SEMICONDUCTOR DEVICE AND METHOD OF MOUNTING DIE WITH
TSV IN CAVITY OF SUBSTRATE FOR ELECTRICAL INTERCONNECT OF
FI-POP Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor device
and method of mounting a semiconductor component with TSV in a cavity of
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emlconductor evices vary in the num r and enS|ty of e ectrlca
components. Discrete semiconductor devices generally contain one type of
electrical component, e.g., light emitting diode (LED), small signal transistor,
resistor, capacitor, indudade bédyfovrdrendryeritieosemiconductor field
effect transistor (MOSFET). Integrated semiconductor devices typically
contain hundreds to millions of electrical components. Examples of
integratethsermicoAdidtol Ttesidesdncluge aiefocbntrofeisT microprocessors,

semi€RAIGEH: cQURIEd devices (GODR) -solar cells, and,digital mYCLo-MUNalc o nquct or

devices (DMDs). Semiconductor devices perform a wide range of functions

deviggehpas hitfhtérse dPéaltdaicns) Irahshfitiing Ui FécEivif§eRsitomaghdtie TSV
in aSigpals gontrolling glectropice dewices transforming syplightda elegtrigity, ri —
and creating visual projections for television displays. Semiconductor -1
PoP . devices are found in the fields of entertainment, communications, power
conversion, networks, computers, and consumer products. Semiconductor

devices are also found in ]
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



military applications, aviation, automotive, industrial controllers, and office
equipment. Semiconductor devices exploit the electrical properties of
semiconductor materials. The atomic structure of semiconductor material
allows its electrical conductivity to be manipulated by the application of an
electric field or base current or through the process of doping. Doping

.introduces impurijties into the.semiconductor material to manipulate and
I LS irot the SoMAICHVAlY of the Semitonducior device. A Semibonductor device

commconitahisiavtive andwrassiven etectrical stroetures: kictive stiietiges, ineluding

cons%ilﬁg!?‘;&”gd]ﬂ%' Lifect gr%‘i“c;%ié%oﬁ%c%‘?o”r”‘)#é@ei@%‘@ Oéj?geec feal qurrent. By
varying levels of doping and application of an electric field or base current,
milithentvarrsistdr eitierqromotes ar restricestherflowi vkelectridabcurient.

o ont?%ﬁs_ii‘é? Ss,tr%tgegfipggjgi%%g% capacitors, and inductors, create a

relationship between voltage a urrent necessary to perform a variety of
electricaPfinttionsl UtHeopaskivel ard &ctiveStiuctlres ate efectically
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perform high-speed calculations and other useful functions. Semiconductor

semigeviees e géidrally manufd@iifedliising e corfplex ranifactvingy to be

man iBOLEERES, e drentand manufacturirg..and-back-end manufactyring,.each
Involving potentially hundreds of steps. Front-end manufacturing involves
cur rppofthatlioh 674 pldrafity3t of€ 8 thé stfRce'of a SEHEBAdUCHF RAafsSS

impuEdeh die istypicatheideatical angr2:contains sireuits fosmegdypelestricaliy g
connecting active and passive components. Back-end manufacturing
contmg&wgg%"ﬁﬁmﬂﬁﬁflv1ty of the semiconductor device.

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a

semiconductor wafer. Each die is typically identical and



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
produced more efficiently. In addition, smaller semiconductor devices have

a smaller footprint, yhich ié esira?le fgr sma{l r end nprodgécts. A smaller die
contains ci CUlﬁS 8??6 g elec rlc% iy %o nec 1qg acthve.and
Size may be athieve y improvements in the front-end process resulting in
pas sdieavittosmatiern higher Bdersityrattive antapassivencomponents sBackignd at ing
1nd 1 DOEEeHMAY 511N semiconductor device B%%{faﬁe?é]é"” nasmallery; e o

footprint by improvements in electrical interconnectio and a&%glng
provinateridls. untuaml applications ainis desirablenteestaek aiplotality of -

semicongyctog die oyer aneg anaihariaform,a, stacked Semigondudtar oo gy ce

package. However, stacking semiconductor die also increases the overall
smaldige apenthieRnEss bPihedsermitohductorphtRage Fores@niplelinglatkages

cons!fglidingsthree, o moie stacked, die, the package feguirgs geveral SUbHIIAIES ceq
to facilitate the formation of electrical interconnections between each of the
moreserhicoRdactot die. IH BoRvERtiohal packiyess forSERarMpRS Aree SuBSifatess

havedig aften reguired yhen forming fansin; pagkage-gn-package (rizAaR) eng
packages to form the necessary connections between top, middle, and

prodyGifsim did: EVENLit Bhe dGbstrate id'ase P thée Bl motfted toldhoRite&fdess in

the @hibgtsubsirate ncease package thickness angdlengtbga prepagatiopher
paths which degrades electrical performance. -3 Summary of the Invention A

denspged Bxists'to elBEtriRAR S coRfEstadked Back-ehd processes may

result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

In many applications, it is desirable to stack a
plurality of semiconductor die over one another to form a
stacked semiconductor package. However, stacking semiconductor
die also increases the overall size and thickness of the
semiconductor package. For example, in packages including three
or more stacked die, the package requires several substrates to
facilitate the formation of electrical interconnections between
each of the semiconductor die. In conventional packages, for
example, three substrates are often required when forming fan-in
package-on-package (Fi-PoP) packages to form the necessary
connections between top, middle, and bottom die. Even if one
substrate is used, the die mounted to opposite sides of the
substrate increase package thickness and lengthen propagation

paths which degrades electrical performance.



semiconductor die in a Fi-PoP arrangement. Accordingly, in one
embodiment, the present invention is a method of making a semiconductor
device comprising the steps of providing a substrate having first and second
surfaces, forming a cavity through the first and second surfaces of the
substrate, forming a via through a first semiconductor die, filling the via with
conductive material to galglrpm a EO”Q%Ct{';\i?eViﬂh@gHQt{” the first
semiconductor die in the cawty,ydeposmng an encapsulant over the
substrate and a first surface of the first semiconductor die, removing a

portion of thie encansulant from the ft suriae qfhe firs semicondugtor die
to expose the conductive via, and mounting a second semiconductor die to
semiherfifsicsarfade of the first semidonducton gkenThe. sedondosadmicphductor one
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includes the step of mounting a third semiconductor die over a secon
semigpfabecoithe diestl semiconiplteok e bppositecthe vt surfacedsfthe first

subs$&RIcondyctor dies {n apother embaodiment, the, present NNVeNtignis aav;+y
method of making a semiconductor device comprising the steps of providing
throggbstrateiavilg first afe SeBBnd $ufaces fermihgca TaVHF B6Ggh A ming

a vifirstandsgeond surfagessefthesubstrate, andmopnting afirshe via with
semiconductor component in the cavity. The first semiconductor component
d%ilt‘?n
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semiddgacapsantieer the rsubstrate-gnd adpsstsswrface ofithe fikssipsulant over
semiconductor component, removing a portion of the encapsulant from the

the bt EaEeeBFthe firdtsEmicBhd@ditr 8dmpbBRenttbExposB trenductor
die, cenrgdustivad SV, @ngkmeuntiry arsecend sgalcoiductarcompenent 1

surface of the first semiconductor die to expose the conductive
via, and mounting a second semiconductor die to the first
surface of the first semiconductor die. The second
semiconductor die is electrically connected to the conductive
via. The method further includes the step of mounting a third
semiconductor die over a second surface of the first
semiconductor die opposite the first 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 substrate having first and second surfaces, forming
a cavity through the first and second surfaces of the substrate,
and mounting a first semiconductor component in the cavity. The
first semiconductor component has a conductive TSV. The method
further includes the steps of depositing an encapsulant over the
substrate and a first surface of the first semiconductor

component, removing a portion of the encapsulant from the first



the first surface of the first semiconductor component. The second
semiconductor component is electrically connected to the conductive TSV. In
another embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a substrate having
first and second surfaces, forming a cavity through the first and second

surfacets Qtfthe Eubs rate, and mgun in%afirst semicgndcuctor comgon nt
surface R h? _'i_ﬁs . sémicon CLO comgonerh @] exgo% t?é@v
over the cavity. e first semiconductor component has a conductive )

condtihe imetHogMurthedinctudesithg stepssofandusting a sedond csengicopductor to
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epositing an encapsuiant over the substrate and second semiconductor
secogempeneénty and erounting @ thied semicondector icomponent overca sectid the
conaSface.ofthe first semiconductor component opposite the first surface of the
first semiconductor component. In another embodiment, the present

inventiort i @%W@én&ﬁé@@ﬁdéﬁ@é coMIPRiSIPIges Sitystidte %Wf@lh cavigy
meth@cﬁmgg tﬂ%%ﬂ!ﬂgf'fét %%%?f%%q{%%l{r(fﬁceéequ% SHB% @?sf‘ngrsﬂhe steps of

semiconductor component is mounted in the cavity. The first semiconductor
PTrovesthpEnentHEssa Eshauitve TSV fASeEoRd SetrieBAductor éafpeneftdsming

a caWouptedevelafirsh surfacesof thegfirst semicanductorcomponant. Adpstrate,
encapsuiant is deposited over the substrate and second semiconductor

and gEBbAeNt. A thitd SSeriRBhEGABF E6MPoRERPIRHRBINEY DveF A%eeaid LY -

The Surfage efdhe first semicondugtos compangsat gppesite the first suface afithe
first semiconductor component. -5 Brief Description of the Drawings FIG. 1

methifstaes HEPCE it ditferéMityfesBF 0f mounting a second

semiconductor component over a first surface of the first
semiconductor component, depositing an encapsulant over the
substrate and second semiconductor component, and mounting a
third semiconductor component over a second surface of the first
semiconductor component opposite the first surface of the first
semiconductor component.

