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. Background of the Invention Semiconductor devices are commonly found in
modern e|e&F§?ﬁE%¥%?&T£%Qﬁ%BﬁEuéHPdE&EEQ% inftHBYEN P densh %f%%&%é’al

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 compgyghts. Examplesalioiagrated 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 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,



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 offic& 8lipmi&E1ons  BeHfidorftkii devites eipiditieele rERIBPEMied semiconductor
materialse Jheatemicstodriviesof sempiconduciormateriad allows itsrelectrical coneugtivity to be
manipulated by the application of an electric field or base current or through the process of doping.
Doping Ifit BEIMPUHGeS Hid HE semMicondbcidr nfAtEAEAb Nignipufate ahd thtrol the conductivity of
the semicendtetaridevice. and of A semiegndyeton device contains active and passive electrical
structures. Active structures, inc%jzding bipolar and field e{fect transistors, control ;Pe flow of electrical
current. By varying levafs of dopiitand appiication of g sléctrit Held of fase Edrrent, the transistor either
promotesairestricte thesffow @f electricat carrent Rassivessiruchire s aincludingsresistarsy eapdcitors, and
inductors %fiaé%r?oﬂ?!;aé'%sﬁ' t%eé‘ﬁt’g‘f”g?it%%% ai‘[‘Q %C.”érfé‘ég%‘i%% ' 59%8%@9%%5"3”%9’ g electrical
functions. The passive and active structures aré electrically connected to form circuits, which enable the
semiconduntarcaevicestd perfaine highespesd-dalculatiorsard ether useful ¢lnctionsbase

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. FEach die is typically identical and

contains circuits formed by electrically connecting active and

passive components. Back-end manufacturing involves singulating



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 packagiigthethe t6! provideBtri&tGirdl StppbR AntidriAroRRtentai&adtay the diSné Goal of
semicongyciorimanyfactiaing-s 1o pregucersmalierssemicondusten deviges. s3maker devices typically
consume less power, have higher performance, and can be produced more efficiently. In addition, smaller
semiconductor deviceSHEv&IE 3mdlier FESAME WRTH G deETTAbRIYOF Erifier &nd Prédutts & smaller die
size maydesaqhieved:hy tvpyvements inthedrnt-eneeprosess easudiing inydie sdthismaller, higher
density active and passive components. Back-end proce%ses ma%/ result in semiconductor, devi%e

package§ With d"Sm ﬁéc’rsfo](o)f)pvﬁ Jfby}?r%‘é?o heits i Blectidar ihtercontl ct?oarpaﬁ)& pga?gdiﬁ& aterials.
Wafer lewed chipestale inadiley packagesdWIEGSMP)dypitaky centaincstacked semitontudetor die over and

between anvoerggnig Igup;g%tef%roigterr aser fV%Qi heri gevigg intgg aé[io bExam%?s of the WICSMPs with
upper ang‘?ower stacked Semiconducior die Can be foungm US patents 69219 : %57%14?0, and
6906415pThellower.semiconductordigiis thinner than the onganie sabsirateiano-thusrcontained within the

encapsulgﬁte. ArcrchrldCiQ%IXdit isr%i;f:ficglst to grog%rllyndisiig%gige%tifg m Stpne lolvgerr s%rqicggguctor. The fixed
organic substrate requires care when hanaﬁng to avoid damage to the thin serhiconductor die. In addition,
warpage ¥saseturringtisste dusitemismatehesinpthecedetficieBrofthermalexpansionsCIEY between the

upper ang lawet sqiconducion 4ie.and ofganic substrate . 3ummary of the INVEOHOR o print
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 (CTE) 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,



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 method of making a semiconductor device
comprising the steps of mounting a semiconductor wafer to a temporary carrier, forming a plurality of TSV
through the semiconductor wafer, forming a cavity partially through the semiconductor wafer, mounting a
first semiconductor die to a second semiconductor die, mounting the first and second semiconductor die
to the seritdidtictorurderSady thaf thefirst SBiicondtittor e isSdigpBsed 6verthe8eimiedhductor
wafer and etectically connegieditedhe dript-ard e secondtseypicondrieion dienis disposed within the
cavity, depositing an encapsulant over the semiconductor wafer and around the first and second
semicondUSrGHBIEMNGing ATFoTtioR of tHe SRpRtIant 16 Bxfdse 4 Firdt Siifate ot téfirstY
semicondictarsdier ard temoving aspartien of the semiconsllctof svaientp expaseithe TSV and a first

surface of thetseflr nd s%fmiconduc or die. The reamining portﬁc%\ of the semiconductor wafer operates as
a TSV infePposet for'the HrStaht S8Cond Semid3RtuERr dis* The mBHod fitFefinclid®s the step of
forming astifst inberconnect sirueture aves thehSVsaterposetuctor dlreanathenembodirnent, the present
inventionis g pethed of making a.semiconductor davice compyrising the steps of providing 8.
semiconductor wafer, forming a p urallcty ot conductive vias through the semiconductor wa er, forming a
first cavity e the-serniconductor siafers mountidg & finst semiconddctor dsetb avsecondsemiconductor die,
mounting the first and segond.semicopductor die to the semiconductor wafer syeh thay te first
semiconductor die is (Cillspose over the semiconductor wafer an electricaﬁy connected to Stjhe conductive
vias and teeseconehsemicondectorn diecis disposed withip e first cavity; depesiting arvencapsulant over
the semicondlictar.wafet and around,the first.and seeand. semicondyetos die, and,remoying a portion of
the semiconductor wafer to expose the conductive vias and a first surface of the second semiconductor
die. The RErRainihgthertion of thersemizondncto? Watfeonmseratezrasian inteioset fur the first and second
semicondyctor;dje. The methad furtherincludes the stepof forminga firstintercoppegtstructure over the
interposer. In another embodiment, the present invention is a method of making a semiconductor
device compiEsSing e Steps Bt préviing-a SEMicoRBnEtor wate farkdiRg aflufdiy of conductive vias
through thesemiconductor wafer.fopping.a cawty-indhe semicenductarwafer,jpeynting,a firste
semiconductor die to a second semiconductor die, mounting the first and second semiconductor die to the

semicondREOMWafeP BUER THAtthe first semicdhductSrdieis Bisposéd bver fie Setficonductor wafer and

electricallygonnegtad-tothe copductive-vias andLthe seegnd samicqneluistor die is-gdispesedwithin the
cavity, depositing an encapsulant over the semiconductor wafer and first and second semiconductor die,

and remdGiinly APoTHSh SFREUMiEEhAGctor-fafer 18 expase itk Eofduttive Mius anE 4 firdtSsurface of

