SEMICONDUCTOR DEVICE AND METHOD OF FORMING CAVITY IN
BUILD-UP INTERCONNECT STRUCTURE FOR SHORT SIGNAL PATH
BETWEEN DIE Field of the Invention The present invention relates in general
to semiconductor devices and, more particularly, to a semiconductor device
and method of forming a cavity betweenr%ortions of a build-u%interconnect
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Invention Semiconductor devices are commonly found in modern electronic
products. Semiconductor devices vary in the number and density of electrical
components. Discrete s@&bd do€tot hdevieasgeriesally 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 transister®@SEET)Mategratedr semiconductordevices typically
.contgin r%undrgds to millions,of electrical cngpOPen:Ls. Exgmples of . duct
Semli%?engrgtcedo sremi%‘éﬁﬁﬁg’to?ndje’vic%%riﬁclﬁag microcontroflers; mallcrsé%%lcce%%o%? or

devickarged- ceupled devicés {GODs)asalavdelis, andwigital paictoimirsorof  a

1 148Y1G°3 (DMDS), Semicondustor devices perfoyn.a wide, rangs of fupctions ,
sucmn as nig -speed calculations, transmitting and recelving electromagnetic

moungigdalsncomeolliny electronicodevices, transiornting sumtighttatéledtriciayy upper
semi®nd greating visual projections for television displays. Semiconductor -1
devices are found In the fields of entertainment, communications, power
conversion, networks, computers, and

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



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
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control the conductivity of the semiconductor device. A semiconductor device
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varyi g levels of doping and application of an electric field or base current,
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the formation of a plurality of die on the surface of a semiconductor wafer.
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ConneCﬂﬂg§gﬂY%@@gdgtor 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 individual
die from the finished wafer and packaging the die to provide structural
support and environmental isolation. One goal of semiconductor
manufacturing is to produce smaller semiconductor devices. Smaller devices
typically consume less power, have higher performance, and can be
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size may be achieved by improvements in the front-end process resulting in
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signals between the stacked die must be routed through build-up
matepierédnnect layers, as well as the TSVs and

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

In high-speed semiconductor devices, such as used in
communication applications, the stack semiconductor die need to
communicate in a fast and efficient manner. In conventional FO-
WLCSP, the signals between the stacked die must be routed
through build-up interconnect layers, as well as the TSVs and

THVs, which causes long signal paths. The longer signal path



THVs, which causes long signal paths. The longer signal path -3 reduces the
operating speed of the FO-WLCSP. In addition, the build-up interconnect
layers are formed across each semiconductor die, even in areas not used for
signal routing, which unnecessarily adds manufacturing materials and cost.
Summary of the Invention A need exists for a high speed vertical interconnect

T eAUSRFtGREIN RS IWEESP . ZREOrdiRgly Fincore efibodiment  the* prederit  the
builiveptianisa methed of makingsa semicaneustor devices cearising the
_steps of providing a temporary carrier, mounting a first semiconductor die
semiGin e Active SuitacE Bhitnted ©F feStelPordry Earfir, dép@eitihg=m 19
whic@neapsultant over the first semicorductor-die anddeamposary cattieost .
removing the temporary carrier to expose a first side of the encapsulant and
active surface of the first semiconductor die, forming a masking layer over
the active surface of thedinstasgmictntihetoL dieentdloforming a first
interconnect structure over the first side of the encapsulant. The masking
layer blocks formation of the first interconnect structure over the active
surface &f theefirseé semicontactox die. dfhesmettbd/ferther acludesthesteps-t

st QUISTIOVIRG the fasidpg laer g farm acavity gver the alive, gurface of the
irst semiconductor die, an mounting cond semiconductor die in the
preseavityl Thesetond senwcaorductot di¢ is@tactdcallyscomhecteditotthe attive ce
compPIAGEOIHNE fiLst. semicondugtor gie, In anpther embodiment, the present: ; 4
invention is a method of making a semiconductor device comprising the

a figteps oEnprovicing a eemporary cafriektmounting a frsrdemicondactor die to
the WERS.Active syrface priegiedfothe temparary Capi&li ant over the first
semiconductor die and temporary carrier, removing the temporary
carrier to expose a first side of the encapsulant and active
surface of the first semiconductor die, forming a masking layer
over the active surface of the first semiconductor die, and
forming a first interconnect structure over the first side of
the encapsulant. The masking layer blocks formation of the
first interconnect structure over the active surface of the
first semiconductor die. The method further includes the steps
of removing the masking layer to form a cavity over the active
surface of the first semiconductor die, and mounting a second
semiconductor die in the cavity. The second semiconductor die
is electrically connected to the active surface of the first
semiconductor die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a temporary carrier, mounting a first semiconductor

die with its active surface oriented to the temporary carrier,

depositing an encapsulant over the first semiconductor die and



depositing an encapsulant over the first semiconductor die and -4 temporary
carrier, removing the temporary carrier to expose a first side of the
encapsulant, forming a first interconnect structure over the first side of the
encapsulant without covering the active surface of the first semiconductor
die, and mounting a semiconductor component over the active surface of
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f ir sstructuee. Jhetsamisandycion eermporenrtis nejectricaly eonnacted i the-
active surface of the first semiconductor die. In another embodiment, the
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the dieyrand seountingca Senticaridudtertecemponent oven theoactivessuracetof the
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semilS @ $en |%c%nq¥icéor device comprising a first semiconductor die and

encapsulant deposited over the first semiconductor die. A first interconnect
structurelis ferméd everethecshcapstlant Wwithpute cevéring dn @ctive sufaee
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structure over the encapsulant without covering an active
surface of the first semiconductor die, and mounting a
semiconductor component over the active surface of the first
semiconductor die between portions of the first interconnect
structure. The semiconductor component is electrically
connected to the active surface of the first semiconductor die.
In another embodiment, the present invention is a
semiconductor device comprising a first semiconductor die and
encapsulant deposited over the first semiconductor die. A first
interconnect structure is formed over the encapsulant without
covering an active surface of the first semiconductor die. A
semiconductor component is mounted over the active surface of
the first semiconductor die between portions of the first
interconnect structure. The semiconductor component is
electrically connected to the active surface of the first

semiconductor die.



semiconductor die. -5 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-3g illustrate a process of forming a cavity
between portions of the build-up interconnect structure for a short signal path
between the uppef 2fd IRFECSERkSPiFIERE IREREEEEHe FO-WLCSP
with the short signal path between upper and lower stacked semiconductor
die; FIG. 5 illustrates_the back surface of the upper. semiconductor die

exposed’ FG. 6 ilSIrafs"a T8V Prmed tHroughthé Upher semiBsiid o

packdigeElGwtillustiates art encapstdard formed around the lower
semiconductor dje; FéG. 8 jllustrates a TIM and heat sink formed qver the
upper se%i%(gndéc% Sie‘j‘ljli S§fifisfratedtheSrs\ Brfted fhtolgitand TIM

repraneheat 5ink fosmed aven theouppercemicenduciardie; EHG tH2 ilBskates
an EMI shielding Jayer formed around the lower semiconductor die; FIG. 11

illustrates a discrete s€miconductor c%mapc}%%on?erﬁgur?ted in the- Egviﬁ/ and 1ty
be t wattachedrtoithe sippér dies RHG 112 Hlustratesea tapsidecbuitd-up atterconnect a
shorgt.r%cé%ea?”%%‘éﬂitigg%'w%ee%m%ﬁ%“? ']E»%E? %Vr?%t. & yeper; semicondyctor
ie; . 13 fllustrates a heat spreader mounted in the

FIG. 4 illustrates the FO-WLCSP with the short signal
path between upper and lower stacked semiconductor die;

FIG. 5 illustrates the back surface of the upper
semiconductor die exposed;

FIG. 6 i1illustrates a TSV formed through the upper
semiconductor die;

FIG. 7 illustrates an encapsulant formed around the
lower semiconductor die;

FIG. 8 illustrates a TIM and heat sink formed over the
upper semiconductor die;

FIG. 9 illustrates the TSV formed through and TIM and
heat sink formed over the upper semiconductor die;

FIG. 10 illustrates an EMI shielding layer formed
around the lower semiconductor die;

FIG. 11 illustrates a discrete semiconductor component
mounted in the cavity and attached to the upper die;

FIG. 12 illustrates a topside build-up interconnect
structure and additional semiconductor die over the upper
semiconductor die;

FIG. 13 illustrates a heat spreader mounted in the

cavity and attached to the upper semiconductor die;

