadst£6 are one
or more Ia\r/ers of conductive materia{, scuch %[S aluminum @Ilb.co%)gegégu)s tint(eSIQ%, nickel (Ni), gold (Au),

or silver @\gﬁ,_énr? grecgf%ﬁ%%w Rofihected T6 the Sircuit Slerments formed within semiconductor die 74.

During asserbly of DR 6Zksenmicohductor die Zddg armounted taan satpimediatacadier 78 using a
gold-siican eutectic Jaxer,or adhesive material such as Ihermal epoxy. The padkpge ody includes an
insulative packaging material such as poJIymer or ceramic. Conductor leads 80 and wire bonds 82 provide
electricaldhtescornect betweert semicorrductoradia Ydrawl PEBB2 Envapsalapt 844s depositer] over the

package far eronmenta) proteciion by freventng poisiure.and parclesdtom gnisying thegackage and
contaminating die 74 or wire bonds 82.

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
region of semiconductor die 74. Contact pads 76 are one or more
layers of conductive material, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit 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
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FIG. 2b lllustrates further detail of BCC 62 mounted 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 such as

electrolytREPIATAG F efectroftst platirfg'td preVentoxid &P ohtactpatts 162 drP@gdtrizdlly connected

to one ordyeke eandustive sighaltiaces, 54 i Redh 52.1Bumps dodide fekmed betwaemeontact pads 98
of BCC 62 and contact pads 102 of PCB 52. In FIG. 2c, semiconductor die 58 is mounted face

down to MtEritediste TRTH&PIT6With A ffip SHip Sty R FirdPle b8 patkalig: Attide region 108 of
semicondugiardierb8-derdaisanaloger digital aironits Implemented as active devices, passive devices,
conductive layers, andFdieIect ic Iaﬁlrs formed accorditrltf; to the elecgric%l desicgn f the die. For example,
the circuit may Include’oné or'ore trafsisfors Hisddes: TRductsrs® tap&ditars, resistSIUAnd Sther circuit
elementsowitfiomctive regien 108nSenticandiictoradie 58 iselectrichallyand meehadricalpoconnected to

carrier 106 throu%r}lburrrll BGA 60 is electr%%aelg and me%g%nlc%llyégonn%ged to PCB 52

s 110
with a BGA %?ﬁe secélnéﬁ) %{/gﬁ%alck%rgiﬁe&) Séﬁﬁé%%sﬁ%ﬁls T emiconductor die 58 is elecf?i%ally

connecteddodenddctiversigial tfacest54 svrCBBZ throggh bumpsciit®; signatlimeshl4, and bumps
112.AmoIéin{1|:gdc%m gggd % encapsulant %,}LOGLi .deposited ov rsemiconcq ctorggen%B fl@gl carrier 106 to

. . . n CcQmMpPo or. e S S,
provide p%ysmai:su port and electrical isolation for the device. The ﬁlp cI}np Semiconductor device

provides @estmtiél_edtri@abcomﬁgn r_p}émtrgm ﬂhé@qo%i@e_&i@@ioe‘sam @@mi@:@r_]éctbo dier58 tgleonduction
tracks on PGB.92.In ardepta teducs signal prapagatiop distance, lewer capacitance,.and Improve overall

circuit performance. In another embodiment, the semiconductor die 58 can be mechanically and
electricalfyceteiterhditectly2o0PEB Borising flipechip siiler first fevef pBekadiAg withodt intermediate

carier 100, ;- a1 o RS 32 A ustiate indelafiondo HGs. 1 800 20:26.5 prggess of forming

WLCSMP having an open cavity for containing a semiconductor die and Interconnected through TSV
Interpose? L PIE. 736 SIS6W® dehiifondudtscwarer 138 contdifihg a base sabstPae natediaPsikch as

silicon, geraanium, gallium-grsenide, indidmyphosphide, of silican cardide, for shiyetural support. A
substrate or carrier 120 contains temporary or sacrificial base material such as silicon,(%({ylymer, polymer

composite2metalF eéraric, glasERfaddépdae bEAIMAT dxXite’ B Bttt stitabledscast, fMdid material or

bulk semigendggtos yeatedakfor stryetyral syppert. Angntesface layer or tape 121 is applied over carrier
120 as a temporary adhesive bonding film or etch-stop layer. Semiconductor wafer 118 is mounted to

carrier tape 121 with sdffade’ £23 drientESel WAy for-the tapg. 28 1s mounted face down

to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. 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,
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In FIG. 3b, a plurality of vias is formed from surface 123 partially through semiconductor wafer 118 using
laser drilling or etching process, such as deep reactive ion etching (DRIE). The vias are filled with Al, Cu,
Sn, Ni, Au, Ag, titanium (Il), W, poly-silicon, or other suitable electrically conductive material using PVD,
CVD, electrolytic plating, electroless plating, or other suitable metal deposition process to form
conductive through silicon vias (TSV) 122. An optional insulating layer can be formed around TSV 122. A

circuit layst 4 2248%¥6rmed oversubfacd 1538 GIEEMicBAdGctoFWafet S8 Clirchit tayet 124 contains an
electricallyegansiuetive ayer 125:separatad byrinsulating layes 126 - The insutatingdayerc126iean be one or
more layers of silicon dioxide (S102), silicon nitride (SI3N4), silicon oxynitride (SION), tantalum pentoxide
(1a205), BRTinGh oxiHEXRRD3: o‘?&r%gﬁ,l&a&thérsﬁja?éﬁa?%agﬁlﬁ difflafingdfating ahdSstructural
properties 1 The insulatingrlayemtReisdormed Usingd?¥hi €MD, pristing t Spincoating.aSpray coating,
sintering or tr(ljermal oxidati%% ?Eﬁortior}éof insulating Iaé/er 126 is removed béém etchin§i,pro SS.
ConductiV8 158 15%"s ¥srmed e emoved porishs afinsulating yer 138 sy pattéming with PVD,
CVD, sputteringn electrotyictptatings etectrotessoplating ,cordther-suitadte: metal ideposition process.