the secong sgmigonguctor gie.al el resmainingpaition ot thessemicenducter wafeneperates as an
interposer for the first and second semiconductor die. In another embodiment, the present
inventionig 5 8eMitGhductor device comprising an interposer having a plurality of conductive vias formed
through the interposer andavity éormedchindbhedrterpases. A fiestsemiconductarodie is mounted to the
interposer. ég,egon senﬂconductor die is mgun%ed to dthe first semiconductor glﬁ and disposefd within the
cavity. AR %ncéjpsu(fantnllg dlerpl)gsiéfled'S overthe |r1ﬁ%r€d:ser%‘ﬁﬁ%ﬁstc§ﬁnéj gelés’olnrbgsemf?:oﬁat(?&%r die. A first
surface of thevfitstng a semiconductor wafer, forming a plurality of

conductive vias through the semiconductor wafer, forming a first
cavity in the semiconductor wafer, mounting a first
semiconductor die to a second semiconductor die, mounting the
first and second semiconductor die to the semiconductor wafer
such that the first semiconductor die is disposed over the
semiconductor wafer and electrically connected to the conductive
vias and the second semiconductor die is disposed within the

first cavity, depositing an encapsulant over the semiconductor



semiconductor die is exposed from the encapsulant and a first surface of the second semiconductor die is
exposed from the encapsulant. A first interconnect structure is formed over the interposer. 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-3i illustrate a process of forming a WLCSMP having an

open cavity f6rcStdinfigPa REmidshduttor 'dié Bfd TRtereshne e oG 2 1S 9iftergoser;
FIG. 4 illustrates the WLESMPIith an epenLavity eantainting the semicandugtos sie and interconnected

through the ISV interposer; , ,
conductive vias and a first surface of the second semiconductor
die. The remaining portion of the semiconductor wafer operates
as an interposer for the first and second semiconductor die.

The method further includes the step of forming a first
interconnect structure over the interposer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor wafer, forming a plurality of
conductive wvias through the semiconductor wafer, forming a
cavity in the semiconductor wafer, mounting a first
semiconductor die to a second semiconductor die, mounting the
first and second semiconductor die to the semiconductor wafer
such that the first semiconductor die is disposed over the
semiconductor wafer and electrically connected to the conductive
vias and the second semiconductor die is disposed within the
cavity, depositing an encapsulant over the semiconductor wafer
and first and second semiconductor die, and removing a portion
of the semiconductor wafer to expose the conductive vias and a
first surface of the second semiconductor die. The remaining
portion of the semiconductor wafer operates as an interposer for
the first and second semiconductor die.

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

second semiconductor die. A first surface of the first



FIG. 5 illustrates the ISV 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 oV&FtheBrtapsafantie 5 SS9 ifustratéd thee M EEMPAith eantdttiveé pifars formed

through the.engapswantanrd ierspaneehstiusturederned over theuppes sentieenrducter die;

encapsulant. A first interconnect structure is formed over the

interposer.

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
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 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 diej;



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 Sifitar elerhthtsS Whiketheirveftionideéefibed ﬁ%&ﬁl@‘&ﬁ%éﬁé%@de for
achieving the inyeation:s pbjestivess ttowillbe-appreciatad-by Hhoseskilledindba at thatitdsiintended to
cover alternatives, modifications, and equivalents as may be included within the spirit and scope of the
invention A& de st By Bieta i hded daint and ieir édliivalents as supported by the following
disclosure and drawingsic. 12 Semicerducier dewices agengrally manufacttked using two complex
manufacttﬁgng processes: front-end manufgcturing, and back-end manufacturing. Front-end manufacturing

involves thefonRAfion BF X bl Of e GhTthé SUrfals of 8 ¥erficondictdiWarer. ELEH'ER on the wafer

contains active ahe passige etestrical components,, avhich 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 relatioPehpilietd ceasoitagt don efrerit@cbessarpgs perform electrical circuit
functions. Passive and active components are formed over the surface of the semiconductor

wafer by a series of progess.siens includiga deping. dspasiion. photoliiography eighing. and
planarization. Doping introduces impurities into the semiconductor material by tecjfmlques such as ion
implantattorbodtheemakdiffasiohe The Hopinigprodess miadifiesthegléctriedlccondaetivity dfrsemiconductor

material ip,agitive deviges, rapgfoiming thesemicanductormatgrial jpto an,psiator,; ggnductor, or

dynamically'changing the semiconductor material conductivity in response to an electric field or base

current. FrafBIBItrs contdin teyiths of VaI§Hgltypes andegrddsef dopihg Birangéd HWsneeessary to

?nladble Lhﬁot(ﬁ%nsﬂ%%r -promate prgstricttheflow gf elegirical. eyrpent upon theapplication of the electric
1eld or pase current.
apprgciated 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. 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.



Active and passive components are formed by layers of materials with different electrical properties. The
layers can be formed by a variety of deposition techniques determined in part by the type of material
being deposited. For example, thin film deposition may involve chemical vapor deposition (CVD), physical
vapor deposition (PVD), electrolytic plating, and electroless plating processes. Each layer is generally
patterned to form portions of active components, passive components, or electrical connections between
components. HRSRYER Gdifbé pattdmetiEing pR&MIItHTYrapRPSehicl fifvolVes the deposition
of light sensitive-material e 0s fhotayasist ver therlayebtp be pattemeds A pattera dsstransfered from a
photomask to the photaoresist using light. The portion of the photoresist pattern subjected to light is
removed %}%ﬁ'ﬁlgﬁaﬁleﬂﬁ%@%singeﬁb‘?ﬁéﬁsl8%%?@%%3%%@6 p&tEMERIThE "mainder of the
photoresist isnrefioveeli teavingobehing aipalteraed dayermplternatively i saroe types of materials are
patterned by directl depositingcthe,m terial into the areas or vaids formed hy a previous deposition/etch
Process GG RAHUEE sUL % SbrBlss ArATEiaHToy TESREAG, "0° TBABBAG & hiArfim of
material averramexistig pattenn.cammexagiieratedhe tndedyingqatterr andioseatecacnan-caiformly flat
surface. éour?ggérgl. fg%tl su(r)fgce is required t%)roduc;ce smaﬂer.and more deaseI}f/é)acked active and

. 4 emiliconauc materla n. T1Vv [SAY €S
passive components énarlzastlon can be used to remove ma]terléaﬁrom ?he surface 6f the wafer and

produce awmiferfmbynftat suiface. Rlanaxnzatiorntinvolves golishing the sarfadenetithetwafer with a polishing
pad. An %borg il\llgtmq:terigl aréd corrosig% fheg}il%ag a d to the surfa f the W%fggrggrling polishing.