FIGs. 14a-14i illustrate another process of forming a



cavity and attached to the upper semiconductor die; FIGs. 14a-14i illustrate
another process of forming a -6 cavity in the build-up interconnect structure
for a short signal path between the upper and lower stacked semiconductor
die; and FIG. 15 illustrates the FO-WLCSP with the short signal path
between upper and lower stacked semiconductor die. Detailed Description of

cavifhe prawif§s The feseht imvéiionis aescrided noieol ioré short signal
pathemeodirents e thestedlewingidescription withkielerease o the diguresiir; and
which like numerals, represent the same or similar _elements. While the ,
inventior isdestribéd fﬂf i 6rinE est TB&E for dEhidving thenvehtichgnat
patholjectives, ihwitde appreciated byihese skikecin-thesart that itds éntended
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 thebestaividentbescatiypoited byfthehéslDwawidigsiosure and
drawings. Semiconductor devices are generally manufactured using two
complex anufacturing p.rocessges: frogtts-eg% man f%%{uriing and back-end

manufac urlené? 'Front-end manu e%c?&ring involves the formation of a prPl?r]éﬁty

embodfidie mnsthersuttace 0f Al semicondkeistor wafénrEachtdie onftheavafer to the
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connected to form functional electrical circuits. Active electrical components,
elemsudbsas trahsistors land diodes; have tise abiigrtooedntrol theflow off the best

modeClesicaleurtent, Passive glectrical compgnanis such.as eapagitors,, .
inductors, resistors, and transformers, create a relationship between voltage
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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.

Passive and active components are formed over the

surface of the semiconductor wafer by a series of process steps



Passive and active components are formed over the surface of the
semiconductor wafer by a series of process steps -7 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
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.the semiconductor material conductivity in response to an electric field or
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condeicited: For éxainple, i firdepostion may 1volve chemical Japar
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e.g., photoresist, over the layer to be patterned. A pattern is transferred from
of taphefomaskto thephbtoresist asingdightnThe portion of the photoresist

pattern subjected 10, light is Semoved ising asolvent, expasing prtions of s o

the underlying
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.

The layers can be patterned using photolithography,

which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light.
The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the

material into the areas or voids formed by a previous



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 -8 deposition/etch process using techniques such as

electroless and electrolytic plating. Depositing a thin film of material over an
depogydibting pattefn BaR exaggerdte the Gty pattdilarftPerebte Aohe ss and
electriforpdy Hatsurfaceg A uniformly flat surface is required to produce smaller

and more densely packed active and passive components. Planarization can
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along non-functional regions of the wafer called saw streets or scribes. The

poliwkaﬁgqu'r_s sm@ulqtédl usipyees lager vatting tedl erndaw blades J'Aﬂ@r@hﬁg@&t&ﬂn, are
addefedndividual die-are mgunted to, a package sybstate thatiincludes.pins or

contact pads for interconnection with other system components. Contact
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of tWEhiohe packageHhr.gleclical comneetions capRGMate, 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
and the functionality of the semiconductor device is made

available to the other system components.



with solder bumps, stud bumps, conductive paste, or wirebonds. An
encapsulant or other molding material is deposited over the package to
provide physical support and electrical isolation. The finished package is
then inserted into an electrical system and the functionality of the
semiconductor device is made available to the other system components. -9
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interconnect of the semiconductor packages mounted on the PCB
devigcendlctivaysigealatracesba ape foratbd overepslirfaceerwilein |ayerd of or

ot hePCBiv2 15Ing-gvanaration. glecirolytic platingyeleciraless plating, o 4
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
packaging levels. First level packaging is a technique for

mechanically and electrically attaching the semiconductor die to

-10-



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
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ch ipc@mbm'ati@n (@fcéé)rnﬁénd@cxedpackalgzersec@ﬁf@ﬁte@ withlahy @o@mbMatidn ofid

arralyrS2pd seeend leyel packaging, styles, ag&f&‘%&' aggther, GIBCEANIC | on_1eaded

components, can be connected to PCB 52. In some embodiments, electronic
packdevicd 80Nncludes asihgle ataéhed semitenductar paclkageh whilerothgrted on

PCB %@bOd%?gﬁ&é‘ﬂéoru@%'p’c%ém@&%oi@ﬁ‘:@q%%%%ﬁt@y COMPINIBGIONEATs on

more semiconductor packages over a single substrate manufacturers can

of sipRéfIUrEIRC pRE-niRie<Coififoneits it electronic Hevitds andsysrRmen of

first and second level packaging styles, as well as other
electronic components, can be connected to PCB 52. In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre—-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive

devices, conductive layers, and dielectric layers formed within
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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

the fiisraRs fariferdétait bi BIP b malted GTPEBSL. 28eRNchIfictst did 74
eleciheluges ansactiye regionneoniaining analog -Qim@igita| cineuits inplemented as
active devices, passive devices, conductive layers, and dielectric layers

Lnclpde caRiitin 19%Re die Brid aFe bRecticaly TiterdoHNACHSF Secording s the S

resielectrical design of #ie dier Ear examples the; cCifeimaywinchide ane-oumoie e
transistors, djodes inductor%h ca%;:itors resistors, and oj}tger circuit
ttive

F eIt gldniehts fotied Withinthe egion Bt senticoitiictdrdig™7a. Chntsd O* e

layepads 76 aseone of vaonea layeis of, cenduictive ndterak such as pjuminpine r

(Al)d cop?gr (Cu?f .ti%%sln), W’c?el N(%) golﬁz?(w1 u), or SilveiéAg)'nfﬂd are
C ) 7 gdl : d
( u)électlrlrtlzal y%hnecjtg 0 th% Ci dw(tge emetits formed within se |C%?16Iu€t%r are
elecdieitzk Dwringeassentisy of DIR 64, semiconducicemeiet/A iSanokated 10 ainn
semi DIgIAIEAALE cayriery(8 “S'Bgrai%%'rdéé'é'%?&ﬁ‘o?gte%cL')%‘?r 805 2dNERVE L quctor
material such as thermal epoxy. The package body includes an insulative
die gdckagin watefiaksuchnas polymes &t zeeamicr Conductor leaids8Gane 1d—-
s111 Wi bonds 82, proyide slectricaljpterconneet betwean semjcandugtar die /4
and PCB 52. Encapsulant 84 is deposited over the package for
epoxgnvirontemarpratectiondsy preverthey roisture ahdtparticles #fony entering
matePEPackags and Brl‘g%?a%'}g die 74,orwire honds 82, F1G-2h dlushates,
further detail of BCC 62 mounted
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 process such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal

traces 54 in PCB 52. Bumps 104 are formed between contact pads

98 of BCC 62 and contact pads 102 of PCB 52.
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on PCB 52. Semiconductor die 88 is mounted over carrier 90 using an
underfill or epoxy-resin adhesive material 92. Wire bonds 94 provide first
level packing interconnect between contact pads 96 and 98. Molding
compound or encapsulant 100 is deposited over semiconductor die 88 and
wire bonds 94 to provide physical supgort and electrical isolation for the

device. EdntAE pads 10253 FORASE b9&r 45Griale bF PEBES Teingrge down

to isuitable melaldepositiomprocess;such as electobicplating Or electioless; e 1
lating to prevent oxidation. Contact pads 102 are electrically connected to.

p
packgfd BF moré cohdctvesighal fHiced 545 PEB' 85 BaMmpe 104 4 FofhEd S
analbetweendcontact paclsr 98 vf BCGp2ansheardacipadstlizotRGCB&Ls 12 In
FIG.V\Zﬂi, semiconductor die 58 is ?‘uounted face down _to interme%iate carr!fer J
PasS1HE with ‘A fiip Thipy S first evel Dackaging” Acfivie fegion 108 of Yers torme
accogsemicgnducton die-38 containsl atakopyor digitalreircgite implementedasle, the

circfgive devices, pagsive devices, condyctive layers, and dielegtiic layers . o
formed 5ccor8mg o the electrical desigh of the die. Hor exampié, the Circuit

capamayanclude oneOranere transistors; dicdiess inductorsneapacitors hresistarsi ve
.and QH}gr cirgu%glcer%%r&tg V\éi%hi%?gti\é% rggiogllo& Ser%icﬁnduc%%r die 58 is

! t
regl(E:?II(}:-c:trlcaﬂy and mechanica ly connected to carrleerclo%lt%roud/h %umps 110.