In another embodiment, the present invention is a
semiconductor device comprising a substrate having a cavity
formed through first and second surfaces of the substrate. A
first semiconductor component is mounted in the cavity. The
first semiconductor component has a conductive TSV. A second
semiconductor component is mounted over a first surface of the
first semiconductor component. An encapsulant is deposited over
the substrate and second semiconductor component. A third
semiconductor component is mounted over a second surface of the
first semiconductor component opposite the first surface of the

first semiconductor component.



packages mounted to its surface; FIGs. 2a-2c illustrate further detail of the
representative semiconductor packages mounted to the PCB; FIGs. 3a-3h
illustrate forming a Fi-PoP with a semiconductor die having TSV mounted in a
cavity of a substrate; FIG. 4 illustrates stacked die interconnected through
the TSV die in the substrate cavity; FIG. 5 illustrates the stacked die
interconnected V\gthi ng \é irg:teripq:sleg gisggsg%én qjlrea%avit of the substrate;
FIG. 6 illustrates tﬁe stac ea die %terconnecte with em dsded bumps and
TSV in the cavity of the substrate; FIG. 7 illustrates the stacked die

intercon@%ed yvithliI'SV a dcdggnd V\QEeg covere b¥ ¥vire-i -film ggeriall;
FIG. 8 illustrates tl%e s%asctf(]é% ie ina%erconn‘é%te \?\}I;[Lh tﬁé: %’ R/ 5%@mour?ted
packegmrshasubstatetcavity sFiGirF lastrates the stacked die interconnected

with theghsy, die,extepding opside fhe sybstrate cavity;lG, AQ Hustrates

the stacked die interconnected with the TSV die disposed outside the
reprogisstaré Rty entc FIGUEE fluskadsatie FirPoR it stackeld<di€ @hd

heat sink. Retailed Descrintionsef, the Drawings, The, prasentinventign is
~described in one or more embodiments in the following description with
SeMiRErEReE ¥6 tive Figures, iy which Ik RHRerals répresentthe Sante 6KSIRtiRRTE

-6 elements; Whilg the,inventinissdescribgd dn terms-efthe best taade falough
achieving the invention's objectives, it will be appreciated by those skilled in
the feVarf #ifat s iftendedPtd-cover aferhatives, modifications, and equivalents

asmay Bec. 5 illustrates the stacked die interconnected with

a TSV interposer disposed in the cavity of the substrate;

FIG. 6 illustrates the stacked die interconnected with
embedded bumps and TSV in the cavity of the substrate;

FIG. 7 illustrates the stacked die interconnected with
TSV and bond wires covered by wire—-in-film material;

FIG. 8 illustrates the stacked die interconnected with
the TSV die mounted over the substrate cavity;

FIG. 9 illustrates the stacked die interconnected with
the TSV die extending outside the substrate cavity;

FIG. 10 illustrates the stacked die interconnected
with the TSV die disposed outside the substrate cavity; and

FIG. 11 illustrates the Fi-PoP with stacked die and

heat sink.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the

figures, in which like numerals represent the same or similar



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

e en@ Rl gl die on fhe surfdce ofa semicondudiorpater. Each dieon e ...
wafer contains active and passive electrica componen]ts, wnicn are
modeeléctricath temmecied hto formdunctiomak elelotirat civelsts. Active lectrical
appr%%@gge]?ﬂnt% S‘ﬂi%ho%se”éﬂﬁ'fﬁoéé aE]‘Q digdes, haveihe a?lé'tyi;é’ copualihe .
ow of electrical current. Passive electrical components, such as capacitors,
coveindadtors,resistors,, ant diansfermears sereateda eclatioaship betweemeoltdge

inc1@RAGUIeRt, nrcessany 1q pedory electical cypult funclions Passive ande e neg

active components are formed over the Surface of the semiconductor wafer
by thy axjepiesdf procdessiste g dndlbding dopirig, depositionsphaliithograbhyy the
£o1184¢hing. @nd -planarization; Doping inyroduces impurities into the
semiconductor material by techniques such as ion implantation or thermal
diffusionS Fhe opiit protess Hotiffesithe elédtficall éondiictiviipefured using

two SEMICODJUEIon Materalin active devices s trapstorming thesemieqRAuctoh g and
material into an insulator, conductor, or dynamically changing the
backsenitoRatetb? rtaterald conddivity il Fesponsé #6 AR eléctric idrorirasee

formEW RN Jiransistors SOAta{N ragiensobvarying types and degrees of -7
.doping arranged as necessary to enable the transistor to promote or restrict

Sen RGN bP lebitcar curréitipdht the dpphicatioh bt thé 8idcirid freld O base 21

pass@GUfé€Mlectrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the
semiconductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical
conductivity of semiconductor material in active devices,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.

Transistors contain regions of varying types and degrees of



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

dop i%g;ec.‘é%'?éi §'e%¥'”§sp rocesses, Fach layeris an%ka?"yt%%tﬁ%rggg él%’ M promote
portions of active components, \p/asswe components, or electrica
or reorinections hetweéernwcompenentsr The layers cantbegpatternéd usimglication

of tg@otgﬁtgggrraip@yf i\gﬁigh(j)rv%\éessethgudrepeoggion of light sensitive material,
e.g., photoresist, over the layer to be patternéd. A pattern is transferred from
a photomaskitocstherphateresisy asingilightieThe poriorfofrthepHatoresistrs of
mat <RAUEID sybiseted to-light is removed.ysing g,solvent.exposing portigns of ...,
the underlying layer to be patterned. The remainder of the photoresist is
be frarievedYeaving békid dopatteined 1ayernAeqlativelyesometgpesmfd in
partMalerials aegvgett%@eﬂgaefe@ rectly,depositing dhe saterial into the areas.or +h:n
~voids formed by a previous deposition/etch process using techniques such
£11my6leRefrofestaiek BlectroRAcD | &g Deposititie s iR Fifth bf htdter&l\Gver

phy s8R £Xisting RaUEIR sanexagoerais fhe underying pattern,and create ajon-
uniformly flat surface. A uniformly flat surface is required to produce smaller

elecii@ hicta deh’bRFadREA HRATE And FrRSivel B8MbonanES PRifatiz4tion can

pattbe Heed to remexe paterid) from rthesurface of the waferandproguce a
uniformly flat surface. -8 Planarization involves polishing the surface of the

COMPRAfEwith & pSlisRng P A abrasRie matertaf aHE TorosiB ¥Heital are

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light.

The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
layer to be patterned. The remainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-
uniformly flat surface. A uniformly flat surface is required to
produce smaller and more densely packed active and passive
components. Planarization can be used to remove material from

the surface of the wafer and produce a uniformly flat surface.



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

p1angRéronmental, isolation, To sinaulate the, die the water is-sqared andbroken,
along non-functiona regloﬁs of the wafer called saw streets or scribes. The
poliwhaferdgs simgulatéd usingees lager vatting tedl crnsaw dfades After Sirgulation, are
addetéi‘eeBd%’iQéJaLﬁ%:ef%rceem8%m€Qet°w%ﬁé‘%k%%eﬁ%%ﬁ%%t? ihgtingludes.pins or
contact pads for interconnection with other system components. Contact
combpads! foreéd ouertheasemiconductohdieadre alkery eoanected to contaet paidson

of tWihindhe package, The eleglical conneefiops cap he made with selder ;3 5

bumps, stud bumps, conductive paste, or wirebonds. An encapsulant or
unifeget molding natefialie deposited over the package to provide physical

support and glectrical isolation. ,The, finished package.sthen insgrted into an

~ electrical system and the functionality of the semiconductor device is made
s 1ngavaifablditothe othersystemreohiponehts. FIGS Lildstiates electrbRicdéviééen
packal havingr.chipecarsier substrate of priptedheireuitbeard (PER) meawith 2

plurality of semiconductor packages mounted on its surface. Electronic

is0lgdyied 50 may RAve bhe tipd BEsehicontlittor pagkades of Filffletyfedsrken

alonsemiconduetor paskagess deparding amthe,application: Zhe differentypes or
of semiconductor packages are shown in FIG. 1 for purposes of illustration,

SCrilfelectroifc dBIGE 56 hay BB 'stad albie Sy stemdfigr 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.

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.



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 spegificintegrated gieuits (ASIC). lodigSirgut.. - 1o
analog circui s, RF Circuits, “discrete devices, 6 other semiconductdr die or
useselebticabrcompuohents: 1n F4Gk 2 gREBtSY providesra general substeate for

electUyGiUAl sypROM %qg .e'e%éfﬂ%%'r‘%tae_ﬁ%“”fc? ofthe  semicondyctor packgaes,
mounted on the PCB. Conductive S|gnaF fraces b4 are formed over a surface
be aorswmmﬂmWeT@rUi PC@B 521 asigglev_ap@raimn, elia@trots_/z;ierpﬂdtmg, @ﬂe@‘@teassic
dev1Piatling, screep.printing, of other syiiable metal depgsition process,, Signal.
traces 54 provide forelectrical communication between each of the
othegerpicopndlictor paekagesy nisuitted komponentss aht sethee éxieriial system

comptBPONeRts . TLaces S4-al5e Provide power and groynd gennections to each

~of the semiconductor packages. In some embodiments, a semiconductor
micrggyies has we  paAckarieveRPPirsClebelpackagmglis & teehRigte T6F

circieechanigaiy-qand electrically attaching the semjcenduciardie taran i rcyits,
~intermediate carrier. Second level packaging involves mechanically and
di SCél%Eﬁ'ic%ﬁ)‘/éﬁﬁéhinﬁ?h@ﬁﬁ@ﬁn@ﬁ@ﬂecﬁfﬁéﬁ@?héiP%B?qn plfesrtrical
comp@mbadiments, a semiconductor device may only have the first level
packaging where the die is mechanica,ll%gnd electrically mounted direct[ﬁy to
or

the PCBIRof tHe*purpoS& Bf Mitiskrafion, several fpes 6. -forstrate

structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 54 are formed over a surface or within layers of PCB 52
using evaporation, electrolytic plating, electroless plating,
screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 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
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first level packaging, including wire bond package 56 and flip chip 58, are
shown on PCB 52. Additionally, several types of second level packaging,
including ball grid array (BGA) 60, bump chip carrier (BCC) 62, dual in-line
package (DIP) 64, land grid array (LGA) 66, multi-chip module (MCM) 68,
quad flat non-leaded package (QFN) 70, and quad flat package 72, are

h wn mounted on PCB 52. Depgending upon the yste uirements
flrs%o% inatioh “of ?(e%% 8ﬁdué}olzriblré‘(a: a%(gé gonfbgured%vlt(ﬁ aﬁ%]/ cogr?blna Ion o
chlpflr‘éﬁandsecem@m‘vebpaM|r$g?styl@sj@sm@hastﬂ)merseleetr@ﬁmtypes of

companent ybec nnectg 19 CB Hnl me .e |me lectroni
seco (g{\j:ceg 5% g%%esfg § ﬁgle attgcﬁe nsetr:‘n%l%ondl?c]::tééj pg]cr %égotr%gr Buamp
chlpem@odmntélﬁﬁﬂToﬁr&ult@l@lntemohn@@t@ﬁp&@@ge@@?boﬁmbamﬂagmﬁae@id

arraOf§ SENIGANAUGIor, Packages QVEr, A eq%e@ybé%at [RANUiACIUrels can, 5 geq

mcorporate pre- -made components into electronic deV|ces and systems
packBgeausethe seimicenductiorfadkariestinclide sopRisticated stiupictioralitpted on