d
%ﬁa g%e sem1con#ﬁ%§3¥ ma

I 7. nam
The combined mechanical action o%%he aprasive an orrosive action o chemical removes any
irregular topogvaphyy resultimg ireapaiformlydlatsuddestric fiRdck-emd hreswifacturieg refers to

cutting ofsingulating the fised wafelnia e Jpdvidipl die and enpekagingahe dig for structural

support and environmental isolation. To singulate the die, the wafer is scored and broken along
non-functiomal tegiehs df trslwafericadled sanystreets brsésbds  ThHenpafer - singtlatedr asing < laser

cutting togl.or saw blade. After singullation, the.individual die are maunted to.a package subsirate that

includes pins or contact pads for interconnection with other system components. Contact pads formed
over the Sémicondacr e arefthehtophebtttoContadt pads within the package. The electrical

connections can be made with SQ%Q?%&‘EM%@%Q%H%&%”%QV%@%@H opwirebonds. A
is

encapsulant or other molding material is deposited over the package to provide physical support and
electricalediafioi TThe'fifiShéd pAEKaYE-isThen fskried iRicaiT Elettical system-ayers 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.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light.
The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
layer to be patterned. The remainder of the photoresist is

removed, leaving behind a patterned layer. Alternatively, some



and the functionality of the semiconductor device is made available to the other system components.

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

Electronit ¥eeeF0 MayPela StanttaloRe systent that \ises 17é sémictiidntor Pagkagés to perform one

or more ele¢tdcalfunctions. Alternatively, sleclonicsdevies 58 may be@-subcomponent of a larger
system. For example, electronic device 50 may be a ghr'%phics card, network interface card, or other signal

processifty B thaPE4rF b nddriscfififo 4 Tohthutsr: TheBenficSHditerpackage Ghtingiudad

microproeassetrs,anemoeies,1apalication specific integrated circuits (ASIC), logic circuits, analog circuits,
RF circuits, discrete devices, or other se or electrjcal components. In FIG. 1, PCB

iconductor di L
52 provides a general SObSHate ?&gstﬁjc%r]apséudé&t Sﬁd Bfectricat int8rdonnadt 5the seificonductor
packages atounted onthe PER;Gandctive signat trages §4axe fermedavera surfaceaonwithin layers of

PCB 52 usin%evaqoraggn electralytic plating, ele trolefs pHintc;, screen rinting, or other uigable metal
. Unil ormj%. %E suritace; . bnT O{may at’’surtace is fe%yhrﬁi o)
deposition process. Signal traces 54 provide for electricat communication between each of the

semiconductorpackaiges Lrouatet] componknts cdivd pthek edternalisystemaopszonendts. Traces 54 also
provide power ang ngtrgt.md §9nnecti.ons to each of tt%% sgrsnei%pntductor Hpg&ga%%%elg lsg[nef%rgrgodiments, a

semiconductdr device has twglmrlzaltlon cen o e

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.

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

package to provide physical support and electrical isolation.

The finished package is then inserted into an electrical system



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 3B%rid fip ThijF58 Card IshiowrPén Pes 52MAdatigHAT SedErat pesof$aesnd level packaging,
includingbadligric-arsay (BeA 60+ bumpship sarries tBeka B2s dual in-line package (DIP) 64, land grid
array (LGA) 66, multi-chip module (MOM) 68, quad flat non-leaded package (QFN) 70, and quad flat
package 72, are showfi ﬁb’unlte&a) BB 32 DepehtingUpon fﬁ%‘@yg?erﬁ Yed@reriéntd, SAY Bombination
of semicaenducterpackages.aanfigured-with @ny comhinatiarvat-tirst aos seeondstevel packaging styles,
as well as pther electronic components, can be connected to PCBg52. In some embodiments, electronic
device 56 i%ﬂ:ﬁfd]ejstay sl SHECHE Y SEridbnHGSSF BECkAUR WG other éMbSHTEHES call for multiple
interconrnettett packageseBy conthining wneoremore=semisondtictoe packagascover gosinglesgubstrate,

manufacturerlg W.lnggrpgratg rg-fmade com (?ne ts into eIEctronlc dgwces nd systerpﬁ.eBecause the

semicondUctor | pacjlé%ges inclide sopﬁi%f?claﬁg unc %ﬂaﬁt@?e%%ﬁ%hic dévices can be manufactured

using cheapel coatponents ahe adstrieamlmed mapefacturingeprocess] Udiecnesplingadevicesrare less
likely to f%iﬂlgg\}% less %)&ansivefto manu?cture re%JItiqgin %Iroa\llséelr cost for consumers. FIGs.
al

2a-2¢ show exemlpliary semicongurctgl% c Saegsesfj IG. 24 ilusfrates firther detail of DIP 64 mounted on

PCB 52. Semiconductérldie 74dnclades ancactive regipncontainingrahaldgne 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 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
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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 (A1), copper (Cu), tin (Sn), nickel (Ni), gold (Au),
or silver @Yj<and 2fe éRERiANy cBrnétted 3 tHe ERCUIESIEREENtS fdtmedRtHiA Senfi€nductor die 74.
During assembly 0f PIR 64x semicensuetardie y4ds mounied ta as infermediata:earsier 84ising a
gold-silicon eutectic layer or adhesive material such as thermal epoxy. The package body Includes an
insulative®BacKagitd riddéria steh a5 PolymeF 6°8&tanfid CoRdudtaritads %@Véﬁﬂv\ﬁﬁe bonds 82 provide
electricaiatereennest between semiconduator dies 74 and R(CB S2< Encapsulanti84 is depasited over the
package for environmental protection by preventing moisture and particles from entering the package and
Contamiiating Bfe 71 ot Wil bordtoB2 SO0 L 30 TS AT dRtal 67 BEE £ inounted on
PCB 52. Semiconrductamdie 88ris tmaunted overkarien §Owrsing:anwadetfdl arsepoxy-resin adhesive
material 92. Wire bonds 94 provide first level packing Interconnect hetween conta ds 96 and 98.
Violding CERBB A B CH e R IR 00 b e b eb Aoty G 29 B S bonls 94 t0
provide physical suppdrband etectricab isotation fot thestevice. cGontactpads. 102 aees farmed over a
surface of PCB 52 using a suitable metal deposijtion such as electrolytic plating. or electroless plating to
orevent AN o SN e e Ml e o o R el races
54 in PCB!52 Butnps21@4 areformed Batweer contatt pads 9810 BCEB2=ard contacspads 102 of PCB
52 spitflCagc cemicanductar die el moynjed fage dow g leynedials caier 08 with a fip
chip style first level packaging. Active region 108 of semiconductor die 58 contains analog or digital
circuits Irfiplemermed asactiPe devices, passiveldevices, condietive |8)eR), andl didleetticdaysts formed
according fo-the elgetticakdesign, of the die, Farexamplaythe Cleguit may dnglide ope,or maredransistors,
diodes, Inductors, capacitors, resistors, anéjother circuit elements within active region 108.
Semicondaéibrar 59EBledficafyandntethahitally torinected4o carfersIoBthrétiH bGHps110.