me chBGIC60 isvelectricalhy add_mech_@mid@ly cbﬁﬁe@ﬁequoghc@mwithlaDB(_sA
style second leyel packaging,using bumps 11¢. Semiconductor dig 284S, 4

electrically connected to conductive signal traces 54 in PCB 52 through
PCB Bdmps 1102 sighal irfeslEl4 cand Buhpscll 2 AcHolding compoundwrers 112.

semi@RGARSUAN 116ds sdeposited over E%@iCPfC!&'SMéj&% 28 and carrier,196 1.
provide physical support and electrical isolation for the device. The
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-3g illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming a cavity between portions of the build-
up interconnect structure for a short signal path between upper
and lower stacked semiconductor die in a FO-WLCSP. In FIG. 3a,
a wafer—-form substrate or carrier 120 contains temporary or

sacrificial base material such as silicon, polymer, polymer
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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

compgiFddifyr t&"PEBIB2 GEMYTH chplstyie-firStiddel FRAkAYg witidut 1 um oxide,

or olfitermediategardenip. Fdes, 3a-Bgilustrate ringelationto FiGseh apdZdictor
2c, a process of forming a cavity between portions of the build- up

mat epidrtonhndct SHUUE fora SHER Rfgnal pat Bétieehabpet rlar‘?‘ol fwere tape-

In ostackeshbsamicondyctosdia sra FOrWIC3B. i B t3ianca wiaderdorm in
4 substrate or carrier 120 contalns em ora{%or aizc%flcial base aterlésuch
gt Shicon SoigMer Bmer 1T G Ros e Trethr Cerific glabs® gfas ver
carrepaxyl bendlium oxide, caraathe bsuitabie la-task rigiekmiateriab or bakker .
semlconguctor m terlal for tructural sup éport Carrl 20 can also d’alp@
In one embodiment, ¢ cartier 150 iS 203 LEntineters ?cm in‘diameter. Aq
inteoptioral Intedace I%@few 122 canrbesiormeddvet Zdarder 220 asa tempoxary 128

%n%{n%fllm ore htstog Igyer Semlco[l%ctorg or components lgﬁl@re
orler%ounte t“ci)nln?ejfgc ayé:r 12C2avr\/ﬁﬁ%]6ntact pads iei %en a?ctﬁleascurface 128
conterierted tolwnward toward-edrrier 120 1Activersurfacen128l containg amalog or

dem@'gga' qireuits Jplemanted as agtive devices, nassive dae%f’eél £9ndyGlive

layers, and dielectric layers formed within the die and electrically
Layeipteréonnected 1adtording 2o e ekiethical desighamblfuneticre oftherdie LRoY

accofXample, the gircuitmay jnclude ee@95mq§&rm§é@r§o@e<%esc@@dﬂger For
circuit elements formed within active surface
example, the circuit may include one or more transistors,

diodes, and other circuit elements formed within active surface
128 to implement analog circuits or digital circuits, such as
digital signal processor (DSP), ASIC, memory, or other signal
processing circuit. Semiconductor die 124 may also contain IPD,
such as inductors, capacitors, and resistors, for RF signal
processing. A typical RF system requires multiple IPDs in one
or more semiconductor packages to perform the necessary
electrical functions.

In FIG. 3b, an encapsulant or molding compound 130 is
deposited over semiconductor die 124 using a paste printing,
compressive molding, transfer molding, liquid encapsulant
molding, wvacuum lamination, or other suitable applicator.
Encapsulant 130 can be polymer composite material, such as epoxy
resin with filler, epoxy acrylate with filler, or polymer with
proper filler. Encapsulant 130 is non-conductive and
environmentally protects the semiconductor device from external

elements and contaminants.
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128 to implement analog circuits or digital circuits, such as digital signal
processor (DSP), ASIC, memory, or other signal processing circuit.
Semiconductor die 124 may also contain IPD, such as inductors, capacitors,
and resistors, for RF signal processing. A typical RF system requires
multiple IPDs in one or more semiconductor packages to perform the

necessafy* dlddtrical funGins: ff FIG B éitlapslifht oF hfvidinge 1aver

122 eompeundl3dq indepesited gveesemicogdustor dien124 usivgaa paste, cmp,
printing, compressive molding, transfer malding, liquid encapsulant molding,
mec“\?ﬁ&ﬁﬁ%r |&Hhination Sor SthEr Elitallié ApplicatSr: “EfncapYuta 130 cdf e
stripelymer compesie mafenialy such ag epoxy cesiuwik ditera epoxy asiytatece
ith filler, or %%]%mer with grggh%r filler. Encapsulant 130 is non-conductive
ect

128 Tt "Eriron ?aﬁﬁ/ E)r%? e semiconductor device from external
elementg and tentaininaatso o4 bk K3.ARc, lIcatriet-120 and eptienal énterface

stru'QXSEﬁelz.Fg% efngé’?ﬁebX %hx%“ﬁ'("%" gtehing, mechanical peeloff, CMP,
mechanical grinding, thermal bake, laser scanning, or wet stripping. A
encapaskimgtiayer0l.32 isHorrhed buenactivetsinrfacen 428 betweert cortattpads

126. In FIG, 3du§§)ottom-side buélg-iu\painterconnect st{%%tureol%4 is formed

mClg\?eersse%llcérﬁuctort die 124 ahd encapgﬁlgolﬁt ﬁg.efhe uiItf-uB interconnect

or mstréctlryE34 indludes andmsulatingidepdssivation layerit36:conthiniegone
(s138famore layers, of silicon dioxide (RiQ2) Sﬂ'iCQQr{’étéiﬂﬁm(%QN‘é_bﬂ'éF&”6Ta2o5) ,

oxynitride (SION), tantalum pentoxide (Ta205), aluminum oxide (A1203), or
alumgtiver nratédal hevingsimilaprinsiiating At Strueturaipropartiesn Ther
insum§9%waggagygéghctural properties. The insulating layer 136
is formed using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation.

The bottom-side build-up interconnect structure 134
further includes an electrically conductive layer 138 formed in
insulating layer 136 using a patterning and metal deposition
process such as PVD, CVD, sputtering, electrolytic plating, and
electroless plating. Conductive layer 138 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. One portion of conductive layer 138 is
electrically connected to contact pads 126 of semiconductor die
124. Other portions of conductive layer 138 can be electrically
common or electrically isolated depending on the design and
function of the semiconductor device.

Masking layer 132 blocks formation of build-up
interconnect structure 134 over active surface 128 of
semiconductor die 124. Masking layer 132 is removed in FIG. 3e
leaving cavity 140 which exposes active surface 128 from the

bottom—-side of semiconductor die 124.
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is formed using PVD, CVD, printing, spin coating, spray coating, sintering or
thermal oxidation. The bottom-side build-up interconnect structure 134
further includes an electrically conductive layer 138 formed in insulating layer
136 using a patterning and metal deposition process such as PVD, CVD,

sputtering, electrolytic plating, and electroless plating. Conductive layer 138
can be on@ &r'fiore’ fayet§ Bt AP GRINC AT, A, 6PEReTShitdold 42 are

mouneleatrigally iconeuictive; materjal LOpR Roktign ot centhictye tayer d.38ds

, electrically connected to contact pads 126 of semiconductor die 124. Other

IntepGABAE OF cOMdUCtveIayerts tah 68 REtficaly oMt or &ttty c©

128 igsolated depending ondhe design and dunetioneithe seaigendusiordesicele
Masking layer 132 blocks formation of build-utp interconnect structure 134

the GIECRVEShrBe8 198 or CemicoRaRELor 1B E5% MASKing Fyef 13278 - Ve

sur feeroverBin FIGeBec teaving:cavity ikl01whichrexposes astiveastirface 328 face

from.the bott(im-side of semjcconuctor die;C%ZAi.Hﬁ? In Flgégf,

COnt Semicondactor die 6r components 142°are “motited within cavity 1207

devibetweepqrartions obbuitceap interdomnect strietuse 4 34 atodcahtadtepadsion

active surface 128 with_contact pads 144 oriented ard. Bumps_ 146

1 % 3 up

SC el Lartidbiblalvecge sl byl o a2
accogyrface 128.t3emicbaductordie T4X ngludescharfactivelsurface tbetafhing For

examB109 1968“%@%8(5@@%5’?'%8@&?&%9%“"& deyices passive dayices,

conductive layers, and diefectric layers formed within the die and electrically
diodiptercentectéd caccokding 16 tise eleerical desigacdnidifuhétiort bEtheddie VEor

sur £8XaMple, e Gicuitmay include ane of MATedansisionss1 circuits, such
as DSP, ASIC, memory, or other signal processing circuit.
Semiconductor die 142 may also contain IPD, such as inductors,
capacitors, and resistors, for RF signal processing. A typical
RF system requires multiple IPDs in one or more semiconductor
packages to perform the necessary electrical functions.