PCB %'ECUO@'&S’@B{%?C%%W@%}B‘@&P% gﬁxﬁ@é\%ﬁw@@m%ﬂ?“@oﬁ{ﬁ%atlon

streamlined manufacturing process. The resulting devices are less likely to
of SR FRNEES Expemsive & TanFasiute vesting fnha fowercosbfgration of

£ 1r sSOnSUNerscEIEs. 28;26 shawiexemplaryseraiconductor packages 6. 2a
illustrates further detail of DIP 64 mounted on PCB 52. Semiconductor die 74
clecihenides afaEtRRGREON CHHtaiffhg ANAI6G t6idigital Ciréuits impleettal as

embodGliverdevices) passivg deviees: eenductive dayerssand digleetic layershed
formed within the die and are electrically interconnected according to the

semigRetital desigh of B die” For 8x&hpre’ thd Bircuital Sinciitte drid of thoreP1e

int etFaRSiSOrs, cHOdRs: RAHOIQrS, BRPALINARS.NesiSIOrs: apd atbefeCikili conductor
elements formed within the actlve reglon of semlconductor die 74, Contact

paCkﬁgﬁf7§%ﬁ§oﬁe%ﬁ%%ﬁ% substrat manufacturers can 1ncorporate

pre—-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within
the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active

region of semiconductor die 74. Contact pads 76 are one or more
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-11 layers of conductive material, such as aluminum (Al), copper (Cu), tin

(Sn), nickel (Ni), gold (Au), or silver (Ag), and are electrically connected to

the circuit elements formed within semiconductor die 74. During assembly of
DIP 64, semiconductor die 74 is mounted to an intermediate carrier 78 using

a gold- silicon eutectic layer or adhesive material such as thermal epoxy.

The package body includes an insulative packaging materia h as
ey E B et Totas B A e HBRAS B Drouite SHESEal
(Cu)intertonréct between sseniigonductor die (AMiand PCB 52 vEncapgsulantB4disare

e 1ecdenosited OV%rntHSFPcaggaQ% f%%%”"@"?é%%’l»}f‘&@%?%i@Q by preventing ,;
moisture gncfpartlc es from enterlng the package an contamlnatlng ie 74
semigowite bonds e FIGE.. 2b Mustratesarthriodstail of BOT 62, megntedopuctor

aie R¥Bi2.Remiconductor die; 88 is moynted over carier 9 ysing.an yngsiil]_
or epoxy-resin adhesive material 92. Wire bonds 94 provide first level
Silig@@ki@glm@méﬂnémména@méét\fpaq@aa%aﬁébsmmdiﬁg cb_lﬁﬁmmh
epong.e”%arpé_ 100ds depesitad pygE semicondugtor die, 88 ,andwwire hgnds
4 to provide physical support and electrical isolation for the device. Contact
matepads 162 @fe fornfedtolta Sif&e 6fPCB 5X93iAY @t suitdisie tfetal and

wiredeppgitionssuch electiglytic platingQr electroless plating todrgyent oxidation.
Contact pads 102 are electrically connected to one or more conductive

semigaRg) g48n PEBB3. Bumpsa04 areferned Hetwéén éonaePpads 68
overof BCG S2iangkcantactyagds 102:0HREB 52-dp 4G 26, 3gmicondusten die

58 is mounted face down to intermediate carrier 106 with a flip chip style first

mo 1 SieYEF patkadifg tACHVESreGTdH™ 68 b Semitonbiticidt die*S8 coRthins

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 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.

In FIG. 2c¢, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains

analog or digital circuits implemented as active devices,
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analog or digital circuits implemented as active devices, -12 passive devices,
conductive layers, and dielectric layers formed according to the electrical
design of the die. For example, the circuit may include one or more
transistors, diodes, inductors, capacitors, resistors, and other circuit
elements within active region 108. Semiconductor die 58 is electrically and

assrln\t;ghgnlcalcy connect%d tqﬁcarrle!rL 106 throug (ggn; BGA 60 is IS & formed
P electrlcaﬁy and ‘mechanic Iy ‘Connedtedto PC with @éCA sty?é Sécond”

accoledéhpackaginigeusing bumipsall2leSémmncanductor die 68 is Blectricadlyple, the

ed to cq ctl S|gnal tracest54|Iq RCB 2thr%u%l'gjgtsjmps A0,
Clrcéllénaﬁ nes 1nlc4 and umps 11 oiemoi%ﬁngstl:om%]éﬁnd or encapsu]kamtu ;S

capaisitepesiteteovies senficorduttortdie H8cand-earrier 108¢0 providé lphysmat ive
regl%lrlePd%a”d sleginical splatan 19r thesdevice JThe. flin chip,semiggnductor

device provides a short electrical conduction path from the active devices on
mechggmizohdiictopdites8 a8 comdaetion facks'6n PTBR 821 brddrto Yéduce

signal propagagion distance, lower ¢gpagitange -and, inpprove 0&’85@4%8’5 CHIt ¢ o

performance. In another embodiment, the semiconductor die 58 can be

PCB &%cwaﬁﬂaaw ﬁﬁ’éeﬁc‘t’rlt%ll?%‘ﬁﬁ@ctjeﬁ"(ﬁﬂecﬂ?CﬂéaPJGB%Zlﬁéﬁg fipewp 112-
semistyledfirst levelpackagingswithaut: infermedjatecarter 106 .FJGso 38ttt i ve

illustrate, in relation to FIGs. 1 and 2a- 2c, a process of forming a Fi-PoP with

signg kefficsifuctdr die h&ving %SW%HﬁfédQHI%Qéa\ﬂlt%/oof Pstrate. 1S 3kl 4/

and Bhews al&QmICONdkl@tPcﬂWﬁjerc%@Q&@%ﬁg aihasesubstrate material 122
such as silicon, germanium, gallium arsenide, indium phosphide, or silicon

depogdrbitfe, ?Hre&ru%?ﬂ}h%&ﬁﬁd‘r -An %ﬁla?lﬁgad?dp%ﬁ\?dt% Ié%r oy provide
phy sformedavep aftrstsidfaceft rical 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. 1In 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-3h illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming a Fi-PoP with a semiconductor die
having TSV mounted in a cavity of a substrate. FIG. 3a shows a
semiconductor wafer 120 containing a base substrate material 122
such as silicon, germanium, gallium arsenide, indium phosphide,
or silicon carbide, for structural support. An insulating or
passivation layer 124 is formed over a first surface of
substrate material 122. Likewise, an insulating or passivation

layer 126 is formed over a second surface of substrate material
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substrate material 122. Likewise, an insulating or passivation layer 126 is
formed over a second surface of substrate material -13 122, opposite the first
surface of substrate material 122. The insulating layers 124 and 126 contain
one or more layers of silicon dioxide (Si02), silicon nitride (Si3N4), silicon
oxynitride (SiON), tantalum pentoxide (Ta205), aluminum oxide (A1203), or

other material having similar insulating and_ structural properties. Th
122 R kA2 A 126 s Tormi SSg PD VB Dy, 7 T
insudedtingg sprayecoating4 simtering cordheimaloxidatiorn: Anpartion of énsulating

.- .layers. 124 and iIsyemaved.as shown. In FIG. 3b lectricall

11 &Y% J g )
5t 10%6’”%%%\% J%?/eer](l%%t?s Ff'orr%é %?ﬁe Pelrﬁgvlecge pgr%é% 0 ?nsu%al%nlggl%?er 124
oxynaitd lglectfialiNdonductive layer180tis forased(ifthe Femovédmportion @f 1de

(a12thsylat I ing with PYD, CYD; ing,el i
sylating lays 426, patening Wi PYD, CYD: Sputtering, clegiroio

plating, electroless plating process, or other suitable metal deposition
strugigeess. Covmtivedayers TI28 anduBatcarchd are vf moté layets bf Al are

formEl: 384 NG AMyA\I, compthgr suitable elegtrically copdyctivesmaterial ;The 1o,

~ portions of conductive layers 128 and 130 can be electrically common or
s intgfgetically isofdted Bependingon te-desigiP @Rl femctidn efthelating layers

124 Sgmiconductor deyiseeln EIG. 3¢, @cavity or opening 136 is formed through
insulating layers 124 and 126 and substrate material 122 using laser cutting

tool or saW bidde. CavityIB6°daiTbe té@angular N Eircitar or ofet sultablel s

f ormidMifactoR elnelz B6a aserticendustor; dig or component; 4 38 19 dispesed in
cavity 136 and secured with backing tape 140. Semiconductor die 138
e LeciEhitel oh AARGLUAS LAYEtAitfhgt s FoFmed 1n the removed

portion of insulating layer 126 using patterning with PVD, CVD,
sputtering, electrolytic plating, electroless plating process,
or other suitable metal deposition process. Conductive layers
128 and 130 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material. The
portions of conductive layers 128 and 130 can be electrically
common or electrically isolated depending on the design and
function of the semiconductor device.