BGA 60 i§@ée@d‘?a||YD%@§EH@EH%m&§t%CQ%%e%% I RCB.52 with@ BGA stylg secandilgyelipackaging
using bumps 112. Semiconductor die 58 is electrically connected to conductive signal traces 54 in PCB
52 throudgh b§PPs 190 Sighal limssk P4 Snd Birhips 1422/ MelbihgPéompotid Brércapstifant 116 is
deposited pversejnicondueton die-58 and £akrieri106 torprovide physical suppors and.electrical isolation
for the device. The flip chip semiconductor device provides a short electrical conduction path from the
active de%ites oreeficERBEABFHiess ftortfuctin ticks SnTCBE2 in‘order b r&dflice signal
propagatiohcdistanseloyes capagitaice, apd improve everallgikeuit pefagmance: 3 anether
embodiment, the semiconductor die 58 can be mechanically and electrically connected directly to PCB 52

using flip EHip SENSHISE RveP BECRHig WRthoGt intet ediats el 0B, 211 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 can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.

Semiconductor die 74 includes an active region containing analog
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FIGs. 3a-31 lllustrate, in relation to FIGs. 1 and 2a-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 ep&Xy, Defifuih oxideS of bther SRitaBRAGGCEE, Hyid hateHaMdrdsiik sBmfcontfictor material for

structurabsuppest Andsterfaceilayenortape 121-s applied evericarrigr 2@ asa-temparannhadhesive
bonding film or etch-stop layer. Semiconductor wafer 118 is mounted to carrier tape 121 with surface 123

oriented Wy frofn HEtapeS IFERS Bb; SPibrality GFViSs M orimed RS SUffaE 123 gdtfially through

semiconductenrwates 1 18disinghlaser driling D& etching peocesssych-as deep tedativiedagn etching
(DRIE). The vias are filled with Al, Cu, Sn, Ni, Au, Ag, itar%'ium (1), Vg po%-silicon, or other suitable
electricall SonttictiZé matéridl Using PYD: CVD Sectfdighic prating slatitbiéss piatiig: o diter suitable
metal depesitian processata farmeanduictive throaghnsilicon ias (ESV)wi22.1An optionral idswdating layer
can be formed around TSV, 122.dA cjcrgléit gl er %4 is_Eorrl edco%/er Séﬂrfag(g3 123 of semiconductor wafer

118. Circﬁﬁ?alfer} 124 éontains an electrical yeconductlvg Iayaer Z%asesparate%rb%/ iﬁgﬁlaﬁﬁg Ifléjyre(? 126. The

insulatingl layer $26 Tan dedone ovmaore tayers 0f siicor dioxidel(Bid2)psilidén hitride(SI8N4), silicon

oxynitride( &%ipN)t%LZI%rilte}lgn pe%t%'ﬁgeej[(l%%), aélgu i@qr&%ide (g,]?\IZSOlSR,Vphrpt g-;\sist, ar %{her material

having similar insulating and structural properfies. The insulating layer 126 is orméd uglngaFR?D, CVD,

printing, sgincoating,\Spray coatng, sintering loe thiernval okidationcA portiorrokidsulating fayer 126 is

e o s SIS SR N el ek e e e
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 illustrates 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 electrolytic plating or
electroless plating to prevent oxidation. Contact pads 102 are

electrically connected to one or more conductive signal traces
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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 ISV 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,2éantBe Foretrin cifduitbsyer A2476F RECSGRE! BE4ES5Rg. COn taCtA Brafigh 1983¢ formed from

surface 123partialynthrough semicendyctos wader tr&swith 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'grealet tharr an S aKiRIENGth BF sehficortiuttortid 13a% it ¢éptA Yrlater than a
thicknessef semiconddater dieck34: Asroptimnal trench 180iis fermigd kerisurtacesk?3 paially through
semiconductor wafer 118 for dicing saw space. Trench 130 allows the sides of semiconductor wafer 118
(ater refdad BG5SV intafolenytoibe Coveed By eHeapSTRREAREr singdiation “o = THIG, 3c shows
a semicoaductoy dierorddempanent ik32uHaving an aetive sarfaes 133 tcontaidiag analgg or digital circuits
implemented as act_i(yevd.evices, ga%%{\ée deviceﬁt, conductive (Iflygr%, an dieléec_tLric Ia¥ers formeg within the

die and eﬁ)éac%rslééflﬁl interconnected accocraan‘éeto he electrical des%gnle?r? function of the 5%?& example,

the circuit mayrid¢lude tometdremerestramsistols, diedes; and dther clicuit el@ments<tonméed witthe active

surface 133,10, mplement.analogicirauts o, digital circuts, such.as digjial signal Processor (RSP), ASIC,
memory, or other S|gnz¥l processing circuit. Semiconductor die 137 may also contain (5] , such as

inductorss eapaditors,sand-resistorsy for RREdighahprocessipiglt 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
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.

FIGs. 3a—-3i illustrate, in relation to FIGs. 1 and 2a-
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
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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
representohé §pe ofinterédiided stictite Tt tafhefothed ove? GERE sUfface? 233 e interconnect

structure £LapaisQIUsE st buMps oBiare dumps: conductivie pilansi eenductive Pastes o other electrical
interconnect. A semiconductor die or component 134 is mounted and electrically connected to

semicondUBEPHE 132 Ui BORPsCLSE. SEMitoRductoX die T3 RAs af HERYE Sh/faés 135 containing

analog ordigitaltcircuits implemented as=ctive devicesspassive deyicesneondustvehayers, and dielectric

layers formed within the die and electricall inte%connect d accordir}gyto e elgL trical design and function
S

of the die- PP 8Rample, the 2ireuit Hay/IrEIude oheor Mo Fansis Sdes. ahd bthér difcuit elements

formed withimactive sturfacedi3s todmplersent analod ciretits-aadigdal eircuits ssuchcas BSE, ASIC,
memory, or other sligl}a(ljllpr%%%ss(i:nc%cir uit, Semicgnduc/{or die 134fma¥ SO contgilp IED such as

. materl a uppo n. interfac aver . ape
inductors, capacfbrs, and resistors, for F s?g%afprocessmg. he tombined ser?nconductor die

132-134 are posifioret overrserniconductdl Wafer 1l 8cangbaligned todplace semicondictor ie 134 over

trench. 128, The combined fgmei%q.ndu%%r die %ggc 34 are then rﬂném'&esd to semiconductor vyafer 118 by
reflowmgobumps 3610 etaﬁ]urglcally and electrica ﬁ/ connect active surface 133 to conductive layer