An electrically conductive bump material is deposited
over build-up interconnect structure 134 and electrically
connected to conductive layer 138 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 138 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 148. In some applications, bumps 148

are reflowed a second time to improve electrical contact to
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diodes, and other circuit elements formed within the active surface to
implement analog circuits or digital circuits, such as DSP, ASIC, memory, or
other signal processing circuit. Semiconductor die 142 may also contain IPD,
such as inductors, capacitors, and resistors, for RF signal processing. A
typical RF system requires multiple IPDs in one or more semiconductor

condygdicatfes s Petformhe nBkEsSuryRfedfitalFdrictions. AnEie&ncaRy Ponded
to ceerdustivedump material is depagited] overbyld-up intercoanegisirugture
, 134 and electrically connected to conductive layer 138 using an evaporation,
IntegeRhBytic piitingCEidtiroled’ pl&tiy, Ball dropSsr st¥één Prtting pro€ess?yer
138 . The hemmmatesial can beshl Sor Mi.AuAg,aPboBlh £, 1selderaned s, stud
b combinatioEs thereof, wit%]:m optjonal flux solution. For examtple, the bump
UIMP s, Ferfdl RaR B euttét 'SHIPb highiEad SoldeP Grisad-teesolder. The
bump materal ¢s bonded to conttctive layertl38iusing aGuitable attachment

.or bongin O%rggg%s.gn one embodiment,dyhe bum%ringteirﬁaﬁxl is rﬁﬂ%‘,%d by

reSlﬂeéﬁs’ngt material at%\yee its mse?ﬁnnlgcﬁgin%ot%rrm sphérical baifs or umps

Semit4Bdnsome dpplicktiénsrisumps dd8adredrefionied easedonadiimeto laser
i proye electricl font ctto-1 ,cQn uu(,}cl:liiv% é{;ﬂl?/er 13§Ug}88rbucrln€r\)7si%aensalso

m
cutt evice neo in o) .
66 %ompressmn on(]j'e to conductive layer ég §umps 148 represent one

type_of ﬂﬁiféifeoﬁne?dt@Wcﬁ@e“ﬂhﬁ&%n@f@ﬁi@_@m%im;@n@la(ctmenlayer 138.
semi LRGRIELCOPNEELStiuCiure can also use hond wires, sfud ymp, micra bymp,

or other electrical interconnect. In FIG. 3g, an underfill material 150 such as
portapmy edsifilisdepssitnisetdeeh sehticomducioiedie dPasatd 42 ucture 134

us ingepuconductor die 124 ase singuiated with-sayy. blade arjlaser, gutting device

52 into individual semiconductor devices.
electrically interconnected with bumps 146. By placing
semiconductor die 142 in cavity 140, the separation between the
die is reduced resulting in a short and efficient signal path to
improve electrical performance and increase operating speed of
FO-WLCSP 154. The height of semiconductor die 142, including
bumps 146, is less than the height of bumps 148. The overall
height of FO-WLCSP 154 is reduced with the above novel
manufacturing process and structure.

In FIG. 5, a portion of encapsulant 130 is removed by
an etching process to expose back surface 156 of semiconductor
die 124.

In FIG. 6, a portion of encapsulant 130 is removed by
an etching process to expose back surface 156 of semiconductor
die 124. A plurality of vias is formed through semiconductor
die 124 using laser drilling or etching process, such as DRIE.
The vias are filled with Al, Cu, Sn, Ni, Au, Ag, titanium (Ti),
W, poly-silicon, or other suitable electrically conductive

material using PVD, CVD, electrolytic plating, electroless
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FIG. 4 shows FO-WLCSP 154 after singulation. Semiconductor die 142 is
mounted in cavity 140 formed between portions of the bottom-side build-up
interconnect structure 134 using masking layer 132. Semiconductor die 124
and 142 are electrically interconnected with bumps 146. By placing
semiconductor die 142 in cavity 140, the separation between the die is

PlLatidefcBd t68iing it a ShBRTantefficiBnfsigRardat 8 Afprove efdictiicat s ©°

formpeidermanceandriggrease. operating speed af FO-WELGSE 154. dheikeightuctor
. of semiconductor die 142, including bumps 146, is less than the height of
die PampBa48” The dURFAIE hefght of FO:L P53%E P6Guckfith h‘geraB&eF 1G.
3a. nawel maautagcturing prosess and strictute elnddfm &cadqeordenr6fding to the
J ,encaEg)Fsul?#t 130 is removed by an etching process to expose back surface
©s1985 Bt séffcontlictor die 124. In FIG. 6, a portion of encapsulant 130 is
removedrhys anetehimgsprocesstoeexposerhackrsuiface itbf afompound 160

aepol3Picandyetor dig 124, Aplurality, of vias Is, foymed thrpyiah semiconductor,
POgie T using laser darliﬁlng Or 6tc INg process, such as IE: “The vias'ars
pr infilletbwitle AhrCe,sSA, Wi, Aa] Agngtanium (i) e W prpdly-siligon L agother
encafUieplS eleclrically sonduclive, maledalusing PVD. R gleciiollig platng.
Sleciroless -1 pfatf?ng process, or other suitable metal eposition process to
app lormtconductive ISWLER TS A 58 vandse formedan semicorductomdiec124 1,

suchPIY o gnountng e die L9 interface. ',aYS{aé%% N E1G 38, ToViIP&GaN 0E, or

electrically interconnected according to the design of the die. FIG. 7 shows
po lyar endapsulascaranoldingleampobing 286 udepdsitet bvies andaregngluctive

and @ﬂU$PQgHQQEQ%ﬁ§4%98@85%9a%ﬁe semiconductor device from

external elements and contaminants.

In FIG. 8, a portion of encapsulant 130 is removed to
expose back surface 156 of semiconductor die 124. A thermal
interface material (TIM) 162 is deposited over back surface 156
of semiconductor die 124, opposite active surface 128. TIM 162
can be aluminum oxide, zinc oxide, boron nitride, or pulverized
silver. A heat sink 164 is mounted over TIM 162 and encapsulant
130. Heat sink 164 can be Al, Cu, or another material with high
thermal conductivity to provide heat dissipation for
semiconductor die 124. TIM 162 aids in the distribution and
dissipation of heat generated by semiconductor die 124.

In FIG. 9, a portion of encapsulant 130 is removed by
an etching process to expose back surface 156 of semiconductor
die 124. A plurality of vias is formed through semiconductor
die 124 using laser drilling or etching process, such as DRIE.
The vias are filled with Al, Cu, Sn, Ni, Au, Ag, Ti, W, poly-
silicon, or other suitable electrically conductive material

using PVD, CVD, electrolytic plating, electroless plating
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printing, compressive molding, transfer molding, liquid encapsulant molding,
vacuum lamination, or other suitable applicator. Encapsulant 160 can be
polymer composite material, such as epoxy resin with filler, epoxy acrylate
with filler, or polymer with proper filler. Encapsulant 160 is non-conductive
and environmentally protects the semiconductor device from external

Proce@inerfts aRdtohtaitihaAts! fn BRE28, & p6itiontof ¥hcapsant13@ist o™

condiefmaved tosexpase, bagissurface 156 obsemicandyctos digsk24Adhermal die
interface material (TIM) 162 is deposited over back surface 156 o

. | f
124 gehitontilcidr did 124, dpbosite active SUHEES 198, T 162 1édn be FI6- 3a

TSV aluminum axdde; zinaexide1beoronmitidecanpulvetzed: sivern Agheat simie
J 164 is mounteéi,over TIM 162 and encapsulant 130. Heat sink 164 can be Al,
©S1Eq, SFaE&ﬁe material with high thermal conductivity to provide heat
dissipatian ¥or1 3emicondeictos tied24vEM 62 laidsiinfthe distfibutiah and

.dissipation of heat rated by semiconductor die 124. In_FIG. 9, rtj
sem O D EraGoB By o Bleni e e L2 s claste tadl 142 can
be adurfaceutb6® sfi semiconductor idie 1240 Agpluralityrofddas iscfopméddhrough

.. _semiconductor die 124.usjna laser drilling or etchi r s, such as DRIE
SLIVEES ot AEHed it Al Cu S R A AG T W ol s of Sy T ant
130 . suitebie efettrically €ondoctive material ,using PVO, IGYDmeleetrolytic platinghigh
ther%'sﬁtr8'8§8£é%w-'€§ PJBC@%\?{8&“%&&%“8&%@%?&9?885'989 process to

form conductive TSV 170. TSV 170 can be formed In semiconductor die 124
semigartohountincethedie to idrface layer$221n FIG. 34.s TSVOLZG-ean ped

diss§lgstrically interconpectedaccording o the, designRfithe dige 124,

FIG. 10 shows a shielding layer 176 formed over
semiconductor die 142. Shielding layer 176 can be Cu, Al,
ferrite or carbonyl iron, stainless steel, nickel silver, low-
carbon steel, silicon-iron steel, foil, epoxy, conductive resin,
and other metals and composites capable of blocking or absorbing
electromagnetic interference (EMI), radio frequency interference
(RFT), and other inter-device interference. Shielding layer 176
can also be a non-metal material such as carbon-black or
aluminum flake to reduce the effects of EMI and RFI. Shielding
layer 176 is grounded through conductive layer 178 to bumps 148.