In FIG. 3c, a cavity or opening 136 is formed through
insulating layers 124 and 126 and substrate material 122 using
laser cutting tool or saw blade. Cavity 136 can be rectangular,
circular, or other suitable form factor.

In FIG. 3d, a semiconductor die or component 138 is
disposed in cavity 136 and secured with backing tape 140.
Semiconductor die 138 includes an active surface 142 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
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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 -14 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 142 to implement

aseband analog circujts_or digital circuits, such.as digital _signal processor
1o aR AT Hn i of S Snal broabeieE ot oS Rddeior i
circi38 mayyalsocontéin P2, suchvas enductors] sapacitors,iantbresistors, farher

circRESignalprocessing. A Rjeal RE system reqyires multiple IPDS ip one.of.
more ‘semiconductor packages to perform the necessary electrical unctions.
basehsemieordurtorcdie withtthrougHoamiclvia {TOMtean bedisposedigital
s1gnSAVIRY 36, I 8‘£’°tq§§§mb%’?8[“zm%%_ ondyctor dieor comppanent 13818 < 4 4
an interposer with TSVs disposed in cavity 136. A plurality of vias is formed
circthkdugh Semicopiddetor odiebrinteAsose? 138 singriserdillingor etcHitg as

indulOSesS, such as deep reggliveion eiching (DRIE). diheMas are filled- aith; g
Al, Cu, Sn, Ni, Au, Ag, titanium (Ti), W, poly-silicon, or other suitable
A typleetically conGi@NetRatetaPasifg PP .CVEE Déeétfol e pREing oL ©

semi@lsalialess platingqdrocess, orather; syitable metaldepasition process 1a
form conductive through silicon vias (TSV) 144. TSV 144 can be formed in

funcidipdndubtor i ARBBHOT S nioutitiy the e PREAVI B8 TS\ 144 63RV)

can be electHsalbuintercenracted ageording tasiherdesign-eihe;die nwith optional
_redistribution layers (RDL) 145 on active surface 142 and substrate 120. In

Semlﬁﬁ?@%ﬁ?ﬁﬁd@ﬁﬁé§i4§8ﬁ?ﬁﬁﬁ%ﬁtﬁﬁ%eéﬁ an interposer with TSVs

disposed in cavity 136.

A plurality of vias is formed through semiconductor
die or interposer 138 using laser drilling or etching process,
such as deep reactive ion etching (DRIE). The vias are filled
with Al, Cu, Sn, Ni, Au, Ag, titanium (Ti), W, poly-silicon, or
other suitable electrically conductive material using PVD, CVD,
electrolytic plating, electroless plating process, or other
suitable metal deposition process to form conductive through
silicon vias (TSV) 144. TSV 144 can be formed in semiconductor
die 138 prior to mounting the die in cavity 136. TSV 144 can be
electrically interconnected according to the design of the die
with optional redistribution layers (RDL) 145 on active surface
142 and substrate 120.

In FIG. 3e, bond wires 146 are formed between
conductive layer 128 and TSV 144. An encapsulant or molding
compound 148 is deposited over semiconductor die 138 and
insulating layer 124 using a paste printing, compressive

molding, transfer molding, liquid encapsulant molding, wvacuum
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conductive layer 128 and TSV 144. An encapsulant or molding compound
148 is deposited over semiconductor die 138 and insulating layer 124 using
a paste printing, compressive molding, transfer molding, liquid encapsulant
molding, vacuum -15 lamination, or other suitable applicator. Encapsulant
148 can be polymer composite material, such as epoxy resin with filler,

1 a3 SRR ACTYIRte Wit fller, or nalymer,with proer filer. Encapsyant 14dje .,
non-conductive and environmen aIIyB otects the semiconductor device from
be pexterat etements iarel ©ontaninantssAqiortion ebergapstdant 148t filler,
re ovedlgyégn et Qing.qr%ess to_expose (:tivesgC face 242 and, TSy 144.
epoxé;%ﬁﬁa tape 140 ]IE:S removed in Igl]ég? Iﬁm%é %u%ielg evice is inverted and
Encagemicentudtdf die onconponent 150 ¢ modintetitor T8VidAda bppositeotect s

the 20live.sHrface 142 using bumps 152, Semicondyctar die 150 jncludes an

active surface 154 containing analog or digital circuits implemented as active
contgaviiees! tpassive devidesotorductivea fayetsiandldiletficlayerssermed an

et chWithingbe die and electrically interconnected according 1o therelectigal
design and function of the die. For example, the circuit may include one or
Backipe fraRSistots, disdESnaEether ciféit eleinents formed within active

surface 134 torimplement hasehand-analqg ;¢iteuits O digital siruits, SYGR ASr
~ DSP, ASIC, memorg, or other signal processing circuit. Semiconductor die
die P50 HAPAIS6 Contait IPD, BEER B8 Indittdrs) capdcitdrdratd fesistors! ot

sur fREsIgnal precessindiintypiced RF systamdeddires Bwltiple 1PRs inpheeles an
more semiconductor packages to perform the necessary electrical functions.

ACtiXR uhdefiGRatetial 156 Sich a9 efoRy i depsbsited underuits
implsemiconductor diec15@ lfevices, 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 154 to implement baseband analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 150 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 underfill material 156 such
as epoxy resin is deposited under semiconductor die 150. 1In
another embodiment, semiconductor component 150 can be a
discrete semiconductor device mounted to TSV 144.

An electrically conductive bump material is deposited
over conductive layer 130 using an evaporation, electrolytic

plating, electroless plating, ball drop, or screen printing
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another embodiment, semiconductor component 150 can be a discrete

semiconductor device mounted to TSV 144. An electrically conductive bump

material is deposited over conductive layer 130 using an evaporation,

electrolytic plating, electroless plating, ball drop, or screen printing -16

process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder,

and compfihnat'ons thereof, with an optional f?x olutign. Far ex le_the _.
BEOCE i maferial SA b SUTCHE SIRD, Tigh-idad SAIder- or 184d- 16 <oitler™.”
Cu, Fhedeamp materiabiso bondedrie cohductive, layerci3Gusingaisuitable 1ux
sorfladhment or Bonging process. in.ane embadiment. ihe pump palgrial iss,, /o,

reflowed by heating the material above its melting point to form spherica
highpbdlfsagr Bumps 1580k SoradapplicationsdbumpsTis8 arenreflovetra sécornd

bond@‘@e% inproyeelecticaleantactdy eandpctive laver 130, The bumps.can o

also be compression bonded to conductive layer 130. Bumps 158 represent
bondapg typecste tercohheSrstruredhacedn bé fiernfadnevaradonduetive Rayer

ref 1%§z%dﬂlﬁyinﬁ%r§‘8%%‘3tt%@%‘é LANAISQ YSE bond wires) Styeh BUMR, MICED oy

ump, or other electrical interconnect. In FIG. 3h, the device iS again inverted
sphegia¢ seniedrductor et cohiponent 160With ébMadFad<CT62 driehied 1°8

are dewnwardina flipchiparrangenpentis ed 1@ I8V 144 with bumpsd64.
Semiconductor die 160 is mounted in the removed portion of encapsulant

condygd {5 fedtREJevict thickne8s P SBRTicGiducddsdie 1B 0GREIIHES Bhdttivended
to cSWiRce 166 cantaining ANalogahdigitabeiruils implamented as,aelive s

devices, passive devices, conductive layers, and dielectric layers formed

inte\%?/ﬁﬁﬁﬂﬁé‘ijiegBHH%‘Fé&ﬁcdﬁl%ﬁte?@dhr}%%tef@é&%jrd%% the"SlBEtityr laver
130 .desiga apdtfunctiomeidbe ghie.Jconexample, theso use bond wires, stud

bump, micro bump, or other electrical interconnect.

In FIG. 3h, the device is again inverted and
semiconductor die or component 160 with contact pads 162
oriented downward in a flipchip arrangement is mounted to TSV
144 with bumps 164. Semiconductor die 160 is mounted in the
removed portion of encapsulant 148 to reduce device thickness.
Semiconductor die 160 includes an active surface 166 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 166 to implement
baseband analog circuits or digital circuits, such as DSP, ASIC,
memory, or other signal processing circuit. Semiconductor die
160 may also contain IPD, such as inductors, capacitors, and

resistors, for RF signal processing. A typical RF system
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circuit may include one or more transistors, diodes, and other circuit
elements formed within active surface 166 to implement baseband analog
circuits or digital circuits, such as DSP, ASIC, memory, or other signal
processing circuit. Semiconductor die 160 may also contain IPD, such as
inductors, capacitors, and resistors, for RF signal processing. A typical RF

system -1Z{§§Tée%%ntlple IPDs in gne or more slengjlc%nd cét%r %cclﬁgggs to

requﬁﬁ:r?grn’rp cessary Slectrical functions, 1n another_embodime t, s to

per fsemiconductor esrponent £60 can be & discrete nsemicdndactot device

ounted to TSV 144, FIG. 4 sh i-PaP having,the semiconductor
e oF ey wih OV A TOV ispasertTh ohuty L Sbeh bcssirate
semiT20.dthe PEVARVIQVY afectrically interésihelct 4semiconductor components