Conductiveé?%/er 125 candq%gge or mare Ia&ers of Al, %u, Sn, Ni A(?IJ, iAxg%m other suitable electrically
c

conductive ?éqr?aﬁ.laﬂe portlonn(():fe Conduttive ?f)}%?ijz IS %?e’ctr?cna y nectedtd 22. Other

portions coficonductive layeri2bcan belelestrically commoni omeletcirically isptated dependimg on the

design an funton of the, semisondystor fevice, One.or.mere Infegrated passive daviges (IPD), such as
inductors, capacitors, and resistors, can 24 for |¥|g

e formed in circuit layer signal process A
trench 128isHekned fromisyrfdcel P23 parialy YHrou§hsemidenductorwatey 118 with-Sufficient width and
depth to contain a semiconductor die.,Tyench 128 can be formed with saw blade, laser drilling, or DRIE.
In one embodiment, trench 128 has a width greater than an x/y axis length of semiconductor die 134 and
depth greater than a tHidkness ot sémidondugtorafie, in relation to FIGs. 1 and Za-

2c, a process of forming a WLCSMP having an open cavity for
containing a semiconductor die and interconnected through TSV
interposer. FIG. 3a shows a semiconductor wafer 118 containing
a base substrate material such as silicon, germanium, gallium
arsenide, indium phosphide, or silicon carbide, for structural
support. A 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. An interface layer or tape 121
is applied over carrier 120 as a temporary adhesive bonding film
or etch-stop layer. Semiconductor wafer 118 is mounted to
carrier tape 121 with surface 123 oriented away from the tape.
In FIG. 3b, a plurality of vias is formed from surface
123 partially through semiconductor wafer 118 using laser
drilling or etching process, such as deep reactive ion etching
(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,
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134. An optional trench 130 is formed from surface 123 partially through semiconductor wafer 118 for
dicing saw space. Trench 130 allows the sides of semiconductor wafer 118 (later referred to as TSV
interposer) to be covered by encapsulant after singulation. FIG. 3c shows a semiconductor die or
component 132 having an active surface 133 containing analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric layers formed within the die and electrically

interconretfstF-accdTdingito Hhe Biectidal deSigh aittfuttion BE it digd SRR darRpled HFGircuit may
include opg of dnaredransisions; diadesoand othericisyitelementsfosmed withinactive-swiace 133 to
implement analog circuits or digital circuits, such as digital signal processor (DSP), ASIC, memory, or

other sigrdiPtocesdify LGt <ethichRAdAOraR TIPS also’ cdritain IPD, StichHstinddétors,

capacitorspand segistors; doObRESignal peeeessiy).of semAdbelectrically eamductivedoump material is

deposited over active surface 133 using an evaporation, electrolytic plating, electroless plating, ball drop,

or screer SO BT LEE Tr oD Al Bark DS SR N A A A BT o St er! A

combinatiensstheteaf, with ansaptionahfiux sglation.2ear exemplé nthe lump onatekialrcarvlse eatectic

Sn/Pb, high-lead solder, or Iei\d-free sok%er. Tfe bump, material i gefboé/\éed by heating the maéerial above
a orf,s1l1 OX1 1 a Tr 1

its meltingepo?ﬁieto form' gﬁﬁerlcaﬁ Bails or bumpscl%. umps 13 repr éntsonelt(f/%ré ot interconnect

structure tlsat3d&h) be forimiecboversactivé sudacd 138NThe intercohnecpstructuredean(dlsd Wse,stud

bumps, mifro bumlph)s canduc ix% §§i S, cqu ctive paste, ar othe}r1 electrical int rconnect, A
semiconductor die orbc}é%npeongant g le rﬁ%u?f'tiléj Sﬁg Sgléct?igal?ytcgﬁner%?ztﬁ Jt:olgerrc1)ﬁ:€il)\rflélrl}gtor die 132
using bumps 18861 Senticérductar died 3d4thascanv aetiveosunfacet 13% contéiring analbgtartdigital circuits
implemented s aciye deviass,assive feviees, conuctive layers, and dielectic,laygrs formed within the
die and electrically interconnected according to the electrical design and function of the die. For example,
the circuit RgMinclade om@ orhoitectransistors, dicdesy hnd:otAaitdircuit elémeats-fopmedwithin active

surface 13540 mplement.analog sikcuits grdigital cingyits, such as; RSP, ASLE s memory, or other signal

processing circuit. Semiconductor die 134 may also contain IPD, such as inductors, capacitors, and
reQSKﬂsgﬁﬁﬁwﬁ§éﬁﬁ[ﬁ@@@%ﬁﬁ&ﬁ is formed in the removed portions of

insulating layer 126 using patterning with PVD, CVD, sputtering,
electrolytic plating, electroless plating, or other suitable
metal deposition process. Conductive layer 125 can be one or
more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. One portion of conductive
layer 125 is electrically connected to TSV 122. Other portions
of conductive layer 125 can be electrically common or
electrically isolated depending on the design and function of
the semiconductor device. One or more integrated passive
devices (IPD), such as inductors, capacitors, and resistors, can
be formed in circuit layer 124 for RF signal processing.