FIG. 11 shows passive components 180 mounted to
contact pads on active surface 128 in cavity 140. Passive
components 180 can be resistors, capacitor, inductors, or
discrete active devices.

In FIG. 12, a plurality of wvias is formed through
encapsulant 130 using laser drilling or etching process, such as
DRIE. The vias are filled with Al, Cu, Sn, Ni, Au, Ag, Ti, W,

poly—-silicon, or other suitable electrically conductive material
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TIM 172 is deposited over back surface 156 of semiconductor die 124,
opposite active surface 128. TIM 172 can be aluminum oxide, zinc oxide,
boron nitride, or pulverized silver. A heat sink 174 is mounted over TIM 172
and encapsulant 130. Heat sink 174 can be Al, Cu, or another material with
high thermal conductivity to provide heat dissipation for semiconductor die

usingr XVAM £72 aidslif the aistibtion aid HissiSationtsihéat Yenerdted by

procsgypiconductor die 124.tRIG1 dOshows ashielding layesAd6deemed overm
semiconductor die 142. Shielding layer 176 can be Cu, Al, ferrite or carbonyl

condipG If&infdd? stédl; nickeirSIvBR WS LaroR BEBICEilié6nroh stéd, fon2 ¥ e
f ormepoX¥yy; €anduciiveiresini vancethet metals and compositesceapablie of

blocking or orbin e%actrqmagnet'c interference EMéI), radig frequency

oo A T N A R B E T aaAbe. SHE, er 170
depoedrt alsg be anonemnetal saterglsticheasstarbhgn-black dm altlminpgoftakestoi st,
. . -reduce.the effects of EMI and. RFI..Shielding layer 176 is grounded thr h
1L e Wbl 1R e T TR ol pe, S e 2

photmoantetttol egrtact pads On@ctiie sudace: £ 28 wre cavityl 346 .Passive

components 180.can be resistors, capacitor, inductors, or_discrete active
devices.%fn I]S‘-?asifea%}lulraﬁyuo? V|lans£:§ gr?r?erz1 t %o&gruecnc%]f)gulaﬁ 130
formgsing Vaseraritlimgsorletoliing Process sutht as IDRIE 1 Tie viasrare fitled with

strulb Gtk St Nis A Ag T WY, palyzsilicon, or ofh a?é'iéf{‘@!gteﬂ%‘flt”%'%esr 186

conductive material -19 using PVD, CVD, electrolytic plating, electroless
contplatiag Jproeessorreter suitabliesmetal depositioh PréeessitoNormaz05,

a12080ndyctive JTHV 182 Alternafively .condygtive pillars 182 are o 4nq

structural properties. The insulating layer 186 is formed using
PVD, CVD, printing, spin coating, spray coating, sintering or
thermal oxidation.

The topside build-up interconnect structure 184
further includes an electrically conductive layer 188 formed in
insulating layer 186 using a patterning and metal deposition
process such as PVD, CVD, sputtering, electrolytic plating, and
electroless plating. Conductive layer 188 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. One portion of conductive layer 188 is
electrically connected to conductive vias 182. Other portions
of conductive layer 188 can be electrically common or
electrically isolated depending on the design and function of
the semiconductor device. Conductive vias 182 are z-direction
interconnects between bottom-side build-up interconnect
structure 134 and topside build-up interconnect structure 184.

A semiconductor die or component 190 is mounted to

build-up interconnect structure 184 with bumps 192.
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formed around semiconductor die 124 prior to depositing encapsulant 130.

Conductive pillars 182 are formed by depositing a photoresist layer, etching

vias in the photoresist, filling the vias with conductive material, and removing

the photoresist layer, leaving the conductive pillars. A topside build-up

_interconnect structure 184 is _formed over encapsulant 130. The build-up
SemippardBhtedt Strdetire’184 nciities &'indGlatifg of pakeivation fayer 1861119
analeQntaining gae oI more dayers of HiD2maishdy SIGNa d8205, A1203 of

other material having similar insulating and structural properties. The
Pas Sih¥hIafiRy Yaet 18698 ormved GisingY PRy, VIS, &ﬁ%@?gﬁm%&a‘i’ﬁﬁﬁ? Spragrmed
withGeatige siiteringhar dhersral txidatipn: fhe tepside buddrupdaterednngcto the

1 strycture %‘84 further igcl des an electric%%%conductive I%yer 188 formed in

elecihgifating 15er 48670sing A attePhing and hetht Gepositibn HotBsS sudh'Ss
circRYD, €MD, isprittesiagoelectrolytio platinga and seleetsoless ptating. and other

. Conductive layer 188 can be one.or more. layers of Al, C ,C%n Ni, Au or
i o e R v e B s e fhnhe

anallayer1881isi etectrcallyconnectedtowconsiuctive-iias < 825 BthérSgadrtionsnefry,

nductive Iaayfr 188 can be electricallx comman or el ctrigall i olatelqg
[ . 0
o o i o Sk AT LeG L BF the SomtesTRaror, A2EH190 may
alsoCondtetive Vig® 182 aed zedirectidn cintereonmects between bettomside stors,

for Riild:yp nterconnect, sirycture 134 and topside 'Qf%‘?ni”%%fﬁlﬁni@%fé multiple
structure 184."A semiconductor die or component 190 is mounted to build-up
IPDsintgrconsectstitetife A8 withh Bumipsrl 922 cX@ Semitondiidradia 190

necQQQyp?Séﬁ&%ﬁ@?é%ﬁ&?ﬁ&@@f&Hﬁ@n"ﬁh underfill material 194 such

as epoxy resin is deposited beneath semiconductor die 190.

FIG. 13 shows heat spreader 196 in cavity 140 mounted
to active surface 128 of semiconductor die 124 with bumps 198.
Heat spreader 196 distributes and dissipates heat generated by
semiconductor die 124.

FIGs. 14a-14i illustrate another process of forming a
cavity between portions of the build-up interconnect structure
for a short signal path between upper and lower stacked
semiconductor die in a FO-WLCSP. 1In FIG. l4a, a wafer-form
substrate or carrier 200 contains temporary or sacrificial base
material such as silicon, polymer, polymer composite, metal,
ceramic, glass, glass epoxy, beryllium oxide, or other suitable
low—cost, rigid material or bulk semiconductor material for
structural support. Carrier 200 can also be tape. In one
embodiment, carrier 200 is 20.3 cm in diameter. An optional
interface layer 202 can be formed over carrier 200 as a
temporary bonding film or etch-stop layer. A plurality of

optional wettable pads can be formed over carrier 200. A
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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 193 to implement analo

PLUTGicits Stidigital cifedits stich asSDSPPABIE Sheitty, bFbier3ighatayer 202
to fPhrasessingcHTLikL2eMicondyeatos dies 390 may @lso-eentaindPo, sHeh ast i ve
inductors, capacitors, and resjstors, for RF signal processing. A typical RF
surfacGemireqifes ML PSR G o hble 8EmIcSHdLERT packages to
perform the mecessary eleginigal fandtionse Andmtedfilbmateriad 194 seichags r
resin g de&posited beneath semiconductgr %ie 190. FIG. 13£hows heat
ik .