150 and(L60. By placind semiconducior die, IR, @k interppserwith, 1SV, ory; o
TOV in cavity 136, the height of Fi-PoP 168 can be reduced. In addition,
IPD, meunting ssemieenductohdieSieorn the Yembved gottiomofencdpsulant 148

subs®lB9redyces thehickness of FirlioP 168 The signal propagation, between

semiconductor components 150 and 160 is reduced by direct connection

semigREGEIHRIT SR IOV b tHe Serfifordutior &iE, IPB GriAtepseseronductor

die,dispesedin Gawmity, 136 E1G,,3 showsFiRoRrstiugtyre.1Q inclydipg the,o
features described in FIGs. 3a-3f. In addition, laminate or leadframe

heigipterpbsEr172R di&érically Eonistted fFTSViuA Withtmhps 176" BoRA

semiWies146sre glectricallyiconpesteck thyough peraser d72de dpbd44nt 148
Semiconductor die or component 178 with contact pads oriented downward

alsoreflipehp Ghanbeheht BSmolhteditohinterddder 172ttt bRpS 182.

propagatcandustardie 4 78 dncludesian astive suface 184 cop@ining 160 is
reduced by direct connection through the TSV or TOV of the
semiconductor die, IPD, or interposer disposed in cavity 136.
FIG. 5 shows Fi-PoP structure 170 including the
features described in FIGs. 3a-3f. In addition, laminate or
leadframe interposer 172 is electrically connected to TSV 144
with bumps 176. Bond wires 146 are electrically connected
through interposer 172 to TSV 144. Semiconductor die or
component 178 with contact pads oriented downward in a flipchip
arrangement is mounted to interposer 172 with bumps 182.
Semiconductor die 178 includes an active surface 184 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 184 to implement

baseband analog circuits or digital circuits, such as DSP, ASIC,
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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 184 to implement baseband

remcJAl0g Sirouifs. or digital circits, such, 85, DSF, ASIC, -18 memory, or.pher
siﬁhal processing CircUIt, Sémiconductor die ]i% may also contain 1PD; Sué
178 asinductors ccapaxitors] 2ind mesistorss famrkRkE signat pracessimgt Artypicahd
resiBEGYSIEN Jfeauires multigle 'Eﬁée'%é){‘ pr mare Se”i"gg%d%%m% agkages to
per?orm the hecessary electrical functions. In anoﬁ%}r embodiment,
requgermiconductop component. 178 gan e andiseretensaemicdndtictor devikeges to

per £l0YNIGELL0 nterRaser 172, The remainder, of the features, deseribed in FiGs.
3g-3h is added to Fi-PoP structure 170. FIG. 6 shows Fi-PoP structure 190

embopelielirig th%emgﬁéé%s@ﬁbé@rn@m@gt:saléﬁ ||¢@adi@i©n§eﬁhbé@a@ae
semiPURRS 1974 argglectically, connected 10, TSV, 144 and bond wires 146, Mger

encapsulant or molding compound 193 is deposited over semiconductor die
of tisg hAdinsiRatinteiayer P24 usihgtd pastes Bridting; Tontfstessive nmolding?
st rulkansfer medding, liquid encapsulant molding, vacuum lamination, or other

suitable aﬁgicator. Alternatively, embedded conductive pillars or mold vias

can be fériffed fhstE: st EmbBaded blirps s LfitetbitthCintsredrnéétion.

featbheapsidant 193-can: be polymerxcompositer materalt SUeh) asepeXyERSIBumps
with filler, epoxy acrylate with filler, or polymer with proper filler. Encapsulant

192 38 ek ohcutive SAARAGFGHmMERtally proteitsthe depicofidactor - 4° -

An ed@MgBulant or molding compound 193 is deposited over
semiconductor die 138 and insulating layer 124 using a paste
printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, or other suitable
applicator. Alternatively, embedded conductive pillars or mold
vias can be formed instead of embedded bumps for finer pitch
interconnection. Encapsulant 193 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 193 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

Semiconductor die or component 194 with contact pads
oriented downward in a flipchip arrangement is mounted to
embedded bumps 192 with bumps 196. Semiconductor die 194
includes an active surface 198 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
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from external elements and contaminants. Semiconductor die or component
194 with contact pads oriented downward in a flipchip arrangement is
mounted to embedded bumps 192 with bumps 196. Semiconductor die 194
includes an active surface 198 containing analog or digital circuits
implemented as active devices, passive devices, conductive layers, and

.dielectric layers formed within the die delectricaI? interconnected .
de st il 15 it arm R nGa B b o b Ay atemay
inclihécciroud may rincladé omeor shorestransistoes; dicdes, ahdeatherigirowitt

lements formed within active surface 198 to i ment.b nd . anal
el el et Satianis £ 6 Ml el O a e EEE
analppcessing chreuitrSerhirohdlcior die1194 mayu alscacoritain, |PES Btehmagmory,

or oPALEIOLS. fApACHOS. a0d yesistors. fprRF signal pracessing, AgyRicalRF

system requires multiple IPDs in one or more semiconductor packages to
alsoperdorpriie hekessargtelédtricaldundtions, Irrapsthef embodinentresistors,

for $@MIcCOnMYGop component194 gan hesa discrgte semiconductor; geWChy1tiple

mounted to embedded bumps 192. The remainder of the features described
IPDsinir Gy 8gBh Battlet i K Poh slraéture oI Buntps PSZ Aew the

necemipyngye@f@@@pngﬂ%% to,Be mayntgd uerencapsuant193 and
electrically connected to TSV 144 without a dedicated mold chase or

semi goadalzetrerc@PRAREDBH Protesses ffexhdkXENTtsnATRo dRISE: P1G.

devitshpwsHi-ROR struathee;d00 inshuging the feattres similar 1 E1Gs 3a-8E In
addition, dam material or_wire-on-film (WIF) encapsulant material 202 is

featygsosittassvet PsmitBnbdéidr ditdr38 whithiélithifiates the Hieed foFaucture

190 .dedicated mpid ghase;okspacializedencapsulationprecassesto exposethe-ed
over encapsulant 193 and electrically connected to TSV 144
without a dedicated mold chase or specialized encapsulation
processes to expose semiconductor die 138.

FIG. 7 shows Fi-PoP structure 200 including the
features similar to FIGs. 3a-3f. In addition, dam material or
wire—-on-film (WIF) encapsulant material 202 is deposited over
semiconductor die 138 which eliminates the need for a dedicated
mold chase or specialized encapsulation processes to expose the
die. The remainder of the features described in FIGs. 3g-3h is
added to Fi-PoP structure 200.

FIG. 8 shows Fi-PoP structure 210 including the
features described in FIGs. 3a-3f. In addition, semiconductor
die or component 212 is mounted over semiconductor die 138 and
electrically connected to TSV 144 and conductive layer 128 with
bumps 218. Semiconductor die 212 includes an active surface 214
containing analog or digital circuits implemented as active

devices, passive devices, conductive layers, and dielectric
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die. The remainder of the features described in FIGs. 3g-3h is added to
Fi-PoP structure 200. FIG. 8 shows Fi-PoP structure 210 including the
features described in FIGs. 3a-3f. In addition, semiconductor die or
component 212 is mounted over semiconductor die 138 and electrically
connected to TSV 144 and conductive layer 128 with bumps 218.

1ayeSEMieondustor die 212 includes an active surface 244 containing analog o
Y 5igita| circuits Imp ementte8 as active devices, passweydewces, conductive
accolagersy and didlectrite20 tayers forasecywithimthéwie andeledtrically die. For
xamiEICORRECtR], a6c0rding fo e eleglricd) degign and funglion oL, die. For
xample, the circuit may include one or more transistors, diodes, and other
diodeircuitelémentsformedaittin attive stiface 21tonmphemenidbasebapdr face
214 @nalegsircyits or digital cirguits,, such as:DIR4 ASIC, memery. ar ther. s . 5,
signal processing circuit. Semiconductor die 212 may alsocontain IPD, such
suchag indietbrs ATaPacistoand resistors) for RFE Sitfhal Protessmpn A typicahit -

semiRERYSION requires;myltiple, IRBs in enge, or, more sgmiconductor packpgesto,

perform the necessary electrical functions. In another embodiment, .
capagerhrbhduciof de6LEdRpEnet 21 28 ahl tHteérpd3er At SES\s matntedpical

RF sQU@lsemiconductar dig1138, Acplurality ofvigsds formgdtbraughs conductor

semiconductor die or interposer 212 using laser drilling or etching process,
packedrad DRIET FREVidS areTiedswitt Al, TR S NicAulRgeTaws - In

anotPely-siligend onethes suitahleslectreally condustive Jnateriahusing PR, an
CVD, electrp%éic lating, electroless plating process, or other suitable metal
e

integgssston’p SYS O ebRAuCE TSTS A8 ¢85 216 Eart be 6med in
semicongugtor gie1 212, pHer teimeuntng evelceauily dsbgH S3emi conductor

die or interposer 212 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 process, or other suitable metal deposition process to
form conductive TSVs 216. TSV 216 can be formed in
semiconductor die 212 prior to mounting over cavity 136. TSV
216 can be electrically interconnected according to the design
of the die with optional RDL 219 on active surface 214.

Bond wires 220 are formed between conductive layer 128
and TSV 216. An encapsulant or molding compound 222 is
deposited over semiconductor die 212 and insulating layer 124
using a paste printing, compressive molding, transfer molding,
liquid encapsulant molding, vacuum lamination, or other suitable
applicator. Encapsulant 222 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or

polymer with proper filler. Encapsulant 222 is non-conductive
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216 can be electrically interconnected according to the design of the die with
optional RDL 219 on active surface 214. Bond wires 220 are formed between
conductive layer 128 and TSV 216. An encapsulant or molding compound
222 is deposited over semiconductor die 212 and insulating layer 124 using
a paste printing, compressive molding, transfer molding, liquid encapsulant

ana I, vacuum lamination, or other suiiable. applicator. Encapsulapt 22
can be polymer corﬁpgsne material, such as epoxy resin with filler, époxy
exteacylate Withdilles, arpolynrer avithnproper. filléy. Eocapsulantf22hisapsulant

222 RAreanduative g andenyionmentalivproteats the semicondsior deviee. .
rom external elementsand contaminants. A portion of encapsulant IS
214 pemiovistVby ah etching process to expose active surface 214 and TSV 216.