A trench 128 is formed from surface 123 partially
through semiconductor wafer 118 with sufficient width and depth
to contain a semiconductor die. Trench 128 can be formed with
saw blade, laser drilling, or DRIE. In one embodiment, trench
128 has a width greater than an x/y axis length of semiconductor

die 134 and depth greater than a thickness of semiconductor die
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The combined semiconductor die 132-134 are positioned over semiconductor wafer 118 and aligned to
place semiconductor die 134 over trench 128. The combined semiconductor die 132-134 are then
mounted to semiconductor wafer 118 by reflowing bumps 136 to metallurgically and electrically connect
active surface 133 to conductive layer 125, as shown in FIG. 3d. Semiconductor die 134 is contained
within trench 128 to reduce the package height. In FIG. 3e, an encapsulant or molding compound
140 is deposited BPerSEmicdAductbrWafer P8 afd SRutFsdmicBnductbrtdie £32and 134 using a paste
printing, gempressivg Maldingsiransterdnalding diguid-encapsulant olding i yacuskmy laspination, spin
coating, or other suitable applicator. Encapsulant 140 can be polymer composite material, such as epoxy
resin Witﬁﬁl@?@pWa%£?¥ Withiler 'St polythe PFith ProfpetFiier. BRdapsulaht 1463$ fibn-conductive
and enviroameantally protects tiwysemicondustor devisefeora @xtaraal elementsard tentaminants. In FIG.
3f, a portion of encapsulant 140 is removed by grinding wheel 142 to expose a back surface 143 of
semicondUct&rdig 't %ue%otﬁe%rﬂme the height of the package. In another embodiment, such as described
in FIG. 9, grinding wheet 42 gan seavesa portion afcenbapsulant 140 covering sudace 143 of
semicon%uctor die 132. y In F%G. Bg,1a3§ubstra,§e or carrier 144 contain%temgorlary or sacrificial
base matefial Sich ds %ﬁcéﬁ],eposhl/lr%eﬁcpeolymer ggrrﬁp%i?el,nrﬁetaaﬂ%e?aqm?cr, g as ,lg%ss epoxy, beryllium
oxide, or othersuitablerohecest trgid asatedali grebulk semrconductorimatedial forstructural support. An

ayer. Tho Seasmbhy Geschbed h FICe, S Bl iybried ahd Totded 13 oAt ape Lo Hhe cartor 120
and taped2l arégeniovedbyychiemicalcetchingt arechanicafipeal-off; CMP, aeehanicabgrinding, thermal
bakeJasgé§9%nggmpgﬂﬁ¥§§Qangf the die. For example, the circuit may

include one or more transistors, diodes, and other circuit

elements formed within active surface 133 to implement analog

circuits or digital circuits, such as digital signal processor

(DSP), ASIC, memory, or other signal processing circuit.

Semiconductor die 132 may also contain IPD, such as inductors,

capacitors, and resistors, for RF signal processing.

An electrically conductive bump material is deposited
over active surface 133 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
reflowed by heating the material above its melting point to form
spherical balls or bumps 136. Bumps 136 represent one type of
interconnect structure that can be formed over active surface
133. The interconnect structure can also use stud bumps, micro
bumps, conductive pillars, conductive paste, or other electrical
interconnect.

A semiconductor die or component 134 is mounted and
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In FIG. 3h, a portion of surface 147 of semiconductor wafer 118, opposite surface 123, is removed by
grinding wheel 142 to expose TSV 122 and back surface 148 of semiconductor die 134 and reduce the
height of the package. The remaining portion of semiconductor wafer 118 constitutes Interposer 149
having TSV 122 for electrical Interconnect. In FIG. 31, an Interconnect structure 150 is formed
over surface 151 of Interposer 149. The Interconnect structure 150 Includes an insulating or passivation

layer 15°fbfnbl ovRr SUrface 25 Belishiy PYD: €Y Yorirting’ §Bin'ctating; 8Fraytoating *Sintering or

thermal axidatiopndhetdrsulating layer 432 can becane/er mere layers 96S62+:313N44SION, Ta205,
Al203, or other material having_similar insulating and structural properties. A portion of insulating layer

152 is refdved By Hn EtRing orotesSth ExhodBPrEraneed a5 Aok R iifcaliy ednductive layer 154 is
formed oparsES Vel 22-a11a:the, refoveadqpdrtien D insuigtingrayeri E52 using @ patiernngrandndeposition

process such as PVD, CVD, ?IPU

tering, electrolytic plating, and elect lating. Conductive | 154
Com be RS B Hbr 18y GH B 100 S N KGAD, OF Fer SHARe SloHEaly SoAuEtve Hatorinl, A

under buaipemetalkizationg biBi) layer cambe formed overccandkictive tayee 15dpOae pattion of
conductivce. Iager. %54 (1315 elegt(gi]?al Y cgnréec(;[%d 1%% ggv 11:%2n gnd tc(i)rguit I%}/e(rj &gg Og}le({ potrglonrs of
conductivelf%lylelrl 54'Can beelec rlcaﬁly common or éﬁectrlcéﬁ’y ISoidte %iepending on the deesign and
function ofithe semiedrouctarsdevicened withAmelectricafly sondactveliimp materdadkiseleposited over

build-up inferegnnect stiyet e J50.ang elegtrically opnected g canduclive 1gygrclo4,uging
evaporation, e e%trofytlc pjfatlng, electl%erss platlng,%al drop, or screen printing process. LF bump
material can b& ¢S iNR AL, Age Pbs BInCus soldet,tand embinations threredf; vithZsh optional flux

solution. ot example, the bump matarial can be eutectic Sn/Rb, highslead solder, ot lead:free solder. The

bump material is bonded to conductive layer 154 using a suitable attachment or bonding process. In one
embodimept, tRE behy materizd ¢ feflowied by heating the material above its melting point to form

spherical balls or bump,L56.asome;apolicatsns.fumps 496 are sefloned, asegond timetoJmprove

electrical contact to conductive layer 154. The bumps can also be compression bonded to conductive
layer 154 BUimpSTE6 pastesémronefype of Hitercshnett StgtuFethat 2aR besdimea dveF ésnductive

layer 154, Theqlpterconnect strHetyre 6an alse,ise-stHdbimps, JRICKE, RHMPs - corductive pillass,
conductive paste, or other electrical Interconnect.
are then mounted to semiconductor wafer 118 by reflowing bumps

136 to metallurgically and electrically connect active surface
133 to conductive layer 125, as shown in FIG. 3d. Semiconductor
die 134 is contained within trench 128 to reduce the package
height.