epo
202 'spr%x Har 196 HEE&Vity" 140 MHouRtEH 0 alfive Ufads T28'3F 8&fitontititor V™S
206 dietl24cowith bompsa188. 2Heavspreader 296 distriiutes and dissipated heat

downdne[aled %%&?@%?Q%%Ct%ﬂ.e 128, F éG%-a%ﬁa&%‘l“ lluptrate anoMer. . pe
process of forming a” cavity between portions of the build-up interconnect
formstructurec forta shon sitmal pathoretwmeenawppen andrloweestackediuctor die

208 %%m@gggug@r difpin KQE\JNVLGCSS%'IIP%@GG' %f‘é" a wafer-form, substat, or
carrier contains temporary or sacri iclal base material such as silicon,

di gip@ymi,rmymer_émmb@@m,WQt@,é celcatrﬁiv_,eg lasyiglass epoXys begyltigmices,

cona®@¥de,,Q qther suitable Jowscost,uigid material or bulk semiconductor o 43¢
material for structural support. Carrier 200 can also be tape. In one

and erhbodimenrt] éarrien 26049 20 EMdn AiTFNEI@EAN bpticha imtarfdcellagér

des g2 GAR befarmed overcarrier 300 as & demporary pondingfilm orgteh-sftap,
layer. A plurality of optional wettable pads can be formed over carrier 200. A

include one or more transistors, diodes, and other circuit
elements formed within active surface 212 to implement analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 208 may also
contain IPD, such as inductors, capacitors, and resistors, for
RF signal processing. A typical RF system requires multiple
IPDs in one or more semiconductor packages to perform the
necessary electrical functions.

FIG. 1l4c shows contact pads 210 of semiconductor die
208 mounted to bumps 206 over interface layer 202. The height
of bumps 206 is approximately the same height as dam walls 204.
Dam walls 204 form a sealed enclosure around the area designated
for active surface 212 between interface layer 202 and active
surface 212.

In FIG. 14d, an encapsulant or molding compound 214 is
deposited over semiconductor die 208 using a paste printing,
compressive molding, transfer molding, liquid encapsulant

molding, wvacuum lamination, or other suitable applicator.
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-21 plurality of dam walls 204 is deposited over interface layer 202 to form

an enclosure around a designated area where the active surface of

semiconductor die 208 will be located. In FIG. 14b, bumps 206 are formed on

interface layer 202. Semiconductor die or components 208 are mounted over

bumﬁs 206 with contact pads 210 on active surface 212 oriented downward
Enca

&'Earrier 2007 Al atREK BUntiE 206 & bBfoPied on Sofitactivadd Y

residl@ pear toimoynting serNcaneugto ie 208 torcarnien20Q, Aglivesshace it h
212 contains analog or di%ital circuits implemented as active devices,
[

PTOPassive d&Vices, otttV Hayers ard dittEetic Tayers fofmed Within the

envidienand electricallydntereonnectedsaccording o the etectrical design aRdernal
function of the die. For example, the circuié?a¥6incgjde on

r more

e lemgRESoBRS GTSMEENAOIAG o Ul STEMtS 13 e G Zotive sl iasl ®

204 2Idto ieplementanalog pirevitsnar digitaleirclids,tsuhasrbsk, ASt€ading to
memory, or other signal processing circuit. Semjcanductor die 208 may also

the B o o ah s A YR SRR ElFaats

210 .prokessing.iAdypicaldRF systehs rétfidreSamultipkev IRDs #1 6né®f morective

sergicgpgu%tgr ggr%lia es fo erforgp.tehe2 pecessary electrical functions. FIG.

£
SUE14C shows contact pads %T of semiconducfor die 208 mounted to bumps
206 overlintétfdce layer 202 Thechieight) of bdmpst206is lappréxmately tieyer

202 §30ensigntas dam wallz 204, Ramwalls 204 form,a sealedenclogre oyp

around the area désignated for active surface 212 between’interface layer
mech@2 gad agtiveSurtacetix g FiGak4ed, arescapsetant brenoldingwet

strifYRRgUnd 214 s, deposited oyersemicondyctor die; 208 Using A pagte e
actiggﬂgﬁkface 212 between contact pads 210.

In FIG. 14f, a bottom-side build-up interconnect
structure 220 is formed over semiconductor die 208 and
encapsulant 214. The build-up interconnect structure 220
includes an insulating or passivation layer 222 containing one
or more layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other
material having similar insulating and structural properties.
The insulating layer 222 is formed using PVD, CVD, printing,
spin coating, spray coating, sintering or thermal oxidation.

The bottom-side build-up interconnect structure 220
further includes an electrically conductive layer 224 formed in
insulating layer 222 using a patterning and metal deposition
process such as PVD, CVD, sputtering, electrolytic plating, and
electroless plating. Conductive layer 224 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. One portion of conductive layer 224 is
electrically connected through bumps 206 to contact pads 210 of

semiconductor die 208. Other portions of conductive layer 224

—-23-



compressive molding, transfer molding, liquid encapsulant molding, vacuum
lamination, or other suitable applicator. -22 Encapsulant 214 can be polymer
composite material, such as epoxy resin with filler, epoxy acrylate with filler,
or polymer with proper filler. Encapsulant 214 is non-conductive and
environmentalléirotects the semiconductor device from external elements

can Had eoRtahTin&Rts The SRBRISURE fotifed By Garh WallsS 264 ir6vides arskary on
the tyeyantencapsulant 2d4drom spreading th dhe tierierportien of active
surface 212 between contact pads. 210. Accordingly, dam walls 204 form
cavity 216 5&100actvéSSurtdde 212 6F SernfldRabefd? did 268 Hh 18 14e,
inteeatieh200 asdaptionakintertacedayern 202 ase semoyed byichesscal
.etching, mechanica) peel-off, CMP, mechanical grinding, therma| bake, laser
e S B B sthiing, ARALARG AT TEE (oAa oty e ager 149
1 eavactiyecsurface ZIZbetweehn contaciqgads210ydn FUG fhé4fe abottof=-sidet he

build-up interconnect strgcture 220.is f d over semiconductor die 208
bottom~-side © uct

and encapsulaﬁ?ﬂio?he Buffcfup]ir?tercon'nect structure 220 includes an
insulatingror passivatan layen 222 oontdiningdine or morepayers o SI02, are

i3N4, SION, Ta205, A , or other material having similar.ingulating and
o et Ml B 333 6 L ed o) OB D
inteprheting: cdpin ‘coating rspray Boating, sinteAng op #wsmah oxidative. Fe face
212 %E@-!Pa%%etQB%d'ﬁ_Bd@teé%oj‘“8?5é&%%t&r%_é%%rf&(th%k%%é’e§§@ provide
electrically conductive layer 224 tormed in insulating layer 222 using a
the patterhingcand frtaldepbsitione process saeh a8tPYBIES VDS Spattdring t 1ve

sur £electrolvtic plafing, apd RIRckaless plating, Condyctiveolayer224.5an PP yer
218 %&gegZe a deeper cavity 226 to house semiconductor die 230
having greater thickness. Semiconductor die 230 includes an
active surface 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
the active surface to implement analog circuits or digital
circuits, such as DSP, ASIC, memory, or other signal processing
circuit. Semiconductor die 230 may also contain IPD, such as
inductors, capacitors, and resistors, for RF signal processing.
A typical RF system requires multiple IPDs in one or more
semiconductor packages to perform the necessary electrical
functions.

An electrically conductive bump material is deposited
over build-up interconnect structure 220 and electrically

connected to conductive layer 224 using an evaporation,
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layers of Al, Cu, On, Ni, Au, Ag, or other suitable electrically conductive
material. One portion of conductive layer 224 is electrically connected
through bumps 206 to contact pads 210 of semiconductor die 208. Other
portions of conductive layer 224 -23 can be electrically common or electrically
isolated depending on the design and function of the semiconductor device.

e lecimgking 1ayst 218 Biocks foimatioh ot Bulldip iterdonhécCstiitture2Arr een

prin@ve{AGHve suEface 2i2ofpsempicenduetos die-208.0Magking fayerd isu, ag,
removed in FIG, 14g leaving cavity 226 which exposes active surface 212

PP, fidm the” bSttomiSside BF Sermfdbndlitor 268 996, 14kt SeditoRbhiifrat

f 1uxdieddncomponents 230 asedneyntedavithinsavify 226 shetweenportensof i c

uild-up . interconnect structure 220, to contact pads on active surface 212 .