Semiconduygtor die, or compenENt,224.is mounted to TSV 144, opposite , rgy

active surface 142, using bumps 226. Semiconductor die 224 includes an
144, aetivecstirfaecZ28L gontaimiig: emalotloer digitalcciredits fmplemented as active

semidViEes:+ Basgive deviges, condyclve layers, and digleelicJayers fopmed s i ng

within the die and electrically interconnected according to the electrical
analgesigh andJaictiortofAe oie. Pahemiplé Sthed Eiraiitmag ifAidE ehe or

passTQLe fapsistors, digdes,and ether circyit elementsdfouned within,aetive £ormed
surface 228 to implement baseband analog circuits or digital circuits, such as

withpapt G| el anardne F Pifersigral protessing BraHE Semticondddter i the

elec?24 may alse cgntaim PRy suchiasingdectars, capacitors, andxegsistars, fafe
RF signal processing. A typical RF system requires multiple IPDs in one or

CirCihble BafhicoHUtLttT patkages B Perforitfié hekESsary el ical FTuActidnss™
circARtINgedillents formed within active surface 228 to implement

baseband analog circuits or digital circuits, such as DSP, ASIC,
memory, or other signal processing circuit. Semiconductor die
224 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 underfill
material 230 such as epoxy resin is deposited under
semiconductor die 224. In another embodiment, semiconductor
component 224 can be a discrete semiconductor device mounted to
TSV 144.

An electrically conductive bump material is deposited
over conductive layer 130 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
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material 230 such as epoxy resin is deposited under semiconductor die 224.
In another embodiment, semiconductor component 224 can be a discrete
semiconductor device mounted to TSV 144. An electrically conductive bump
material is deposited over conductive layer 130 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen printing process.

The bump materjal can be Al, S i, Au, Ag, Pb, Bi . solder, and
bond L B e o8 /e Lol o Rl SO Ml e o
bondmatenat can He.eutéctioSa/Rimbhighrlead soldee, drdeadfreessolder. The

ref1240 %ateﬁiééléféé hopded 10 condyctive layer; 130 H%‘Pgian%"taobi%t to form
attachmeént or_bon ing process. In one embodiment, the bum faterial is
spherefloaeddsnyl Reating themmatetiakabovenits aredtimppdint to-fopms sphericad 232

are BAISQLDYMPS 232, InSqme applicatigns, bumps 232, are feflowad a segand

time to improve electrical contact to conductive layer 130. The bumps can
condglgg beccompressibhlbondelde tdoeamductive layetd 30 Bumips 232 teprebemded

to cBRePE;Qfeinfercopneaistruciyre thabean be formed, ovey,condygiive, layer

130. The interconnect structure can also use bond wires, stud bump, micro

intepGapnEESther elekicat intertonfest. SentiesRRGtteN e o Campsonent 23ayer

130 . withicontact pads eriented downward in-a.flinchip, arrapgemet isimeudnteditny
TSV 216 with bumps 236. Semiconductor die 234 includes an active surface

bumpy 38\é6RRIMHGANaRY Gtidigital eirebits ifigiemehtsd 88 &G devices,
passive devices.tondustiveilayers; angmgiglestic layers,farmeganithin the aqs

die and electric%% interconnected according to the electrical design and

or Lefinttlon BFtHE tie. Forexamidle the cireait My intiude ol drmbe =© TSV

216 with bumps 236. Semiconductor die 234 includes an active
surface 238 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 238 to implement baseband analog circuits or
digital circuits, such as DSP, ASIC, memory, or other signal
processing circuit. Semiconductor die 234 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 another embodiment, semiconductor
component 234 can be a discrete semiconductor device mounted to
TSV 216.

FIG. 9 shows Fi-PoP structure 240 including the

features described in FIGs. 3a-3f. In addition, semiconductor
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transistors, diodes, and other circuit elements formed within active surface
238 to implement baseband analog circuits or digital circuits, such as DSP,
ASIC, memory, or other signal processing circuit. Semiconductor die 234
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 semiconduc ackages to.perform the necessary, electrical functions.
et b R M
cavisgmicohductdedévicednotnteddo €T 8Y 216u FtB 9 shows o Mhstradture:
recesd0 NEAING the features described,n 1:'%_51%‘3 D AOdION, 5 136
semiconductor -23 die or ¢ mponentf 2 disposed partially in and p%rtlally
Semiggtrgfucavity 36 Sehsiconddctdr diea24 2furthes irchrdescrote 6r aecess ning
anal %3 which, ouerhangs substrate 100 outside cavity 136, Semigonductar die
242 includes an active surface 244 containing analog or digital circuits
passimjslefenictbas activiEldeviees passive deditds Condective fayeps ng formed
wi t ndiglegtiic layers.formed within the die apd slectricallyinterconnected,y 1o the

according to the electrical design and function of the die. For example, the
e lecéifcuitrhay ffclude 8RE of wisTe tRIhsKtors) 8igdes, and other=eifguie,  the

circelements formed withipactive syrage 24419 implement hasghandanalog ner
circuits or digital circuits, such as DSP, ASIC, memory, or other signal

cir Cbltjo%e%iﬁ@%‘%ﬁit.f@ém%nﬂaElkb? die¢? %‘ﬁ%"lﬁaﬁ AP CohtaiiPER stith wement
ba selPgHEL0sSs, LapGCHars: and sresistersqfiar RF signaliprosessingnAdwpisaitRFastc,
system requires multiple IPDs in one or more semiconductor packages to

MEMOKH oA tHE-RECe SRl BlecRicaF fmttioNs. Ghamdifer en®Bihgsictor die
242 semicondyctes diesamcomponentd42as amiaterpesey, capacitors, and

die

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 another
embodiment, semiconductor die or component 242 is an interposer
with TSVs disposed partially in and partially out of cavity 136.
A plurality of vias is formed through semiconductor
die or interposer 242 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 process, or other suitable metal deposition process to
form conductive TSV 246. TSV 246 can be formed in semiconductor
die 242 prior to mounting the die in cavity 136. TSV 246 can be
electrically interconnected according to the design of the die
with optional RDL 245 on active surface 244 and substrate 120.
TSV 246 in notch 243 are electrically connected to conductive

layer 128 with bumps 248.
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with TSVs disposed partially in and partially out of cavity 136. A plurality of

vias is formed through semiconductor die or interposer 242 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 process, or

other suitable metal depgasition process to, form conductive TSV 246. TSV

245 can B TorThas T SemeoRct dIs 24 oS st e i rrer 128
and GawityZ136. TS\Vh246 cap bel efectricallyeitéiconnectetbaccbrding td the

design of the di With optional RDL .24 on a tr'gv surface 244 n&i substrate,
depoﬁ%%%s{jlvﬁ% %enoltgﬁfgéﬁca%rgrélécltrelca ly cognnCchtle o0 cao%nl u%tivéal yI%er
using2@withBumps 248,124, Bordnwires 250care fduied betwesrséonduetivd 1 ng,
iayer 128 and LSV 246.An encapsulant.onmplding sempound 25248 syuitabie
deposited over semiconductor die 242 and insulating layer 124 using a paste
applpaatiiys compressivel holding SHamster Rlding yHguideicapsalant oldingal,
suchVacuum laminatian,or,ather syitaple. applicator Encapsulant 252 cambe -, oy

polymer composite material, such as epoxy resin with filler, epoxy acrylate

Po Ly fiter or psipmer Withisteper filket2bRcdpsutant 25218 neRtcoteietive 1 ve

and and epyirenmentally %@@E@é@@ semicenductordrmics, frope external- o
elements and contaminants. A portion of encapsulant 252 is removed by an

b
extegiRihg iroRess fo exsbse attRBisttfake - 244 aR8 15V U6 %e%ﬁi@é‘ﬁ’ci‘x’éépt

252 dig arGRMReNes 254 is maunted 10- IRV 246; 9ppasitesactive-surface 244 ce
using bumps 256. Semiconductor die 254 includes an active surface 258

244 Maﬁﬁﬁ/g %%%rog or digital circuits implemented as active devices,
Semiconductor die or component 254 is mounted to TSV

liqu

246, opposite active surface 244, using bumps 256.

Semiconductor die 254 includes an active surface 258 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 258 to implement
baseband analog circuits or digital circuits, such as DSP, ASIC,
memory, or other signal processing circuit. Semiconductor die
254 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 underfill
material 260 such as epoxy resin is deposited under
semiconductor die 254. In another embodiment, semiconductor

component 254 can be a discrete semiconductor device mounted to
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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
258 to implement baseband analog circuits or digital circuits, such as DSP,
'%ch C, memory, or other signal processing circuit. Semiconductor die 254
may also contain IPD, such as inductors, capacitors, and resistors, for RF
signal prbuessirg.tA typidalRE systent requitesnmultipte IRBS inlenelepmoré ed
over SEMIRONAUSOL PACKages, o, PTG the, negessary, elegirical fundlions. An .
underfill material 260 such as epoxy resin is %@posnedounder semiconductor
platdie254 hie ahothee embodirment sehfdadnducter, component2spcan bersy
procdiserete semiganductor device, mounteg to; 25 TSV 246. An eledtiically, 55
conductive bump material is deposited over conductive layer 130 using an
Cu, egdpbratior e troNic platings eldetrofss platiid! ball dvep,iornstredn ux

soluRARHNG ProaGess, The Pé‘,mFtH@t?ﬁﬁlﬁ%ﬂaP@e'%E =0, NARALRRBI Cn /pp,

solder, and combinations thereof, with an optional flux solution. For example,

highthkssisng patefial Gan BE attelctie SniPb d fifgh-le Bl OMeH o RiaRitfted 1S
bondselder TheRump materialis -banded toicendiictive fayer 430 usinga sHitable

attachment or bonding process. In one embodiment, the bump material is
bondidtgwiFRating the HstetBPABGRE tS meltity PoPtd M- Spherical

ref 1BallssonkRumps 262 gIntseme applicationspbymps 262y are reflowead: a seeond orm
time to improve electrical contact to conductive layer 130. The bumps can