In FIG. 3e, an encapsulant or molding compound 140 is
deposited over semiconductor wafer 118 and around semiconductor
die 132 and 134 using a paste printing, compressive molding,
transfer molding, ligquid encapsulant molding, vacuum lamination,
spin coating, or other suitable applicator. Encapsulant 140 can
be polymer composite material, such as epoxy resin with filler,
epoxy acrylate with filler, or polymer with proper filler.
Encapsulant 140 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants.

In FIG. 3f, a portion of encapsulant 140 is removed by
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The carrier 144 and tape 146 are removed by chemical etching, mechanical peel-off, CMP, mechanical
grinding, thermal bake, laser scanning, or wet stripping. Semiconductor die 132 and 134 are singulated
with saw blade or laser cutting device 160 into individual WLCSMP. FIG. 4 shows WLCSMP 162 after
singulation. Passive components 164, such as resistor, capacitor, inductor, or active component, are
mounted to Interposer 149. Semiconductor die 134 is electrically connected to semiconductor die 132
through BUMP$'136. Séfmiconttiétor i€ ¥B2 Fefechitally EBRAected thrdugh chetit fayet 129 ¥nd
Interposey 1491containingrESV d22-ted ntescoimiecs struettireg 16R athe WLGSMIL162 has an open cavity
for containing semiconductor die 134 to reduce the height of the package. The grinding process also
reduces fHERSIGMSIWLESHP i%zqﬁﬁégﬁ%oﬂ%ﬁ@thg $idés b?#h@ﬁ)o‘“é]%??@ ]a%§ co¥Ered by
encapsulast 40 duede the extsd dicirg spacesprovided bytrenchd30uAlternatively, without trench 130,
the sides of Interposer 149 can be gxposed. The exposed surface 143 of semiconductor die 132 and
exposed Suftace &ﬂg%? emicon c@o‘r die 134 provide for good heat dissipation. The similar base
material of semicondudator 8ieGL3Zand 434 anstinterposer 149, eig rsiliddn, pravides thermal stress relief
and makes WLCSMP 162 robust %ainsiag% mismaICch in CIE betl\éveen the fomcponent of the package.
Accordingl@?@\ﬂfﬁm P°162° Aas reduced occurrence o%vlaa}p g(]s’él.c 2% Jf d vandtion ofthe above
process, pitey REG. mnarviniareonmedt structure A70ds forhredsoverlsusfacedBiyof ibterpdserdd9, as
shown in FIG, 2 The interconnect %tr%cfgrel%@q icnocls%desral olgmmearére\sulgt'n%@y&rl 172 formed over
surface 151 using spin coating, film amination, molding, or ther suitable eposition process. Polymer
insulating kayer ¢72'¢cahde ord or mote fayers bf pelyimmidé, bepzorytlobutenel (BOBY polybenzoxazoles
(PBO). or gthey material having similag insujating.and strugtycal properties. A poign of.polymer insulating
layer 172 is'removed by an etching process to expose TSV 122. An electrically conductive layer
174 is foradéd 6veteT SvrPPrand thereproveddortidiepf pelydter indilatimgplgeP172 using a patterning
and deposition process sugh as PVD, GYD; spyttering, electiolytic plating; and electraless plating.
Conductive layer 174 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductivé*materfalcOfé Pottich dLcormiuetiveRs et 17435 electically €ohnecledo TSV 122 and circuit

layer 124, Qther,portigns 10f copductivedayer£l/4 eabe gleatrically-commen or glectrieallyrigalated
depending on the design and function of the semiconductor device. An electrically conductive

bump matéridl s dep6sitetrovet Btild-uF intéreofhéctdtrietlire 170 and electrically connected to

conductive layer 174 usingranevappration.glectielyticplating -electraless plating; bak dieps; ©F screen
printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and combinations

thereof, With &A optiBnalFRBCSOHitfor® Eof &xambfte thé DuRftRETErl Eal b Eteetic 8RB, high-lead

solder, orleaddree-s@lder Thebump nateriakisibosdedde sonddctive layer: EohusiBga-suitable
attachment or bonding process. In one embodiment, the bump material is reflowed by heating the

material bove RS ety Soihtfo fofmEphefital buiistst Biariss 176.3R o 4ppitchtidns Bwhps 176
are reflowed asecond dinwe: torimprove electricad eontact toeeonductive dayer 1749 The-bimpsrean also be
compressiigg b&ggeg 1t% gggq%%t'iveilg)é%rrlc%%nl?éucngps 176 represent one type of
In FIG. 3i, an interconnect structure 150 is formed

over surface 151 of interposer 149. The interconnect structure

150 includes an insulating or passivation layer 152 formed over

surface 151 as using PVD, CVD, printing, spin coating, spray

coating, sintering or thermal oxidation. The insulating layer

152 can be one or more layers of Si02, Si3N4, SiON, Taz05,

Al1203, or other material having similar insulating and

structural properties. A portion of insulating layer 152 is

removed by an etching process to expose TSV 122.
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Interconnect structure that can be formed over conductive layer 174. The Interconnect structure can also
use stud bumps, micro bumps, conductive pillars, conductive paste, or other electrical Interconnect.