S/ 2 AORE] PG S50 Tt AT Ao BuA lowiad The g ox i1

is beonhettion betweenr cantacl pads 232 andsaictive asurfaicea2l2: THtecachment or
combination of damI\ﬁvalls 204Iﬁ?d({nmseking Ia%eer %1%?%rovi e aggfper

C

bondéél\ﬁtypﬁ%sct%sﬁduse semiconductor élefstd having élr terthickness. >

ref 1Semicdngductor die: @30 lircludes an adctvesusface contdininganadagior to form

Sphegfi]gictgllciE}cuitgémg!:e%erg?t/%%s ?%ggtiv%_olevicesé P ii/ecdeé/ices conductive

as
iste) Ong, mps 236
ayers, an ielectric la ormed W|ﬂ1|n tf%ne dlepﬁn e ectlrlcaﬁy AP

are m@éiﬂ;owweﬂcted_a@g@rrdcihg;metesledﬂﬂpalod@i@daqdfdmil_)ncgﬁttt@cdiej:léor
condXAMRlE. e circuivmay inglude, ope or more trapsistors, diodes, and otaet, 4. 4

circuit elements formed within the active surface to implement analog circuits
to cendigitall ércditsy sdck a8 DSPUASKC, 4nemomp ot tthér sigraltpibeessing

i nt eiECHiL, Semicendyctor, die 430 may also.coniaind B0, SUeh asn IAUEtars, 1ayer
capacitors, and resistors, for RF signal processing.

224. The interconnect structure can also use bond wires, stud
bump, micro bump, or other electrical interconnect.

In FIG. 14i, an underfill material 238 such as epoxy
resin is deposited between semiconductor die 208 and 230.
Semiconductor die 208 and 230 are singulated with saw blade or
laser cutting device 240 into individual semiconductor devices.

FIG. 15 shows FO-WLCSP 242 after singulation.
Semiconductor die 230 is mounted in cavity 226 formed between
portions of the bottom-side build-up interconnect structure 220
of semiconductor die 208 using dam walls 204 and masking layer
218. Semiconductor die 208 and 230 are electrically
interconnected with bumps 234. By placing semiconductor die 230
in cavity 226, the separation between the die is reduced
resulting in a short and efficient signal path to improve
electrical performance and increase operating speed of FO-WLCSP
242 . The height of semiconductor die 230, including bumps 234,
is less than the height of bumps 236. The overall height of FO-

WLCSP 242 is reduced with the above novel manufacturing process
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A typical RF system requires multiple IPDs in one or more semiconductor
packages to perform the necessary electrical functions. An electrically
conductive bump material is deposited over build-up interconnect structure
220 and electrically connected to conductive layer 224 using an evaporation,
-24 electrolytic plating, electroless plating, ball drop, or screen printing
and §{jeRsS Uive bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder,
and compinatipas thereobnsnameptionalh i selutiondsqr examplerthe
bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder.
apP g Blfng fMalerial ishonded to conductive layer 224 using a suitable
attachmemntiore bonding ppracess. dnoboe endadiment, the bgmpsmateriahisent ion
h regfllowed biﬁTy%heatinégtthg material ab;tve it% melting point to form spherjcal
Ve RIS BumBs 236 i sorfte Appfidations Burfips aré fefioied'a sécond
apprimedadmprove electticaleontacttoacendutiive dayies 224« & hetnsrps can
erboi8g s compression bonded, to,conduptive layer 224, Bumns.236 represent, ,
one type of inferdonnect structure that CAn be Tormed over conductive layer
pres224. Thevimterconnect streicturecan also tse bond wireisy gtudl oiumyp, micro
bump, or other electrical interconnect. In FIG. 14i, an underfill material 238
such as epoxy resin is deposited between semiconductor die 208 and 230.
Semiconductor die 208 and 230 are singulated with saw blade or laser
cutting device 240 into individual semiconductor devices. FIG. 15 shows
FO-WLCSP 242 after singulation. Semiconductor die 230 is mounted in
cavity 226 formed between portions of the bottom-side build-up interconnect
structure 220 of semiconductor die 208 using dam walls 204 and masking
layer
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218. Semiconductor die 208 and 230 are electrically interconnected with
bumps 234. By placing semiconductor die 230 in cavity 226, the separation
between the die is reduced resulting in a short and efficient signal path to
improve electrical performance and increase operating speed of FO-WLCSP
242. The height of semiconductor die 230, including bumps 234, is less than
the height of bumps 236. The over&it&ffit of FO- WLCSP 242 is reduced
with the above novel manufacturing process -25 and structure. The various
embodiments shown in FIGs. 5-13 are applicable to FIG. 15. While one or
What nhfe 8hibolfifiénts of the present invention have been illustrated in detail,
the skilled artisan will appreciate that modifications and adaptations to those

embodiments may be made withoyt departing from the scope of the present
veRiiar 55 S8t 1gHhM tHe TolioTANG SIS 26 CIaITHS “What TS Gt 1
Apaethod iof gnaking arsemicgnducteri device, comprising: providing a
tenrpoporgr.y carrieréirg%%ntgneqnal (f:irst L%r:ncicondow:éorwq%P}Nithtits %((::tjcve surface

ntirng a con r di ve,. surface
oriente JfO ?he temporary carrier, eposﬂlng an encapsujranst over %he fII‘S%f1

or iesgmitonducioe dieerepdriempocarycaerier; removing the temporary carrier to
Sl e e s soe e oLl i e

and temporary carrier;

removing the temporary carrier to expose a first side of
the encapsulant and active surface of the first semiconductor
die;

forming a masking layer over the active surface of the
first semiconductor die;

forming a first interconnect structure over the first side
of the encapsulant, the masking layer blocking formation of the
first interconnect structure over the active surface of the
first semiconductor die;

removing the masking layer to form a cavity over the active
surface of the first semiconductor die; and

mounting a second semiconductor die in the cavity, the

second semiconductor die being electrically connected to the

active surface of the first semiconductor die.
2. The method of claim 1, further including forming a
conductive through silicon via through the first semiconductor

die.

3. The method of claim 1, further including forming a

shielding layer over the second semiconductor die.
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first semiconductor die; forming a first interconnect structure over the first
side of the encapsulant, the masking layer blocking formation of the first
interconnect structure over the active surface of the first semiconductor die;
removing the masking layer to form a cavity over the active surface of the
first semiconductor die; and mounting a second semiconductor die in the
cavity, the second semiconductor die being electrically connected to the

4. adtive sirfacenfdhe dinst semicondustoredie  2cTheimeshod of claim 1, further
including forming a conductive through silicon via through the first

semicdndfctr SGE 3 The ifethed 6FEihint 1 irtHer inéiiGihg Forfifg &5ur face
of tshieldingslayeenverdhesecond semiconauctardie e 724 thheemethotheke of
th claim 1, further inc uding: forming a second interconnect structure over a
© 6&&? SurPSER! oF e firs gel%fc%hdflg r die opposite the active surface of the
firsb semicondactor die] anchrounting adhird semiconduetar «tie taithe

. second ir]cterconne%t structure. 5. A method of making a semiconductor
1nteaconnec structure

evice, comprising: providing a temporary carrier; mounting a first
semiconductor die with its active surface oriented to the temporary carrier;
5. dspasiin,an epcapsulanl averdhe first semiaondyclardie anglsmparay
carrier; removing the tem%orary carrier to expose a first side of the

e@mﬂxiﬁﬂmg a temporary carrier;

mounting a first semiconductor die with its active surface
oriented to the temporary carrier;

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

removing the temporary carrier to expose a first side of
the encapsulant;

forming a first interconnect structure over the first side
of the encapsulant without covering the active surface of the
first semiconductor die; and

mounting a semiconductor component over the active surface
of the first semiconductor die between portions of the first
interconnect structure, the semiconductor component being
electrically connected to the active surface of the first

semiconductor die.