sPheziiGbe Qstrostion BB i conduttiSeTayetPIBb! Bl 262 FaptBSert® 2

are @REPRRf a second time to improve electrical contact to

TSV

conductive layer 130. The bumps can also be compression bonded
to conductive layer 130. Bumps 262 represent one type of
interconnect structure that can be formed over conductive layer
130. The interconnect structure can also use bond wires, stud
bump, micro bump, or other electrical interconnect.
Semiconductor die or component 264 with contact pads
oriented downward in a flipchip arrangement is mounted to TSV
246 with bumps 266. Semiconductor die 264 includes an active
surface 266 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 266 to implement baseband analog circuits or
digital circuits, such as DSP, ASIC, memory, or other signal

processing circuit. Semiconductor die 264 may also contain IPD,

-26-—



interconnect structure that can be formed over conductive layer 130. The
interconnect structure can also use bond wires, stud bump, micro bump, or
other electrical interconnect. Semiconductor die or component 264 with
contact pads oriented downward in a flipchip arrangement is mounted to
TSV 246 with bumps 266. Semiconductor die 264 includes an active surface

sucn29g containing analog.or digifal cirouits implemented as adfive,gevices, |
passive devices, donductive ayers, and dielectric Payefs orme Wi%hlﬁr%ﬁe

procdiesaintbelecticaliy intetcétinestet- accordimgitodke electrigal eesighsanich one
or miypEtian of the die, For e ﬁQPAe Jdoe Céﬁ%%'ér rkﬂc%‘ﬁg YEAJOIE
t Surface

transistors, diodes, and er circuit elements formed within active
elec2@g timplemeht basebanharaloglcircuitsnbr digital tircwits) sochasDSP,

compBRERMERPNY.9f qifier signal. pracessing; cleauit, semyconductor die g6d.q «o

may also contain IPD, -26 such as inductors, capacitors, and resistors, for RF
TSV gighal processing. A typical RF system requires multiple IPDs in one or

more segcondygtarpackages o periorm the,necessary £lactnga) Junefions.
In another embodiment, semiconductor component 264 can be a discrete
featggmronaacior dedicembuiied t6 TSV 226 FRGMG ShOWS FPdPLStrdeture

compd AR cluding the, featyres describeddn HGs. 3a-gcand-semicendueior dig; 4
, or component 274 mounted over cavity 136. Semiconductor die 274
inclindfidedarf&dtiveSsUtcE 278 cofitainftig-andlog or dibitaP Tiretits 191 tal

circimplemented-as active deviees, PAsSedeMGES, (ondustive layers and
dielectric layers formed within the die, and electrically interconnected

condgedordingtd¥hé Blecirithl &SI Ahd furlction™ot the e Fof exanplé, ted e

and €IGHtIRA¥ally 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 278 to implement baseband
analog circuits or digital circuits, such as DSP, ASIC, memory,
or other signal processing circuit. Semiconductor die 274 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 another embodiment,
semiconductor die or component 274 is an interposer with TSVs
mounted over cavity 136.

A plurality of vias is formed through semiconductor
die or interposer 274 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 process, or other suitable metal deposition process to
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include one or more transistors, diodes, and other circuit elements formed
within active surface 278 to implement baseband analog circuits or digital
circuits, such as DSP, ASIC, memory, or other signal processing circuit.
Semiconductor die 274 may also contain IPD, such as inductors, capacitors,
and resistors, for RF signal processing. A typical RF system requires

£ornTlple, IPDsn o orymgre semigondclor packages tg pertorm the
necessary electrical functions. In ‘another embo iment,” semiconductor die or
semicomporéntr2 dliis ah/ihtgrposer with TSWst mountéd oderccavitysi862#0 can be

lurality of vias.is formed through semiconductor die or interposer 274 .using.
e st e R AT S
withCapSnoNgARRAg, 2Bil Wpaly-silicen sorrdtheesuitdble electrically

conductiye material using PVD, CYD. electiolytic plating, electraless plating ; ;¢

process, or other suitable metal deposition process to -27 form conductive
and FSYsVB0S TSHAZ80 &4l be fBrMEd P ewiesridtiondie Padpriserigound 284

is dm9uBHRa the dier TSV, 280 can be,elegtrically intergonpgciedaccording §o » 124

~ the design of the die with optional RDL 281 on active surface 278. Bond
usingjiras 282 e Pornied BEMWEEITESTRIUELVE |aet 4 2BIand Befive Sarface 8789/

11iquAR ehcapsantermalding cgempeypd 2841 isdeposited over semILONdUGtor ap1 e
die 274 and insulating layer 124 using a paste printing, compressive ,
aPP LofdiRg, trafstérmaiting: tlidlid endapsiiaRtrmbitfifg, SREEmM afmifatisi o7 1/

suchother syitakle rapplicatpr: Engapsulant 284-6an he PRlyMer GEMPOSite] 1er, or
material, such as epoxy resin with filler, epoxy acrylate with filler, or polymer

POLY{ftR pfopet ferisicapsulit 28458 RBRTOhAGEVE antemvironhantalyt Ve
and protacts the semicopduetor devicedfremMsemiconductor device from

external elements and contaminants. A portion of encapsulant
284 1is removed by an etching process to expose active surface
278 and TSV 280.

Semiconductor die or component 286 is mounted to TSV
280, opposite active surface 278, using bumps 288.
Semiconductor die 286 includes an active surface 290 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 290 to implement
baseband analog circuits or digital circuits, such as DSP, ASIC,
memory, or other signal processing circuit. Semiconductor die
286 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
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external elements and contaminants. A portion of encapsulant 284 is
removed by an etching process to expose active surface 278 and TSV 280.
Semiconductor die or component 286 is mounted to TSV 280, opposite
active surface 278, using bumps 288. Semiconductor die 286 includes an
active surface 290 containing analog or digital circuits implemented as active

devic passive devices,.conductive layers, and dielectric layers formed
e e e A ol s oL Sestiding e Sesbear
matedesign 29d fanctioresf the diy. Forsxample dheosifciEtimaydrciude one or

semiPOIG JAPSIstors digdes, ang.other, %r&%'t&%%@érﬂ%%é%@e_%%"r&t{“c%%%ﬁh"cetor
surface 290 to implement baseband analog circuits or digital circuits, such as
compP&PASIES memobhg or othersigital precessimyloieduit; Stmvicorductondied to
Ty 488 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 sefAficohbRictor paekages I P8parfernPtienardssansdleéicdprosited

overUAGHANS. AR UNderfill mateyial 292 such as.epoxy Jesinds depasited ynderc

semiconductor die 286. In another embodiment, semiconductor component
plat2ge cafi becd 8iRERIE seimcoritiictéradelicE Mduntd e TS 280. 1A 1ng

procelestricaliy, copdugtive hump material is deposited, over copductive layey 130; |
usm% an evaporation, electrolytic plating, electroless plating, ball drop, or
Cu, sGeeRprinfing protedd e himp Rateniar cah be AtNSRPN At Agt PH=Bi,

solu€losalder @andcompinations, thepeafo with @n-aptional flux salution £0¢  sn/pb,
example, the bump material can be eutectic Sn/Pb, hi%h-lead solder, or

high@éﬁ%ﬂ&?&ﬁﬁ@ﬁﬂwﬁfb&ﬁﬁ?m£6ﬁ8H§Older- The Dump material is

bonded to conductive layer 130 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 294. 1In some applications, bumps 294
are reflowed a second time to improve electrical contact to
conductive layer 130. The bumps can also be compression bonded
to conductive layer 130. Bumps 294 represent one type of
interconnect structure that can be formed over conductive layer
130. The interconnect structure can also use bond wires, stud
bump, micro bump, or other electrical interconnect.
Semiconductor die or component 296 with contact pads
oriented downward in a flipchip arrangement is mounted to TSV
280 with bumps 298. Semiconductor die 296 includes an active
surface 300 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
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bonded to conductive layer 130 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 294. In
some applications, bumps 294 are reflowed a second time to improve
electrical contact to conductive layer 130. The bumps can also be
erangQIRISESONBONded to canductive layer 130, Bumps 204 represent one. .
ype o interconnect ‘structure that can be formed over conduciive layer %b
actiVke mterfconaedOsiructurecarealso uskdrridanite sy rstla hump,cmicte bamp,
a1 g1 @9thet electrical intereonnect, Semigonductor die of component 29 with,
contact pac}%s oriented downward in a flipchip arrangement is mounted fo
proce8Ving0 withchurnps 298nSemicbnductordie 296 tncladesan active tsurfacéPD,

suchSd containiag, 99?'08585@‘1&'@1'@ £ FUQ%H“BJ% mented as aclivedevices, 5 )

passive devices, conductive layers, and dielectric layers formed within the
procgigsdritbelectkichliyp intefcoinedictt agcordigito e elecirical desighsaricn  one

or mibPctian of 1he die.For example,Jhe Ciycyit may,ipclude Qne-arynore,-29

transistors, diodes, and other circuit elements formed within active surface
elecsao timpleneht BaSeband'adalBy tREURS B it eircits) SeeRAsDSP,

compOREntMETNY-Lf %QeraSiQEﬂ%'cE@%“@%@%@@H&u@%@c%@\%&% dig296ed to
mah/ also contain IPD, such as inductors, capacitors, and resistors, for RF
TSV <igHal processing. A typical RF system requires multiple IPDs in one or

more semieonductospackages toperéern the,pecessary: elacineal Junctions.
In another embodiment, semiconductor component 296 can be a discrete

Featynfikonatctor Bedictmbuited t6 2TSV I8 EiG Y11 ShbWE F-PoP strudtife”
sink3BQA ncluding eed between the back surface of semiconductor die

150. Heat sink 314 can be Al, Cu, or another material with high
thermal conductivity to provide heat dissipation for
semiconductor die 150.