FIG. 6 shows WLCSMP 178 including the features described in FIGs. 3a-31, 4 and metal plate 180
mounted to surface 143 of semiconductor die 132 and encapsulant 140 with thermally conductive
adhesive. Metal plate 180 can also be formed by electroless or electroplating process. Metal plate 180

operates as a heat spré&dé&rodissipateltheRAPYErdY Froht WATC WP 178 IMETaR Plate’ 280 can be Al,

Cu, or anptherimatesiabwith highetheremal gerdudivity.rfAn gptioral dig attagk adhesive of thermal
interface layer (TIM) 182 secures metal plate 180 to semicaonductor die 132 and encapsulant 140. Metal

plate 180°Mctéasas e Figftlity S WEESKIP B785CSS SUCEE S Sifds W SRHIP 166 inchfing the
features describedlintHGsp3a3in 4 anshmetal plate d929v0untedita surface d43af semicerductor die
132 and encapsulant 140 with an adhesive. Metal plate 192 can also be formed by electroless or
electroplating process. Matal Platd'193 opefates acg an‘electrBmagnetit triteft8rerica (EN) or radio
frequency intetference{RH) shieldingilayern Metahplate: 192 can terGua,1Al, ferritesarearbobnyidron,
stainless steel, nickel silver, -carbon steel, silicon-iron steel, foil, epoxy, conductive resin, and other
metals AT EOMbOSRe Sap e 3 DAty 5 Lbestoitg . KAt SU AT et deueierferonce.
The shielding. layeneampalsoiiena mbnemethh otateral lsuichraslcat bos-btackoarralominum flake to reduce

the effects of EMI| and RFI tal plate 192 is grounded throu onductiye pillars ot studs 194, circuit
layer 124?%%?%%52% g?er%%lge?lfg,gann% I%%é‘grggﬁrr]%e?as.}/r%]étl?lr%%')o. %lr]] ﬁcﬁvoer§ﬁ§%519o can be Au
studs, or @upillats] oe séldee.Mefat ptate 102 alseoperates. ay adwatspreadet e dissipate thermal

enmgyﬁ?%%%@é%ﬁwgégg%ding on the design and function of the

semiconductor device.

An electrically conductive bump material is deposited
over build-up interconnect structure 150 and electrically
connected to conductive layer 154 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 154 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 156. In some applications, bumps 156
are reflowed a second time to improve electrical contact to
conductive layer 154. The bumps can also be compression bonded
to conductive layer 154. Bumps 156 represent one type of
interconnect structure that can be formed over conductive layer
154. The interconnect structure can also use stud bumps, micro
bumps, conductive pillars, conductive paste, or other electrical

interconnect.

-18-



FIG. 8 shows WLCSMP 196 including the features described in FIGs. 3a-31, 4 and conductive pillars or
studs 198 formed in encapsulant 140. Conductive pillars 198 can be formed by laser drilling or etching
vias in encapsulant 140 and filling the vias with conductive material, such as Cu, Au, or solder.
Conductive pillars 198 provide additional Interconnect capability for stacking semiconductor packages.
FIG. 9 shows WLCSMP 200 including the features described in FIGs. 3a-31 and 4, with the exception that
the grinding operation d88criEdinFIG! 3f I6ales EMeapdlanPEAD 6Vt stface FA% 6F 1
semiconductoridig, 132 Sondustive pillans-orrstyidsizd? candiesformed bylaser didfling B etehing vias in
encapsulant 140 and filling the vias with conductive material, such as Cu, Au, or solder. Conductive layer
204 is foriefin ercipsufant 146" onductNVepiffirs 302 -8%d condittive1ays 2ua srovide sdditional
Interconngeet capability ok fanein 1siacking, semicondustor packagesiser cut tHlGg 10shows WLCSMP
210 inclugi the features described in FIGs. 3a-31 and 4. |n addition, conductive pillars or studs 212 can
be forme 68@ la8&Cartifity & Stehing Viss i encapsutant 103K ?ﬁﬁ%& e il%é viith-&nductive material,
such as Gu,Au,lertsialder. Apdptetcenneatstruetures 214 4s formed eversasfase d43 of semiconductor die
132 and enca sul%nt 140r.1£he tlgtrercoonrnegé gtrucetu(r:% 1%1% Irécrll%desa%g ir;rlsgl%tjcneq dort|%assivation layer 216
formed usm% IB 6VD1, pri%ﬁng, sSpin coatlngl,vspray cgaﬁlng, sintering or thermal oXidation. The
insulating: layer 226 €an b&%ne 6emore tajers of SA02, SIBN4| SION; Ja205a Al203; onotherenaterial
having similar insulating and strugctur operties. An electrically conductive layer 218 Is formed in
insulatingg]%ygreﬁg %%%%C?at |(:j)gttgcrlrﬁnéga;|i gr%dp%j%éﬁgéll%n %p)lrléngessz{s)éu%h aslés{?b? %&%&Citp%teﬁﬁa , electrolytic
plating, ahd%lectraléss plating LConductivedayer 218 caryhe ©hewrimoretagersl@f4Alagd, Sn, Ni, Au, Ag,

or other syitaple electrically, cnductive material, Qns partion of condyelive layer 218 15 electsigally

connected to conductive pillars 212. Other portions of conductive layer 218 can be electrically common or
electricalBtisoldiecbieparfding oa tha design amivfubetidie of trendsenicondustendegicducbaductive pillars

212 and |pterconnect styuctire 214 proyide agditional lnterconnect capaility forsfansin stacking
semiconductor packages. FIG. 11 shows WLCSMP 220 including the features described in FIGs.
3a-31 anBR B¢ addribACcairttictioe piles 222 Eah etfotmed sy 1a8er-drillifg BF-&tching vias in

semicongygtordig 32 and, filling thesvigs with-conductive maferal, such as &b efAu. An Interconnect

structure 224 is formed over surface 143 of semiconductor die 132. The Interconnect structure 224