6. The method of claim 5, further including:

forming a masking layer over the active surface of the
first semiconductor die;

forming the first interconnect structure over the first

side of the encapsulant, the masking layer blocking formation of
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forming a first interconnect structure over the first side of the encapsulant
without covering the active surface of the first semiconductor die; and
mounting a semiconductor component over the active surface of the first
semiconductor die between portions of the first interconnect structure, the
semiconductor component being electrically connected to the active surface

the bfithairst SEmTcttictor Hié. . THePmettiod &f Gait 5 ifther iciifing™ the

£ i rsforming a saskinglayer eyerzthe active surface of the first semiconductor
die; forming the first interconnect structure over the first side of the ,
eRCABRUIE, thRSmASKiNG Teet BISTking formallioff of 188 tHe fiYsts the active
sur fitercomnecistroiciye oventhe-activersurface«of the first semiconductor die;
and removing the masking layer to form a cavity over the active surface of
the first semiconductor die. 7. The method of claim 5, further including:
7. forméngre damiwall overthe temporanhearrier cmednting the first

s%mgrcongucté)r g(i—f towth(fltemggrarghcgrrti%rmsootlhg} the %g:tivle sru.rface resides

within the dam wall; d%posfﬁng]fhe encapSLﬁant over Thé first sémiconductor
diecand termpotary Carrigr, therdamnhllqireventing spreadmgteitherary

carr§RARSHIANL 19 e active aisa of ihe It semigonduciordie;removing e,
temporary carrier; forming a masking layer over the active surface of the first
sehnicondbctop die) forpmngtise liest interconnebestfuctarte overihefilgtcside die

and @QHS&%E@?SQQPE%Q%J“%ﬁ&?gﬂ%¥e%B@Ek@QJQQH%T%bOEpreading of the
encapsulant to the active area of the first semiconductor die;

removing the temporary carrier;

forming a masking layer over the active surface of the
first semiconductor die;

forming the first interconnect structure over the first
side of the encapsulant, the masking layer blocking formation of
the first interconnect structure over the active surface of the
first semiconductor die; and

removing the masking layer to form a cavity over the active

surface of the first semiconductor die.

8. The method of claim 5, wherein the semiconductor component

is a semiconductor die or discrete semiconductor device.
9. The method of claim 5, further including forming a
conductive through silicon via through the first semiconductor

die.

10. The method of claim 5, further including mounting a heat

spreader to the active surface of the first semiconductor die.
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the first interconnect structure over the active surface of the first
semiconductor die; and removing the masking layer to form a cavity over the
active surface of the first semiconductor die. 8. The method of claim 5,
wherein the semiconductor component is a semiconductor die or discrete
semiconductor device. 9. The method of claim 5, further including forming a
conductive through silicon via through the first semiconductor die. 10. The

11. methodnefelain §fusther inclyding mowting:heati spreasies ta thenactive
surface of the first semiconductor die. -29 11. The method of claim 5, further

SecopdidiFREpIStiNy &7 SeEhd &itapSlitant Aot the SERmEERdictor

component. 12. The method of claim 5, further including forming a shielding
12 Ia%(er over t%eﬁem'co ductor_co %or% nt. 13. Tflje glethod of claim 5, further
inclUginy THoTRting aheht sink to 4'back sutface &f thfirst S8micbntuctor
shiedié@iopposite cthecactive tshiefaserof thenfirst semiconductosdie. 14. The
method of claim 5, further including: forming a second interconnect structure
over a back surface of the first semiconductor die opposite the active surface
13. ofl'tke first semhiconduttorrdie; andumobating acskecond semiicoriductoradied¢a t

s Segopd intersonnedt stuciure 19,4 method of making.a semiconductar
device, comprising: providing a first semiconductor die; depOS|t|ng an

the eancapstlantoler theofirst semicondtctedie; ofofmingpa fissténterconnect
structure over the encapsulant without covering an active surface of the first

semiconductor
14. The method of claim 5, further including:

forming a second interconnect structure over a back surface
of the first semiconductor die opposite the active surface of
the first semiconductor die; and

mounting a second semiconductor die to the second

interconnect structure.

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

providing a first semiconductor die;

depositing an encapsulant over the first semiconductor die;

forming a first interconnect structure over the encapsulant
without covering an active surface of the first semiconductor
die; and

mounting a semiconductor component over the active surface
of the first semiconductor die between portions of the first
interconnect structure, the semiconductor component being
electrically connected to the active surface of the first

semiconductor die.
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die; and mounting a semiconductor component over the active surface of the
first semiconductor die between portions of the first interconnect structure,
the semiconductor component being electrically connected to the active
surface of the first semiconductor die. -30 16. The method of claim 15,
further including: forming a maski er over the active surface of the first

ng la
16. sdfifconaberr drt ferming the firs‘?g lﬁﬁg%ﬁné%&ﬁ%ﬁ%‘over the
encapsilant andfistisemicanducter die, theemaskingdayerr bloekingr the
. formation of the first interconnect structure over the active surface of the first
FiT 8L AIBhEGROr Gl and reinoving the masking layer to form a cavity over the
actven surface of therfirst sermiconduetor dies drudberaethod:of €laim 15,
further including: forming a dam wall around the active surface of the first
SHCAEE %ﬂ&&%@ dfe’: depositing ?ﬁ&%ﬁ%ﬁéﬂn%edve‘% e first SeRtcoriti(ictor
b1 ocdienthefdamandlbpreveénting spreasting of-the encapstilant totheuaetiverareat he

.of the fir§1 semiggn%ctor die; orrsn@inq_a m skiré% Iaygré)ver trtl(? active surface

aCtlgF the first semicon u%tofrldrleé; ormlnrﬁgq[ﬁ(ra1 iFst interconmiect structure over the

emcapsulang, theemaskikg tayet dojeokingfofmation of thet finst dntercarinechctive
structure gver t% ]gg[fives g%r{%%% 8{1 tcr1§ofirst semiconductor die; and removing

f . dIe. .
SuE t%%emasklng ?ayer to form a cavity over the active surface of the first

semiconductor die.
17. The method of claim 15, further including:

forming a dam wall around the active surface of the first
semiconductor die;

depositing the encapsulant over the first semiconductor
die, the dam wall preventing spreading of the encapsulant to the
active area of the first semiconductor die;

forming a masking layer over the active surface of the
first semiconductor die;

forming the first interconnect structure over the
encapsulant, the masking layer blocking formation of the first
interconnect structure over the active surface of the first
semiconductor die; and

removing the masking layer to form a cavity over the active

surface of the first semiconductor die.

18. The method of claim 15, wherein the semiconductor component

is a semiconductor die or discrete semiconductor device.
19. The method of claim 15, further including forming a
conductive through silicon via through the first semiconductor

die.
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18. The method of claim 15, wherein the semiconductor component is a
semiconductor die or discrete semiconductor device. 19. The method of claim
15, further including forming a conductive through silicon via through the first
semiconductor die. -31 20. The method of claim 15, further including:
forming a second interconnect structure over a back surface of the first
semiconductor die opposite the active surface of the first semiconductor die;

20. anghaakting@ secand-semiconductor dierto the segemnd, interconnect
structure. 21. A semiconductor device, comprising: a first semiconductor die;
art ShEapslIantdepusited OVEF tHEfiSCsemicondbibior die?ea fifstP2ck surface

of tinkerconrectstmctisedormed ovardhemwnsapselanh avithout ceveringrane of

th ctive surface of the first se icqnduc‘éi)r die; and a semiconductor
© EohponETMGIRRETVRT tie §étivE Surface of the first semiconductor die
betweeniportians et-thedirstrintercomnecbstructure; the: semigondudtor
intedom (r)lréer%t bsqcir%%c Ie(]::trically co_nnected to the _active su_rface of the fi_rst
sémiconductor die. 22- The semiconductor device of claim 21, wherein the
semiconductor component is a semiconductor die or discrete semiconductor
device. 23. The semiconductor device of claim 21, further including a
cc?hcfu%%@g ?ﬁroﬂa %Jﬁic%%\@llé: ?drmce%nf%F&usg%n%é first semiconductor die. 24.

The Semsdoritretiordevicetofclaire 21, further including a

an encapsulant deposited over the first semiconductor die;

21.

a first interconnect structure formed over the encapsulant
without covering an active surface of the first semiconductor
die; and

a semiconductor component mounted over the active surface
of the first semiconductor die between portions of the first
interconnect structure, the semiconductor component being
electrically connected to the active surface of the first

semiconductor die.

22. The semiconductor device of claim 21, wherein the
semiconductor component is a semiconductor die or discrete

semiconductor device.

23. The semiconductor device of claim 21, further including a
conductive through silicon via formed through the first
semiconductor die.

24. The semiconductor device of claim 21, further including a

shielding layer formed over the semiconductor component.
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shielding layer formed over the semiconductor component. -32 25. The
semiconductor device of claim 21, further including: a second interconnect
structure formed over a back surface of the first semiconductor die opposite
the active surface of the first semiconductor die; and a second

semiconductor die mounted to the second interconnect structure. -33
25. The semiconductor device of claim 21, further including:

a second interconnect structure formed over a back surface
of the first semiconductor die opposite the active surface of
the first semiconductor die; and

a second semiconductor die mounted to the second

interconnect structure.
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