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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features described in FIGs. 3a-3g mounted to PCB 312. A heat sink 314 is
placed between the back surface of semiconductor die 150. Heat sink 314
can be Al, Cu, or another material with high thermal conductivity to provide
heat dissipation for semiconductor die 150. While one or more embodiments
of the present invention have been illustrated in detail, the skilled artisan will
appreciate that modifications and agfgiiatigns to those embodiments may be
made without departing from the scope ot the present invention as set forth
in the following claims. -30 Claims What is claimed: 1. A method of
Whatmggluga%ulrlip a semiconductor device,_ compris_ing: providing a substrate
having first and second surfaces; forming a cavity through the first and
second surfaces of the substrate; forming a via through a first semiconductor

1. dig; filing the via with, condugtive material 1q form,a condugtive via;

mounting the first semiconductor die in the cavity; depositing an encapsulant
compgvetitig substrate and a first surface of the first semiconductor die; removing

apprienatihe encapsulagt trom the firste sydace, ghthedirst seraicppductor
die to expose the conductive via; mounting a second semiconductor die to
the8t S face oV therfirsh semonbetof Hie the BEcEmF semicomatietes? die T

the BeIRg+elgetically connected to the conductive via; and

forming a via through a first semiconductor die;

filling the via with conductive material to form a
conductive via;

mounting the first semiconductor die in the cavity;

depositing an encapsulant over the substrate and a first
surface of the first semiconductor die;

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

mounting a second semiconductor die to the first surface of
the first semiconductor die, the second semiconductor die being
electrically connected to the conductive via; and

mounting a third semiconductor die over a second surface of
the first semiconductor die opposite the first surface of the

first semiconductor die.

2. The method of claim 1, further including:
forming a first conductive layer on the first surface of

the substrate; and

forming a bond wire between the first conductive layer and

conductive via.
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mounting a third semiconductor die over a second surface of the first
semiconductor die opposite the first surface of the first semiconductor die. 2.
The method of claim 1, further including: forming a first conductive layer on
the first surface of the substrate; and forming a bond wire between the first
conductive layer and conductive via. -31 3. The method of claim 1, further
including disposing an interposer between the first semiconductor die and
second semiconductor die. 4. The method of claim 1, further including

3. dispesing@fodrthf serhiconductof die- having wohdddtive vias betwesn the

inte‘l'»rgéa Semiganductor ‘{%'Eea” i%escgréges£{%§%%%%%gr dig; 2. T %”éeetQ%%é’f

claim 1, wherein the first semiconductor die extends above t e cavity. 6. The

semimetitbo-ofoelai ¢ - further including forming a heat sink over a surface of the
third semiconductor die opposite the first semiconductor die. 7. A method of
manufacturing a semiconductor device, comprising: providing a substrate

4. havirgfissted @%Oﬁé{%i}ﬁaées;f‘tmhﬂﬁg aiéwity@%ﬂgﬁjtﬁ@ﬁﬁsit%da fourth
semigeeRNdsyiaces of . the subsiraie; meunfinga first semicenducior compgnent

‘in the cavity, the first semiconductor component having a conductive through
semigfesh ¢iaqT SV edEpssititf e @negpsitamcover the SuBstrate and a first

surface of the first semiconductor component;

5. The method of claim 1, wherein the first semiconductor die

extends above the cavity.

6. The method of claim 1, further including forming a heat
sink over a surface of the third semiconductor die opposite the

first semiconductor die.

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

providing a substrate having first and second surfaces;

forming a cavity through the first and second surfaces of
the substrate;

mounting a first semiconductor component in the cavity, the
first semiconductor component having a conductive through
silicon via (TSV);

depositing an encapsulant over the substrate and a first
surface of the first semiconductor component;

removing a portion of the encapsulant from the first
surface of the first semiconductor component to expose the
conductive TSV; and

mounting a second semiconductor component to the first
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removing a portion of the encapsulant from the first surface of the first
semiconductor component to expose the conductive TSV; and mounting a
second semiconductor component to the first -32 surface of the first
semiconductor component, the second semiconductor component being
electrically connected to the conductive TSV. 8. The method of claim 7,

furtheriﬁncl din% moucnting a third . semiconductor component overasgcond
surfac? O the ltrS S mlCOFdUCtOI comgonen , t%}e S@CPD
surface of the first Semiconductor component opposite the first surface of the

semifirshdenticondusteocempoentng. Ehe atethod of glagm ) furthet including:
Condfogtnir{)%a 4{1)5%} conductive layer on the first surface of the substrate; and
L . . . . .
orming a bond wire between the first conductive layer and conductive TSV.
10. The method of claim 7, further including disposing an interposer between

g. hefustsemiconductor coppenent.and secqnd. Seayiconquator.companent.

11. The method of claim 7, further including disposing a third semiconductor
semigomPoRéntthavimt eardUctivE sfasbaeendhe firstasemivondbetof 1rst

semiCYRRAREN,aNd second-serpicopdyctar ceroperent: 12, The methed of clajm. o

7, wherein the first semiconductor component extends above the cavity. 13.
SemMiTRE MEthed of ERERATTE Wherein the first semiconductor component is a
semiconductor die, integrated passive device, or interposer. -33 14. A

method of manufacturing a semiconductor device,
9. The method of claim 7, further including:

forming a first conductive layer on the first surface of
the substrate; and
forming a bond wire between the first conductive layer and

conductive TSV.

10. The method of claim 7, further including disposing an
interposer between the first semiconductor component and second

semiconductor component.

11. The method of claim 7, further including disposing a third
semiconductor component having conductive vias between the first

semiconductor component and second semiconductor component.

12. The method of claim 7, wherein the first semiconductor

component extends above the cavity.
13. The method of claim 7, wherein the first semiconductor

component is a semiconductor die, integrated passive device, or

interposer.
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comprising: providing a substrate having first and second surfaces; forming a
cavity through the first and second surfaces of the substrate; mounting a first
semiconductor component over the cavity, the first semiconductor
component having a conductive through silicon via (TSV); mounting a
second semiconductor component over a first surface of the first

14, s%m}ggggggt% g%rntrjl%%rlrl]ggté QSPQE%'”Q ane%nlc%psgll?nt over.the.substrate and

i I cﬁoa device
second semicon component; and mounting a thir semiconductor

compeamporent over a second surface of the first semiconductor component
opposite the first surface of the first.semiconductor co nent. 15. Th
e ot A 11 K ar bR bt B e e
séricohddcter componehhard secoit: serricdnductorscomponentr £6.CEse of
the @g}g%ocdfgttggim 14, further including disposing an interposer between the
first semiconductor component and second semiconductor component. 17.
THe wigthod of clairh 14, firtherdncludingdisisodhey anfoupthissentieonda@ctor v/

the FAPRENERLNAVINGICERANCIVE TRV, DEIWEEN the fESt SEMUEENAUCION: 1 r o ugh

~_component and second semiconductor component. -34 18. The method of
siligiaim 142whérein the first semiconductor component is a semiconductor die,

integrated passive-device. Qiminterposer 49. Thesneibod of ¢laim14; further
including: forming a first conductive layer on the first surface of
surface of the first semiconductor component;
depositing an encapsulant over the substrate and second
semiconductor component; and
mounting a third semiconductor component over a second

surface of the first semiconductor component opposite the first

surface of the first semiconductor component.

15. The method of claim 14, further including forming bumps
between the first semiconductor component and second

semiconductor component.

16. The method of claim 14, further including disposing an
interposer between the first semiconductor component and second

semiconductor component.

17. The method of claim 14, further including disposing a
fourth semiconductor component having conductive TSV between the
first semiconductor component and second semiconductor

component.
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the substrate; forming a bond wire between the first conductive layer and

conductive TSV; and depositing wire-in-film material over the bond wire. 20.

A semiconductor device, comprising: a substrate having a cavity formed

through first and second surfaces of the substrate; a first semiconductor

component mounted in the cavity, the first semiconductor component having
15, 2 £ondyctve throuah, silisgn via (T\); 8,second semiconductor componen

mounted over a first Sufface of thé first semiconductor componen?, an
compemncapsulant depesiterh overthersubstratel and seedratl searconduciervice, or
companent; and a third semiconductor component mounted over a second
surface of the first semiconductor component opposite the first surface of the
first semiconductor component. 21. The semiconductor device of claim 20,
19, fupther inclyding ap inferppsen,dispased, between the first.semiconductor

component and second semiconductor component. -3522. The

sémicohddcter deviee of eldimc20, YartRenineludihgt dispbsingta fourftrce of
the SeMicopductor component having conductive TSV between the first

semiconductor component and second semiconductor component. 23. The

séficontbctdr Beviée ot efifc20lSfiereirthe ¥irst semicbieutity Laver and
condePRoRentds a sgnaiconductor die, integrated passive device, or interposer.

24. The semiconductor device of claim 20, further including a heat sink

fofffiedoviet A% UFfHER Ofthe iHifd Serhflohalctor@fe the bond wire.

inte

20. A semiconductor device, comprising:

a substrate having a cavity formed through first and second
surfaces of the substrate;

a first semiconductor component mounted in the cavity, the
first semiconductor component having a conductive through
silicon via (TSV);

a second semiconductor component mounted over a first
surface of the first semiconductor component;

an encapsulant deposited over the substrate and second
semiconductor component; and

a third semiconductor component mounted over a second
surface of the first semiconductor component opposite the first

surface of the first semiconductor component.

21. The semiconductor device of claim 20, further including an

interposer disposed between the first semiconductor component

and second semiconductor component.
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opposite the first semiconductor die. 25. The semiconductor device of claim
20, wherein the first semiconductor die extends above the cavity. -36

22. The semiconductor device of claim 20, further including
disposing a fourth semiconductor component having conductive TSV
between the first semiconductor component and second

semiconductor component.

23. The semiconductor device of claim 20, wherein the first
semiconductor component is a semiconductor die, integrated

passive device, or interposer.
24. The semiconductor device of claim 20, further including a
heat sink formed over a surface of the third semiconductor die

opposite the first semiconductor die.

25. The semiconductor device of claim 20, wherein the first

semiconductor die extends above the cavity.
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