125, as shewniinF1GaBd. Séﬁniwmimmmﬁelqeﬂ_@ @on@tair@dtwiﬂhiﬂvt_mncﬁrrm @@db@@@he package
height. In FIG. 3¢, apcencapsulant or molding compound 140 is dleposited gyer.semiconductor

wafer 118 and around semiconductor die 132 and 134 using a paste printing, compressive molding,
transfer malding figbirllentapsaing malging ceacliupl faminafien, Spif coating, orasthRer suitable

applicatos, Encansylant 140 gan he polymer composite matgxal, spch as gpoxy sesinwith filer, epoxy
acrylate with filler, or polymer with proper filler. Encapsulant 140 is non-conductive and environmentally

protects theFseémicondiicoVdévicé front éxtershleléments artdicortamindints A4, Ag,

titanium (Ti), 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 layer
124 is formed over surface 123 of semiconductor wafer 118.
Circuit layer 124 contains an electrically conductive layer 125
separated by insulating layer 126. The insulating layer 126 can
be one or more layers of silicon dioxide (Si0O2), silicon nitride
(Si3N4), silicon oxynitride (SiON), tantalum pentoxide (Ta205),
aluminum oxide (A1203), photoresist, or other material having
similar insulating and structural properties. The insulating
layer 126 is formed using PVD, CVD, printing, spin coating,
spray coating, sintering or thermal oxidation. A portion of
insulating layer 126 is removed by an etching process.
Conductive layer 125 is formed in the removed portions of

insulating layer 126 using patterning with PVD, CVD, sputtering,
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In FIG. 3f, a portion of encapsulant 140 is removed by grinding wheel 142 to expose a back surface 143
of semiconductor die 132 and reduce the height of the package. In another embodiment, such as
described in FIG. 9, grinding wheel 142 can leave a portion of encapsulant 140 covering surface 143 of
semiconductor die 132. In FIG. 3g, a substrate or carrier 144 contains temporary or sacrificial
base material such as silicon, polymer, polymer composite, metal, ceramic, glass, glass epoxy, beryllium

oxide, or DU SURtABleoWRdGst Higid rRaeRaFGrEAR sehficortirctstmaterar fof Strudtutal support. An
interface fayes Or dape, 146 isapplias-evar cariemtid-as ademppeary aohesivie bhandingfilgs or etch-stop
layer. The assembly described in FIGs. 3a-3f is inverted and mounted to carrier tape 146. The carrier 120

and tape™21are¥efoved by cherfital ERhing: mechanier p&el-GH eNiPS tiechBnial grinding, thermal

bake, lasel seanting,1arwelssttippingve mateliBIG. 3agartien 0bsudace 3440 sericonductor wafer
118, opposite suri%le 123, ii removed Ei}grindinﬁ wheel 142 to expoagl TSV ]%2 and batck surface 148 of
semicond Y6 die 134 dnd reditich 1hé height Of the package. THE réfaming portfor SFeenticdnductor
wafer 118 tonstitatestintespassrctd 9 kaving 1 122 artetactrcdlinteseornechr In FIG. 3i, an
interconneefte %l;guctgrael}SO issfé){mgd OT)V r surface 151 of interpﬁ)ser 149. Tlae %nterconnect ructure 150

includes an msuﬁaltlng ar palsswaafio% ayeerp florrl%e%nov%}rl%u ace 151%4s uswlllé1 f’VD?%\? , printing, spin

coating, spray seatingrsintering oldivernzal oxigationr The irsulatingglayeretS2 ears becone or more layers
of Si02, Sdi3N4 SiQI}II%B%!OS, AIZQB Qr otr:js aterial havinag similar insg!la in](.gr and trurcéuljralchrloperties.

. vit as 1n C1LLOrSs %R}f 5

r
S e c uctors,, .ca ’
A portion of msuﬁatlng ayer 152 s remove by an etching %rocess to expose
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
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 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 133 to implement analog
circuits or digital circuits, such as digital signal processor

(DSP), ASIC, memory, or other signal processing circuit.
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An electrically conductive layer 154 is formed over TSV 122 and the removed portion of insulating layer
152 using a patterning and deposition process such as PVD, CVD, sputtering, electrolytic plating, and
electroless plating. Conductive layer 154 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. An under bump metallization (UBM) layer can be formed over
conductive layer 154. One portion of conductive layer 154 is electrically connected to TSV 122 and circuit
layer 1245 BhEFPOTiBhs of Sofddctiveayerts e BE Bleticlly oMo Or BletificaRSsolated

depending=gyx therdesign and furctioneftbe septicenductierdeViea: ocess iy, electrically conductive
bump material is deposited gver build-up interconnect structure 150 and electrically connected to

conductive layer 154 usihgart &VAgoratian, ERHIBIEL Prathy RIdstoidss dlatiiy, B HOp ST screen
printing psoeassa dhe-buinm Ataderal cam hesAh S lNieAdpdgaRhdB], Cucsalder andcombinations

thereof, wiljeh an o tionil flux sojution. For exampl%t%i b#m material can be eutectic Sn/Pb, high-lead
solder, of dt6

A &F Tha'(iiip Matkriaris boh hdG&iveTayer154 bsingWsuitable
attachmenit oc bendingTirecessnin nae @mbadiment, the bumpematerig) isiefloned mpheating the
material above its melting pojnt to form spherical _balls or bum 56. In some applications, bumps 156
are reflov%éld ass%icgﬁé ’timaér)l 0 I(ﬁ?&%\l/él aesi?alc(frrilés’al %%ﬁifa%? d C(V)ﬁzclficti% Iéj)petrjl%‘}lg hgltbuuxmps can also be
compressiononded to Condactvedayer 154 Bumps 166 ¢eprebentonétypeudfdntercoriiret®istructure

that can s formedover cnductive layer 454, The Interconnect siclre cap.also fige stud bumps, micro
bumps, conductive pillars, conductive paste, or other electrical Interconnect. he carrier 144 and
tape 146¢ femeded byleheniical ettlingarrechanicalqpest-off, €MR Lineshamicalgrirding,aharmal

bake, laser geanning, %a"ieits?tBBp‘Bng‘/é‘mi%%idUC% e 132 @”Pe]%%“eéfeen%”%'é‘te&‘e!gh saw blade or
SMP 162 after singulation. Passive

laser cutting device 160 into individual WLCSMP. FIG. 4 shows WL
componehtd $64.05Urhcas rasister; eapaditortindrietdpcorfagtiveccopisan et tareamauinteadde Interposer

149. Semiganducierdie 134,is slectrically.cannected tosemieanductar die, 132 through humps 136.
Semiconductor die 132 is electrically connected through circuit layer 124 and Interposer 149 containing
TSV 122%9Mmercormretsitdctare180.ar e WECSMPLE6Zh&S R Dpehlcavit) $6r cortaihingcal
semicondygter dig 1341o reduce the height of the package. The grinding process also reduces the height

of WLCSMP 162. In one embodiment, the sides of Interposer 149 are covered by
A semiconductor die or component 134 is mounted and

electrically connected to semiconductor die 132 using bumps 136.
Semiconductor die 134 has an active surface 135 containing
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 135 to implement
analog circuits or digital circuits, such as DSP, ASIC, memory,
or other signal processing circuit. Semiconductor die 134 may
also contain IPD, such as inductors, capacitors, and resistors,
for RF signal processing.