Includes @RGASHEHTG6r passivatntdayét 226 forie dUsiAg P \AY IDPD PR ANt SpitycdatRigS Spray

coating, sigteringzorthermal oxidafion, Thedngulatinglayen 336 candesang-ar more fayery 5202,
SI3N4, SION, Ta205, Al203, or other material having similar insulating and structural properties. A portion

of insulatirity1a§8F 256 irEREd by AR BIEHIRG PRoteSET A Sfectically ottt e el 228 is formed in
the removed poripnefdnsating tayen 226 ¢isingia patiesung apd deposition rogess suchasiBVD, CVD,

sputtering, electrolytic plating,, and electroless plating. Conductive layer 228 can_be ane or more layers of
Al. Cu, S ?r good heat dissipation. The 'similar base material of
semiconductor die 132 and 134 and interposer 149, e.g., silicon,
provides thermal stress relief and makes WLCSMP 162 robust
against any mismatch in CTE between the components of the
package. Accordingly, WLCSMP 162 has reduced occurrence of
warpage.

In a variation of the above process, after FIG. 3h, an
interconnect structure 170 is formed over surface 151 of
interposer 149, as shown in FIG. 5. The interconnect structure
170 includes a polymer insulating layer 172 formed over surface

151 using spin coating, film lamination, molding, or other

suitable deposition process. Polymer insulating layer 172 can
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Ni, Au, Ag, or other suitable electrically conductive material. Conductive pillars 222 and conductive layer
226 provide additional Interconnect capability for stacking semiconductor packages. FIG. 12
shows WLCSMP 230 including the features described in FIGs. 3a-3i and 4. In addition, conductive pillars
232 can be formed by laser drilling or etching vias in semiconductor die 134 and filling the vias with
conductive material, such as Cu or Au. The interconnect structure 150 is extended over surface 148 of

semicondifctorGie T34 SR ILEHGE Fillars 252 ¥nd iftBrconRBECSHICHaIR 50 BverSiitace 158 of

semiconglcteidie A34provide additional dxterconaectcapabilily forstaeking semiconductor packages.
While one or more embodiments of the present invention have been illustrated in detail, the skilled artisan

will apprediate A& MBdrgtisH 45 ﬁﬁﬁﬁtaﬁ’ BRE T3 tds® -embofitients tha e’ MadBSRithout departing
from the seepea atthegpreseririnyertionsas-seidfodh inihesfollewding elgims.ocess to expose

TSV 122.

An electrically conductive layer 174 is formed over
TSV 122 and the removed portion of polymer insulating layer 172
using a patterning and deposition process such as PVD, CVD,
sputtering, electrolytic plating, and electroless plating.
Conductive layer 174 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
One portion of conductive layer 174 is electrically connected to
TSV 122 and circuit layer 124. Other portions of conductive
layer 174 can be electrically common or electrically isolated
depending on the design and function of the semiconductor
device.

An electrically conductive bump material is deposited
over build-up interconnect structure 170 and electrically
connected to conductive layer 174 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 174 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 176. In some applications, bumps 176
are reflowed a second time to improve electrical contact to
conductive layer 174. The bumps can also be compression bonded

to conductive layer 174. Bumps 176 represent one type of
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Claims What is claimed: 1. A semiconductor device, comprising: a semiconductor wafer having a
plurality of first conductive vias formed in the semiconductor wafer and a cavity formed in the
semiconductor wafer; a first semiconductor die disposed within the cavity; a second semiconductor
die mounted to the semiconductor wafer over the first semiconductor die and electrically connected to the

first conductive vias; ,
interconnect structure that can be formed over conductive layer

174. The interconnect structure can also use stud bumps, micro
bumps, conductive pillars, conductive paste, or other electrical
interconnect.

FIG. 6 shows WLCSMP 178 including the features
described in FIGs. 3a-3i, 4 and metal plate 180 mounted to
surface 143 of semiconductor die 132 and encapsulant 140 with
thermally conductive adhesive. Metal plate 180 can also be
formed by electroless or electroplating process. Metal plate
180 operates as a heat spreader to dissipate thermal energy from
WLCSMP 178. Metal plate 180 can be Al, Cu, or another material
with high thermal conductivity. An optional die attach adhesive
or thermal interface layer (TIM) 182 secures metal plate 180 to
semiconductor die 132 and encapsulant 140. Metal plate 180
increases the rigidity of WLCSMP 178.

FIG. 7 shows WLCSMP 190 including the features
described in FIGs. 3a-3i, 4 and metal plate 192 mounted to
surface 143 of semiconductor die 132 and encapsulant 140 with an
adhesive. Metal plate 192 can also be formed by electroless or
electroplating process. Metal plate 192 operates as an
electromagnetic interference (EMI) or radio frequency
interference (RFI) shielding layer. Metal plate 192 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 EMI, RFI, and other inter-device interference. The
shielding layer can also be a non-metal material such as carbon-
black or aluminum flake to reduce the effects of EMI and RFI.
Metal plate 192 is grounded through conductive pillars or studs
194, circuit layer 124, TSV 122 in interposer 149, and

interconnect structure 150. Conductive pillars 194 can be Au
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an encapsulant deposited over the semiconductor wafer and second semiconductor die; a first
interconnect structure formed over the semiconductor wafer opposite the second semiconductor die and
electrically connected to the first conductive vias; and a second interconnect structure formed over the
second semiconductor die and encapsulant. 2. The semiconductor device of claim 1, further including a
heat sink or shielding layer formed over the second semiconductor die. 3. The semiconductor device of

claim 1, foRREPmcRIding akHitd fitércoRhetSstHitture fIfREd thrbagR the enéapsulamShdhAd the second
semiconducter diea . dhesemiconduciosdeayice of elainarls whereinghe thirghinterconpeatsiructure

includes a plurality of cFo?guctEigveSRi(IDI%rss. WLOSMP 196 includin
. g the features

described in FIGs. 3a-3i, 4 and conductive pillars or studs 198
formed in encapsulant 140. Conductive pillars 198 can be formed
by laser drilling or etching vias in encapsulant 140 and filling
the vias with conductive material, such as Cu, Au, or solder.
Conductive pillars 198 provide additional interconnect
capability for stacking semiconductor packages.