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
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encapsulant 140 due to the extra dicing space provided by trench 130. Alternatively, without trench 130,
the sides of interposer 149 can be exposed. The exposed surface 143 of semiconductor die 132 and
exposed surface 148 of semiconductor die 134 provide for good heat dissipation. The similar base
material of semiconductor die 132 and 134 and interposer 149, e.qg., silicon, provides thermal stress relief
and makes WLCSMP 162 robust against any mismatch in CIE between the components of the package.

AccordingfySWARSSMB Y6 Rds Feua scerrenta’of Yarpagd. 18 PY 1R Gl fdtonBItRe above

process, affer EKG m3h. AN inteyeennact stiugtuse d404s fermed eveirsirface diblef interposer 149, as
shown in FIG. 5. The interconnect structure 170 includes a polymer insulating layer 172 formed over

surface 151°udifg P Coating Shilhf ahfination, M&IdiY. BF otferslitabRtepositibhrodEss Bolymer
insulatingiteyer 342 candenaneg aemorne tayers of palyimide sberzacyslobutenes(BLABXpolybenzoxazoles
(PBO), or other material having similar insulating and structural properties. A portion of polymer insulating
layer 17}1%%%%%&/% by an etching process to expose TSV 122. An electrically conductive layer
174 is formed over TSYrl221and the, removedqartion oh polymerndnsulating-taypp b R2 usihg d patterning

and deposition process such as PVD, CVD, sputtering, electrolytic plating, and electroless plating.
Con e T S50 e SR R T e 1 R o A AR G s SN izcurcally
conductivel material 20de Pdttiorsaihcorductive dayer 1745 electricaly connecteddddiSV 122 and circuit

e 124 SO S A O el v s e
spin coating, or other suitable applicator. FEncapsulant 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
grinding wheel 142 to expose a back surface 143 of semiconductor
die 132 and reduce the height of the package. 1In another
embodiment, such as described in FIG. 9, grinding wheel 142 can
leave a portion of encapsulant 140 covering surface 143 of
semiconductor die 132.

In FIG. 3g, a substrate or carrier 144 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 146 is applied over carrier 144 as a temporary
adhesive bonding film or etch-stop layer. The assembly
described in FIGs. 3a-3f is inverted and mounted to carrier tape
146. The carrier 120 and tape 121 are removed by chemical

etching, mechanical peel-off, CMP, mechanical grinding, thermal
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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, B1, 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 AitabRSaFachmért gt bondingsrocass. HRohe%embodiment, the bump material is reflowed
by heating the materiakabevedits Bejting peinttoderm spheriealdalls or bumpshié Jnsone applications,
bumps 176 are reflowed a secaond time to Improve electrical contact to conductive layer 174. The bumps
can also B8 compré&sioRondil fo tBRddiveliayer 174, BUMPS 176 Ye SresBAt O B/pedf Interconnect
structure that cah beformedrover condustiveolayer $v4.f Bhe Intercopneetstiuctiue canoalsa use stud

bumps, n%l%ro bumps, conductive pijllars, condgcti\ﬁ?e paste, or other e%e@cl:trical Interconnect. G.6

. Fl
shows WECSMBA78REGINg thet8atiPes dascr 2P Fi16$°3a-31"3 and ihbtal HiatB Y80 RBunted to
surface 148 afsemiconductordiedi32rand eéncapsutant dddswith thermadly condactivevadhesivier Metal
plate 180 Iso be formed by electroless or electroplating process. Metal plate 180 operates as a heat
spreader %aé(;is%s?ﬁatg]tﬁg%é%%lerglf #S%W%P 178. Metal plate 180 can be Al, Cu, or another
material with high thermal €ariductivity.sAn optienal oien attacts adhesive er theirmas Interfacel layer (TIM)

182 secures metal plate 1 semiconductor die 132 and encapsulant 140. Metal plate 180 Increases
the vy STWELNB 178 T CIaL 7 SRt GNP A00 iaaiig e fesbiies daacnbed
FIGs. 3a-310 4iardlmétal phate 192uhetnted torsupiasce 143tafseniiegrductordiédi3reandercapsulant
140 with ap adhesives Metal plate, 192.can alsgrbe formed by electroless o, electroplating process. Metal

plate 192 operates as an electromagnetic Interference (EMI) or radio frequency interference (RFI)
shieldingdayeri Metalplatesrocarp be G Miaferiteistadarioony| irbhestairfessastert] nickedsilver,

low-carban stegl, silicongran steel, doil, epoxy, conductye sesin,;and, other gretals.angkcomposites
capable of blocking or absorbing EMI, RFI, and other inter-device Interference. The shielding layer can
also be afratimetalimateriar stch &5 earbomehlagk of allrtintmfldkelpredtcé e effects of EMI and

RFI. Metalplate-192.is groupded through gopdustive pillars or studs- 194, cirgyitjayer 424, TSV 122 in
interposer 149, and Interconnect structure 150. Conductive pillars 194 can be Au studs, or Cu pillars, or
solder. MERRPI&E 102 8o DpeldtBs aBLPREASpreadems tissipate thérmal energy from WLCSMP 190.

FIG. 8 shows WLCSMR196)ineluding:the featires deseribed-ipdGss 3a3d, Aandeonductive pillars or

studs 198 formed in encapsulant 140. Conductive pillars 198 can be formed by laser drilling or etching

vias in encapsttant 146 andSilf g hesdad fith Condbétive Matérial "SuctPaS Eul At, Briaider
Conductiye pillars 188 previde addiionabintereenaes capahilifysforstgckingosersisendueton packages.
FIG. 9 shows WLCSMP 200 including the features described in FIGs. 3a-31 and 4, with the exception that
the grindfg operate dEs&HbEd N RIGH 3 Iates bhrafSHaRt £40 Bvering iitce 143 §fYer
semiconduciordia 1832. Gonduetive plansgrestyds 202 tandae, fosmediy, lager, dibng er etching vias in
encapsmggkéiogﬂgggg?éhgfg¥%¥g2§999uggﬁhuctive material. An under bump

metallization (UBM) layer can be formed over conductive layer

154. One portion of conductive layer 154 is electrically

connected to TSV 122 and circuit layer 124. Other portions of

conductive layer 154 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 150 and electrically

connected to conductive layer 154 using an evaporation,
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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-31 and 4. In
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 ofér&SUrfatey 45 oPdérhitbRdubtbr aig P32 afd RheapsianPE40. THe terBoniféct Stticture 214

includes gh instiating-elpassivationdayeru&kd fasmediusing BV DL VD, pristingy spinaeoating, spray
coating, sintering or thermal oxidation. The insulating, layer 216 can be one or more layers of S102,

SI3N4, SION, F4205 1203, 6FSthef Rfat& A Vg Sitilal iHstfting ahd-Stradturdl brdpktties. An
electricallyieondustive layer 2184s fermatbndnswatnglayer 236 eisingla pattesung and glepesition

process such as PVD, CVD, sputtering, electrolytic plating, and electroless plating. Conductive layer 218
Can bo o8 OF fork 1A)GrSOR A, et N AU RBSGT B SHHARS elocihE Mdlttss hidoral. One
portion ofi conghctive layer 218ds etectrcallyconnestedus icomdactive pilans2 B2 tQthenpartions of

conductl\{o%laggr 218 can be eIectElgall comn%g)n aQr eIe%trlcglfly |sglated ggegndlng olnsthe design and

function of the sermitonducior device. Conductve ﬁ?l%rrls 212 and interconnect structure 214 provide

additionat mfercennectycapability: for far-imstacking lsemicordudter padkages. point EG.fohrshows
WLCSMP 21218 iriclgqmggttﬂli featur%s descring in F{%S. 3a-31 and.4. In.addition, corqduct'hv%pillars 222
rilli i ]

can be fosrr]%edrbyclaser r?g or etclﬁ?r?gswas In sem|(:osn(?jTJ%toarl'pci‘l)el 138 1%aﬁﬁjjnfﬁlfngb%f}\epvslas with conductive

material, @neh a@ﬁ@nﬁﬂuaAﬁdn@m@msﬂactmmm&% &)kﬁ\@‘d@@l_suﬁaoé 448 di@emicon(_juctor
die 132. The infercopnestsiuctyre,224 ingludes an. insulating or passivafion layer 226 farmed,using PVD,

CVD, printing, spin coating, spray coating, sintering or thermal oxidation. The insulating layer 226 can be
one or mbre lgerseftSing, Sisn, SiION, TaPEBPAI2ZD3O oF othes sraterianisaving sindifar insulating and

structural; properties. A portien of insulating layer.226.is regayed by, efching.progess.An glectrically

conductive layer 228 is formed in the removed portion of insulating layer 226 using a patterning and
depositiohProcess Such'as PYDN VD, SPutteting! 8leeddlyiic Pratitits ahllEledtidless pRatifg Conductive

layer 228 can.ke opg, Qi mperejayersiof AlsCu-SAaNL AU A OF other suitgbleglegtrically-¢enductive
material. Conductive pillars 222 and conductive layer 226 provide additional interconnect capability for

stacking $&mfdofatieft backages.

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 bumps 136. Semiconductor die
132 is electrically connected through circuit layer 124 and
interposer 149 containing TSV 122 to interconnect structure 150.
The WLCSMP 162 has an open cavity for containing semiconductor
die 134 to reduce the height of the package. The grinding
process also reduces the height of WLCSMP 162. In one

embodiment, the sides of interposer 149 are covered by
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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 semiconductor die 134. Conductive pillars 232 and interconnect structure 150 over surface
158 of semiconductor die 134 provide additional interconnect capability for stacking semiconductor

package§caPsuiihiie bA8 ot Miore%erhBEdifTENtS of thHe preseRfinFemich’ RaRE béen fiftgttated in

detail, the skilled artisarnwitl appregiateithab modifications and adaptationsde thase embogiments may be
made without departing from the scope of the present invention as set forth in the following claims.

Claims What i€ BfaiM&d 1P RTfethod SFm&riTaEing & Séfifcohddctor daFiteeamprsing:

die 132 and exposed surface 148 of semiconductor die 134 provide
for 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
be one or more layers of polyimide, benzocyclobutene (BCB),
polybenzoxazoles (PBO), or other material having similar
insulating and structural properties. A portion of polymer
insulating layer 172 is removed by an etching process 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
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mounting a semiconductor wafer to a temporary carrier; forming a plurality of through silicon vias (TSV)
through the semiconductor wafer; forming a cavity partially through the semiconductor wafer; mounting
a first semiconductor die to a second semiconductor die; mounting the first and second semiconductor
die to the semiconductor wafer such that the first semiconductor die is disposed over the semiconductor
wafer and electrically connected to the TSV and the second semiconductor die is disposed within the
cavity; ded\éb%%iting an encapsulant over the semiconductor wafer and around the first and second

semiconductor die;  Aigmoming a pestian, ottherncapsulaptiigpexpasera finst syrfaee 6k thestirst
semiconductor die; removing a portion of the semiconductor wafer to expose the TSV and a first

surface of Y& s&ond semicbREGEDP Ui The FémARIY fortidh e S&Mdonttdtor \vafer operating as a
TSV interposer tar dhe fiest andasecondsemigenductar dieiadd 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 1is
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
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.
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forming a first interconnect structure over the TSV interposer. 2. The method of claim 1, wherein the
exposed first surface of the first semiconductor die and exposed first surface of the second semiconductor
die provide for heat dissipation. 3. The method of claim 1, wherein the first and second semiconductor
die and TSV interposer are made with similar material to provide thermal stress relief. 4. The method of
claim 1, further including forming a metal plate over the first surface of the first semiconductor die for heat

dissipation. 5. The m of 'claf? 1S ffter ficiddifg ¥oriing Srshiélifmglagéra et the first surface of
the first segyeendiicioridie mgainst slectromagnetie intetfereneate 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
studs, or Cu pillars, or solder. Metal plate 192 also operates
as a heat spreader to dissipate thermal energy from WLCSMP 190.

FIG. 8 shows WLCSMP 196 including 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-3i 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
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6. The method of claim 1, further including forming a plurality of conductive pillars through the
encapsulant around the first semiconductor die. 7. The method of claim 1, further including forming a
second interconnect structure over the first surface of the first semiconductor die. 8. A method of
manufacturing a semiconductor device, comprising: providing a semiconductor wafer; forming a
plurality of conductive vias through the semiconductor wafer; forming a first cavity in the semiconductor

wafer; mBGntiig 4 first $efficaiiuctor dig to AsetohdSemicortitisidige Laver 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. In 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 Si02, Si3N4,
SiON, Ta205, Al203, or other material having similar insulating
and structural properties. An electrically conductive layer 218
is formed in insulating layer 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. In addition, conductive pillars
222 can be formed by laser drilling or etching vias in

semiconductor die 132 and filling the vias with conductive
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mounting the first and second semiconductor die to the semiconductor wafer such that the first
semiconductor die is disposed over the semiconductor wafer and electrically connected to the conductive
vias and the second semiconductor die is disposed within the first cavity; depositing an encapsulant
over the semiconductor wafer and around the first and second semiconductor die; removing a portion
of the semiconductor wafer to expose the conductive vias and a first surface of the second semiconductor

die, the rBREFHIAG portiIn-SF thE semiCdndtittor Vidfer DpEFANG S an fHtEMFoSEF for4ké first and second
semicondugterdie-ard forming adirstiptaseonnect strueture eventhe intsrposer, e

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 1s 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
packages.