FIG. 9 shows WLCSMP 200 including the features
described in FIGs. 3a-31 and 4, with the exception that the
grinding operation described in FIG. 3f leaves encapsulant 140
covering surface 143 of semiconductor die 132. Conductive
pillars or studs 202 can be formed by laser drilling or etching
vias in encapsulant 140 and filling the vias with conductive
material, such as Cu, Au, or solder. Conductive layer 204 is
formed in encapsulant 140. Conductive pillars 202 and
conductive layer 204 provide additional interconnect capability
for fan-in stacking semiconductor packages.

FIG. 10 shows WLCSMP 210 including the features
described in FIGs. 3a-3i and 4. 1In addition, conductive pillars
or studs 212 can be formed by laser drilling or etching vias in
encapsulant 140 and filling the vias with conductive material,
such as Cu, Au, or solder. An interconnect structure 214 is
formed over surface 143 of semiconductor die 132 and encapsulant
140. The interconnect structure 214 includes an insulating or
passivation layer 216 formed using PVD, CVD, printing, spin
coating, spray coating, sintering or thermal oxidation. The
insulating layer 216 can be one or more layers of Si0O2, Si3N4,
Si0ON, Ta205, Al203, or other material having similar insulating

and structural properties. An electrically conductive layer 218

22—



5. The semiconductor device of claim 1, further including a plurality of second conductive vias formed
through the first semiconductor die or second semiconductor die. 6. The semiconductor device of claim
1, further including a passive device mounted to the semiconductor wafer. 7. A semiconductor device,
comprising: a first substrate having a plurality of conductive vias formed partially through a first
surface of the first substrate and a cavity formed partially through the first surface of the first substrate; a

second stibstratefiSpdsed withinthe Rdvitpyer 216 Using a patterning and

deposition process such as PVD, CVD, sputtering, electrolytic
plating, and electroless plating. Conductive layer 218 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. One portion of conductive
layer 218 is electrically connected to conductive pillars 212.
Other portions of conductive layer 218 can be electrically
common or electrically isolated depending on the design and
function of the semiconductor device. Conductive pillars 212
and interconnect structure 214 provide additional interconnect
capability for fan-in stacking semiconductor packages.

FIG. 11 shows WLCSMP 220 including the features
described in FIGs. 3a-3i and 4. 1In addition, conductive pillars
222 can be formed by laser drilling or etching vias in
semiconductor die 132 and filling the vias with conductive
material, such as Cu or Au. An interconnect structure 224 is
formed over surface 143 of semiconductor die 132. The
interconnect structure 224 includes an insulating or passivation
layer 226 formed using PVD, CVD, printing, spin coating, spray
coating, sintering or thermal oxidation. The insulating layer
226 can be one or more layers of Si0O2, Si3N4, SiON, Ta205,
Al1203, or other material having similar insulating and
structural properties. A portion of insulating layer 226 is
removed by an etching process. An electrically conductive layer
228 i1s formed in the removed portion of insulating layer 226
using a patterning and deposition process such as PVD, CVD,
sputtering, electrolytic plating, and electroless plating.
Conductive layer 228 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
Conductive pillars 222 and conductive layer 226 provide

additional interconnect capability for stacking semiconductor
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a first semiconductor die mounted to the first surface of first substrate over the second substrate and
electrically connected to the conductive vias; and an encapsulant deposited over the first surface of
the first substrate and first semiconductor die. 8. The semiconductor device of claim 7, wherein a portion
of a second surface of the first substrate opposite the first surface of the first substrate is removed to
expose the conductive vias and an interconnect structure is formed over the second surface of the first
substrate®4dF 8féefrically connected to the conductive vias. 9. The semiconductor device of claim 7,
further including an interconnect strusiyerforped oventhefirstisamigconductoe gie,ard encapsulant.  10.

The semiconductor device of claim 7, further including a heat sink or shielding layer formed over the first
semicon SF&Q?d in FIGs. 3a-31i and 4. "In addition, condUctive pillars
232 can be formed by laser drilling or etching vias in
semiconductor die 134 and filling the vias with conductive
material, such as Cu or Au. The interconnect structure 150 is
extended over surface 148 of semiconductor die 134. Conductive
pillars 232 and interconnect structure 150 over surface 158 of
semiconductor die 134 provide additional interconnect capability
for stacking semiconductor packages.

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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11. The semiconductor device of claim 7, further including an interconnect structure formed through the
encapsulant around the first semiconductor die. 12. The semiconductor device of claim 7, wherein the
second substrate includes a second semiconductor die. 13. The semiconductor device of claim 7, further
including a passive device mounted to the first substrate. 14. A semiconductor device, comprising: a
substrate having a plurality of first conductive vias formed partially through a first surface of the substrate
and a cavity formed partially through the first surfG¢@ofthe substrate; a semiconductor component
disposed in the cavity;

What is claimed:

1. A semiconductor device, comprising:

a semiconductor wafer having a plurality of first
conductive vias formed in the semiconductor wafer and a cavity
formed in the semiconductor wafer;

a first semiconductor die disposed within the cavity;

a second semiconductor die mounted to the semiconductor
wafer over the first semiconductor die and electrically
connected to the first conductive vias;

an encapsulant deposited over the semiconductor wafer and
second semiconductor die;

a first interconnect structure formed over the
semiconductor wafer opposite the second semiconductor die and
electrically connected to the first conductive vias; and

a second interconnect structure formed over the second

semiconductor die and encapsulant.