FIG. 12 shows WLCSMP 230 including the features
described in FIGs. 3a-3i and 4. 1In 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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9. The method of claim 8, further including forming a second cavity in the semiconductor for singulation of
the semiconductor wafer, the second cavity leaving the encapsulant on the sides of the interposer after
singulation. 10. The method of claim 8, further including: forming a plurality of conductive pillars
through the encapsulant around the first semiconductor die; and forming a conductive layer in the
encapsulant. 11. The method of claim 8, further including removing a portion of the encapsulant to
expose a first surface of the first semiconductor die-233*The method of claim 8, further including forming
a plurality of conductive vias through the second semiconductor die. 13. The method of claim 8, further

including forming a metal plate over the first surface of the first semiconductor die.
What Is claimed:

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

mounting a semiconductor wafer to a temporary carrier;

forming a plurality of through silicon vias (TSV) through
the semiconductor wafer;

forming a cavity partially through the semiconductor wafer;

mounting a first semiconductor die to a second
semiconductor die;

mounting the first and second semiconductor die to the
semiconductor wafer such that the first semiconductor die is
disposed over the semiconductor wafer and electrically connected
to the TSV and the second semiconductor die is disposed within
the cavity;

depositing an encapsulant over the semiconductor wafer and
around the first and second semiconductor die;

removing a portion of the encapsulant to expose a first
surface of the first semiconductor die;

removing a portion of the semiconductor wafer to expose the
TSV and a first surface of the second semiconductor die, the
remaining portion of the semiconductor wafer operating as a TSV
interposer for the first and second semiconductor die; and

forming a first interconnect structure over the TSV

interposer.
2. The method of claim 1, wherein the exposed first surface of

the first semiconductor die and exposed first surface of the

second semiconductor die provide for heat dissipation.
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14. The method of claim 8, further including forming a second interconnect structure over the first surface
of the first semiconductor die. 15. A method of manufacturing a semiconductor device, comprising:
providing a semiconductor wafer; forming a plurality of conductive vias through the semiconductor
wafer; forming a cavity in the semiconductor wafer;

3. The method of claim 1, wherein the first and second
semiconductor die and TSV interposer are made with similar

material to provide thermal stress relief.

4. The method of claim 1, further including forming a metal
plate over the first surface of the first semiconductor die for

heat dissipation.

5. The method of claim 1, further including forming a
shielding layer over the first surface of the first

semiconductor die against electromagnetic interference.

6. The method of claim 1, further including forming a
plurality of conductive pillars through the encapsulant around

the first semiconductor die.

7. The method of claim 1, further including forming a second
interconnect structure over the first surface of the first

semiconductor die.

8. A method of manufacturing a semiconductor device,
comprising:

providing a semiconductor wafer;

forming a plurality of conductive wvias through the
semiconductor wafer;

forming a first cavity in the semiconductor wafer;

mounting a first semiconductor die to a second
semiconductor die;

mounting the first and second semiconductor die to the

semiconductor wafer such that the first semiconductor die is
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mounting a first semiconductor die to a second semiconductor die; mounting the first and second
semiconductor die to the semiconductor wafer such that the first semiconductor die is disposed over the
semiconductor wafer and electrically connected to the conductive vias and the second semiconductor die
is disposed within the cavity; depositing an encapsulant over the semiconductor wafer and first and
second semiconductor die; and removing a portion of the semiconductor wafer to expose the

conductive RS 3fd LISt siftace sitheetant Fentieddudordie, fierehtainihg portion 6f fifé

semiconductemwates operating=as,an nteroser fordbe dirst anshsecondisenieonductarsdie. 16. The
method of claim 15, further including forming a first interconnect structure over the interposer. 17. The

method Jf tERMSES: fInhEr iR cluling rentdviig & dottion of the encapsulant to expose a first surface of the

first semicondueiepdi€iting an encapsulant over the semiconductor wafer and
around the first and second semiconductor die;
removing a portion of the semiconductor wafer to expose the
conductive vias and a first surface of the second semiconductor
die, the remaining portion of the semiconductor wafer operating
as an interposer for the first and second semiconductor die; and

forming a first interconnect structure over the interposer.

9. The method of claim 8, further including forming a second
cavity in the semiconductor for singulation of the semiconductor
wafer, the second cavity leaving the encapsulant on the sides of

the interposer after singulation.

10. The method of claim 8, further including:
forming a plurality of conductive pillars through the
encapsulant around the first semiconductor die; and

forming a conductive layer in the encapsulant.

11. The method of claim 8, further including removing a portion
of the encapsulant to expose a first surface of the first

semiconductor die.
12. The method of claim 8, further including forming a
plurality of conductive vias through the second semiconductor

die.

13. The method of claim 8, further including forming a metal

plate over the first surface of the first semiconductor die.
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18. The method of claim 15, further including forming a plurality of conductive pillars through the
encapsulant around the first semiconductor die. 19. The method of claim 15, further including forming a
metal plate over the first surface of the first semiconductor die. 20. The method of claim 15, further
including forming a second interconnect structure over the first surface of the first semiconductor die.

14. The method of claim 8, further including forming a second
interconnect structure over the first surface of the first

semiconductor die.

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

providing a semiconductor wafer;

forming a plurality of conductive wvias through the
semiconductor wafer;

forming a cavity in the semiconductor wafer;

mounting a first semiconductor die to a second
semiconductor die;

mounting the first and second semiconductor die to the
semiconductor wafer such that the first semiconductor die is
disposed over the semiconductor wafer and electrically connected
to the conductive vias and the second semiconductor die is
disposed within the cavity;

depositing an encapsulant over the semiconductor wafer and
first and second semiconductor die; and

removing a portion of the semiconductor wafer to expose the
conductive vias and a first surface of the second semiconductor
die, the remaining portion of the semiconductor wafer operating

as an interposer for the first and second semiconductor die.

16. The method of claim 15, further including forming a first

interconnect structure over the interposer.
17. The method of claim 15, further including removing a

portion of the encapsulant to expose a first surface of the

first semiconductor die.
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18. The method of claim 15, further including forming a
plurality of conductive pillars through the encapsulant around

the first semiconductor die.

19. The method of claim 15, further including forming a metal

plate over the first surface of the first semiconductor die.
20. The method of claim 15, further including forming a second

interconnect structure over the first surface of the first

semiconductor die.
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