2. The semiconductor device of claim 1, further including a
heat sink or shielding layer formed over the second

semiconductor die.

3. The semiconductor device of claim 1, further including a
third interconnect structure formed through the encapsulant

around the second semiconductor die.
4. The semiconductor device of claim 1, wherein the third

interconnect structure includes a plurality of conductive

pillars.
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a first semiconductor die mounted to the substrate over the semiconductor component and electrically
connected to the first conductive vias; and an encapsulant deposited over the first surface of the
substrate and first semiconductor die. 15. The semiconductor device of claim 14, further including an
interconnect structure formed over a second surface of the substrate opposite the first surface of the
substrate and electrically connected to the first conductive vias. 16. The semiconductor device of claim
14, furthet includifg atFiftsrebRAmetStructife $6mvdd Gvérithe firstiSEnhidGRddEtsr Hid i éncapsulant.
17. The semieanducfordeviee of 6lains A4 frthes iRcludingarheat simk-enshieldirg layer formed over the

first semiconductor die. , , ,
semiconductor die or second semiconductor die.

6. The semiconductor device of claim 1, further including a

passive device mounted to the semiconductor wafer.

7. A

a

semiconductor device, comprising:

first substrate having a plurality of conductive vias

formed partially through a first surface of the first substrate

and a cavity formed partially through the first surface of the

first substrate;

a

a

second substrate disposed within the cavity;

first semiconductor die mounted to the first surface of

first substrate over the second substrate and electrically

connected to the conductive vias; and

an encapsulant deposited over the first surface of the

first substrate and first semiconductor die.

8. The semiconductor device of claim 7, wherein a portion of a

second
of the
and an

of the

surface of the first substrate opposite the first surface
first substrate is removed to expose the conductive vias
interconnect structure is formed over the second surface

first substrate and electrically connected to the

conductive vias.

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

interconnect structure formed over the first semiconductor die

and encapsulant.
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18. The semiconductor device of claim 14, further including an interconnect structure formed through the
encapsulant around the first semiconductor die. 19. The semiconductor device of claim 14, wherein the
semiconductor component includes a second semiconductor die. 20. The semiconductor device of claim
14, further including a plurality of second conductive vias formed through the first semiconductor die or
semiconductor component. 21. A semiconductor device, comprising: a substrate having a plurality of

conductiveévias TomeFpartially tirbagh St Csurflce dthe slibstrate i a tagity forifedPpartially
through the dirstsusfaceof e substraje; a fiest sepyigerdusterdiewlisposedin thencavbiuctor

die.

11. The semiconductor device of claim 7, further including an
interconnect structure formed through the encapsulant around the

first semiconductor die.

12. The semiconductor device of claim 7, wherein the second

substrate includes a second semiconductor die.

13. The semiconductor device of claim 7, further including a

passive device mounted to the first substrate.

14. A semiconductor device, comprising:

a substrate having a plurality of first conductive vias
formed partially through a first surface of the substrate and a
cavity formed partially through the first surface of the
substrate;

a semiconductor component disposed in the cavity;

a first semiconductor die mounted to the substrate over the
semiconductor component and electrically connected to the first
conductive vias; and

an encapsulant deposited over the first surface of the

substrate and first semiconductor die.

15. The semiconductor device of claim 14, further including an
interconnect structure formed over a second surface of the
substrate opposite the first surface of the substrate and

electrically connected to the first conductive vias.
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a second semiconductor die mounted to the substrate over the first semiconductor die and electrically
connected to the conductive vias; and an encapsulant deposited over the first surface of the substrate
and second semiconductor die. 22. The semiconductor device of claim 21, further including an
interconnect structure formed over a second surface of the substrate opposite the first surface of the
substrate and electrically connected to the conductive vias. 23. The semiconductor device of claim 21,

further inéRiding™&F iINtEFCORRBELSHUURTEARED Obef thelSecbhd semfitbfiductdrdieHiiePeridapsulant.

24. The semicenductecdeviee ofclaim 24, further dRcludinga reatsink emshisléing-layer formed over the

second semiconductor die.
and encapsulant.

17. The semiconductor device of claim 14, further including a
heat sink or shielding layer formed over the first semiconductor

die.

18. The semiconductor device of claim 14, further including an
interconnect structure formed through the encapsulant around the

first semiconductor die.

19. The semiconductor device of claim 14, wherein the

semiconductor component includes a second semiconductor die.

20. The semiconductor device of claim 14, further including a
plurality of second conductive vias formed through the first

semiconductor die or semiconductor component.

21. A semiconductor device, comprising:

a substrate having a plurality of conductive vias formed
partially through a first surface of the substrate and a cavity
formed partially through the first surface of the substrate;

a first semiconductor die disposed in the cavity;

a second semiconductor die mounted to the substrate over
the first semiconductor die and electrically connected to the
conductive vias; and

an encapsulant deposited over the first surface of the

substrate and second semiconductor die.
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22. The semiconductor
interconnect structure
substrate opposite the
electrically connected
23. The semiconductor
interconnect structure
and encapsulant.

24. The semiconductor
heat sink or shielding
semiconductor die.

25.

The semiconductor

interconnect structure

25. The semiconductor device of claim 21, further including an interconnect structure formed through the
encapsulant around the second semiconductor die.

device of claim 21, further including an
formed over a second surface of the
first surface of the substrate and

to the conductive vias.

device of claim 21,

further including an

formed over the second semiconductor die

device of claim 21, further including a

layer formed over the second

device of claim 21, further including an

formed through the encapsulant around the

second semiconductor die.
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